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Preface

Providing obstetric anaesthesia in the delivery suite and maternity 
theatre presents a challenge to every practising anaesthetist. Not 
only are there two patients to consider, often with opposing needs, 
but the physiology and anatomy of the pregnant woman varies 
significantly from her non-pregnant counterpart. Furthermore, 
many procedures are done as emergencies with additional risk 
factors. And in recent years, the complexity of care of the preg-
nant population has been increased by factors such as rising 
maternal age and co-morbidities which in the past may have pre-
cluded pregnancy. There is therefore a need for a comprehensive, 

up-to-date textbook covering all aspects of care for parturients 
including recent approaches to neuraxial anaesthesia, new tech-
nologies, drugs, protocols, and guidelines.

This textbook brings together international contributors who 
are experts in their fields and who have provided in-depth, 
evidence-based chapters on obstetric anaesthesia with practical 
information and guidance that we hope will be of value for those 
working in the maternity environment wherever they happen to 
practise.
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Figure 40.3  Classic transposition of the great arteries with a large shunt.
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Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, D.P. Dob, 
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Figure 40.5  Rastelli procedure. The large red arrow represents the Dacron tunnel from 
the left ventricle to the aorta. The blue arrow represents the valved conduit from the 
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Figure 55.1  Maternal mortality ratio per 100,000 live births, 2008.
Reprinted from The Lancet, Volume 375, number 9726, Margaret C Hogan et al., Maternal mortality for 181 countries, 1980–2008: a systematic analysis of progress towards Millennium Development 
Goal 5, pp. 1609–1623, Copyright (2010), with permission from Elsevier.
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Figure 55.2  Yearly rate of decline in maternal mortality ratio, 1990–2008.
Reprinted from The Lancet, Volume 375, number 9726, Margaret C Hogan et al., Maternal mortality for 181 countries, 1980–2008: a systematic analysis of progress towards Millennium Development 
Goal 5, pp. 1609–1623, Copyright (2010), with permission from Elsevier.
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CHAPTER 1

Historic timeline 
of obstetric anaesthesia
Alistair G. McKenzie

Events up to 1950
Antiquity to the 1840s
The severity of the pain of labour has been recognized for millen-
nia, featuring in many books of the Old Testament of the Bible.1 It 
was widely believed inappropriate to interfere with this ‘women’s 
heritage’—pain was considered to have a dual role:  punishment 
and redemption.2 Indeed, in 1591, Eufame MacCalyean was exe-
cuted in Edinburgh, Scotland, having been found guilty of many 
charges, including requesting a witch to relieve the pains of child-
birth.3 In 1777, Anton Mesmer introduced mesmerism and by 1836, 
French physician Dr Grubert of Lyons suggested applying this to 
provide pain relief in labour—but held back, not wishing to defy 
the book of Genesis.4 Within a decade, attitudes changed and mes-
merism was used to alleviate labour pains: in January 1844 by JP 
Lynell of Manchester, United Kingdom,5 and in March 1846 by WB 
Fahnestock of Lancaster, Pennsylvania, United States.6 In the early 
1840s, James Young Simpson, Professor of Midwifery in Edinburgh, 
United Kingdom, was using a large dose of laudanum (tincture 
of opium) to facilitate turning the fetus in labour.7 Soon after the 
introduction of general anaesthesia (GA; ether) by William Morton 
on 16 October 1846, it was James Young Simpson who would revo-
lutionize obstetrics by adopting ether to facilitate delivery.

General anaesthesia, analgesia, and amnesia
Introduction of inhalation anaesthesia in obstetrics

1847 (19 January)
James Young Simpson (Edinburgh) (Figure 1.1) was the first in the 
world to administer ether (by inhalation) in obstetrics.8 He then 
searched for an anaesthetic agent more suitable for use in obstetrics.

1847 (25 January)
First ether anaesthesia for caesarean section was administered by 
SJ Tracey at St Bartholomew’s Hospital, London. This was reported 
in the London Medical Gazette with the comment that ‘prolonged 
exhibition of ether was not allowed lest it might interfere with the 
contraction of the uterus’.9

1847 (February)
Adam Hammer was the first in Germany to use ether for pain 
relief in labour.10

1847 (March)
James Young Simpson wrote:  ‘it will be necessary to ascertain 
anaesthesia’s precise effects, both upon the action of the uterus and 
on the assistant abdominal muscles; its influence, if any, upon the 
child; whether it has a tendency to haemorrhage or other complica-
tions.’8 Unfortunately this was not followed up for nearly a century.

1847 (April)
The first obstetric anaesthetic in the United States was by Dr 
Nathan Cooley Keep, who administered ether for relief of labour 
pain to Fanny Longfellow, wife of the poet Henry Wadsworth 
Longfellow (who also participated in the administration).11

1847 (May)
NI Pirogoff in Russia expounded on the rectal route for adminis-
tration of ether in obstetrics.12

1847 (8 November)
James Young Simpson was the first to use chloroform in obstet-
rics. A week later he published the second edition of a pamphlet 
describing the inhalation of chloroform in 50 cases. Thereafter, for 
the rest of his life, he promoted chloroform.13

1847 (December)
James Young Simpson published Answer to the Religious 
Objections,14 a pamphlet in which he rather exaggerated potential 
religious objections to anaesthesia/analgesia for childbirth—to get 
the public on his side.15

1853
John Snow smelled ether on the breath of neonates delivered 
from mothers who had received ether, surmising placental 
transmission.16

1853 (April)
John Snow administered chloroform to Queen Victoria during the 
birth of her eighth child, Prince Leopold.

1857 (April)
Queen Victoria again received chloroform from John Snow for 
the birth of her ninth child (Princess Beatrice). Many authors 
have declared that this narcose à la reine set the seal of respect-
ability on obstetric analgesia; however this may be mythical: the 
chloroformings of the Queen were not well publicized,17 excepting 
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London’s social elite.18 Anaesthesia for childbirth progressively 
became commonplace through public acclaim.

1858
John Snow noted that Dr EW Murphy and Dr E Rigby pioneered 
relief from pain by inhalation in obstetric cases without loss of 
consciousness—though this condition was not called ‘analgesia’ 
at that time.19

1866
Robert Ellis, Obstetric Surgeon to the Chelsea, Brompton 
and Belgrave Dispensaries in London, described his 
alcohol-ether-chloroform apparatus for use in obstetrics.20

1874
Swiss obstetrician (in Basel), Paul Zweifel, deduced placental 
transfer by demonstrating that chloroform was present in the 
umbilical blood of neonates born to chloroformed mothers.21 He 
wondered whether this could be a factor in neonatal jaundice, but 
this was never found to be so.

1880
Stanislav Sigismund Klikovich (Figure 1.2), a doctor in 
St Petersburg, Russia, was the first to use nitrous oxide in 
obstetrics—he administered it with oxygen.22

1928–32
National Birthday Fund for Maternity Services was inaugu-
rated in London with an address by Lucy Baldwin (the Prime 
Minister’s wife). In 1930, this became the National Birthday Trust 
Fund, which proceeded to organize supply of chloroform in glass 

capsules (brisettes) for analgesia in labour, including administra-
tion by supervised midwives. Within 10 years these were with-
drawn because of high mortality. An alternative was the Mennell 
chloroform inhaler (modified Junker bottle).25

1933
RJ Minnitt in Liverpool, United Kingdom, modified the McKesson 
oxygen therapy apparatus for self-administration of nitrous oxide 
with air in labour.26

1934–35
Wesley Bourne (Canada) used cyclopropane27 and also divinyl 
ether in obstetrics.28

1936
Minnitt produced the ‘Queen Charlotte’ model of his gas-air anal-
gesia apparatus,29 which was approved by the Central Midwives 
Board for use by midwives.

1937
Professor Chassar Moir designed an attachment for the 
above-mentioned apparatus, which allowed a limited amount of 
pure nitrous oxide to be inhaled before continuing with the mix-
ture.30 (This invalidated the endorsement for use by midwives.)

1943
Inhalation of Trilene® was found to be a useful method of analgesia 
in labour. In 1949, the ‘Emotril’ draw-over inhaler was designed.31

Figure 1.1  James Young Simpson (1811–1870) in 1850. He was first to use ether 
in obstetrics in January 1847, introduced chloroform in November 1847, and 
championed analgesia in childbirth.
Image courtesy of the Royal College of Physicians of Edinburgh.

Figure 1.2  Stanislav Sigismund Klikovich (1853–1910)—the first (1880) to use 
nitrous oxide in obstetrics.
Reproduced from Materials for the history of scientific and applied activities in Russia in 
the realms of zoology and allied branches of knowledge during the last 35 years 1850–90 by 
A. Bogdanov, Moscow, 1892.
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Parenteral amnesia—The Vogue for ‘Twilight Sleep’
1902
‘Dammerschlaf ’ (twilight sleep), a technique of initial injection 
of morphine with hyoscine (scopolamine) and repeat doses of the 
latter, was used for labour by von Steinbuchel of Graz, Austria.11

1906
Carl J Gauss of Freiburg, Germany, popularized twilight sleep, 
reporting 1000 cases.11 The injections were subcutaneous or intra-
muscular. Media coverage led women in Europe and the United 
States to demand twilight sleep from their obstetricians. Of course 
there was a depressant effect on the newborns.11

Rectal agents including Avertin® for pain relief in labour
1926
Rectal tribromoethanol (Avertin®) was introduced for basal nar-
cosis and was soon adopted to provide amnesia in childbirth. 
Problems encountered were prolongation of labour and res-
piratory depression in the neonate. By the 1950s, it was usually 
reserved for treatment of eclampsia.35,36

1930
Gwathmey (New York) introduced a rectal mixture of ether with qui-
nine, alcohol, and olive oil. This was given in combination with hypo-
dermic morphine and intramuscular (IM) magnesium sulphate.37

1935
Rosenfield and Davidoff (Boston) used rectal paraldehyde for 
amnesia, in combination with oral Nembutal®.38

1939
McCormick (Indiana) modified Gwathmey’s technique for rec-
tal ether mixture (having devised apparatus for administration) 
by omitting quinine, and giving oral pentobarbitone sodium 
(Nembutal®) instead of IM magnesium sulphate.39

Obstetric flying squad
1929
Professor E Farquhar Murray (Newcastle-upon-Tyne, United 
Kingdom), addressing the Edinburgh Obstetric Society, conceived 
the idea of an obstetric flying squad—for domiciliary treatment of 
obstetric emergencies.40

1932
The first operational squad began at Bellshill (near Glasgow), 
Scotland—called the ‘Special Outdoor Treatment Unit’.40

1935
The Bellshill unit comprised two doctors and two nurses, who 
travelled by automobile with apparatus for blood transfusion or 
intravenous (IV) saline; they had access to 25 universal blood 
donors.41

1948
Obstetric flying squads had been established in many centres in 
the United Kingdom.42

1940–50
In the Bellshill unit, most anaesthetics were administered by jun-
ior doctors: Pentothal® (79%), chloroform (12%).43

From ‘Twilight Sleep’ to IV barbiturates
1934
Katherine Lloyd-Williams (Royal Free Hospital, London) pub-
lished her book Anaesthesia and Analgesia in Labour which 
included the barbiturates sodium amytal, Nembutal®, pernocton, 
and sodium evipan (hexobarbitone).44

1934
Irving et  al. at the Boston Lying-in Hospital, United States, 
researched the effects of popular methods of analgesia, and recom-
mended oral Nembutal® (pentobarbitone sodium) combined with 
hypodermic scopolamine. There some practitioners began to avoid 
morphine because it induced neonatal respiratory depression.38

1940
The synthetic opioid pethidine (meperidine, Demerol®) was first 
used in labour by Benthin in Germany.

1943
Gilbert and Dixon (Baltimore) were first in the United States to 
use Demerol in obstetrics.45

1944
Spitzer was the first to use pethidine for obstetric analgesia in 
Britain.46

1900 1901 1902 1905 1906
GENERAL 

ANAESTHESIA 
AND ANALGESIA

SPINAL

EPIDURAL

Steinbuchel 
(Austria): twilight sleep

CJ Gauss (Germany) popularized 
twilight sleep

Oskar Kreis 
(Switzerland): spinal 
cocaine for labour

WR Stone (USA): reported 
35 spinals for labour52

Enthusiasm for spinals 
in obstetrics waned until 

1928

Procaine made spinal 
more acceptable

AE Barker (UK) demonstrated 
‘glass spine’ and introduced 5% 

glucose in Stovaine® (amylocaine)

Sicard, Cathelin 
(France): sacral approach 

to epidural space

Figure 1.3  Anaesthesia timeline 1900–1983.
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1945
IV pentothal began to be advocated, particularly for caesarean 
delivery.47

Resuscitation of the newborn
1934
Resuscitation of the newborn was often the task of the attend-
ing anaesthetist. Instruction in Katherine Lloyd-Williams’ book 
included: clearing the airway, administration of carbon dioxide 
and oxygen, hypodermic Lobeline, and gentle compression of the 
chest (no mention of intubation); other stimulant drugs were cam-
phor, Coramine®, and Cardiazol®.44

Acid aspiration syndrome
1946
Curtis L Mendelson (Figure 1.4), obstetrician at the New  York 
Lying-in Hospital, reported 66 cases of aspiration of gastric con-
tents during obstetric anaesthesia. Five of the patients aspirated 
solid material and two of these died of asphyxia. The patients who 
aspirated liquid (none of whom died) had a different clinical pic-
ture: respiratory distress and chest X-ray appearance of soft mot-
tled densities which cleared in 7–10 days. Mendelson showed that 
instillation of dilute acid into the lungs of anaesthetized rabbits 
produced a similar syndrome.49

Concept and introduction of regional  
anaesthesia in obstetrics
1848
James Young Simpson introduced the concept of chemical 
local anaesthesia (LA), experimenting with the application of 
chloroform and other substances to animals and humans.50 
Unfortunately Simpson lacked both LA agent (cocaine intro-
duced 1884) and the means to inject it (hypodermic needle and 
syringe introduced by Alexander Wood 1853). If these had been 
available to him, he would almost certainly have introduced LA 
in obstetrics.

1900
Sixteen years after Carl Koller introduced the use of cocaine for 
LA (1884) and 2 years after August Bier performed the first delib-
erate spinal, Oskar Kreis in Basel, Switzerland, was the first to try 

intradural spinal block using cocaine for analgesia in labour.51 
Enthusiasm for spinal block waned until after 1905 (see later).

1908
Pudendal block was described by WB Muller in Germany.53

1909
Uptake of caudal analgesia (sacral epidural) in obstetrics (see later).

1926
Paracervical block was described by Gellert in Germany.54

Figure 1.4  Curtis L Mendelson (1913–2002) described the acid aspiration 
syndrome of pregnancy in 1945.
Image courtesy of Professor J Roger Maltby, author of Notable Names in Anaesthesia, 
London, 2002.
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Spinal anaesthesia
Uptake of spinal anaesthesia … and decline by 1948
1905
Popularization of procaine facilitated uptake of spinal anaesthe-
sia as it caused less irritation of meninges; concurrent factors in 
the United States were availability of finer needles which reduced 
spinal headache, and rubber gloves (introduced by WS Halsted in 
1890) and development of aseptic technique.55

1906–07
AE Barker in the United Kingdom demonstrated the ‘glass spine’, 
showing the importance of curves and gravity, and introduced 
‘heavy’ Stovaine® (amylocaine) made hyperbaric by the addition 
of glucose.56

1907
Henry P Dean described ‘continuous spinal anaesthesia’, but this 
was not accepted at the time.57

1912
Babcock (Philadelphia) rendered Stovaine® hypobaric by addition 
of 10% alcohol.55 It was not known then that 10% alcohol is poten-
tially neurotoxic.

1927
George Pitkin (New Jersey) introduced hypobaric spinocaine 
(procaine + alcohol).55

Ephedrine was first used to restore blood pressure (BP) during 
spinal anaesthesia.58

1928
George Pitkin also rendered procaine hyperbaric, and was the 
first to use this for delivery:  his so-called controllable spinal 
anaesthesia.59

1940
Walter Lemmon (Philadelphia) revived ‘continuous spinal anaes-
thesia’ using novocaine (procaine) with a malleable needle and 
special rubber tubing attached to the hub.63

1944
EB Tuohy described alternative technique: passing a size 4 ureteral 
catheter through a 15-gauge spinal needle.64

1948
An article by Bourne and Williams drew attention to serious 
problems of spinal anaesthesia in obstetrics: maternal collapse, 
headache, and neurological complications.67

Epidural analgesia
Uptake of epidural analgesia
1901
In Paris, J Sicard (neurologist) and F Cathelin (urologist) indepen-
dently used the sacral approach to the epidural space.68

1909
Though initially sceptical, German obstetrician and gynaecolo-
gist Walter Stoeckel in Marburg noted Cathelin’s publication, 
and attempted to use ‘sacral anaesthesia’ with procaine to achieve 
painless child birth.69

1910
Arthur Läwen in Leipzig, Germany, also used the sacral approach 
to inject procaine in operative obstetrics. He favoured the sitting 
position and used sodium bicarbonate to alkalinize novocaine 
chloride, which increased rate, onset, and duration; this had a high 
success rate and he renamed the method ‘extradural anaesthesia’.68

1921
The lumbar approach was introduced by Fidel Pagés Miravé in 
Madrid, Spain, who published Metameric Anaesthesia. He died 
on active service soon after and the method was temporarily 
forgotten.68

1928
Pickles and Jones (Providence, Rhode Island) reported 28 
deliveries under single-shot procaine injected into the sacral 
hiatus.70

1930
Eugan Bogdan Aburel (Figure 1.5), a Romanian doctor working 
in Paris, published five papers on the afferent innervation of the 
uterus.71

1931
Aburel presented a paper on continuous caudal and lumbo-aortic 
plexus block for pain relief in childbirth.71

GENERAL 
ANAESTHESIA 

AND ANALGESIA

SPINAL

EPIDURAL

1926 1928–29 1930 1931 1932

Bromethol (Avertin®) 
introduced as rectal 

method of analgesia in 
childbirth
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in midwifery 
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Gwathmey 
(USA): combined rectal 

ether, SC morphine and IM 
magnesium sulphate

Chloroform brisettes

Paraldehyde (rectal) first 
proposed in obstetrics38

Chloral + Nembutal® 
(oral) recommended38

Pitkin 
(USA): hyperbaric 

procaine

Therapeutic spinal tried in 
eclampsia60

Pickles & Jones 
(USA): deliveries 

under caudal

Aburel ( Romanian working 
in France): pain pathways 

of labour

Dogliotti (Italy): lumbar 
approach.

Aburel: continuous caudal
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1931
Turin surgeon, Achille Maurio Dogliotti, unaware of Pagés 
Miravé’s work, published a paper on the lumbar approach in 
Societa Piemontese di Chirurgia, and popularized the technique.68

1933
John GP Cleland (Oregon City, Oregon), unaware of Aburel’s 
work, researched the afferent innervation of the uterus and pub-
lished on the use of paravertebral blocks for painless childbirth, 
and caudal catheter for analgesia in the second stage of labour.72

1938
Graffagnino and Seyler of New Orleans were the first to use epi-
dural lumbar block in labour (single shot).73

1942
Robert Hingson (Philadelphia) (Figure 1.6) and Waldo Edwards 
(Staten Island, New York) popularized continuous caudal analgesia.74

1945
Edward Boyce Tuohy at the Mayo Clinic described a 15-gauge 
needle with a Huber point (tip designed by Ralph Huber) and a 
stilette, manufactured by Becton Dickenson.77 The Huber-tip 

GENERAL 
ANAESTHESIA 

AND ANALGESIA

SPINAL

EPIDURAL

1933 1934 1935 1936 1937

Minnitt (UK): modified 
McKesson apparatus for 

self-administration of nitrous 
oxide with air

Barbiturates for labour—Irving (USA), K 
Lloyd-Williams (UK).

Cyclopropane used by Bourne (Canada)

Rosenfield & Davidoff 
(USA):

rectal paraldehyde.
Divinyl ether used by 

Bourne (Canada)

Minnitt 
(UK): Queen 

Charlotte model 
for nitrous oxide 

with air

Chassar Moir (UK) 
attachment for 100% 

nitrous oxide

K Lloyd-Williams in her book + Franken & 
O’Connor described spinal for caesarean 

delivery47

Fairfield (UK): high 
mortality if caesarean 
delivery done under 

spinal61

Cleland (USA): paravertebral 
block and caudal catheter

Per K Lloyd-Williams: sacral anaesthesia 
not commonly used in the UK

Figure 1.5  Eugen Bogdan Aburel (1899–1975) described the pain pathways of 
labour in 1930 and continuous caudal analgesia in 1931.
Reproduced with permission from I Curelaru and L Sandu, ‘Eugen Bogdan Aburel 
(1899–1975)’, Anaesthesia, Volume 37, p. 663, Copyright © 1982 John Wiley & Sons.

Figure 1.6  Robert A Hingson (1913–1996) popularized continuous caudal 
analgesia in 1942, introducing plastic catheters and malleable steel needles.
Image courtesy of the Wood Library-Museum of Anesthesiology, Schaumburg, Illinois.
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GENERAL 
ANAESTHESIA 

AND ANALGESIA

SPINAL
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1938 1939 1940 1942 1943

McCormick (USA):
oral pentobarbitone

Pethidine used in 
Germany

Grantly Dick Read 
(UK): Revelation of 

Childbirth

Pethidine (Demerol®) used in 
the USA

Trilene® inhalation

Contra-indications to 
spinal listed by Hewer 

(UK)62

Lemmon 
(USA): continuous 

spinal

Graffagnino and Seyler 
(USA): lumbar epidural 
block in labour—single 

shot

Hingson & Edwards (USA) 
popularized continuous 

caudal

Hingson & 
Edwards: continuous caudal 
to ↓ BP in pre-eclampsia75

prevented plugging with tissue and enabled choice of direction of 
a catheter through the needle.

1949
Manual Martinez Curbelo in Havana, Cuba, described use of the 
above-described Tuohy needle for continuous epidural injection 
of procaine via silk catheter (lumbar or low thoracic levels) in 59 
surgical cases (including gynaecology).78

1949
C Flowers, obstetrician at Baltimore (independently) used the 
Tuohy needle with the first plastic catheter (polyethylene) in 
obstetrics.79

1949
Torsten Gordh (Karolinska Hospital, Stockholm) published the 
first clinical account of lidocaine, an amide-type LA with more 
penetrative power and less toxicity than all previous LAs (esters).80 
This major advance would have a profound influence on events 
from the 1950s onwards.

Events from 1950 onwards
Non-pharmacological methods of analgesia
1950
Although Grantly Dick Read (general practitioner in England) 
first published Revelation of Childbirth in 1942, it was from about 
1950 that his method of education and relaxation really became 
popular.81

1950
Velvosky and Nicolaiev in the Soviet Union employed a method of 
psychological preparation with hypnosis and oxygen.11

1952
Fernand Lamaze, Director of the Metal-Workers Lying-in Hospital 
in Paris, introduced the Lamaze Method of psychoprophylaxis, 
which became popular throughout France and was also popular-
ized in the United States.11

1954
Grantly Dick Read republished his book under the title Childbirth 
Without Fear.81

1965
Publication of the gate control theory of pain by Melzack and Wall 
instigated interest in transcutaneous electrical nerve stimulation 
(TENS).

1975
Leonid Persianinov in Russia claimed good analgesia in labour by 
electroanalgesia—the application of low-intensity current to the 
forehead and mastoid processes.82

1980
TENS was reported as a safe and useful analgesia method in labour. 
Two pairs of electrodes were placed on the lower back and low 
intensity background current applied, with controls to increase 
the amplitude for contractions.83 This method has remained quite 
popular for early labour in the United Kingdom.

Resuscitation of the newborn
1953
Virginia Apgar, anaesthetist (Professor) at Columbia Presbyterian 
Hospital, New York, described a simple, reliable system for evaluating 
newborns: the Apgar score.84 In time, this was adopted worldwide.

1957
Bingham (Northern Ireland), reported on current practice:  ‘gas-
tric oxygen’ was used pending availability of a person competent 
to perform tracheo-bronchial toilet and intubation.85

Demission of anaesthetists from neonatal  
resuscitation
Although Moir and Thorburn’s textbook of 1986119 still had a 
chapter on neonatal resuscitation, this was gradually eschewed by 
obstetric anaesthetists, whose full attention was required for the 
mother. This was borne out by a case in the Confidential Enquiry 
into Maternal Deaths (CEMD) in the United Kingdom 1997–99 
where the anaesthetist was distracted by resuscitating the baby.209

General anaesthesia and analgesia
Developments in use of inhalation anaesthetic agents
1953
The problem of delayed chloroform poisoning was noted.86
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1956
Halothane was introduced and soon was embraced for GA in 
obstetric practice.

1962–85
Methoxyflurane was tried for labour analgesia in North America 
in 1962 and in the United Kingdom in 1966.87 In 1970, it was 
approved for obstetric analgesia in the United Kingdom at a con-
centration of 0.35% in air via a Cardiff inhaler. Owing to concerns 
about renal impairment, it was withdrawn around 1985.

1990s
Isoflurane superseded halothane.

2000
Sevoflurane became commonly used.

The response to Mendelson’s paper
1951
Morton and Wylie noted the difficulties of thorough gastric emp-
tying by means of a stomach tube.89

1956
JM Holmes advocated induction of vomiting with apomorphine 
to empty the stomach as an alternative to passing a wide-bore 
stomach tube.92

1957
Bingham reported on ‘balanced anaesthesia’ for caesarean deliv-
ery in 614 cases between 1948 and 1956. Initially reserved for cases 
of vomiting during surgery, intubation was then adopted rou-
tinely. About half the patients received thiopentone, suxametho-
nium, pethidine, nitrous oxide, and oxygen with no added volatile 
anaesthetic agent. Cyclopropane was used in 246, gallamine in 
368, and gallamine or d-tubocurarine in 132 cases.85

1957
Dinnick, concurring with Mendelson, suggested that prophylactic 
antacids could prevent the acid-aspiration syndrome.93

1959
Hamer-Hodges et al. published a series of 2000 patients of whom 
1529 had an operative delivery, describing the use of thiopentone, 

suxamethonium, and intubation for caesarean delivery, which 
was safe for both mother and baby. This technique was developed 
for fetal interests rather than protection of the mother from aspi-
ration. Further details were atropine (vagolytic essential with light 
GA), no pre-oxygenation, and 60% nitrous oxide with oxygen.94

1961
Brian Sellick (Middlesex Hospital, London) described his 
manoeuvre of cricoid pressure to hold back stomach contents 
during induction of anaesthesia.95 This was gradually adopted in 
British practice.

1962
Bannister and Sattilaro suggested that a pH below 2.5 was critical 
for aspirate to cause severe lung reaction.96

1965
Selwyn Crawford (Birmingham, United Kingdom) provided 
guidelines for fasting in labour.98,101

1966
Taylor and Pryse-Davies (Queen Charlotte’s Maternity Hospital, 
London) repeated some of Mendelson’s work and recommended 
routine administration of antacids before anaesthesia:  magne-
sium trisilicate mixture.100

1974
Roberts and Shirley reported that (in addition to pH < 2.5) the 
volume of gastric aspirate (>25 mL) was critical to development of 
severe lung damage.102

1974
Gertie F Marx (Figure 1.7) and Girvice W Archer (New York) dem-
onstrated the marked desaturation of pregnant women within 60 
seconds of apnoea (compared with non-pregnant controls), thereby 
emphasizing the importance of preoxygenation at induction of GA 
and prompt re-oxygenation following endotracheal intubation.103

1978
Wilson in Edinburgh demonstrated that the main determinant of 
delayed gastric emptying in labour is the administration of nar-
cotic analgesics, whereas epidural analgesia has little or no effect 
on gastric emptying.104
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1979
Gibbs et  al. (Florida) reported that aspiration of particulate 
antacid produced severe lung pathology,105 and went on to 
state that non-particulate antacid (0.3 M sodium citrate) was 
preferable.106

Entonox®

1961
Work by Michael E Tunstall (Portsmouth, England) (Figure 1.8) in 
conjunction with British Oxygen Company produced a pre-mix of 

nitrous oxide and oxygen in equal proportions (Entonox®), which 
was rapidly adopted for inhalation analgesia in labour.108

1962
Cole and Nainby-Luxmore drew attention to possible fetal com-
promise due to low maternal oxygen levels with ‘gas and air’.109

1963
Nevertheless, nitrous oxide with as low as 20% oxygen, continued 
to be self-administered in obstetrics, using the new ‘Lucy Baldwin’ 
machine.110

Figure 1.7  Gertie Florentine Marx (1912–2004) practised and taught epidural 
analgesia in obstetrics from 1945 over five decades in New York. She published 
prolifically and became known as ‘the mother of obstetric anaesthesia’. She was 
the second woman (the first was Virginia Apgar) to receive the Distinguished 
Service Award of the American Society of Anesthesiologists, and a long spinal 
needle was named in her honour.
Image courtesy of the Wood Library-Museum of Anesthesiology, Schaumburg, Illinois.
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1950 1951 1952 1953

Popularization of Grantly Dick 
Read’s (UK) naturalistic approach

Halothane synthesized.
Morton & Wylie 

(UK): difficulty of gastric 
emptying by stomach tube

‘Lytic cocktail’ of Laborit (France)90

Apgar & Papper (USA): almost all anaesthetic 
and analgesic drugs cross placenta90

Problem of delayed 
chloroform poisoning 

published

F Kennedy (USA): report on 
paralyses from spinals.

Brigden (UK) suggested gravid 
uterus caused IVC compression.
Assali (USA): smaller dose of LA 

required for spinal in pregnancy134

McRoberts (USA) suggested 
caval compression caused 

supine shock

Woolley & Roe
Court Case (UK).

Howard (USA) coined 
term ‘supine hypotensive 

syndrome’

Flowers (USA) dulled the epidural 
needle tip

OB Crawford (USA) blunted 
tip of epidural needle

Bonica (USA) offered 24-hour obstetric 
epidural analgesia.

Cleland (USA): double catheter 
technique: thoracic + caudal158

Figure 1.8  Michael E. Tunstall (1928–2011) introduced Entonox in 1961, 
described a ‘failed intubation drill’ in 1976, and advocated use of an ‘isolated 
forearm technique’ to avoid awareness under general anaesthesia for obstetrics 
in 1977.
Image courtesy of Mrs A Tunstall, Aberdeen, UK
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1970
Approval for ‘gas and air’ was withdrawn in the United Kingdom.

Awareness
1969
Wilson and Turner in Edinburgh published a seminal paper on 
awareness during caesarean delivery under GA. At that time 
the usual GA for caesarean delivery was based on the origi-
nal ‘Liverpool technique’ of ventilation with nitrous oxide and 
oxygen only—at least until after delivery. In their series of 150 
patients they reported unpleasant recall in 17.5% of cases.111 By 
appearing in the BMJ this paper reached a wide general read-
ership, and was instrumental in the decline of the original 
‘Liverpool technique’.

1970
Moir (Glasgow) recommended 0.5% halothane with 50% each 
of nitrous oxide and oxygen, plus a muscle relaxant as a suitable 
general anaesthetic for caesarean delivery:  this provided safety, 
no increase in haemorrhage, minimal neonatal depression, and a 
much lower incidence of awareness.112

1977
Tunstall advocated use of an isolated forearm (IFA) technique to 
avoid awareness under GA for obstetrics.113

The obstetric flying squad
1957
Stabler enunciated the principles for obstetric flying squads.114

1960
Adamson et  al. described results for 138 GAs given by the 
Edinburgh squad—in the majority, open chloroform was used. He 
suggested use of a specialist anaesthetist.114

1951–61
In 305 anaesthetics given by the Bellshill squad, the usual method 
was thiopentone (98%); gastric lavage was carried out before 

induction. The equipment carried by the team included an oxygen 
cylinder, Ambu respirator, laryngoscope, and endotracheal tubes, 
but apparently intubation was infrequent.43

1961
Argent and Evans described use of thiopentone and suxametho-
nium followed by intubation, and maintenance of anaesthesia 
with nitrous oxide, oxygen, and ether, but spontaneous ventila-
tion. The equipment was bulky.114

1967
Dallas recommended thiopentone, suxamethonium, endotracheal 
intubation, and intermittent positive pressure respiration with air 
from an Ambu bag, thus using light equipment.114

1969
Davies (Cambridge, United Kingdom) described portable 
equipment aiming for pre-oxygenation, IV barbiturate, sux-
amethonium, endotracheal intubation, and positive pressure 
respiration with nitrous oxide and oxygen, using intermittent 
suxamethonium.114

1970s–1980s
By 1976, improvements in UK provision of antenatal care and 
obstetric management and decline in home deliveries (<4%) 
called into question the justification for continuing the flying 
squads.40

In 1980, a survey found that over half the squads answered 
ten or fewer calls per annum—most were subsequently 
disbanded.115

Advances in airway management and prevention 
of Mendelson’s syndrome
1980s
Tunstall’s failed intubation drill (first described in 1976)  was 
widely adopted.116

1984
Cormack and Lehane provided a laryngoscopy grading system.117
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delivery

Williams (UK) expounded 
on collapse135

Holmes (UK): paper 
on incidence of severe 

supine hypotension

Bromage (UK): textbook and 
epidural test dose

Bonica (USA) endorsed 
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1986
Modern ‘rapid sequence induction’ (RSI) had developed piecemeal 
through successive CEMD reports and was described in standard 
textbooks.119

1986
Laryngeal mask airway (LMA) introduced.

1989
The CEMD report for 1982–84 suggested use of H2-receptor 
antagonists and ranitidine became standard practice.121

1990
It was suggested that the LMA should be considered for rescuing 
the airway in cases of difficult intubation.122

Reduction of deaths from pulmonary aspiration
By 1994 the reduction in deaths from pulmonary aspiration 
was attributed to prophylaxis with H2 receptor antagonists.124 
By the late 1990s, there had been a dramatic swing to spinal 
anaesthesia instead of GA for operative obstetrics in the United 
Kingdom, Germany, France, and the United States, which prob-
ably contributed even more to the continued decline in such 
deaths.

Cricoid pressure revisited
2003
A magnetic resonance imaging study by KJ Smith et al. (Hamilton, 
Ontario) revealed the alignment of the oesophagus to be lateral to 
the cricoid cartilage in more than 50% and application of cricoid 
pressure increased this lateral displacement to 90%.127

This has called into question the use of cricoid pressure in RSI.

Remifentanil
2004
A case series of remifentanil technique in GA for caesarean deliv-
ery was published.128 Since then remifentanil infusion has become 
recognized as useful for the following indications: intraoperative 

analgesia, avoidance of hypertensive response to intubation, 
avoidance of neuromuscular blocking agents, intraoperative con-
trol of BP in pre-eclampsia, AND reducing volatile requirements.

Spinal anaesthesia
Near demise of spinal anaesthesia  
in the United Kingdom
The concern generated by Bourne and Williams’ paper (1948) was 
cemented by two other (non-obstetric) events:

1950
The Foster Kennedy report—see Box 1.1.131

1953
The Woolley and Roe case—see Box 1.2.132
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Sellick (UK) 
manoeuvre (cricoid 

pressure)
Tunstall 

(UK): Entonox®

Bannister & 
Sattilaro (USA):
gastric aspirate 
pH < 2.5 critical

Lucy Baldwin 
machine (UK) 

for nitrous oxide 
with oxygen in 

labour

Lee’s (UK) Synopsis (5th edition): on GA 
for caesarean delivery ‘preoxygenation, 

thiopentone, suxamethonium, cuffed tube, gas 
and oxygen—gaining in popularity’97

Crawford (UK): guidelines for 
fasting in labour

Methoxyflurane (Penthrane®) 
analgesia

Maternal hyperventilation 
associated with fetal acidosis99

Bupivacaine first 
used clinically

Lee’s Synopsis (5th edition): ‘spinal unpopular 
for caesarean delivery because of unexplained 

deaths’.
Scott et al: X-ray evidence of caval compression

Bromage (Canada) 
first to note LA able 
to cross placenta162

Glasgow, UK:
24-hour obstetric epidural service.

Adelaide, Australia: first use of micropore filter

Bromage (Canada): scoring of 
motor block

Box 1.1  The Foster Kennedy report

◆	 In 1950, Foster Kennedy, a neurologist trained at The National 
Hospital for Neurology and Neurosurgery, London, but work-
ing in New York, published a review entitled ‘The grave spinal 
cord spinal paralyses caused by spinal anaesthesia’.

◆	 This described a collection of catastrophic sequelae following 
spinal anaesthesia, with detailed neurological but little anaes-
thetic information.

◆	 Published in Surgery, Gynecology and Obstetrics, the paper 
was widely read by surgeons, and led to some decline in spinal 
anaesthesia in the United States.

◆	 It fuelled a far greater decline in spinal anaesthesia in the 
United Kingdom, where concern was further generated by 
the publicity about the Woolley and Roe case (Box 1.2).

Data from Kennedy F, Effron AS, Perry G, The grave spinal cord paralyses 
caused by spinal anaesthesia, Surgery, Gynecology and Obstetrics, 1950; 
91: 385–98.
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Spinal anaesthesia went into decline in the UK for nearly 
30  years (though it remained in favour for obstetric use in the 
United States).

Elucidation of the supine hypotensive syndrome  
of pregnancy
1950
Brigden, Howarth, and Sharpey-Schafer at St Thomas’ Hospital, 
London, suggested that in the supine position the gravid uterus 
could cause obstruction to flow in the great veins of the abdomen.133

1951
McRoberts in Houston, Texas, suggested caval compression as the 
cause of supine shock in pregnancy.133

1953
Howard in Dallas, Texas, concurred with McRoberts, coining the 
term ‘supine hypotensive syndrome’.133

1957
Anaesthetist Frank Holmes in Edinburgh suggested that caval 
compression was compounded by vasodilatation due to spinal 
block to cause sudden circulatory collapse during caesarean deliv-
ery under spinal anaesthesia.133

1960
Holmes published on the incidence of severe supine hypotension 
in advanced pregnancy (8.2%) and on management by turning the 
patient semi-lateral.133

1963
Anaesthetist Bruce Scott (Figure 1.9) and obstetrician Melville 
Kerr (Simpson Memorial Maternity Pavilion, Edinburgh) con-
cluded from inferior vena cava (IVC) pressure measurements that 
in the supine position the gravid uterus occluded the IVC, but 
there was also collateral flow, which was adequate in most cases.133

1964
Scott, Kerr, and radiologist Samuel in Edinburgh produced the 
first X-ray evidence of caval compression in late pregnancy.133

1967
Lees, Scott, Kerr and Taylor in Edinburgh used invasive 
monitoring to demonstrate that most pregnant women could 
compensate for IVC compression by increase in SVR (vaso-
constriction).133 This mechanism was disabled by spinal 
anaesthesia.

1968
Bieniarz, working with R Caldeyro-Barcia in Montevideo, 
Uruguay, reported that the gravid uterus also compressed the 
abdominal aorta.133
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Beazley (UK): parenteral & 
inhalation methods gave only 

60% adequate analgesia in 
labour

Wilson 
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under GA for 
caesarean delivery 

17.5%

Approval for nitrous 
oxide with air 

withdrawn in the UK

CEMD: deaths due to anaesthesia 
unchanged for 20 years.

Crawford (UK) recommended 
preop magnesium trisilicate, 

followed by wedge, preoxygenation, 
cricoid pressure, thiopentone, 

suxamethonium, endotracheal tube101

Electro-analgesia 
popular in Russia.
Roberts & Shirley 

(USA): gastric 
aspirate volume 
> 25 mL critical

Edinburgh group: most 
parturients compensated 
for caval compression by 

vasoconstriction—disabled 
by spinal!

Argument for return 
to spinal use in the 

UK obstetrics

Crawford (UK) pointed out two main 
drawbacks of spinal: hypotension and 

PDPH

Lumbar approach became 
preferred method

Moir & Willocks 
(UK): epidural 

reduced need for 
caesarean delivery

British workers: efficacy 
of epidural dependent 

on experience of 
operator171

Midwives topping-up 
epidurals as permitted 

by (UK) Central 
Midwives Board

Lumbar epidural described in detail by 
Crawford (UK)

Pearson & Davies 
(UK): use of epidural 
reduced fetal distress

Box 1.2  The Woolley and Roe case

◆	 In October 1947 at Chesterfield Hospital in England, Albert 
Woolley underwent a semilunar cartilage removal and Cecil 
Roe had a hydrocele repaired, both under spinal anaesthesia 
on the same operating list, by the same anaesthetist.

◆	 By the next day both men developed lower limb paralysis and 
incontinence, which progressed to permanent paraparesis.

◆	 They sued the Ministry of Health, the case coming to court in 
October 1953.

◆	 The judge ruled that inadvertent contamination of the LA had 
occurred, with no negligence.

◆	 The plaintiffs received no compensation.
◆	 Following the case there was a profound decline in spinal 

anaesthesia in the United Kingdom.

Data from Cope RW, The Woolley and Roe Case; Woolley and Roe versus 
Ministry of Health and Others, Anaesthesia, 1954; 9: 249–70.
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1969
By this time it was clear that supine hypotension could be avoided 
by lateral tilt, and there was some argument for a return to spinal 
subarachnoid block in obstetrics.136

1972
Selwyn Crawford in Birmingham, United Kingdom, conducted a 
trial of tilt versus non-tilt of patients undergoing caesarean deliv-
ery under GA; the status of the neonates revealed the importance of 
tilt for fetal welfare—Crawford recommended a tilt angle of 15°.133

The resurgence of spinal anaesthesia in the United Kingdom
1980s
In the United Kingdom, spinal anaesthesia for obstetrics (although 
popular in some countries) was considered too problematic: 64% 
incidence of hypotension,139 24% incidence of headache,139 and 
unpredictability of spread of plain (isobaric) 0.5% bupivacaine.140 
Hypotension could be managed with vasopressors and the spread 
controlled by use of hyperbaric solutions and positioning to 
enhance thoracic curvature. But, owing to the high incidence of 
postdural puncture headache (PDPH) in the obstetric population, 
the epidural remained the usual form of neuraxial anaesthesia for 
caesarean delivery until the availability of reliable pencil point 
needles.

Early 1990s
Although designs of pencil-point spinal needles had been pub-
lished by Whitacre141 (USA) in 1951 and Sprotte142 (Germany) in 
1987, it was not until the 1990s that these became widely used in 
obstetric anaesthesia practice.

1992
A study at the University of Natal, South Africa showed that 
rapid crystalloid preload caused unacceptable increases in central 
venous pressure (CVP) yet did not prevent spinal-induced hypo-
tension at caesarean delivery.143

1995
Obstetric anaesthetists in Glasgow confirmed that preloading was 
not required to prevent spinal-induced hypotension at caesarean 
delivery—vasopressor use was more effective.145

1995
I Russell in Hull, United Kingdom, began to add diamor-
phine to intrathecal hyperbaric 0.5% bupivacaine to improve 
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1976–77 1978–79 1980 1981 1983

Tunstall (UK): failed 
intubation drill; IFA 
technique to avoid 

awareness

Gibbs (USA) recommended 
0.3M sodium citrate rather 

than ‘mag trisil’

TENS reported as safe 
& useful analgesia 
method in labour

Enflurane reported as 
satisfactory analgesia in 

labour88

Crawford (UK) reported 
normal labour does not 
retard gastric emptying 

time107

Crawford called for spinal 
to be used more widely in 

the UK137

Moir called for spinal to 
be used more widely in 

the UK138

Brownridge 
(Australia): combined 
spinal–epidural (CSE)

Carrie (UK): paramedian 
approach174

Bromage (USA) book
Epidural Analgesia:

spread determined by 
dose176

Use of epidural morphine 
published (Israel)

FDA banned use of 
0.75% bupivacaine in 

obstetrics178

Moore (USA) recommended 
epidural test dose include 

epinephrine.
Thorburn & Moir (UK): 0.5% 
bupivacaine associated with 

motor block and intervention

Preload of 2 L recommended 
for caesarean delivery

Disapproval of stopping 
epidural for second stage 

of labour

Figure 1.9  D Bruce Scott (1926–1998) played a key role in elucidation of the 
supine hypotensive syndrome of late pregnancy (1960s), developed knowledge 
about the circulatory effects of epidural anaesthesia, studied local anaesthetic 
toxicity, and was renowned as a teacher. He was the second President of the 
Obstetric Anesthetists’ Association.
Photograph in Department of Anaesthesia, Critical Care & Pain Medicine, Royal Infirmary of 
Edinburgh.
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postoperative analgesia following spinal anaesthesia for caesar-
ean delivery.146

1998
A study in Belfast, United Kingdom, found that addition of 
intrathecal diamorphine also improved intraoperative analgesia 
during spinal anaesthesia for caesarean delivery (reduced need 
for intraoperative analgesic supplementation.147 The technique 
was adopted widely in the United Kingdom, becoming estab-
lished practice.

1999
In the United Kingdom, to manage spinal-induced hypotension at 
caesarean delivery, 95% of obstetric anaesthetists used boluses of 
ephedrine as the sole vasopressor.148

2003
A study in Leeds, United Kingdom, found that the optimum 
dose of intrathecal diamorphine to prevent intraoperative sup-
plementation of spinal anaesthesia for caesarean delivery was 
0.4 mg.149

2004
Ngan Kee (Hong Kong) showed that during spinal anaesthe-
sia for elective caesarean delivery, phenylephrine infusion to 
maintain BP at 100% of baseline conferred the best outcome 
for both mother (less nausea) and baby (highest umbilical 
artery pH).150

2006
In the United Kingdom, use of phenylephrine as first-line vaso-
pressor by obstetric anaesthetists had increased to 51%.148

2010
A study in the United Kingdom found that for high-risk caesarean 
deliveries, choice of phenylephrine versus ephedrine made no dif-
ference to fetal acidosis.148

Epidural analgesia
Advances in epidural analgesia
1952
John Bonica at Tacoma, Washington was one of the first to offer a 
24-hour obstetric anaesthesia service with emphasis on continu-
ous caudal or epidural analgesia.157

1954
Philip Bromage (then in England) (Figure 1.10) published the 
first edition of his textbook on epidural analgesia, in which he 
described a test dose to safeguard against ‘total spinal’ and sys-
temic toxicity.159

1957
Bonica et al. opined that the test dose manoeuvre was extremely 
valuable, though not an absolute safeguard.160

1957
New LAs became available, synthesized by Bo Af Ekenstam (labo-
ratories of Bofors Nebel-Pharma):  mepivacaine (1956), bupiv-
acaine, and ropivacaine (1957).

1960
The ‘blood patch’ method of treating PDPH was introduced by 
Gormley of Pennsylvania.161 In time, this would become the gold 
standard of treatment.

1963
Bupivacaine was first used clinically, but did not become com-
monly used in obstetrics until the 1970s.

1964
Probably the first 24-hour epidural service in the United 
Kingdom was established at the Queen Mother’s Hospital, 
Glasgow, by Donald D Moir:  this utilized intermittent top-ups 
with lignocaine.
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1965
Bromage (then Professor at McGill University, Montreal) intro-
duced a scoring system for motor block.163

1967
The lumbar approach to the epidural space became preferred to 
caudal.

1968
Moir and Willocks reported on 300 continuous and 62 single-shot 
epidural blocks (using lignocaine with epinephrine) administered 
during labour at the Queen Mother’s Hospital, Glasgow.164 Besides 
analgesia, indications for the continuous method included incoor-
dinate uterine action, severe pre-eclampsia, and selected cases of 
cardiac and respiratory disease. The single-shot method was found 
to be excellent for forceps delivery where it also reduced blood loss.

Advances in epidural needles and catheters
1950–1970s
In the United States, R Hustead and OB Crawford blunted the 
Tuohy needle, while J Weiss added wings.165 In 1960, in the United 
Kingdom, J Alfred Lee (author of A Synopsis of Anaesthesia), added 
1 cm-wide alternate black and metallic markings to the shaft of 
the epidural needle166—this reduced the incidence of dural punc-
ture. DB Scott in 1964 described prolonging the hub to prevent 
kinking of the catheter.167

Regarding the epidural catheter, Lee in 1962 described a 
nylon catheter with a non-patent tip, lateral eye, and length 
calibrations.168

From the above, there developed the modern epidural needle 
and catheter.
Adoption of micropore filters for epidural catheters
1964–1970s
1961–64 saw the need for scrub-up before each epidural top-up to 
maintain sterility: this was frequent owing to the short duration 
of lidocaine. Various mechanical schemes were designed to avoid 
touching syringe/catheter; these were cumbersome.

Developments in the plastics industry combined with increased 
demand for micropore filters in microbiology led to mass 
production.

1964 James Saunders (Adelaide, Australia) was the first to use 
in obstetrics.
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Gastric emptying by orogastric 
tube done before emergency 
caesarean delivery by 62% in 

Denmark123

Fall in deaths from 
pulmonary aspiration 

attributed to H2 
antagonist and rise in 
neuraxial anaesthesia

Consensus: nil 
advantage in propofol 
over thiopentone for 
caesarean delivery125

Muscle relaxants 
reviewed126

Role of anaesthetist 
in management of 
pre-eclampsia and 
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Rout et al. (South 
Africa): preload not efficacious at 
caesarean delivery in preventing 

hypotension
FDA withdrew microcatheters  

(<24 gauge) for CSA64

Risk recognized of ‘high 
spinal or total spinal’ 

when spinal performed 
for caesarean delivery 

in presence of epidural 
block144

Glasgow (UK) group 
confirmed preload not 

required to prevent 
hypotension at 

caesarean delivery

Call for reappraisal of 
spinal anaesthesia in severe 

pre-eclampsia226

Edinburgh (UK) group 
showed spinal as safe 
as epidural in severe 

pre-eclampsia

Comparison of top-ups, infusion, 
and PCEA: little difference

Increasing acceptance 
of low-dose 

bupivacaine with 
fentanyl mixtures

‘Walking’ epidural 
popularized (CSE)

Ropivacaine marketed

Use of 0.1% bupivacaine 
with fentanyl 2 mcg/mL: less 
instrumental deliveries than 

with 0.25% bupivacaine

Attention to neurological 
complications of obstetric 

neuraxial anaesthesia191

Figure 1.10  Philip Raikes Bromage (1920–2013) published a textbook on epidural 
anaesthesia in 1954 and introduced a scoring system for motor block in 1965.
Portrait photograph reproduced with kind permission from McGill Department of 
Anesthesia, Montreal, Canada.
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1965 Bruce Scott (Edinburgh) attached 0.2 μm millipore filters 
to epidural catheters.

1972 J Desmond was probably first to use the filters in North 
America.

1975 J Selwyn Crawford (Birmingham, United Kingdom) rec-
ommended the filters.

1977 E Abouleish in the United States disputed the need.
From the late 1970s the filter became a standard component of 

the epidural pack.169

1970s
Bupivacaine top-ups superseded lidocaine.

Labour analgesia: parenteral/inhalational versus epidural
Reasons advanced for resistance to epidurals included:
◆	 parenteral/inhalation methods adequate
◆	 concerns that epidural was detrimental to fetus.

1967
Beazley et  al. found that only 60% of women had adequate 
analgesia from parenteral and inhalation methods in 
labour.170

1968
Moir and Willocks found that epidural analgesia reduced the need 
for caesarean delivery for maternal distress.164

1974
Pearson and Davies found that epidural analgesia avoided fetal 
depressant effects of potent opioid and sedative drugs.172

1974
Crawford reported that epidural analgesia did not reduce uterine 
tone.173

1978
Jouppila demonstrated that epidural analgesia did not diminish 
measured placental blood flow (radioactive clearance method).175

Epidural anaesthesia for caesarean delivery
Late 1970s
There was an upsurge of interest in epidural analgesia for caesar-
ean delivery in the United Kingdom.177

1980s
Epidural anaesthesia was commonly used for caesarean delivery 
in the United Kingdom. By 1983, a preload of 2 L of Hartmann’s 
solution was recommended to protect against hypotension.179

Further advances in epidural analgesia
1979
Publication of the use of epidural morphine at the Hadassah 
Hospital, Jerusalem, captured the interest of all anaesthetists, 
including those in obstetrics.180

1981
Moore and Batra recommended that the test dose include epi-
nephrine 15 mcg to diagnose inadvertent IV injection (this dose of 
epinephrine consistently raised heart rate during the first minute 
after injection).181

1980s
Continuous epidural infusion for pain relief in labour became 
popular. There were many papers on epidural infusion versus 
top-ups.
Infusion advantages:
◆	 Maintenance of stable level of analgesia182,184

◆	 More stable heart rate and BP183
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Chronic pain 
after caesarean 
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for high risk cases
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assessment of obese 
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of obstet. early warning 
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TAP blocks after 
caesarean delivery
Cell salvage (blood 

conservation) promoted 
in obstetric haemorrhage

Optimum dose of 
intrathecal diamorphine 
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Supplemental oxygen 
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for elective caesarean 

delivery151

Assessing spinal block 
level: cold, pinprick and 

touch compared152
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Kong): phenylephrine 

infusion to maintain BP

Use of alcohol swab and 
filter straw recommended 

for adding non-sterile 
wrapped opioid to LA 

injectate153

Van de Velde (Belgium) 
found inserting epidural 
catheter intrathecally in 
cases of accidental dural 
puncture did not reduce 

PDPH195

Epidural with 0.125% 
bupivacaine shown not a 

cause of increased operative 
deliveries

Levobupivacaine introduced
COMET study

Postpartum backache 
reviewed: found not 

increased by epidural for 
delivery192

RCoA Good Practice with 
Epidural Analgesia in 

Hospital Setting193

Spinal epidural abscess 
found to be a rare 
complication194

NPSA Safer Practice with 
Epidural Injections and 

Infusions
AAGBI guidelines on 

treating severe LA 
toxicity212

NICE recommend that 
ultrasound may be 

effective in achieving 
correct placement of 
epidural catheters196
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◆	 Less frequent need for bolus.182,184

Infusion disadvantages:
◆	 Increased total dose of LA184

◆	 Potential for increased motor block.182

Early 1990s
Low-concentration bupivacaine with fentanyl solutions were 
popularized (the addition of fentanyl was synergistic and could 
reduce the amount of bupivacaine).188

Mid 1990s
Patient-controlled epidural analgesia (PCEA) in labour was 
popularized.189

1996
Having been first used clinically in 1993, ropivacaine was mar-
keted in the United Kingdom.190 Promoters suggested it would 
reduce undesirable motor block. However, it was not commercially 
competitive against racemic bupivacaine, as by this time excellent 
results were being obtained with low-concentration bupivacaine/
fentanyl mixtures.

Combined spinal–epidural techniques
1981
P Brownridge (Adelaide) described CSE technique for caesarean 
delivery.198

1986
Following publication on CSE by the Romanian, Ioan Curelaru, in 
1979, Karl Wiegand in Germany worked on a double-lumen CSE 
needle for which a patent was granted.68

1995
‘Walking’ epidural in labour concept was popularized by BM 
Morgan (Queen Charlotte’s & Chelsea Hospital, London) and 
advanced the usage of CSE.199

Audits of maternal mortality and morbidity
The confidential enquiries into maternal deaths  
for England and Wales
1957
The first report of the CEMD in England and Wales for the trien-
nium 1952–54 was published. Anaesthetists were involved from 
the start. Initially there were 44 maternal deaths for every 1000 
deliveries. Notable details in the first report200 included:
◆	 a total of 49 deaths attributable to anaesthesia
◆	 32 deaths following inhalation of stomach contents
◆	 six deaths under chloroform
◆	 two cases in which the obstetrician ‘managed’ anaesthesia and 

delivery single-handed
◆	 in addition to the 49 deaths ascribed to anaesthesia, at least 20 

more were identified where anaesthesia was contributory.

Haemorrhage was the second commonest direct cause of 
death—in the years following 1957 it became appreciated that 
the anaesthetist could play a major role in management of 
haemorrhage.

1960
In the report for 1955–57, endotracheal intubation was advised 
for patients with full stomach and for forceps in the lithotomy 
position.201
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1972
By this time it was evident that the number of deaths due to 
anaesthetic complications had remained unchanged for nearly 
20 years.202 This stimulated interest in neuraxial analgesia as an 
alternative method.

1979
The report for 1973–75 included 13 deaths from inhalation of 
gastric contents despite antacids—in 12, cricoid pressure was not 
properly applied. There were two deaths from ‘total spinal’ com-
plication of epidural analgesia. The report emphasized the need 
for experienced anaesthetists (rather than unsupervised trainees) 
and for monitoring the patients.203

1986
The report for 1979–81 showed that anaesthesia was the third 
commonest cause of maternal death. Causes again included inha-
lation of stomach contents (eight) and difficulty with endotra-
cheal intubation (eight cases—four oesophageal intubations). 
There were three deaths from haemorrhage with poor anaesthetic 
management; three patients with severe kyphoscoliosis died from 
respiratory problems. The authors recommended a drill for man-
agement of bleeding and early multidisciplinary consultation for 
patients with kyphoscoliosis.204

The confidential enquiries into maternal deaths  
in the United Kingdom
1991
The first UK report (for 1985–87) revealed six deaths due to prob-
lems with tracheal intubation, one death due to inhalation of gas-
tric contents, and one death (patient with severe congenital heart 
disease) due to cardiovascular collapse under epidural anaesthe-
sia. The authors commented that a failed intubation drill should 
be agreed and practised; extra anaesthetic apparatus for a difficult 
intubation was suggested.205

1994
In the report for 1988–90 there were five deaths due to anaesthesia, 
with the following causes: problems with tracheal tube (one), hypo-
tension during spinal anaesthesia followed by pulmonary oedema 
from excess IV fluid (one), substandard postoperative care (one), 
and aspiration of gastric contents (two). Also there were ten deaths 
to which anaesthesia contributed, involving haemorrhage, bron-
chospasm, and possible aspiration. Recommendations included:124

◆	 provision of CO2-analyser
◆	 monitoring by pulse oximetry
◆	 giving H2-receptor blocking drugs to all patients who may 

require anaesthesia
◆	 emptying the stomach before extubation
◆	 adequate IV access and provision of blood products for sus-

pected haemorrhage cases
◆	 use of postoperative pain relief service.

1996
The report for 1991–93 revealed a maternal mortality rate of six 
per 100,000 maternities—nearly 12-fold less than the rate of 70 for 
1952–54.206 The top four causes of direct deaths were thrombosis/
thromboembolism, hypertensive disorders, early pregnancy, and 
haemorrhage—anaesthesia was ranked eighth. There were eight 

deaths directly attributable to anaesthesia (substandard care in 
seven); causes included hypoxia and airway obstruction (five), 
acute respiratory distress syndrome (two), and failure of tissue 
perfusion (one). All the direct deaths associated with anaesthesia 
for caesarean delivery involved the use of GA.

Morbidity audit
1998
Noting the falling numbers of maternal deaths in the United 
Kingdom (revealed by the CEMD report for 1991–93), Mantel 
et  al. in South Africa proposed that more useful information 
might be obtained from audit of severe acute maternal morbidity 
or ‘near miss’.207

2000
Scottish Assessors for the CEMD began a series of pilot exer-
cises, which led to collection of data on defined categories of 
severe maternal morbidity in all consultant-led maternity units 
in Scotland:  the Scottish Confidential Audit of Severe Maternal 
Morbidity (SCASMM), which has produced nine reports funded by 
NHS Quality Improvement Scotland—the latest in March 2013.208

2001
The Report on CEMD in the United Kingdom for 1997–99209 (and 
subsequent reports) included information on ‘near misses’ and severe 
maternal morbidity based on the Scottish audit of these outcomes.

Confidential Enquiry into Maternal  
and Child Health (CEMACH)
2004
The report on CEMD in the United Kingdom for 2000–02 came 
for the first time under the auspices of CEMACH and marked 
50 years of this audit.210

There were six direct deaths due to anaesthesia—all associated 
with GA, that is, nil attributable to neuraxial anaesthesia. Of these, 
three were due to difficult intubation, two resulted from hypoven-
tilation in isolated sites, one from anaphylaxis. In addition there 
were 20 deaths in which perioperative anaesthetic management 
contributed (five cases of substandard perioperative care and five 
cases of substandard management of haemorrhage; in addition 
there were two deaths in women who declined blood products).

Nevertheless, the report revealed that anaesthesia for caesarean 
section had become 30 times safer than it had been in the 1960s.

2007
The CEMACH report for 2003–05 again included six direct deaths 
due to anaesthesia. Four of the patients were obese and three of 
these died of fatal airway complications. The other three anaes-
thetic deaths were due to a cardiac arrest in a septic patient, LA 
toxicity from a drug error (IV bupivacaine), and a haemothorax 
secondary to CVP line insertion. For the first time the report iden-
tified a top ten of recommendations, the following being most rel-
evant to anaesthetists: 211

◆	 in pre-eclampsia, treat systolic hypertension of 160  mmHg 
or more

◆	 any patient with a previous caesarean delivery should have pla-
cental localization

◆	 ensure regular training (obstetric ‘skills and drills’)
◆	 implement a modified early obstetric warning score 

(MEOWS) system
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◆	 urgent guidelines for obesity, sepsis, and pain/bleeding in early 
pregnancy.

Centre for Maternal and Child Enquiries (CMACE)
2011
The triennial review on maternal deaths in the United 
Kingdom for 2006–08 was published by CMACE,214 the new 
name adopted by CEMACH on becoming an independent 
charity in 2009. The report revealed that sepsis had become 
the leading cause of direct maternal death, with a reduction in 
deaths due to thromboembolism and haemorrhage. There were 
seven direct deaths due to anaesthesia:  four from postopera-
tive complications, two from failure to ventilate, and one from 
leucoencephalitis. Again the report listed a top ten of recom-
mendations, notably:
◆	 treat systolic hypertension above 150 mmHg
◆	 address clinical skills and training: ‘Back to Basics’
◆	 routine use of MEOWS chart
◆	 communication and early referral of high-risk cases to 

specialists
◆	 appropriate multidisciplinary specialist care for serious medical 

conditions
◆	 serious incident reporting.

UK Obstetric Surveillance System (UKOSS)
2005
A joint initiative began between the Royal College of Obstetricians 
and Gynaecologists and the National Perinatal Epidemiology Unit 
(United Kingdom). Surveys of rare disorders have been conducted 
through a monthly card mailing to nominated obstetricians, mid-
wives, and anaesthetists in each hospital in the United Kingdom 
with a consultant obstetric unit.215

Mothers and babies: reducing the risk 
through audits and confidential enquiries across the UK 
(MBRRACE-UK)
2010
Competitive tender was invited for the UK Confidential 
Enquiries into Maternal Deaths, and this was won by 
MBRRACE-UK.217

Audit of complications of central neuraxial block and 
efforts to improve safety
Systemic toxicity
2001
Levobupivacaine introduced.

Wrong route of drug administration:
◆	 2007 National Patient Safety Agency (NPSA) in 

England—Patient Safety Alert 21: safer practice with epidural 
injections and infusions219

◆	 2009 NPSA Patient Safety Alert—Safer Spinal (intrathecal), 
Epidural and Regional Devices.220

Neurological sequelae
2008
National Institute for Health and Clinical Excellence (NICE) in 
England and Wales—suggested making use of ultrasound for 
guiding catheterization of epidural space.196

2009
The Report of the Third National Audit Project of the Royal College 
of Anaesthetists—Major Complications of Central Neuraxial Block 
in the United Kingdom (NAP3)—included a chapter on obstetric 
practice.221

Epidural haematoma and infection
2009
The NAP3 Report included incidence and pointed out how to 
deal with coagulopathy and use of anticoagulants, and pro-
vided guidelines for avoiding infection including epidural 
abscess.221

Role of the anaesthetist in the management 
of pre-eclampsia and eclampsia
1980s
Pre-eclampsia was recognized as one of the main indications 
for epidural analgesia in labour (provided coagulation profile 
satisfactory).119

For caesarean delivery, epidural anaesthesia was recommended 
with the proviso that any tendency to hypotension must be care-
fully controlled;223 spinal anaesthesia was often discouraged 
because of a presumed risk of severe hypotension.

1992
A study by Hood challenged the view that spinal anaesthesia was 
unsafe in severe pre-eclampsia.224

1995
Wallace et al. at the Parkland Hospital (Dallas, Texas) compared 
three methods of anaesthesia for caesarean delivery of severe 
pre-eclamptics: general, epidural, and CSE—they found no severe 
hypotension in the spinal group and all methods acceptable.225

1999
Obstetric anaesthetists in Edinburgh confirmed that spinal was as 
safe as epidural anaesthesia in severe pre-eclampsia; indeed they 
suggested spinal to be preferable on grounds of better intraopera-
tive analgesia.227

2005
The Edinburgh group further found that severe pre-eclampsia 
conferred an ability to sustain arterial pressure after spinal block 
for caesarean delivery, as these patients required less vasopressor 
compared with normotensive parturients.228

Progress in eclampsia 2002–04
The Magpie Trial (2002) revealed that magnesium sulphate halves 
the risk of eclampsia.229

It was recognized that the obstetric anaesthetist has a key role in 
the emergency management of imminent and manifested eclamp-
tic seizures—airway management and prompt commencement of 
magnesium sulphate infusion—team performance improvable by 
simulation drills.230

Role of the anaesthetist in the management 
of labour and postoperative pain
1980s
The few contraindications to epidural analgesia were enumerated. 
It was recognized that the offer of epidural analgesia would often 
persuade a parturient to accept augmentation with oxytocin; and 
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(besides pain relief) there were many other indications for epi-
dural analgesia in labour: pre-eclampsia, multiple pregnancy, and 
cardiac and respiratory disease.119

Thorburn and Moir pointed out that repeated boluses of 0.5% 
bupivacaine for epidural analgesia in labour was associated with 
profound motor block and increased intervention. In this group, 
spontaneous deliveries were reduced to 31%, compared with 53% 
for 0.25% bupivacaine.231

For the second stage of labour it was noted that allowing epi-
dural analgesia to wear off increased maternal distress with-
out improving outcome—and that such practice should be 
discouraged.232

1990s
Use of 0.1% bupivacaine with fentanyl 2 mcg/mL for epidural anal-
gesia (compared with 0.25% bupivacaine) was shown to reduce 
instrumental deliveries.233

Comparison of intermittent top-ups, infusions, and PCEA 
found little difference in delivery outcome.234

Use of the ‘walking’ epidural, although enabling mobilizing, did 
not appear to confer any change in delivery outcome compared 
with the above.235

A study on mobilizing found that this made no difference to 
duration of labour or delivery outcome.236

While recognizing that fluid preload was not required for epi-
dural analgesia using dilute bupivacaine, it was also noted that 
preloading may temporarily decrease uterine activity.237

The minimum local analgesic concentration (MLAC) of epi-
dural bupivacaine was shown to increase with progression of 
labour.238

2000
Loughnan et al. (London) in a randomized study found that epi-
dural analgesia with 0.125% bupivacaine was not associated with 
increases in either instrumental or operative deliveries.239

2001
Comparative Obstetric Mobile Epidural Trial (COMET) study in 
the United Kingdom found a reduced instrumental vaginal deliv-
ery rate with CSE and low-dose infusion techniques compared 
with traditional epidural.240

2001
Remifentanil patient-controlled anaesthesia (PCA) was intro-
duced as alternative analgesia in labour, especially where epidural 
not an option.241

2004
A study in Denmark found that chronic pain after caesarean deliv-
ery was higher with GA compared to neuraxial anaesthesia.243

2008
McDonnell in Galway, Ireland introduced transversus abdominis 
plane (TAP) block for analgesia after caesarean delivery.244

Advances in management of major obstetric 
haemorrhage—role of the anaesthetist
1950s
Although David Massa (Anaesthesia Resident) at the 
Mayo Clinic introduced the plastic ‘Rochester’ cannula,245   

metal needles (e.g. Mitchell) were still commonly used for IV 
access.

1964
Deseret introduced the Angiocath, a PVC, hypodermic-style nee-
dle with flash-back chamber and flow control plug.245

1970s
Glass bottles as containers for IV fluids and blood were super-
seded by plastic bags. These both reduced risk of air embolism and 
permitted pressurization for rapid infusion.

1980s
The Report on CEMD for 1976–78 emphasized the need for 
a simple protocol for anticipation and treatment of postpar-
tum haemorrhage.246 This was re-emphasized in the report 
for 1979–81, which recommended a drill for management of 
bleeding.204

1990s
Rapid infusers with blood warming capability were improved (e.g. 
the ‘Level 1’ series) and recommended.247

Autologous blood transfusion (cell salvage) was promoted248 
and developed.

2000 onwards
Novel medical, surgical, radiological, and haematological inter-
ventions were developed, with anaesthetists establishing a key role 
in management.249 Also multidisciplinary working practices were 
encouraged and national guidelines implemented.250

Professional organizations and associations
1968
An informal group of interested anaesthetists met in Liverpool, 
United Kingdom, at the invitation of Dr THL Bryson (Liverpool) 
and Dr M Lewis (Belfast)—and hatched the idea of the Obstetric 
Anaesthetists’ Association (OAA).

1969
The OAA was constituted at a spring meeting in Glasgow hosted by 
Dr DD Moir—the inaugural elected president was Dr JS Crawford 
(Birmingham) (Figure 1.11).

At a meeting in Kansas City, Missouri, the initial plans for a 
parallel organization were made.

1970
At Nashville, Tennessee, the Society for Obstetric Anesthesia and 
Perinatology (SOAP) was founded—the first president was Robert 
F Hustead, MD.

1987
Responding to the Report on CEMD in England and Wales 
for 1979–81, the OAA in conjunction with AAGBI published 
a report outlining far-sighted proposals for improving the 
quality and safety of obstetric anaesthesia in the United 
Kingdom.253

1992
The OAA launched its official journal: the International Journal of 
Obstetric Anesthesia.
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Physiological changes 
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Introduction
Pregnancy triggers significant systemic and organ-specific 
changes that start soon after conception, become more marked 
as gestation advances and during labour and delivery, and, most 
commonly, resolve in the early postpartum period. These physi-
ological alterations, which serve to accommodate the developing 
fetus and the increased metabolic demands of pregnancy, as well 
as to prepare the parturient for blood loss at delivery, are gener-
ally tolerated well in healthy females. However, they may com-
promise the parturient with pre-existing or pregnancy-related 
disease, unmask and/or worsen previously unidentified disease, 
and complicate the anaesthetic management of pregnant patients 
presenting for obstetric or non-obstetric surgery. They may also 
alter diagnostic and laboratory criteria and limit the management 
and treatment options available to obstetric patients. As a result, 
an understanding of the anatomical, functional, and biochemi-
cal adaptations to pregnancy is essential for health care provid-
ers. This chapter reviews the organ-specific and systemic changes 
associated with pregnancy, with emphasis, when applicable, on 
how they affect anaesthetic management.

The central nervous system
The central nervous system (CNS) undergoes significant changes 
during pregnancy (see Table 2.1). Pregnant women experience 
slight changes in pain perception and pain threshold (see Chapter 
15), decreases in anaesthetic requirements, problems with atten-
tion, concentration, and memory,1 disruptions in sleep patterns, 
increased dependence on the sympathetic nervous system, and, 
possibly, an increase in cerebral blood flow,2 without detectable 
changes in cerebrovascular autoregulation.3 The clinical implica-
tions and mechanism of many of these changes remain unclear or 
difficult to quantify.

Anaesthetic requirements
The minimum alveolar concentration (MAC) of volatile agents 
during general anaesthesia is reduced in pregnancy. In an early 
study, Palahniuk and colleagues found that the MAC for halo-
thane and isoflurane was 25% and 40% lower, respectively, in 
pregnant ewes compared to non-pregnant controls.4 A subsequent 
study in rabbits by Datta et al. proposed that the MAC of halo-
thane correlated inversely with progesterone levels.5 Other inves-
tigators postulated that increased concentrations of endorphins 

and dynorphins may increase the pain threshold and affect anaes-
thetic requirements.6 Studies of human subjects by Chan and col-
leagues found similar decreased MAC requirements starting early 
in pregnancy, reporting the MAC of isoflurane to be reduced by 
28% at 8–12 weeks’ gestation.7 In another study of females under-
going elective termination of pregnancy, investigators determined 
median decreases in the MAC of halothane and enflurane of 27% 
and 30%, respectively, at 8–13 weeks’ gestation.6 Labour appears to 
decrease the MAC of volatile agents even further.8 Chan and other 
investigators determined that the MAC of isoflurane remained 
decreased (by roughly one-third) for 24–36 hours postpartum and 
returned to non-pregnant values by 72 hours.9 

Although it is difficult to extrapolate these findings to other ges-
tational stages of pregnancy and to all volatile agents, it appears 
that maternal anaesthetic requirements for volatile agents are 
reduced early in pregnancy and return to normal levels by post-
partum day 3. As a result, it has become standard over the past 
several decades to administer less than 1 MAC of volatile agent 
(0.5–0.75%), with or without nitrous oxide, during caesarean 
delivery under general anaesthesia. The reduced MAC has been 
considered adequate to anaesthetize the mother, with minimal 
tocolytic and neonatal depressant effects. A target 0.5 MAC of 
sevoflurane and up to 1 MAC of desflurane also appears not to 
inhibit the frequency and amplitude of myometrial contractions 
induced by exogenously administered oxytocin.10

The routine use of low concentrations of volatile agents for cae-
sarean delivery under general anaesthesia has contributed to a 
higher incidence of intraoperative awareness and subsequent recall 
among parturients. Indeed, investigators have begun to ques-
tion whether a decreased MAC during pregnancy correlates with 

Table 2.1  Central nervous system changes of pregnancy

Parameter Change

Pain threshold

MAC of volatile agents

Local anaesthetic requirements

Cerebrovascular autoregulation

Cerebrovascular blood flow

Dependence on the sympathetic nervous system

Increased

Decreased

Decreased

No change

+/−*

Increased

*Data are conflicting.
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enhanced brain sensitivity to volatile anaesthetic effects; if not, 
pregnant and non-pregnant patients may require similar doses of 
anaesthetics to prevent intraoperative awareness.11 Although the 
incidence of intraoperative awareness during caesarean delivery 
has declined to an estimated 0.26%, prevention of this untoward 
complication remains a challenge for obstetric anaesthetists bal-
ancing concerns for uterine tone, maternal anaesthetic depth, 
and fetal well-being.12 In the absence of a definitive monitor and 
reproducible clinical signs to assess anaesthetic depth, investiga-
tors have recently advocated a target of 0.7 MAC, which corre-
sponds to a bispectral index value below 60 yet does not appear 
to increase the incidence of uterine atony and neonatal depres-
sion, during caesarean delivery under general anaesthesia.12 
Supplemental nitrous oxide, particularly in emergency caesarean 
deliveries, may further minimize the risk of awareness. Other 
investigators concur that a target of less than 0.8–1.0 MAC will 
provide sufficient maternal unconsciousness without affecting 
neonatal outcomes, blood loss, or uterine contraction in response 
to oxytocin.13 Despite notable progress, intraoperative awareness 
remains a highly undesirable outcome with the potential for long-
term sequelae, such as post-traumatic stress disorder, in a small 
subset of patients. Intraoperative awareness may also present a 
medicolegal challenge for anaesthetists.

Local anaesthetic requirements
Local anaesthetic requirements for both peripheral and neuraxial 
anaesthetic procedures appear to be reduced in obstetric patients, 
most likely as a collective result of anatomical, mechanical, and 
biochemical changes. Neuraxial local anaesthetic requirements are 
reduced early in pregnancy, presumably due to chronic exposure to 
progesterone, and reach 40% of non-pregnant requirements by term 
gestation. An increase in epidural fat content during pregnancy and 
the distension of the epidural venous plexus by the enlarging uterus 
contribute to this dose reduction by decreasing both the volume of 
the epidural space and of cerebrospinal fluid (CSF) per spinal seg-
ment. Decreases in the specific gravity and pH of CSF during preg-
nancy may also contribute to the observed decreased requirements 
of spinally administered local anaesthetics. These dose require-
ments return to baseline within 24 hours postpartum.14

The autonomic nervous system
Pregnant patients develop increasing reliance on the sympathetic 
nervous system throughout pregnancy. This phenomenon, which 
peaks at term and returns to baseline within 2  days postpar-
tum, accounts in part for the occasional severe haemodynamic 
derangements associated with the sympathectomy of neuraxial 
blockade, as well as the relatively high pressor requirements that 
otherwise healthy parturients experience during spinal anaesthe-
sia.15 The downregulation of the parasympathetic nervous system 
towards term gestation, in turn, may have a sparing effect, pre-
venting more frequent episodes of severe bradycardia in the set-
ting of high sympathectomies.

The cardiovascular system
The cardiovascular system undergoes several changes during 
pregnancy, including increases in plasma volume, red blood cell 
(RBC) mass, and cardiac output (CO) and decreases in blood 
pressure and systemic vascular resistance (SVR) (see Table 2.2). 

Although myocardial contractility remains unchanged, or is, pos-
sibly, slightly increased, the increased CO may unmask under-
lying or pregnancy-related heart conditions or precipitate acute 
deterioration in patients with previously asymptomatic heart dis-
ease. Aortocaval compression, neuraxial procedures, and general 
anaesthetics may further contribute to maternal cardiac decom-
pensation and fetal compromise.

Cardiac output
An increase in CO begins as early as 5 weeks’ gestation and con-
tinues throughout pregnancy, peaking at 28–34 weeks’ gestation 
and, again, during the second stage of labour. At its height dur-
ing pregnancy, CO reaches 50% above baseline. It increases an 
additional 15–25% during early labour and the active phase of 
labour, and reaches 50% above term pregnancy values during the 
second stage of labour. The highest CO, however, is in the imme-
diate postpartum period, when it reaches 80% above prelabour 
values. Uterine involution and the resultant autotransfusion, 
which outpaces blood loss at delivery, accounts in part for the 
postpartum increase in CO. Cardiac patients are at particular 
risk during this period.

Both an increased stroke volume (SV) and heart rate (HR) 
contribute to the increased CO of pregnancy, but the former con-
tributes to a greater degree (see Figure 2.1). SV increases early in 
pregnancy and declines very slightly at term. The maternal HR 
increases as early as 5 weeks’ gestation and reaches 15–20 beats/
min above baseline by 32 weeks’ gestation.16 At term, sustained 
maternal tachycardia is primarily responsible for the high CO.

Aortocaval compression
Maternal positioning influences the pregnancy-induced increase 
in CO. Sharp reductions in CO are seen in some women in the 
supine position as early as 18–20 weeks’ gestation, if not earlier, 
when the enlarging uterus begins to compress the inferior vena 
cava (IVC) and, less often, the aorta. The IVC may become par-
tially or completely occluded, resulting in dramatically decreased 
venous return to the right atrium and a related decrease in CO. 
Collateral circulation through the paravertebral and azygos veins 
only partially compensates for the decreased venous return. At 
term, aortocaval compression in the supine position may reduce 
CO by as much as 30%, and up to 15% of parturients experi-
ence signs and symptoms of the supine hypotensive syndrome, 
including hypotension, sweating, bradycardia, syncope, nausea 
and vomiting, and mental status changes.17 Uteroplacental perfu-
sion also decreases as a result of decreased uterine blood flow and 
increased uterine venous pressure, compromising fetal well-being.

Table 2.2  Cardiovascular changes of pregnancy

Parameter Change

Plasma volume

RBC mass

Cardiac output

Blood pressure

Systemic vascular resistance

Myocardial contractility

Increased

Increased

Increased

Decreased

Decreased

No change/increase*

 *Data are inconclusive.
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General and neuraxial anaesthesia impair sympathetic tone 
and compromise the normal physiological response to aorto-
caval compression, exacerbating maternal hypotension and 
further reducing cardiac preload and output. Although data 
are inconclusive, left uterine displacement (LUD) with either 
a wedge placed under the patient’s right side or a 15–20° tilt 
of the operating table should be maintained during all proce-
dures involving pregnant women after mid-gestation. During 
caesarean deliveries, LUD should be maintained until the 
baby is delivered; studies have demonstrated improved Apgar 
scores and reduced neonatal depression in the setting of LUD.18 
Employing LUD is also an essential, initial component of suc-
cessful cardiopulmonary resuscitation of pregnant patients in 
cardiac arrest, as the obstructive effects of the gravid uterus 
on the great vessels attenuate the efficacy of compressions. 
Occasionally, manual displacement of the uterus to the left, for 
example, during an acute episode of fetal hypoxia, right uter-
ine displacement, or additional LUD of up to a 30° tilt may be 
required to relieve IVC compression and maintain maternal 
and fetal well-being. Assuming the lateral recumbent position 
or a knee–chest position may also help to maintain CO during 
procedures, such as spinal or epidural placement.

Blood pressure and systemic vascular resistance
In general, both arterial blood pressure and SVR decrease during 
pregnancy, although several factors affect blood pressure meas-
urements, including maternal age, positioning, gestational age, 
comorbidities, and parity. The systolic and diastolic blood pres-
sures begin to drop at 7 weeks’ gestation, but the diastolic pressure 
decreases to a greater extent, reaching 10 mmHg (1.33 kPa) below 
baseline at 24–32 weeks. This discrepancy accounts for the slight 
increase in pulse pressure in the early third trimester. Thereafter, 
both the systolic and diastolic pressures rise slowly towards 
prepregnant values, although they increase above baseline dur-
ing labour. The magnitude of this increase is dependent on the 

patient’s position and the degree of pain she experiences during 
labour, as well as the intensity of uterine contractions.

SVR begins to decrease as early as 5 weeks’ gestation as a result 
of the potent vasodilating effects of progesterone and prostacyclin 
and, as pregnancy progresses, the low-resistance uteroplacental 
circulation. Endothelium-derived factors such as nitric oxide may 
also initiate vasodilation early in pregnancy. The decrease in SVR 
rises progressively after 14–24 weeks’ gestation, and represents a 
21% decrease from baseline by term.

Blood volume
Cardiovascular changes of pregnancy can be attributed in part 
to several haematological changes. Plasma volume expands 
gradually throughout pregnancy, starting as early as 6 weeks’ 
gestation and peaking at 32–34 weeks. Sodium and water 
retention contribute to an average gain in plasma volume of 
1200–1600 mL by the third trimester, which represents roughly 
a 45% increase above non-pregnant values.19 A portion of this 
retained fluid is transferred into the interstitial space as a result 
of low colloid oncotic pressure during pregnancy. The RBC 
mass increases also, beginning at 8–10 weeks’ gestation, but a 
disproportionate increase in plasma volume contributes to a rel-
ative anaemia of pregnancy. Despite increased erythropoiesis, 
haemoglobin, haematocrit, and blood viscosity decrease during 
pregnancy.

Cardiac evaluation
Cardiovascular changes during pregnancy affect the physical 
findings on cardiac examination, as well as cardiac diagnostic test 
results (see Table 2.3). The enlarging uterus shifts the heart to the 
left, slightly anterior, and in a transverse direction, resulting in 
a cephalad and lateral shift of the maximal cardiac impulse. The 
leftward shift also contributes to an enlarged cardiac silhouette on 
chest radiograph and, as pregnancy progresses, a left axis devia-
tion on electrocardiogram (ECG). Additional changes that may be 
detected on ECG include sinus tachycardia, premature atrial and 
ventricular contractions, periods of supraventricular tachycardia 
and ventricular extrasystoles, shortened PR and uncorrected QT 
intervals, fleeting ST segment and T wave changes, inverted T 
waves in leads V1, V2, and, less commonly, V3, an attenuated Q 
wave in lead aVF, and a Q wave and inverted T waves in lead III. 
The increased incidence of cardiac arrhythmias during pregnancy 
is attributed in part to a stretching of the cardiac conduction path-
ways related to the increased SV and resultant cardiac chamber 
enlargement, as well as to hormonal and autonomic changes. 
Pregnant women in their late thirties and forties are more likely to 
have comorbidities that predispose them to arrhythmias. Women 
who were successfully treated for heart disease as infants and have 
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Table 2.3  Changes detected on cardiac evaluation during pregnancy

Left axis deviation by 3rd trimester

Left ventricular enlargement

Prominent jugular venous pulsation

Detectable venous hum

Audible systolic ejection murmur

Leftward point of maximal impulse

Tachycardia, other arrhythmias

Audible splitting of S1

Tricuspid, pulmonic regurgitation

Audible 3rd heart sound

Premature atrial contractions

Premature ventricular contractions
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now reached childbearing age may also have arrhythmias and 
residual cardiac anomalies.

Several additional changes can be detected on cardiovascu-
lar examination. The left and right ventricles may be palpable 
as a result of the hyperdynamic circulation, although palpa-
tion becomes more difficult as the breasts and abdomen con-
tinue to enlarge. Prominent jugular venous pulsations, basal 
crepitations due to atelectasis from compression by the gravid 
uterus, and lower extremity oedema may be among the physical 
findings during normal pregnancy. Heart murmurs and heart 
sounds that are difficult to hear in non-pregnant individuals 
become more audible during pregnancy. A grade II systolic ejec-
tion murmur is commonly auscultated over the pulmonary and 
tricuspid areas, and a third heart sound is often present late in 
pregnancy. There is an audible splitting of S1 and, in the third 
trimester, S2, and the venous hum is common in pregnancy. 
Tricuspid and pulmonary regurgitation occurs in the majority 
of pregnant patients at term, while mitral valve regurgitation 
occurs in roughly one-third of patients. Diastolic murmurs may 
uncommonly be detected as a result of the increased blood flow, 
but more likely represent pathological conditions that warrant 
further investigation.

On echocardiogram the left ventricle is enlarged as a result of 
a 50% increase in mass at term. The eccentric hypertrophy is a 
result of an increase in the size rather than number of cardiomyo-
cytes. Right-sided regurgitation is commonly detected, and may 
persist until the early postpartum period. Valvular annular dilata-
tion and, less commonly, a small pericardial effusion of no known 
clinical significance may also be visualized.

The respiratory system
The respiratory system undergoes profound hormonal, circulatory, 
and mechanical alterations during pregnancy. Pregnant women 
may experience shortness of breath, nasal congestion, tachypnoea, 
epistaxis, sleep-disordered breathing, snoring, and voice changes, 
among other signs and symptoms that often worsen as gestation 
advances. Pregnancy is also accompanied by increased pulmo-
nary blood flow, structural changes to the thoracic and rib cages, 
a 4 cm elevation of the diaphragm, and alterations in the balance 
of bronchoconstrictor and bronchodilator prostanoids. Of par-
ticular clinical relevance, pregnancy is marked by airway changes 
that may contribute to difficult and failed intubations, as well as 
changes in lung function and oxygen consumption that lead to 
prompt desaturation during periods of apnoea. Maternal weight 
gain, breast enlargement, predisposition to gastro-oesophageal 
disorders, and comorbidities, such as obesity and pre-eclampsia, 
as well as the occasional emergent nature of obstetric cases, com-
pound these challenges.

Lung volumes and capacities
Alterations in respiratory function during pregnancy can be attrib-
uted to anatomical and hormonal changes, as well as to changing 
metabolic demands. With upward uterine displacement of the 
diaphragm and a related 35–45% decrease in chest wall compli-
ance, expiratory reserve volume and residual volume fall by 25% 
and 15%, respectively.20 As a result, functional residual capacity 
(FRC) drops markedly after 5 months’ gestation, reaching 80% of 
prepregnancy values by term. Supine positioning, obesity, and the 

induction of general anaesthesia exacerbate this decrease. Tidal 
volume (TV) increases by 45% early in pregnancy, primarily as a 
result of the respiratory stimulant effects of increased serum pro-
gesterone levels, while inspiratory reserve volume increases very 
slightly. Vital capacity and total lung capacity show little to no 
change (see Figure 2.2). Airflow mechanics, as measured by forced 
expiratory volume in 1 second (FEV1) and the FEV1/forced vital 
capacity (FVC) ratio, peak expiratory flow rates, and the shape 
of the flow–volume curve are also unchanged during pregnancy. 
These changes in lung volumes, capacities, and airflow mechanics 
are summarized in Table 2.4.

Ventilation and arterial blood gases
There are several clinical implications of the changes in lung 
function during pregnancy. Minute ventilation increases up to 
45% above baseline, primarily as a result of the increase in TV 
from roughly 500 to 700 mL per breath. The increase in minute 
ventilation, which starts during the first trimester and remains 
constant or increases slightly towards term, overcompensates for 
the increased carbon dioxide production during pregnancy and 
contributes to a decrease in the arterial partial pressure of car-
bon dioxide (PaCO2), which reaches approximately 30 mmHg (4.0 
kPa) already early in pregnancy. An increase in renal excretion 
of plasma bicarbonate partially compensates for this respiratory 
alkalosis, but the pH remains slightly more alkalotic than the 
normal state (see Table 2.5). Respiratory alkalosis results in a left-
ward shift in the oxyhaemoglobin dissociation curve, increasing 
the affinity of maternal haemoglobin for oxygen. An increase in 
erythrocyte 2,3-diphosphoglycerate during pregnancy, though, 
shifts the curve to the right, favouring oxygen transfer to the fetus 
(see Figure 2.3). Although alkalosis in the CSF and blood normally 
suppress hypoxic drive, women experience a twofold increase in 
the hypoxic ventilatory response during pregnancy.21

Pregnancy-induced hyperpnoea also contributes to a change in 
arterial oxygenation tension. The arterial partial pressure of oxy-
gen (PaO2) increases slightly during pregnancy, ranging from 107 
mmHg (14.3 kPa) in the first trimester to 103 mmHg (13.7 kPa) 
in the third trimester, a process that may facilitate oxygen trans-
fer across the placenta. However, increased oxygen consumption, 
which reaches up to 60% above baseline at term, may account for a 
PaO2 of less than 100 mmHg (13.3 kPa) in many pregnant patients 
by mid-gestation. A lower PaO2 may also result from small airway 
closure and the related ventilation/perfusion (V/Q) mismatch that 
occurs when closing capacity exceeds FRC. A reduced CO, as seen 
when parturients assume the supine position, may further reduce 
the PaO2.

Apnoeic hypoxaemia
Decreased FRC, coupled with increased oxygen consumption, 
results in rapid oxygen desaturation during periods of apnoea in 
pregnant patients. Labouring, obese, and septic obstetric patients, 
and, in particular, obese labouring patients, appear to be at great-
est risk for developing hypoxaemia rapidly during even short peri-
ods of apnoea, such as upon induction of general anaesthesia for 
caesarean delivery or during eclamptic seizures.22 Oxygen con-
sumption increases throughout pregnancy and reaches its peak 
at term, when it averages 331 mL/min at rest and 1167 mL/min 
with exercise.23 It increases an additional 40–75% during labour, 
and even more in obese pregnant women in labour, although these 
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increased metabolic requirements can be mitigated by effective 
analgesia, such as epidural blockade.24 Simultaneously, parturi-
ents have reduced oxygen storage in a smaller FRC. The net effect 
is a reduced apnoea tolerance in pregnancy and in conditions that 
contribute to additional imbalances between oxygen consump-
tion and FRC.

Studies have demonstrated that oxygen desaturation occurs 
more rapidly during periods of apnoea in pregnancy. McClelland 
and colleagues found that the median time required for arte-
rial oxygen saturation (SaO2) to fall below 90% after complete 

denitrogenation was 4 min 52 s in pregnant subjects, compared to 
7 min 25 s in non-pregnant subjects.25 All subjects in this simula-
tion study desaturated to an SaO2 below 40% in less time than 
deemed necessary to resume spontaneous ventilation after the 
administration of 1 mg/kg intravenous succinylcholine.26 The 
study also found that, across all subjects that were preoxygenated, 
the pregnant subjects desaturated from 90% to 40% SaO2 in 35 s, 
compared to 45 s in non-pregnant subjects. The labouring patient 
with a body mass index (BMI) of 50 kg/m2 exhibited the fastest 
arterial desaturation, falling below 90% in 98 s, compared to 292 
s in a standard pregnant patient.22 These findings highlight the 
importance of limiting the number and duration of attempts at 
laryngoscopy and of re-establishing ventilation promptly after 
unsuccessful intubation. Finally, McClelland et al. demonstrated 
an almost directly proportional relationship between apnoea 
tolerance and preoxygenation status, although a plateau was 
reached in which increasing time spent preoxygenating resulted 
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Figure 2.2  Changes in lung volumes during pregnancy.
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Table 2.4  Respiratory changes during pregnancy

Lung volumes, capacities, and airflow mechanics Change

Tidal volume

Expiratory reserve volume

Inspiratory reserve volume

Residual volume

+33–45%

−20–25%

+5%

−15–20%

Total lung capacity

Vital capacity

Inspiratory capacity

Functional residual capacity

−5%

No change

+6–15%

−20%

FEV1

FEV1/FVC

Peak expiratory flow

Flow–volume loop

No change

No change

No change

No change

Table 2.5  Arterial blood gas measurements during pregnancy

Parameter Non-pregnant Pregnant

pH 7.4 7.4–7.44

PaO2 (mmHg) 100 103–107a

PaCO2 (mmHg) 40 30

HCO3 (mEq/L) 24 20

aNote that the PaO2 may vary in each trimester.



Part 2  maternal and fetal physiology36

in gradually less benefit to apnoea tolerance. Two minutes of com-
plete denitrogenation by tidal breathing of 100% oxygen with a 
tight-fitting facemask, a process that is accelerated by the reduced 
FRC and increased minute ventilation of pregnancy, provided 
roughly 3.5–6 min before the SaO2 fell below 90% in normal, 
healthy parturients at term.27

Airway changes during pregnancy and labour 
and delivery
Airway changes during pregnancy and over the course of labour 
and delivery complicate the perioperative management of parturi-
ents. Swelling of the oropharyngeal tissue, a decrease in the size of 
the glottic aperture, and mucosal friability are present from early 
gestation until several days postpartum, but are most pronounced 
near term and during labour and delivery. Fat deposition related 
to maternal weight gain, increased tongue size, an increase in air-
way connective tissue, fluid retention, capillary engorgement, and 
decreased soft tissue mobility contribute to these changes. Full 
dentition in the majority of women of childbearing age, enlarged 
breasts, inappropriately applied cricoid pressure during attempts 
at tracheal intubation, and the fact that parturients undergo-
ing emergency caesarean delivery during general anaesthesia 
are rarely fasted compound concerns about the obstetric airway, 
particularly for anaesthetists and trainees with little experience 
administering general anaesthetics to this patient population.

Although recent data suggest that the incidence of difficult or 
failed intubations in obstetric patients is decreasing, whether 
or not the maternal airway is more difficult anatomically is still 
debated in the literature.28 Using standardized photography, 
Pilkington and colleagues documented an incidence of 36% and 
42% of Mallampati class 3 and class 4, respectively, in obstetric 
patients at 12 weeks’ gestation; the respective rates were 29% and 

56% at 38 weeks’ gestation, which represent a 34% increase in class 
4 airways.29 A deterioration in airway classification, as manifested 
by an increased incidence of Mallampati class 3 and class 4 airways 
and a significant decrease in oropharyngeal area and volume, con-
tinues throughout labor, and, in a recent study, was found to be 
unrelated to the duration of labour and intravenous fluid admin-
istration (see Figure 2.4).30 The presence of comorbidities, such 
as obesity and pre-eclampsia, and excessive fluid administration 
may magnify these changes. While an increasing Mallampati 
score does not necessarily correspond with difficult tracheal intu-
bation,31 Rocke et al. determined that the relative risk (RR) of 
difficult intubation in pregnant women with class 3 airways was 
7.58 times greater compared with those with class 1 airways.32 The 
RR reached 11.3 in pregnant women with class 4 airways, indi-
cating that using various combinations of risk factors may enable 
preoperative prediction of difficult airway encounters.32 Because 
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Figure 2.3  Oxyhaemoglobin dissociation curve.
This figure was published in Creasy & Resnik’s Maternal-Fetal Medicine: Principles and 
Practice, RK Creasy, R Resnik, JD Iams, et al. (eds), Respiratory Diseases in Pregnancy, p. 928, 
Copyright Elsevier (2009).
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Figure 2.4  Airway changes during labour and delivery. (A) Prelabour  
(B) Postlabour.
Reproduced with permission from Kodali, BS, Chandrasekhar, S, Bulich, LN, et al., Airway 
Changes during Labor and Delivery, Obstetric Anesthesia Digest, Volume 28, Issue 3, 
pp. 357–362, Copyright © 2008 Wolters Kluwer Health, Inc.
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labour and delivery is associated with additional airway changes, 
it is essential to reassess the Mallampati classification and other 
aspects of the airway in labouring women who present for caesar-
ean delivery prior to initiation of an anaesthetic.

Although anaesthesia-related maternal mortality is rare, air-
way catastrophes remain the leading cause of death from general 
anaesthesia in the obstetric population.33 As a result, maintaining 
constant vigilance and pursuing strategies to manage the obstetric 
airway are paramount. Access to video laryngoscopes and other 
airway adjuvants, availability of a short-handle laryngoscope, 
optimization of maternal positioning and preoxygenation, famili-
arity with the emergency airway algorithm for obstetric patients, 
immediate availability of experienced anaesthesia providers, and 
early initiation of neuraxial blockade in patients with known or 
suspected difficult airways may help minimize or avoid airway 
complications in obstetric patients. Avoidance of nasal intubation 
and nasal suctioning, preparedness to use a smaller endotracheal 
tube (6.0 or 6.5 mm), and limiting the number and duration of 
attempts at intubation are essential measures to decrease compli-
cations associated with excessive bleeding and airway oedema. 
Early identification of patients at risk for emergency operations, 
such as those with dysfunctional labour, ongoing communica-
tion with the obstetrics team, and continued vigilance during 
emergence and recovery, when complications arise with equal or 
greater frequency,34 may help to avoid difficulties in the airway 
management of individual patients. While aspiration prophylaxis, 
restriction of oral intake of solids, and rapid sequence induction 
(RSI) with cricoid pressure have never been proven to reduce 
maternal morbidity,35 they are still considered by most practition-
ers to be standards of care.

Haematology and immunology of pregnancy
Pregnancy is marked by significant changes in plasma volume, 
RBC mass, and leucocyte number and function, as well as in the 
delicate balance between clot formation and thrombosis preven-
tion. Notable changes in platelet count and function also affect a 
small percentage of both healthy pregnant women and those with 
coexisting disease. Many of these haematological and immuno-
logical adaptations to pregnancy prepare the mother for blood loss 
at delivery and optimize maternal–fetal immunologic interac-
tions. However, they may also predispose the parturient to venous 
thromboembolism (VTE) during pregnancy and to haemorrhagic 
complications in the peripartum period. This section reviews the 
haemostatic system, common platelet disorders, and changes in 
the immunologic system during pregnancy.

Haemostasis
The haemostatic system, which establishes a delicate balance 
between clot formation and prevention of thrombosis, under-
goes profound local and systemic changes during pregnancy 
(see Table 2.6). Broadly speaking, pregnancy is a prothrombotic 
state associated with increased clotting capacity and decreased 
anticoagulant and fibrinolytic activity. Concentrations of von 
Willebrand factor (vWF) and factors VII, VIII, IX, X, and XII 
increase to varying degrees (see Table 2.7). Fibrinogen (fac-
tor I) levels also increase, reaching a mean value of 450 mg/dL 
during pregnancy.36 Levels of factors II and V, however, remain 
stable, and the concentration of factor XI decreases slightly. The 

activity of anticoagulant protein S declines to roughly one-third 
of normal during the second and third trimesters, decreasing 
even further in the setting of caesarean delivery or infection.37 
A related increased resistance to activated protein C contributes to 
the observed increase in thrombin formation during pregnancy. 
With regard to proteins that inhibit clot lysis, plasminogen activa-
tor inhibitor (PAI) types 1 and 2, triple, if not quadruple, during 
pregnancy, and peak at term. This increase is attributed to rich 
sources of PAI-1 in the uterine decidua and to placental produc-
tion of PAI-2.38 Venous stasis resulting from compression of the 
IVC and adjacent vessels by the enlarged uterus further increases 
the risk of VTE, which may be sixfold higher during pregnancy.39

While pregnancy is a prothrombotic state, obstetric compli-
cations associated with impaired decidualization or haemor-
rhage into the decidua may result in massive haemorrhage and 
disseminated intravascular coagulation (DIC) more swiftly than 
anticipated. Under normal conditions, a progesterone-mediated 
increase in tissue factor (TF) and, secondarily, PAI-1 in the uter-
ine decidua serves to mediate haemostasis during the third stage 

Table 2.7  Changes in coagulation and fibrinolytic parameters 
during pregnancy

Parameter Change

Factor I (fibrinogen)

Factor VII (proconvertin)

Factor VIII (antihaemophilic factor)

Factor IX (Christmas factor)

Factor X (Stuart–Prower factor)

Factor XII (Hageman factor)

vWF (von Willebrand factor)

PAI-1, PAI-2

Factor II (prothrombin)

Factor V (proaccelerin)

Factor XI (plasma thromboplastin antecedent)

Protein S

Increased

Increased

Increased

Increased

Increased

Increased

Increased

Increased

No change

No change

Decreased

Decreased

Table 2.6  Haematological parameters

Parameter Non-pregnant 
adult

Term 
parturient

General 
trend

Erythropoietin (U/L) 4–27 14–222 Increased

Haemoglobin (g/dL) 12–15.8 9.5–15 Decreased

Haematocrit (g/dL) 35.4–44.4 28–40 Decreased

Mean corpuscular 
haemoglobin (pg/cell)

27–32 29–32 No change

Mean corpuscular 
volume (m3)

79–93 81–99 No change

Platelet (109/L) 165–415 146–429 Decreased

RBC count (106/mm3) 4–5 2.7–4.4 Decreased

White blood cell count 
(103/mm3)

3.5–9.1 5.9–16.9 Increased
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of labour, protecting the mother from haemorrhagic complica-
tions.40 However, the principal role of decidual TF in maintaining 
haemostasis is jeopardized in conditions of impaired deciduali-
zation, such as placenta accreta, ectopic pregnancy, and placenta 
praevia. Decidual TF also appears to play a central role in haemor-
rhagic complications associated with placenta abruption; high lev-
els of TF in the setting of inadequate haemostasis lead to excessive 
thrombin formation, exhaustion of clotting factors, hypofibrino-
genaemia, and, possibly, DIC.41 Massive haemorrhage from any 
of several other obstetric complications, including uterine atony, 
retained products of conception, amniotic fluid embolism, uterine 
inversion, and birth trauma, as well as from trauma, sepsis, and 
large-volume blood transfusions may also rapidly evolve into DIC 
in obstetric patients.

Physiological anaemia of pregnancy
A disproportionate expansion of maternal plasma volume rela-
tive to the increase in RBC mass during pregnancy results in 
physiological anaemia. Beginning as early as 6 weeks’ gesta-
tion, plasma volume progressively expands until it reaches 45% 
above baseline by 32–34 weeks. This increase appears to be medi-
ated by enhanced aldosterone activity, an oestrogen- and nitric 
oxide-mediated increase in plasma renin activity early in preg-
nancy, and the reduced plasma osmolality at which vasopressin 
is secreted during pregnancy, and correlates with the observed 
increase in plasma-mature adrenomedullin.42 RBC volume, on 
the other hand, declines early in pregnancy, reaches prepregnancy 
values by 16 weeks’ gestation, and peaks at term. The ultimate rise 
in RBC mass to 17–30% above baseline is due to an increase in 
erythropoietin activity, but does not match the plasma expansion 
during earlier gestation. Haemodilution results in characteristi-
cally lower RBC, haemoglobin, and haematocrit counts, but does 
not alter the mean corpuscular volume or the mean corpuscular 
haemoglobin concentration during pregnancy (see Table 2.6). The 
average haemoglobin concentration of parturients at term is 12.5 
g/dL, somewhat above the World Health Organization’s cut-off of 
11 g/dL for anaemia of pregnancy.43 Failure to meet the increas-
ing iron, vitamin B12, and folate requirements during pregnancy 
can lead to further declines in haemoglobin and haematocrit con-
centrations and result in pathological anaemia. Overall, the dis-
proportionate increase in plasma volume and RBC mass observed 
in normal pregnancy results in decreased blood viscosity, which 
reduces resistance to blood flow through the uteroplacental cir-
culation, and sufficient hypervolaemia to ensure delivery of vital 
nutrients to the fetus, maintain maternal blood pressure in the 
setting of decreased vascular tone, and prepare the mother for 
blood loss at delivery.

Platelet number and function
The platelet count falls by an estimated 10% during normal preg-
nancy, with the greatest drop occurring in the third trimester.44 
However, roughly 8% of pregnant women have or develop some 
form of more severe thrombocytopaenia, as defined by a platelet 
count below 150 × 109/L.45 Incidental thrombocytopaenia of preg-
nancy, also known as gestational thrombocytopaenia, affects up 
to 5% of these patients,46 and accounts for an estimated 75% of all 
cases of thrombocytopaenia during pregnancy.47 This benign con-
dition, which usually presents in the third trimester and resolves 
within 7 days postpartum, is due primarily to haemodilution that 

results from the increase in plasma volume during pregnancy.48 
Although the literature is inconclusive, a mild intravascular coagu-
lation within the uteroplacental circulation that leads to increased 
platelet destruction and that is compensated for by increased, 
albeit inadequate, platelet production may also play a role in 
the pathogenesis of gestational thrombocytopaenia.49 Increased 
platelet aggregation in response to epinephrine and arachidonic 
acid, among other things, and an immune-mediated compo-
nent may further contribute. In general, patients with gestational 
thrombocytopaenia have no prior history of thrombocytopaenia 
in the non-gravid state, remain asymptomatic throughout preg-
nancy, and do not require any medical therapy. Up to one-fifth of 
these patients may experience a recurrence in subsequent preg-
nancies, and there is little to no known risk of neonatal thrombo-
cytopaenia in infants born to these mothers. In the absence of a 
coexisting platelet disorder, patients with gestational thrombocy-
topaenia usually maintain platelets counts greater than 70 × 109/L. 
If platelets fall below this cut-off or if the patient experiences any 
clinically significant bleeding, other sources of thrombocytopae-
nia must be considered.

An estimated 25% of the cases of significant thrombocytopae-
nia during pregnancy are due to disease processes that may lead 
to bleeding complications in the peripartum period or that may 
indicate a more complex underlying disorder.50 Of these, the 
majority is related to hypertensive disorders of pregnancy, and 
a small portion is secondary to immune processes, such as idi-
opathic thrombocytopenic purpura (ITP). ITP, which affects an 
estimated 2 per 1000 pregnant51 women, must be distinguished 
from gestational thrombocytopaenia because of potential, albeit 
uncommon, bleeding complications for both mother and neonate. 
Patients with ITP have a history of bleeding in the non-pregnant 
state, may have platelet counts below 70 × 109/L, although the 
median range in one large study was 85 × 109/L,52 present with 
low platelet counts early in pregnancy, and may not experience 
resolution of the disease after delivery. A mild, progressive decline 
in count may be observed as gestation advances. Treatment with 
corticosteroids, intravenous immunoglobulin, immunosuppres-
sive agents, and, in refractory cases, splenectomy, most often 
in the second trimester, may be necessary, although conserva-
tive management of this autoimmune disorder is increasingly 
common.53 Because ITP is a quantitative, rather than qualita-
tive platelet disorder, routine management also appears to be 
appropriate prior to initiation of neuraxial blockade, provided 
platelet count remains above a certain, practitioner-specific or 
institutional-specific range. Neonates of mothers with ITP are at 
risk of thrombocytopaenia; parturients with ITP are at increased 
risk of peripartum haemorrhage.

The immune system
The blood leucocyte count rises steadily as gestation advances 
and during the puerperium, while chemotaxis and adherence 
functions of some polymorphonuclear leucocytes decrease, start-
ing at the second trimester and continuing until term. Markers 
of inflammation, such as C-reactive protein, the erythrocyte 
sedimentation rate, and complement factors C3 and C4, are also 
elevated to varying degrees at different gestational ages. In gen-
eral, normal leucocyte counts during gestation range from 5000 
to 12,000/μL and average 14,000–16,000/μL during labour and in 
the early postpartum period. The aetiology of this increase has 
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not been elucidated, but may be related to a reappearance of leu-
cocytes that had been previously sequestered. The distribution of 
cell types also changes during pregnancy, as manifested by a sig-
nificant increase in granulocytes and CD8 T lymphocytes and a 
sharp reduction in CD4 T lymphocytes and monocytes during the 
third trimester.54 Overall, depressed leucocyte function appears 
to be of little clinical significance, but may account in part for 
pregnancy-related remission of some autoimmune disorders, as 
well as the mildly increased susceptibility of pregnant women to 
certain infections.

The immunology of pregnancy is complex and has not yet been 
fully elaborated, although several theories have been proposed. 
Briefly, one long-standing theory regarding how the fetus evades 
maternal rejection proposes that the placenta serves as a mechani-
cal barrier, barring interaction between fetal antigens and the 
maternal immune system. However, more recent evidence sug-
gests that the trophoblast–decidual interface is not impermeable, 
as evidenced by the fact that fetal cells circulate in the maternal 
blood long after delivery.55 Another theory proposes that preg-
nancy is a state of systemic immune suppression, which permits 
the mother to tolerate the foreign fetus and partially explains the 
improvement in some autoimmune diseases often observed dur-
ing pregnancy. However, critics of this theory challenge that an 
intact maternal immune system appears to evade infection despite 
chronic exposure to pathogens. Additional theories propose dele-
tion of immune cells that recognize paternal alloantigens from 
the maternal immune system, a state of localized immune sup-
pression, and a lack of placental expression of certain human leu-
cocyte antigens, among others, and are beyond the scope of this 
chapter.56

The gastrointestinal system
The gastrointestinal (GI) system undergoes several changes dur-
ing pregnancy, many of which have been attributed to changes 
in the hormonal milieu. In general, pregnant women are prone 
to develop disorders of the oropharynx, ranging from benign 
changes in taste perception57 and salivary composition58 to gingi-
val bleeding associated with periodontal disease; of the stomach, 
oesophagus, and intestines, such as gastro-oesophageal reflux 
(GOR), hyperemesis gravidarum, and constipation and bloat-
ing; and of the anorectum, including haemorrhoids, anal fissures, 
proctitis, and faecal incontinence.59 Mechanical and, primarily, 
hormonal changes in the GI system that may predispose pregnant 
women to pulmonary aspiration are of particular clinical rel-
evance to anaesthesia providers.

Gastro-oesophageal reflux
GOR affects an estimated 30–50% of pregnant women at some 
stage during pregnancy, although the true incidence may be as 
high as 80% in some patient populations.60 While it occasionally 
represents an exacerbation of pre-existing disease, it most often 
develops de novo during pregnancy, presenting late in the first tri-
mester, worsening as gestation advances, and resolving soon after 
delivery.61 Heartburn is a common symptom of reflux, but a small 
percentage of patients remain asymptomatic throughout preg-
nancy. Risk factors for symptomatic disease appear to be advanc-
ing gestational age, pre-existing GOR, and multiparity, although 
the data are conflicting.62

The pathogenesis of reflux during pregnancy has not been fully 
elucidated in the literature, but progesterone-induced changes in 
the lower oesophageal sphincter (LOS) tone are believed to play 
a primary role. Briefly, in the first trimester of pregnancy the 
LOS decreases its responsiveness to stimuli that normally serve 
to increase pressure and minimize reflux. Thereafter, LOS pres-
sure falls progressively until it reaches 30–50% of prepregnancy 
values by 36 weeks’ gestation, and gradually rebounds over the 
course of 1–4 weeks postpartum.63 Mechanical displacement of 
the stomach upward and laterally by the enlarging uterus, most 
commonly in the second half of gestation, appears to play a 
secondary role.

The clinical implications of the high incidence of GOR among 
parturients remain unresolved in the literature. Recent data sug-
gest that reflux is unlikely to be a significant risk factor for pul-
monary aspiration, particularly in the setting of normal gastric 
emptying (see ‘Gastrointestinal Motility and Acidity’).64 Indeed, 
anaesthesia providers routinely anesthetize patients with GOR 
without using full stomach precautions. In the obstetric popula-
tion, recent studies have reported the successful performance of 
caesarean deliveries in healthy term parturients using laryngeal 
mask airways65 in lieu of tracheal intubation, as well as the pro-
vision of labour analgesia with subanaesthetic concentrations of 
volatile agents via facemask without adverse sequelae.66 Increased 
awareness of nil per os (NPO) guidelines, routine use of aspiration 
prophylaxis, and the broadening indications for regional anaes-
thesia in the obstetric population have contributed to a marked 
decline in the incidence of pulmonary aspiration.

Gastrointestinal motility and acidity
Recent studies have cast doubt on the traditional dogma that 
pregnant women have increased gastric acidity, increased gastric 
volume, and decreased gastric motility, prompting a more liberal 
approach to full stomach precautions in pregnancy.67 Historically, 
pregnancy has been associated with delayed gastric emptying has 
been attributed to all obstetric patients, presumably due primarily 
to hormonally induced changes in gastric motility. However, stud-
ies that measure gastric transit time by the absorption of orally 
administered acetaminophen68 and ultrasound,69 among other 
methods, have determined that there is no change in gastric emp-
tying during pregnancy.

Gastric acid production also appears to be either unchanged or 
decreased during pregnancy. Van Thiel et al.’s early study evalu-
ating gastric pH in pregnant volunteers at 12, 24, and 36 weeks’ 
gestation and at 1 and 4 weeks postpartum found no difference 
in basal gastric pH or in peak acid output during pregnancy com-
pared with postpartum values.70 Similarly, a non-invasive radio
telemetry study used to assess gastric acidity and the effects of 
antacids in term parturients and non-pregnant women found no 
significant difference in basal gastric acidity between the two sub-
ject groups.71 A study comparing gastric pH in pregnant women 
scheduled for caesarean delivery and in non-pregnant patients 
undergoing elective surgery, however, found a slight difference in 
pH (2.4 ± 1.4 vs 3.0 ± 1.9, P < 0.05), but no difference in serum 
gastrin levels.72 The lower pH among the pregnant patients may 
be attributable to their higher level of preoperative anxiety. The 
finding that the frequency and severity of peptic ulcer disease 
decreases during pregnancy may reflect decreased acid produc-
tion, although it may be related to diet and other factors.73
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In contrast to the findings that pregnant women have normal 
gastric emptying and unchanged or reduced gastric acid produc-
tion, labouring pregnant women and women who have received 
systemic74 or neuraxial opioids75 have delayed gastric emptying 
and may be at increased risk for pulmonary aspiration. Carp and 
colleagues performed ultrasound examinations of the stomach 
contents in 39 parturients in active labour and found that up to 
two-thirds of labouring women had evidence of solid food par-
ticles, independent of the interval between the last oral intake 
and the ultrasound scan.76 Investigators also performed ultra-
sound examination of stomach contents in postpartum women 
and non-pregnant volunteers and found that 19 of 20 postpartum 
patients had food particles in their stomachs 4 hours after a stand-
ardized meal compared with 4 of 21 in the non-pregnant group.77 
Gastric emptying returns to prepregnancy measurements within 
24 hours after delivery.78 Gastric pH, which may decrease during 
labour, has also been found to be similar to that of non-pregnant, 
fasting individuals scheduled for elective surgery by 18 hours 
postpartum.79

Aspiration precautions
Many of the traditional pulmonary aspiration precautions have 
not been proven to reduce the frequency or severity of aspiration, 
yet there is sufficient evidence that such precautions are reasonable 
and, in most cases, unlikely to cause harm. Preoperative fasting, 
pharmacological prophylaxis, and careful patient positioning, 
among other things, play an important role for anaesthetists 
caring for pregnant patients who may present at any gestational 
age for obstetric or non-obstetric surgery under regional or gen-
eral anaesthesia. Current American Society of Anesthesiologists 
(ASA) guidelines permit clear liquids during labour, clear liquids 
up to 2 hours prior to scheduled caesarean delivery, and fatty 
solids up to 8 hours prior to scheduled surgery. Other national 
organizations have similar recommendations (see Obstetric 
Anaesthetists Association guidelines in Appendix 1). In practice, 
labouring women may be required to refrain from oral intake, 
although this trend appears to be changing towards a more lib-
eral approach. The ASA Task Force on Obstetric Anesthesia has 
supplemented these recommendations with an additional aspira-
tion prophylaxis regimen of timely administered non-particulate 
antacids, H2 receptor antagonists, and/or metoclopramide.80 A 
recent review supports the use of H2 receptor antagonists and 
non-particulate antacids, but found that neither proton pump 
inhibitors nor metoclopramide was effective, although this 
observation is not consistent.81 RSI and maintenance of cricoid 
pressure until proper endotracheal tube placement is confirmed 
also remain standards of practice for emergency obstetric surgery 
and, in most cases, for elective caesarean delivery under general 
anaesthesia, although inappropriately applied cricoid pressure 
may cause more harm than benefit and neither practice has been 
proven to decrease the incidence of aspiration. Other manoeu-
vers that appear to minimize the risk of aspiration and improve 
maternal and fetal safety include maintenance of LUD until 
the baby has been delivered, use of a ramp (such as the Troop 
Elevation Pillow®) to elevate the patient’s shoulders and achieve 
the sniffing position, and, possibly, positioning the patient in 
a 20–30° head-up position to lengthen the apnoeic time before 
hypoxaemia develops.82 Continued vigilance during extubation, 
emergence, and recovery is also required.

Hepatic and biliary function
Hepatic function changes during pregnancy, although hepatic 
blood flow remains unchanged. The gallbladder also undergoes 
characteristic changes during pregnancy, many of which predis-
pose pregnant patients to obstetric cholestasis.

The liver
The liver is displaced in a posterosuperior direction by the gravid 
uterus, but does not change in size or volume. Hepatic blood flow 
also remains unchanged during pregnancy, at roughly 25–35% of 
CO. Hepatic function, however, undergoes significant changes, 
many of which are reflected in liver function test results (see Table 
2.8). Alkaline phosphatase levels increase up to fourfold, primar-
ily due to placental production, and return to normal within 3–6 
weeks after delivery. Plasma cholesterol and triglyceride levels also 
increase from baseline. In contrast, liver transaminases (alanine 
transaminase and aspartate transaminase) and gamma-glutamyl 
transferase decline during pregnancy, but may peak in the first 
several days to a week postpartum, most commonly in response 
to obstetric interventions, such as caesarean delivery. Serum 
albumin levels also decline, primarily as a result of increased 
plasma, contributing to a dramatic decrease in colloid oncotic 
pressure and predisposing pregnant women to oedema formation. 
Maternal bilirubin levels remain unchanged during pregnancy, 
despite transfer of small volumes of fetal bilirubin into the mater-
nal circulation.

Several other changes in liver function are also attributed to 
increased levels of oestrogen and progesterone. Stigmata associ-
ated with advanced liver disease, such as spider naevi and palmar 
erythema, may be detected in normal, healthy pregnant patients 
and have no clinical significance in this context.83 Oestrogen is 
also believed to accelerate the production of fibrinogen and sev-
eral other coagulation factors, while progesterone plays a role in 
the increase in cytochrome P450 isoenzyme levels. Coagulation 
abnormalities that increase bleeding tendency, though, are not 
normal in pregnancy and point to underlying disease or the 
exogenous administration of anticoagulants. Finally, produc-
tion of specific binding proteins, including thyroxine-binding 
globulin (TBG) and corticosteroid-binding globulin (CBG), 
increases during pregnancy, decreasing the free portion of cer-
tain hormones.

The gallbladder
Changes in gallbladder function during pregnancy are attrib-
uted largely to elevated levels of reproductive hormones, which 

Table 2.8  Liver function tests during pregnancy

Test Result

Alkaline phosphatase 2- to 4-fold increase by term

Liver transaminases (ALT, AST) Decrease by term

Cholesterol Increase

Gamma-glutamate transaminase No change to slight decrease

Triglycerides 2- to 3-fold increase
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contribute to biliary stasis, prolonged intestinal transit, and 
increased levels of cholesterol in the bile and predispose preg-
nant and postpartum patients to gallstone formation. A genetic 
component may render some pregnant women particularly sus-
ceptible to the cholestatic effects of reproductive hormones, con-
tributing to the elevated incidence of obstetric cholestasis among 
certain patient populations, such as women of South Asian and 
South American descent. Multiparity, advancing gestation, his-
tory of cholestasis, twin gestation, and an elevated prepregnancy 
BMI84 appear to be additional risk factors for intrahepatic chol-
estasis of pregnancy.

Parturients with gallbladder disease are more likely than healthy 
pregnant counterparts to have peripartum complications, such as 
fetal arrhythmias, meconium-stained amniotic fluid, intrauterine 
demise, and spontaneous preterm labour, which are thought to be 
related to elevated maternal and/or fetal serum bile acids.85 They 
are also more likely to present to the delivery suite for early induc-
tion of labour, most often at 37 weeks’ gestation, and to the main 
operating theatre for cholecystectomy, one of the most common 
non-obstetric surgeries during pregnancy. During the first year 
postpartum, gallbladder disease is among the most common non-
obstetric cause of maternal hospital admission.86

The genitourinary system
Changes in kidney function and in uterine anatomy and blood 
flow present early in pregnancy and have profound clinical impli-
cations, particularly as gestation advances.

The upper and lower urinary tracts
Kidney, ureteral, and bladder changes accompany different 
stages of pregnancy. Anatomically, the kidneys elongate by 
1–1.5 cm and increase in volume by 30%, partly in response to 
a 50–85% increase in renal blood flow (RBF) that starts early in 
the first trimester, peaks at 26 weeks, and declines slightly at 
term.87 Relaxin, a hormone secreted by the corpus luteum, the 
decidua, and the placenta appears to play a role in the initiation 
and modulation of augmented renal hemodynamics.88 Nitric 
oxide may also play a role, contributing to renal vasodilation 
and increased renal plasma flow and glomerular filtration rate 
(GFR). The renal pelvices, calyces, and ureters begin to dilate as 
early as 7 weeks’ gestation due to both the vasodilating effects of 
progesterone and, later, the mechanical compression of the ure-
ters at the pelvic brim. A protective effect of the sigmoid colon 
on the left, dextrorotation of the uterus, and positional com-
pression by the right ovarian vein contribute to more marked 
ureteral dilation on the right. Hormonal changes also affect the 
bladder and urethral mucosa, which becomes more hyperaemic 
and congested. Although data are conflicting, the bladder devel-
ops an increased capacity and becomes displaced upwards and 
anteriorly by the gravid uterus; by the third trimester, it pro-
trudes markedly into the abdomen and undergoes additional 
anatomical distortions. The net result of many of these anatomi-
cal changes is an increased incidence of ascending urinary tract 
infections (UTIs), hydronephrosis, and symptomatic urolithi-
asis during pregnancy. Indeed, urological emergencies account 
for a small percentage of the estimated 1–2% of non-obstetric 
operations among pregnant women reported annually in the 
United States.

Increased RBF and decreased renal vascular resistance con-
tribute to changes in kidney function during pregnancy. The 
GFR begins to increase soon after conception, reaches a 40–65% 
increase above prepregnant levels by the beginning of the sec-
ond trimester, and tapers, if not decreases, towards term.89 This 
increase in GFR, from roughly 100 mL/min to 150 mL/min, 
leads to a decrease in serum creatinine, urea, and uric acid con-
centrations and an increase in the urinary excretion of albu-
min, low-molecular-weight proteins, amino acids, water-soluble 
vitamins, and glucose. Additional changes in kidney function 
during pregnancy include alterations in osmoregulation, mani-
fested by decreased serum osmolality, and an increased urinary 
excretion of bicarbonate, which serves to compensate for the res-
piratory alkalosis of pregnancy. The decrease in serum bicarbo-
nate that accompanies increased urinary bicarbonate excretion 
may diminish the buffering capacity of blood. Changes in the 
renin–angiotensin–aldosterone system contribute to a dramatic 
plasma volume expansion during pregnancy, and elevated levels 
of erythropoietin contribute to the expansion in RBC mass that 
peaks at term.

These changes in renal function result in characteristic clinical 
and laboratory findings that must be distinguished from patho-
logical states (see Table 2.9). Mild glucosuria is a normal find-
ing during pregnancy and is not diagnostic of diabetes mellitus 
(DM); by the third trimester, glucose excretion increases sig-
nificantly in healthy pregnant individuals and may reach three 
times higher than non-pregnant values. If DM is suspected, a 
glucose challenge test must be performed. Mild proteinuria 
below 300 mg/24 h is also common during pregnancy, although 
further investigation may be warranted to rule out UTIs or pre-
viously undetected kidney disorders. Significant proteinuria in 
the setting of new onset hypertension, however, is highly sugges-
tive of pre-eclampsia. During normal pregnancy, serum albu-
min decreases in association with plasma volume expansion 
and increased urinary excretion. An abnormally high urinary 
excretion of albumin occurs in patients with pre-eclampsia and 
contributes to more significant intravascular contraction. Serum 
creatinine and urea levels decrease to 0.5–0.6 mg/dL and 9 mg/
dL, respectively, during pregnancy; higher values may suggest 
underlying renal disease, although they are within normal lim-
its for non-pregnant patients. Sodium retention, which results 
in part from stimulation of the renin–aldosterone system, con-
tributes to increased total body water and plasma volume. As 
a result, a mild hyponatraemia develops during pregnancy, and 
thirst and water retention occur at a different, lower plasma 

Table 2.9  Kidney function during pregnancy compared with 
the non-pregnant state

Test Pregnancy Non-pregnant

Plasma blood urea nitrogen

Plasma Cr

Plasma Na

Plasma HCO3

Urinary protein excretion

Plasma albumin

9–12 mg/dL

<1.0 mg/dL

130–140 mEq/L

18–20 mEq/L

<300 mg/24 h

2.5–3.2 g/dL

11–20 mg/dL

<1.3 mg/dL

135–145 mEq/L

22–28 mEq/L

<150 mg/24 h

3.5–4.5 g/dL
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sodium concentration in pregnant compared with non-pregnant 
patients.90 Serum uric acid, which is expected to decrease by 
roughly 25–30% by mid-gestation, reaches non-pregnant lev-
els by term. Elevated serum uric acid levels may indicate poor 
kidney function and be suggestive of pre-eclampsia in the set-
ting of new onset hypertension. Tests that are commonly used 
to evaluate kidney function, such as the Cockroft–Gault formula 
and the estimated GFR from the Modification of Diet in Renal 
Disease formula, may not reflect the true GFR during preg-
nancy.91 A 24-hour urine collection for creatinine clearance is 
a cumbersome test of debatable accuracy during pregnancy;92 if 
used to assess renal function during pregnancy, a 30% increase 
above the prepregnancy value should be expected. Finally, the 
increased GRF may also alter clearance of medications that are 
excreted through the kidney.

The uterus
The uterus, normally pear-shaped, expands more in length than 
width and exits the pelvis by 12 weeks’ gestation. Thereafter, it dis-
places the intestines laterally and superiorly and ultimately rotates 
rightward in the abdominal cavity, impeded by the rectosigmoid 
on the left. The term uterus pushes the liver in a posterosuperior 
direction, forces the diaphragm upward roughly 4 cm, and shifts 
the heart leftward. When the parturient is erect, the abdominal 
wall supports the enlarging uterus; in the supine position, the 
uterus rests on the vertebral column and the great vessels.

Uteroplacental blood flow, derived primarily from the uter-
ine and ovarian arteries, increases from roughly 50 mL/min at 
10 weeks’ gestation to 450–700 mL/min, or greater, near term. 
Hormonal-induced increases in arterial diameter and decreases 
in vascular resistance as gestation advances contribute to this 
increase. Uterine venous drainage also increases during preg-
nancy, a process facilitated by changes in venous calibre and dis-
tensibility. Uterine blood flow, which is not autoregulated, declines 
in the presence of factors that increase uterine vascular resistance 
or decrease perfusion pressure. For example, it decreases during 
contractions, particularly during prolonged periods of hyperto-
nus, and during episodes of acute or chronic maternal hyperten-
sion and hypotension. It also diminishes in response to certain 
exogenously administered α-adrenergic agonists, including epi-
nephrine used to evaluate intravascular epidural cannulation. 
Ephedrine is an exception to this generalization on account of its 
primary β-adrenergic effect.93

Modern obstetric anaesthesia practice has changed with the 
better understanding of factors that affect uterine blood flow. 
The efficacy of the traditional epidural ‘test dose’ with an epi-
nephrine-containing local anaesthetic has been challenged in 
part due to concerns that decreased uteroplacental blood flow 
may accompany a positive test result. Additionally, concerns 
about the adverse effects of high levels of circulating maternal 
catecholamines related to stress or anxiety have led some prac-
titioners to reassess the wisdom of withholding premedications 
from parturients in certain clinical scenarios. For example, the 
administration of a single dose of intravenous anxiolytic medi-
cation, such as midazolam, during epidural placement for labour 
analgesia, for pregnant women undergoing non-obstetric sur-
gery, and for patients scheduled for caesarean delivery may be 
appropriate for individual patients. One double-blinded, rand-
omized, placebo-controlled trial of 60 parturients undergoing 

caesarean delivery who received either 1 mcg/kg of fentanyl and 
0.02 mg/kg of midazolam or placebo immediately prior to spi-
nal anaesthesia found no difference between groups in neonatal 
outcomes (Apgar score, continuous oxygen saturation, neurobe-
havioral scores) or maternal recall of the birth.94 Finally, mater-
nal hypotension related to neuraxial procedures, hypovolaemia, 
supine hypotensive syndrome, or haemorrhage, among other 
things, is an important cause of suboptimal uterine blood flow 
and warrants immediate correction, including maintenance of 
LUD, appropriately timed intravenous administration of crys-
talloid or colloid fluids, and appropriate use of vasopressors, 
to optimize maternal and fetal well-being. It is also important 
to bear in mind that the increased uterine blood flow at term, 
which accounts for at least 10% of maternal CO, places patients 
with obstetric complications at risk for significant haemorrhage. 
Additional factors that affect uteroplacental blood flow are cov-
ered in greater detail in Chapter 3.

Endocrinology
Pregnant women experience profound changes in glucose metab-
olism, as well as in thyroid, pituitary, and adrenal gland function. 
Some of these changes may predispose pregnant patients to dis-
ease states, such as ketosis, hypothyroidism, and hyperthyroid-
ism, particularly in the absence of strict glycaemic control and 
nutritional supplements. They may also adversely affect fetal 
growth and development.

Glucose metabolism
Profound changes in maternal metabolism during pregnancy 
serve to accommodate increased maternal energy needs and fetal 
growth requirements. In general, pregnant patients experience 
increased insulin secretion in conjunction with a progressive 
insulin resistance, as well as fasting hypoglycaemia and postpran-
dial hyperglycaemia. Increased levels of growth hormone (GH), 
cortisol, and human placental lactogen (HPL), among other dia-
betogenic hormones, account for the progressive insulin resist-
ance of pregnancy, although the precise mechanism has not been 
elucidated. Broadly speaking, insulin resistance permits preferen-
tial use of fatty acids, triglycerides, and ketone bodies for mater-
nal fuel sources, while preserving glucose and amino acids for the 
fetus. Fetal glucose levels are maintained at roughly 80% of mater-
nal serum levels by facilitated diffusion across the placenta down 
a concentration gradient. Amino acids are actively transported 
across the placenta.

Several factors contribute to decreased maternal fasting glu-
cose, including increased plasma volume, reduced hepatic glyco-
gen stores, and the increasing demands of the fetoplacental unit 
as gestation advances. The increased fetal needs and accelerated 
maternal metabolic rate, coupled with relative insulin deficiency 
and reduced glycogen stores, place the mother at risk for keto-
sis, particularly during the second and third trimesters. Without 
adequate oral or intravenous nutrients, the mother may swiftly 
deplete glycogen stores and resort to lipolysis and ketone body 
production, a process frequently referred to as ‘accelerated starva-
tion of pregnancy’.95 Changes in postprandial glucose levels, on 
the other hand, are mild in healthy pregnant women, but may be 
exaggerated in obese women who exhibit more insulin resistance 
than non-obese counterparts.
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Pregnancy in diabetic patients may be complicated by congeni-
tal malformations, prematurity of the newborn, fetal hypoglycae-
mia, fetal macrosomia, birth related injuries, an increased risk of 
perinatal mortality,96 maternal diabetic ketoacidosis (DKA), and 
an increased incidence of maternal comorbidities, such as chronic 
hypertension, pregnancy-induced hypertension, and diabetic 
nephropathy. The likelihood of caesarean delivery and neonatal 
admission to the intensive care unit is also higher in diabetic par-
turients compared with healthy counterparts. DKA during preg-
nancy is associated with a high morbidity and mortality for both 
mother and fetus, although advances in management have vastly 
reduced the risk of mortality. As in the non-pregnant population, 
DKA occurs in the setting of insulin deficiency (relative or abso-
lute) with a concurrent increase in glucagon. Increased glucose 
production, decreased glucose utilization in the peripheral tissues, 
and lipolysis with ketone body formation ensue. Sequelae include 
osmotic diuresis and maternal dehydration, with associated water 
and electrolyte disturbances, as well as a decrease in maternal pH 
from ketone body accumulation. If fluid loss is severe, cardiovas-
cular collapse and shock may result. The fetus commonly devel-
ops a non-reassuring heart rate pattern, which most often resolves 
once maternal fluid and electrolyte imbalances are corrected.

Given the sharp worldwide rise in maternal obesity in recent 
decades, it is likely that obstetric anaesthesia providers will be car-
ing for diabetic pregnant patients both on the labour and delivery 
unit and in the main operating suites with increasing frequency. 
It is essential that the anaesthetist bear in mind the type of mater-
nal DM and the nature and extent of end-organ involvement, as 
well as the patient’s medical regimen and most recent glucose 
level. Management involves balancing insulin therapy in patients 
with type 1 diabetes to prevent both DKA and hypoglycaemic epi-
sodes. For patients with type 2 diabetes, avoiding hyperglycaemic, 
hyperosmolar syndromes that can lead to dehydration, decreased 
uterine perfusion, and electrolyte imbalances is essential.97 Of 
note, general anaesthesia may mask the signs and symptoms of 
hypoglycaemia, and patients with autonomic dysfunction related 
to DM, as well as patients in DKA, may exhibit profound haemo-
dynamic instability following neuraxial anaesthesia. Finally, as 
the incidence of obesity and type 2 diabetes rises in the obstetric 
population, anaesthesiologists may encounter additional, related 
challenges, such as difficulties with the maternal airway, intrave-
nous access, monitoring, positioning, transport, and neuraxial 
anatomy.

Thyroid function
Several biochemical changes in thyroid function, many of which 
are of minor consequence in conditions of iodine sufficiency, 
occur at different stages of pregnancy (see Figure 2.5).98 During 
the first trimester, human chorionic gonadotropin (hCG), which 
shares structural similarities with thyroid stimulating hormone 
(TSH, thyrotropin), stimulates TSH receptors in thyroid tissue, 
leading to a transient increase in free thyroxine (T4). Through a 
feedback loop, increased levels of thyroid hormones suppress TSH. 
As a result, between 8 and 14 weeks’ gestation, relatively low TSH 
with mildly elevated free T4 is not uncommon and of little clinical 
significance. However, certain conditions that are associated with 
increased levels of hCG, such as molar pregnancy or hyperemesis 
gravidarum, may cause a prolonged or exaggerated increase in T4 
and lead to transient thyrotoxicosis.

Additional changes in thyroid function are related to either 
rising oestrogen levels or to modifications in the peripheral 
metabolism of thyroid hormones.99 Elevated circulating oestro-
gen promotes increased production of binding proteins, such 
as TBG, from the liver. The two- to threefold increase in basal 
TBG leads to a reduction in the free, active thyroid hormones, 
T4 and triiodothyronine (T3), and, in turn, stimulation of the 
hypothalamic–pituitary–thyroid axis. Slightly elevated TSH levels 
are common during this stage of pregnancy, after the first trimes-
ter and continuing to term, but generally remain within the refer-
ence range. When dietary iodine is plentiful, there is only a mild 
change in free hormone levels, but several complications related 
to low T3 and T4 may occur in iodine-deficient states. Of note, 
total (free and bound) T4 and T3 levels are increased during this 
stage as a result of the increased production of TBG and reduced 
clearance induced by the hyperoestrogenic state; it is important 
to distinguish between free and total thyroid hormone levels and 
to bear in mind the trimester-specific normative data when inter-
preting laboratory values.100 Another change in thyroid activity, 
most commonly during the second half of pregnancy, is related 
to the activity of three enzymes that catalyse the deiodination of 
thyroid hormones. Briefly, two of these enzymes are abundant in 
the placenta and may alter thyroid hormone levels (low T3 and 
high reverse T3).

The pathological states that result from iodine-deficient hypo-
thyroidism or from hyperthyroidism, which has multiple possible 
aetiologies, are of particular clinical relevance to anaesthesia pro-
viders. The increase in renal clearance of iodine during pregnancy, 
in conjunction with increased sequestration of iodine by the feto-
placental unit, contributes to iodine deficiency in the absence 
of nutritional supplements. Reduced dietary iodine results in 
chronic thyroid stimulation, which manifests with increased TSH, 
increased thyroglobulin levels in the thyroid gland, and goitro-
genesis. In the absence of iodine deficiency, the differential diag-
nosis of goitre during pregnancy includes Graves’ disease, excess 
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Figure 2.5  Relative changes in maternal and fetal thyroid function during 
pregnancy.
From The New England Journal of Medicine, Burrow GN, Fisher DA, Larsen PR, Maternal and 
fetal thyroid function, 331, 16. Copyright © 1994 Massachusetts Medical Society. 
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iodine intake, Hashimoto’s thyroiditis, lymphoma, and thyroid 
cancer, among others.

Graves’ disease is by far the most common cause of hyperthy-
roidism during pregnancy, although other aetiologies, such as 
toxic multinodular goitre, hyperemesis gravidarum, and gesta-
tional trophoblastic disease, should be considered in the differ-
ential diagnosis.101 Of these, management of hydatidiform mole 
poses a particular challenge, as evacuation of molar pregnancy 
may be accompanied by thyroid storm, trophoblastic emboli, 
severe haemorrhage, DIC, and cardiopulmonary arrest, among 
other things.102 Adequate intravenous access, invasive haemody-
namic monitors, immediate availability of blood products, and 
premedication with antithyroid drugs and beta-adrenergic block-
ers may be required prior to surgical treatment of a hydatidiform 
mole.103

Thyroid storm, a life-threatening exacerbation of thyrotoxi-
cosis, is rare during pregnancy, but may also be precipitated by 
labour, caesarean delivery, infection, and pre-eclampsia.104 Signs 
and symptoms of hyperthyroidism and this rare complication 
may be incorrectly attributed to the hypermetabolic state of preg-
nancy. Sustained tachycardia, weight loss, goitre, ophthalmopa-
thy, GI symptoms, elevated free T3 and T4 with suppressed TSH, 
and, in the case of thyroid storm, thermoregulatory dysfunction 
and CNS changes, including delirium and agitation, may be sug-
gestive of active, and possibly life-threatening, thyroid dysfunc-
tion. Treatment of pregnant women in crisis is similar to that of 
non-pregnant patients, and includes propylthiouracil, iodine, 
dexamethasone, beta-adrenergic blockers, such as propranolol, 
labetalol, or esmolol, fluid hydration, and nutritional support.105 
Of note, fetal bradycardia, hypoglycaemia, and intrauterine 
growth restriction are associated with prolonged beta-adrenergic 
therapy. Successful use of esmolol in a parturient in an acute situ-
ation without adverse sequelae to the mother or fetus has been 
reported.106

The pituitary gland
The pituitary gland enlarges during pregnancy, reaching its peak 
size in the immediate postpartum period and returning to nor-
mal dimensions within 6 months of delivery.107 Clinically, this  
oestrogen-mediated hyperplasia results most notably in rising  
levels of prolactin (PRL) throughout gestation, which may 
adversely affect pregnant women with pre-existing prolactinomas. 
In contrast to PRL, GH secretion from the pituitary decreases, 
starting in the second half of pregnancy when the placenta 
increases production of a GH variant.108 Pregnant women with 
acromegaly, though, will experience an increase in both pituitary 
and placental GH secretion. Adrenocorticotropic hormone levels 
increase progressively later in pregnancy, most likely as a result 
of placental production and despite elevated levels of bound and 
free cortisol.109 Other anterior pituitary hormones experience 
fluctuating levels during pregnancy: TSH levels decline early in 
pregnancy, but return to the normal range as gestation advances, 
and luteinizing hormone and follicle-stimulating hormone levels 
decrease during the first trimester in response to placental sex 
steroid production.110 With regard to the posterior pituitary, oxy-
tocin levels increase throughout pregnancy, rising further at term 
and peaking during the second stage of labour. Arginine vaso-
pressin is released at a lower plasma osmolality and is metabolized 

more rapidly in pregnant patients compared with non-pregnant 
counterparts.

Anaesthetic implications of an enlarged pituitary gland, pla-
cental production of pituitary hormones, and changes in the 
hypothalamic–pituitary axis are rare. However, pituitary enlarge-
ment may predispose parturients to Sheehan’s syndrome, an 
uncommon hypopituitarism specific to parous women caused by 
anterior pituitary lobe necrosis in the setting of obstetric haemor-
rhage.111 Pregnant patients with acromegaly may experience any 
of the complications normally associated with the disease, includ-
ing soft tissue changes, carbohydrate intolerance, overt diabetes, 
hypertension, and cardiac disease. The soft tissue changes do not 
appear to affect the genital tract or otherwise complicate vaginal 
delivery. Pregnancy-related insulin resistance is an additive risk 
among acromegalic obstetric patients.

The adrenal glands
The adrenal glands, which are responsible for the production of 
mineralocorticoids, glucocorticoids, and sex steroids, undergo 
several changes during pregnancy. Bound and free, metabolically 
active cortisol levels increase progressively during pregnancy due 
to a combination of factors, including increased production, an 
oestrogen-mediated increase in CBG in the liver, and a decrease 
in metabolic clearance. Urinary free cortisol levels are elevated 
in parturients due to the two- to threefold rise in cortisol levels 
by term.112 Renin activity peaks early in pregnancy and declines 
in the third trimester, coinciding with a rise in angiotensin II.113 
The net result is that plasma aldosterone levels increase roughly 
20 times above non-pregnant levels by late gestation. This increase 
correlates with other physiological changes of pregnancy, includ-
ing the increase in GFR and the sharp rise in progesterone, which 
competitively inhibits both aldosterone-mediated sodium reten-
tion and sodium-potassium exchange.114 Overall, the activation 
of the renin–angiotensin–aldosterone system during pregnancy 
appears to result from the decreased vascular responsiveness to 
angiotensin II, despite elevated levels, and to the related fall in 
blood pressure.115 It also contributes to the increase in plasma 
volume. With regard to sex steroids, testosterone levels are low 
to normal until late second trimester, but increase thereafter and 
may exceed non-pregnant values at term.

Of the many physiological and potential pathological changes 
of the adrenal glands during pregnancy, phaeochromocytomas, 
which occur in roughly 1 per 50,000 pregnancies, pose particu-
lar diagnostic and therapeutic challenges.116 The typical present-
ing symptoms, including heart palpitations, headaches, sweating, 
episodic elevations in blood pressure, nausea, vomiting, and visual 
changes, may be misdiagnosed as pre-eclampsia/eclampsia or 
attributed to exacerbations of the normal physiological changes of 
pregnancy. Plasma catecholamine levels or 24-hour urine testing 
for catecholamines and their metabolites should be evaluated in all 
pregnant patients who present with any combination of these signs 
and symptoms, particularly before 20 weeks’ gestation. Magnetic 
resonance is the imaging test of choice for localization of the 
tumour, and is considered safe in pregnancy. Ultrasonography, also 
safe during pregnancy, is not sensitive in identifying extra-adrenal 
phaeochromocytomas, which comprise roughly 10% of these 
neuroendocrine tumours. Computed tomography is not recom-
mended due to fetal exposure to ionizing radiation.
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The musculoskeletal system
Pregnant women commonly experience changes in the muscu-
loskeletal system that contribute to a high incidence of low back 
pain (LBP), distort the anatomical landmarks that are tradition-
ally used to identify the L3–4 interspace, and complicate neuraxial 
procedures. Hormonal changes are thought to contribute to both 
LBP and to changes in the perivertebral ligamentous structures. 
The ligamentum flavum, for example, becomes softer and more 
difficult to distinguish from other structures during epidural 
needle advancement. Weight gain during pregnancy, which often 
exceeds the recommended 12.5 kg, and the progressive accentua-
tion of lumbar lordosis as gestation advances make it difficult for 
term parturients to attain appropriate positioning during neu-
raxial procedures and most likely contribute to the perception of 
narrow interspaces during attempts to initiate epidural placement 
using the midline approach. The accumulation of adipose tissue in 
the epidural space may increase the posterior epidural space depth 
in parturients, as well as alter local anaesthetic dose requirements 
and spread. Maternal obesity also contributes to an increase in the 
skin to epidural space distance and presents additional challenges 
for obstetric anaesthesia providers.

Maternal obesity
Maternal obesity poses several challenges to obstetric anaes-
thesia providers. Obese parturients are a high-risk group for 
perioperative airway catastrophe, often have unidentifiable ana-
tomical landmarks for initiation of neuraxial procedures, and 
have a higher risk of anaesthesia-related mortality than non-
obese pregnant counterparts.117 Several factors contribute to dif-
ficult airway management in this patient population, including a 
high prevalence of obstructive sleep apnoea, a vastly reduced FRC, 
increased baseline oxygen consumption, and a predisposition to 
develop pronounced narrowing of the pharyngeal airway during 
pregnancy.118 In addition, maternal obesity is associated with an 
increased risk of thromboembolism, cardiovascular disorders, 
hypertensive disorders of pregnancy, and gestational diabetes, 
as well as a higher risk of emergency caesarean delivery119 and 
surgery for postpartum haemorrhage.120 These and other compli-
cations associated with maternal obesity are covered in detail in 
Chapter 39.

Low back pain
Back pain may affect over 70% of women at some point during 
their pregnancy and, based on findings from several randomized 
controlled trials and prospective cohort studies, appears unre-
lated to the type of analgesia, if any, received by the parturient.121 
LBP presents in a small percentage of patients towards the end of 
the first trimester. However, the incidence increases dramatically 
as gestation advances.122 Although the severity of LBP improves 
for the majority of patients after delivery, up to 40% of patients 
report ongoing musculoskeletal pain during the first 18 months 
postpartum and up to one-fifth of these women experience severe 
ongoing LBP.123 Unfortunately, a large percentage of patients who 
experience LBP in their first pregnancy will have recurrent symp-
toms in subsequent pregnancies, and up to 19% of women who 
experience LBP in an initial pregnancy report avoidance of future 
pregnancies for fear of recurrent musculoskeletal pain.124

The aetiology of LBP during pregnancy is multifactorial, 
although hormonal and mechanical factors predominate. Relaxin, 
a hormone known to be involved in pelvic connective tissue 
remodelling in several mammalian species, appears to contrib-
ute, although its role has not been confirmed.125 The increasing 
lumbar lordosis as gestation advances, which places additional 
strain on the lower back and alters the centre of gravity, the 
increased spinal load related to fetal weight, weight gain during 
pregnancy, the decreased stability of the pelvic girdle, muscular 
dysfunction, pre-existing LBP, and maternal age also play a role. 
Whether mode of delivery affects the incidence of LBP is debated 
in the literature. However, epidural analgesia does not appear to 
independently affect the incidence.126 Regardless of the aetiology, 
LBP during pregnancy rarely requires medical intervention and 
responds to postural changes, exercises, and activity. Patient edu-
cation is another cornerstone in the management of LBP during 
pregnancy.

Key points
◆	 The MAC of volatile agents is reduced during pregnancy; the 

routine administration of <1 MAC, however, may contribute to 
a higher incidence of intraoperative awareness and postopera-
tive recall among pregnant women.

◆	 Volatile agents contribute to a reduction in both myome-
trial contractility and myometrial response to oxytocin in a 
dose-dependent fashion.

◆	 Both plasma volume and RBC mass increase during pregnancy, 
but the former increases to a greater extent, resulting in a physi-
ological anaemia.

◆	 Airway changes resulting in worsening airway classification 
have been observed over the course of pregnancy and during 
labour and delivery. Worsening airway classification appears to 
correspond with difficult tracheal intubation in pregnant women 
undergoing caesarean delivery during general anaesthesia.

◆	 Thrombocytopaenia is the most common coagulation disorder 
during pregnancy. Most pregnant women experience a 10% 
drop in platelet count. Up to 5% experience gestational throm-
bocytopaenia, a benign condition that does not require medical 
therapy or cause clinically significant bleeding.

◆	 Gastric pH and gastric emptying time do not differ significantly 
between pregnant and non-pregnant patients, but heartburn is 
relatively common in parturients and may predispose parturi-
ents to GOR.

◆	 Uterine blood flow increases to a maximum of 700 mL/min at 
term, which represents 10% of CO.

◆	 GFR increases by up to 65% above baseline during pregnancy, 
resulting in serum creatinine and urea levels of 0.5 mg/dL and 9 
mg/dL respectively.

◆	 Both decreased FRC and increased oxygen consumption con-
tribute to rapid oxygen desaturation during periods of apnoea 
during pregnancy.

◆	 CO increases throughout pregnancy, reaching its peak at 80% 
above prelabour values immediately postpartum as a result of 
the autotransfusion associated with uterine involution.
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◆	 Although blood flow to the liver remains at its prepregnant 
range of 25% of CO, hepatic function changes dramatically dur-
ing pregnancy.

◆	 Pregnancy is marked by an increased coagulation activity and 
decreased anticoagulation and fibrinolytic activity.

◆	 LBP affects an estimated 80% of pregnant patients at some point 
during pregnancy.

◆	 Obesity, a growing problem among industrial countries, is 
associated with a higher risk of emergency caesarean deliveries, 
maternal airway catastrophes, difficult initiation of neuraxial 
blockade, and maternal mortality.
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CHAPTER 3

Placenta and 
uteroplacental perfusion
Marie-Pierre Bonnet and Anne Alice Chantry

Introduction
The placenta is a dynamic organ from fetal origin with specific 
characteristics. Its anatomy changes throughout the pregnancy. 
The placenta has three main functions that are all necessary for 
adequate embryonic and fetal development: fetal protection and 
nutrition, and hormonal secretion. The chorionic villus, located in 
the intervillous space, is the main placental unit implicated in the 
exchanges between mother and fetus.

Any change in placental development and function can have a 
negative effect on fetal well-being. Uteroplacental perfusion is the 
major determinant of fetal oxygenation and nutrient delivery, but 
due to its limited autoregulation, it is particularly dependent on 
maternal haemodynamics. Consequently, any significant decrease 
in maternal blood pressure or cardiac output can affect uteropla-
cental perfusion and hence can impact on the fetus, with potential 
lethal consequences for the fetus.

Most anaesthetic drugs, except for neuromuscular blocking 
agents, can cross the placental barrier and directly affect the fetus. 
Indirectly, the anaesthetic technique can affect the fetus by dis-
turbing uteroplacental perfusion. As such, anaesthetists caring for 
pregnant women should have excellent knowledge of the placenta, 
its function, and the determinants of uteroplacental perfusion.

Placental development, anatomy, 
and uteroplacental perfusion
Early development of the placenta
After being fertilized in the external third of the Fallopian tube, 
the egg moves towards the uterine cavity. During its progression, 
the fertilized egg is subject to some intrinsic modifications, the 
first divisions leading to the blastocyst stage at day 5. The blas-
tocyst corresponds to the primitive stage of the fetus and the 
placenta, with on one hand, the trophoblast (future placenta and 
membranes) and on the other hand, the endoderm (correspond-
ing to the future fetus).

Six days after fertilization, the blastocyst joins the uterine 
epithelium. At that stage, the trophoblast differentiates into an 
inner layer, the cytotrophoblast, and an outer layer, the syncytio-
trophoblast. This syncytiotrophoblast proliferates and penetrates 
the external third of the endometrium, and then extends to cre-
ate a sea of circulating maternal blood (lacunar network), estab-
lishing the uteroplacental circulation. This process constitutes 

the beginning of implantation. About 10 days after fertilization, 
implantation into the endometrium is complete and the syncytio-
trophoblast develops all around the egg (Figure 3.1).1,2

From day 13, the extravillous cytotrophoblast cells invade the 
syncytiotrophoblast and are responsible for endometrial spiral 
uterine artery remodelling. This represents the primary develop-
ment of the chorionic villi, which constitute the functional units 
of the human placenta in its definitive structure from 3 weeks 
of gestation. During the following weeks, part of the modified 
endometrium, called the basili decidua, forms some incomplete 
divisions, the septa. A cotyledon is composed of several chorionic 
villi included between two septa. As the pregnancy goes on, the 
fetus grows and is progressively exteriorized with its membranes 
out of the endometrium, while the placenta partly implanted in 
the endometrium constitutes the functional interface between 
mother and fetus.

Excessive trophoblastic invasion can be responsible for patho-
logical presentations, such as choriocarcinoma, a malignant 
trophoblastic cancer deriving from the placenta, or placenta 
accreta, which is a pathological invasion by the chorionic villi 
of the superficial myometrium leading to an abnormally deep 
attachment of the placenta to the uterus.

Embryology of the uteroplacental perfusion
During the first trimester, placental development occurs in spe-
cific and optimum conditions for angiogenesis and vasculogen-
esis:  low oxygen concentrations and anaerobic metabolism.3,4 
From the second week of gestation, clusters of extravillous cyto-
trophoblastic cells obstruct the diameter of uterine spiral arteries 
to limit diffusion of nutrients and oxygen towards the developing 
fetus and to activate remodelling of the endothelium of uterine 
spiral arteries. This remodelling deeply modifies the structure of 
the endothelium: cells of the smooth uterine muscle are replaced 
by cytotrophoblasts and spiral arteries become dilated, inelastic, 
and non-contractile, resulting in a low-resistance, poorly regu-
lated uteroplacental perfusion. After 3 weeks of gestation, the 
chorionic villi have their definitive structure (Figure 3.2). The 
syncytiotrophoblast borders the intervillous space and is directly 
in contact with maternal blood.

After 10 weeks of gestation, clusters of cytotrophoblasts that 
were obstructing the spiral arteries progressively disappear and 
arterial maternal blood fills the intervillous space without resist-
ance. Consequently, the oxygen tension in the intervillous space 
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increases throughout the first trimester of pregnancy from 2.7 to 
8.0 kPa (20 mmHg to 60 mmHg).5 Maternal placental circulation 
is fully established at the end of the first trimester of pregnancy. 
Thereafter, the placental structure remains stable. However until 
the end of pregnancy, chorionic villi continue to grow, divide, and 
become more numerous, parallel to the increasing needs of nutri-
ent, exchange, and endocrine functions of the placenta.

Abnormal trophoblastic invasion of the endometrium could 
have different consequences. Insufficient trophoblastic inva-
sion induces abnormal remodelling of the uterine spiral arter-
ies and generates low placental perfusion and placental hypoxia. 
This phenomenon not only impacts on fetal development, with 
an increased risk of fetal growth restriction, but it can also be 
responsible for maternal endothelium dysfunction leading to 
pre-eclampsia.6,7 Pregnancy hypertensive disorders appearing 
before 34 weeks of gestation are related to an abnormal tropho-
blastic invasion,8 whereas pre-eclampsia occurring after 34 weeks 
of gestation seem to be associated with normal trophoblastic inva-
sion in the first weeks, but with late atherosclerotic changes in spi-
ral arterioles.9,10

Macroscopic anatomy of the placenta
The placenta constitutes the interface between the fetus and the 
endometrium. Placentation can take place anywhere in the uterine 
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Figure 3.1  During implantation of the blastocyst, trophoblast cells in 
direct contact with maternal tissues syncytially fuse and give rise to the 
syncytiotrophoblast. Only this multinucleated tissue is able to penetrate the 
uterine epithelium and to implant the developing embryo.
Reproduced with permission from Berthold Huppertz, John C. P. Kingdom, The Placenta and 
Fetal Membranes, in Dewhurth's Textbook of Obstetrics and Gynaecology, Eighth Edition, John 
Wiley & Sons, Oxford, UK, Copyright © 2012.
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Figure 3.2  Schematic representation of the developing embryo and its surrounding tissues at about 8–10 weeks of pregnancy. The amnionic cavity with the embryo 
inside is marked off by the amnion that has already contacted the chorion. From the chorion, villous trees protrude into the intervillous space where some villi have 
direct contact with the basal plate (anchoring villi). At these sites, trophoblastic cell columns are the source for all extravillous trophoblast cells invading maternal 
tissues. Interstitial trophoblast cells derived from these columns invade endometrium and myometrium, while a subset of these cells penetrates the spiral arteries first 
as intramural and then as endovascular trophoblast cells. Onset of maternal blood flow into the placenta starts in the upper regions of placenta (the abembryonic pole) 
where development is slightly delayed. The local high concentrations of oxygen contribute to the regression of villi at the abembryonic pole. This in turn leads to the 
formation of the smooth chorion, the fetal membranes.
Reproduced with permission from Berthold Huppertz, John C. P. Kingdom, The Placenta and Fetal Membranes, in Dewhurth's Textbook of Obstetrics and Gynaecology, Eighth Edition, 
John Wiley & Sons, Oxford, UK, Copyright © 2012.
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cavity, but is generally located on the upper third of the cavity 
and extends towards the uterine fundus. In case of placenta prae-
via, the placenta is implanted in the lower segment of the uterus 
(0.3–3% of pregnancies), and induces a risk for severe obstetric 
haemorrhage. This pathological placental localization can also be 
responsible for fetal malposition and fetal growth restriction, due 
to the low vascularization of this uterine area.

The human placenta is haemochorial, meaning that maternal 
blood directly bathes fetal tissues. Until 9–10 weeks of gestation, 
its structure is very thin. From 12 weeks of gestation, it grows dra-
matically, reaching at that time 18–20 cm in diameter and being 
3 cm thick. At term, its weight is normally equivalent to a sixth of 
the fetal weight, from 400 to 600 g. But the placental weight/fetal 
weight ratio changes throughout pregnancy: during the first tri-
mester, the placenta weighs more than the fetus; then from 14–16 
weeks of gestation the placental weight/fetal weight ratio is around 
1; and afterwards, the fetus becomes heavier than the placenta. 
This ratio reflects fetal well-being and is an indicator of an ongo-
ing healthy pregnancy.

The mature placenta has two different faces. The chorionic face 
is the smooth fetal face, which is composed of two membranes: the 
amnion and the chorion. Made up of different layers, the amnion 
is the thin inner membrane (0.02–0.5 mm),11 directly in contact 
with the amniotic fluid and covering the umbilical cord. It delim-
its the amniotic cavity. The outer membrane in contact with the 
endometrium becomes the chorial plate of the placenta. On the 
fetal side of the placenta, fetal vessels deriving from the umbilical 
vessels can be observed. These vessels also vascularize the chorion 
and transfer nutrients by diffusion to the amnion. The Benckiser 
syndrome is a fetal haemorrhage, often severe, resulting from the 
rupture of one or more velamentous praevia fetal vessels.

On the other placental side, called the maternal side or basal 
plate, cotyledons can be seen. These cotyledons result from the 
pooling of numerous villous trees tightly packed together. The 
basal plate is composed of modified endometrium and is in con-
tact with the myometrium during the whole pregnancy. After 
birth, as a result of uterine contractions, the basili decidua (modi-
fied endometrium) separates from the myometrium for placental 
delivery.

The intervillous space, the place where maternofetal exchange 
occurs, is exactly localized between the chorial plate and the 
basal plate.

Anatomy of uteroplacental perfusion
Fetal–maternal exchange occurs in the intervillous space contain-
ing the chorionic villi. Its overall surface is estimated at 12 m2 
at term, whereas the functional surface of exchange is estimated 
at 1.8 m2. The intervillous space overall contains a total volume 
of 150 mL of maternal blood, renewed three or four times per 
minute. The intervillous space is perfused by the uteroplacental 
arteries, derived from the remodelling of the uterine spiral arter-
ies, which are themselves branches of the hypogastric arteries. 
Ovarian arteries also contribute for a small proportion to utero-
placental perfusion (10–20%). Uterine blood flow represents 3.5% 
of cardiac output in early pregnancy and 15–20% at term.

Oxygenated maternal blood comes from the uterine spiral arter-
ies into the intervillous space, exchanges occurring at the level of 
the chorionic villi. Nutrients and oxygen enter the embryonal cir-
culation by allantoidal vessels, future umbilical vessels (one vein, 

two arteries) coming from the terminal portion of the abdomi-
nal aorta or primitive arteries of the fetus. In the fetal vascular 
system, the umbilical vein transports the oxygenated blood and 
the umbilical arteries drain the fetal blood poorly concentrated in 
oxygen. This blood goes back to the basal plate through the inter-
villous space and is drained by uteroplacental veins located in the 
endometrium, and then by the uterine veins.

Regulation and measurement of uteroplacental 
perfusion
To maintain normal oxygen and nutrient delivery to the feto-
placental unit, the uteroplacental perfusion increases 15–20-fold 
during pregnancy. At term, it represents 15–20% of cardiac out-
put. Due to the trophoblastic endothelial invasion and functional 
denervation of the spiral arteries, the uteroplacental circulation 
is usually considered as maximally vasodilated, with little or no 
ability for autoregulation. As a consequence, the uteroplacental 
perfusion mainly depends on maternal blood flow, and a decrease 
in uteroplacental perfusion can be observed in different circum-
stances (Table 3.1):
◆	 Any significant maternal hypotension (i.e. in case of maternal 

hypovolaemia, sympathetic blockade in the context of neurax-
ial anaesthesia or analgesia, use of vasodilatory drugs, or aorto-
caval compression syndrome).

◆	 Excessive vasoconstriction of the uterine arteries secondary 
to maternal hypertension, use of vasopressors, or catechola-
mines. Changes in PO2 and PCO2 can also have an impact on 
spiral artery tone: chronic hyperoxia and hypocapnia induce a 
decrease in uteroplacental perfusion.

◆	 Frequent and prolonged uterine contractions and uterine 
hypertonus decrease uterine venous return and can also reduce 
uteroplacental perfusion.

Any change in uterine circulation directly impacts on the inter-
villous circulation. But even if the uteroplacental circulation is 
a widely dilated low-resistance system with a perfusion that is 
largely pressure dependent, there is still a place for moderate reg-
ulation. Prostacyclin and nitric oxide, by maintaining vasodila-
tation and inducing refractoriness to vasoconstrictor substances 

Table 3.1  Causes of decreased uteroplacental perfusion

Decrease in maternal 
arterial blood pressure

Aortocaval compression syndrome

Sympathetic blockade (neuraxial anaesthesia)

Vasodilatory drugs

Hypovolaemia

Excessive vasoconstriction 
of the uterine arteries

Maternal arterial hypertension

Vasopressors

Catecholamines

Secondary to changes in PO2 and PCO2:

Chronic hyperoxia

Chronic hypercapnia

Increased uterine venous 
pressure

Frequent and prolonged uterine contractions/
uterine hypertonus

During uterine contractions
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such as angiotensin II,12 seem to play a major role in the control 
of the fetoplacental circulation. Prostacyclin is a prostaglandin I2 
usually produced by the vascular endothelium. During pregnancy, 
production of prostacyclin increases because of uterine vascular 
production.13 Similarly, the endothelial synthesis of nitric oxide 
by the uterine arteries increases during pregnancy secondary to a 
greater nitric oxide synthase activity.14

Uteroplacental perfusion can be evaluated by various methods. 
The most common one is Doppler ultrasonography.15 Measurement 
of red blood cell velocity of blood flowing through the uterine arter-
ies allows estimation of uteroplacental blood flow. Moreover, sev-
eral indices of vascular impedances can be calculated by using the 
arterial velocity waveform:  the Pulsatility Index (PI), calculated 
as the difference between the peak systolic and the end diastolic 
flow velocity, divided by the mean flow velocity, and the Resistance 
Index (RI), estimated by comparing systolic and diastolic wave-
forms. Normally, the uterine vascular bed is a low-resistance circuit 
and flow continues throughout diastole. As resistance increases, 
diastolic velocity decreases in relation to systolic flow and the RI 
increases. Finally, Doppler ultrasonography is a non-invasive 
method that gives rapid results but with some limitations:  the 
reproducibility of the measurement greatly depends on the exami-
nation of the same portion of uterine artery, precise measurements 
are also required otherwise inducing large errors in blood flow esti-
mation. These limitations should be kept in mind when interpret-
ing uteroplacental blood flow by Doppler ultrasonography.

Placental physiology
Placental functions differ with species, and results from animal 
studies should be interpreted with caution. The human placenta 
has multiple functions: it acts as a barrier, and an endocrine organ, 
and it is responsible for transfer of respiratory gases and nutrients 
to the fetus.

Transport mechanisms through the placenta
Substances are transported through the placenta by different 
mechanisms:

Passive diffusion
Passive diffusion is mainly driven by the concentration gradient 
across the membrane, without expenditure of cellular energy. It 
includes molecules of low molecular weight and not linked to pro-
teins. Most drugs are transferred by this mechanism.

Facilitated diffusion
As for passive diffusion, the concentration gradient is responsible 
for the transfer through the membrane but with a maximum rate 
(saturation), determined by the number of membranous carrier 
protein complexes (‘facilitators’) and by the interaction between 
the carrier and the substance being transported. This is the main 
transportation route of relatively lipid-insoluble molecules. Some 
other substances can also be transported linked to another mol-
ecule, mostly sodium, whose concentration gradient facilitates 
the transfer of the first substance (secondary active transport or 
co-transport), and without cellular energy expenditure.

Active transport
Active transport involves the transport of a substance across cell 
membranes needing a protein membrane carrier, and requiring 

cellular energy. Usually, it occurs against a concentration, electri-
cal, or pressure gradient. These protein carriers protect the fetus 
against foreign and potentially teratogenic compounds.

Pinocytosis
In pinocytosis, molecules are surrounded by the cell membrane, 
and can cross the cytoplasm to fuse with the other side of the cell. 
This process requires energy and concerns large molecules.

Several factors impact on the transplacental transfer of a sub-
stance and can affect maternal–fetal exchange (Table 3.2):
◆	 Molecular weight and lipophilic quality of the substance: pro-

vided the molecular weight is lower than 1000 Da, the lower the 
molecular weight, the greater the diffusion; highly lipid-soluble 
drugs penetrate the cell membrane easily, but can also lead to 
trapping of drugs within placental tissue.

◆	 Maternal and fetal plasma pH changes the ionization of drugs 
according to their pKa. Fetal pH is lower than maternal pH. 
Weak bases are more ionized and accumulate in the fetus. Fetal 
acidosis greatly enhances maternal-to-fetal transfer of basic 
drugs, such as local anaesthetics and opioids (‘ion trapping’).16

◆	 Protein binding: only the free part of the drug diffuses through 
the placenta, in particular for non-lipophilic or ionized mol-
ecules. Plasma protein concentrations and in particular albu-
min and alpha-1-glycoprotein concentrations in the mother and 
the fetus influence the placental transfer of the drug. Typically, 
albumin concentration is higher in fetal plasma than in mater-
nal plasma. Consequently the fetal concentration of a substance 
with strong binding to albumin will be higher than its concen-
tration in maternal blood. Fetal blood typically contains 40% of 
the alpha-1-glycoprotein maternal concentrations.

◆	 Maternal plasma concentration of the substance, and the kinet-
ics of its concentration (depending on the dose, and on the 
mode of administration). Both define for a substance a fetal 
exposition time.

Table 3.2  Major maternal factors modifying transplacental transfer 
of a substance

Factor Increased 
transplacental transfer

Decreased 
transplacental 
transfer

Molecular weight <1000 Da >1000 Da

Lipid solubility Lipophilic Hydrophilic

pH vs pKa

determining the 
amount of ionized drug

High proportion of 
un-ionized drug

Fetal acidosis

High proportion of 
ionized drug

Protein binding High unbound fraction

Alpha-1-glycoprotein 
binding

Low unbound 
fraction

Albumin binding

Maternal plasma 
concentration

High Low

Uteroplacental blood 
flow

High Low

Placental fixation and 
metabolism

Low High
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◆	 Uteroplacental perfusion, directly influencing the transfer of 
lipophilic substances, but with a weak impact on low lipophilic 
and ionized substances.

◆	 Surface and thickness of the exchange zone, particularly in the 
context of vasculoplacental pathology (pre-eclampsia).

◆	 Placental fixation or metabolism of drugs (e.g. corticosteroids).

Protective functions of the placenta
The placenta is an imperfect protective barrier for the fetus against 
substances circulating in the maternal blood: many small xenobi-
otics cross the placenta by simple diffusion, and some bigger ones 
can be transported by specific systems. However, several protective 
mechanisms also take place in the placenta, reducing the transfer 
of some potentially toxic substances. One of these protective sys-
tems is the production of cytochrome P450 isoenzymes, metab-
olizing certain drugs and xenobiotics.17 There are also export 
pumps on the maternally facing membrane of the syncytiotroph-
oblast, such as multidrug resistance proteins, placenta-specific 
ATP-binding cassette proteins, breast cancer resistance protein, 
and mitoxantrone resistance-associated protein.18 These pumps 
remove toxic substances from the fetal circulation.

Most proteins cannot cross the placenta barrier. But maternal 
antibodies, mainly immunoglobulins G, are transported through 
the placenta by pinocytosis and provide passive immunity to the 
fetus. However, some virus, such as Cytomegalovirus, rubella, var-
icella, polio, coxsackie viruses, and, in a minority of cases, HIV 
(1.5–2% of pregnancies in HIV-positive mothers19), can infect the 
fetus. Generally, bacteria and parasites do not cross the placenta. 
Only Toxoplasma gondii and Treponema pallidum can be trans-
mitted to the fetus through the placenta.

Thus, the protective role of the placenta is not perfect, and the 
best protection against maternal–fetal transmission of infection is 
primary prevention.

Placental endocrine functions
The placenta has polyvalent endocrine functions. It produces pep-
tide and steroid hormones (Table 3.3), essential for pregnancy, and 
some placental proteins, whose role is still not well defined.

From a very early stage in pregnancy, the placenta produces 
progesterone and oestrogens by converting steroid precursors 
with placental enzymes. Then, it releases them into both maternal 
and fetal circulations. The corpus luteum also produces proges-
terone, but by the ninth week of gestation, it atrophies and the 
placenta becomes the main producer of circulating progesterone 
and oestrogens. Peptide hormones, close to the hypothalamic and 
hypophyseal hormones, are also secreted by the placenta, such as 
placental growth hormone (GH), human chorionic gonadotro-
pin (hCG), human placental lactogen, and a number of growth 
factors (endocrine gland-derived vascular endothelial growth 
factor, epidermal growth factor, insulin-like growth factors, and 
platelet-derived growth factor). All of these factors play a key role 
in embryonic and fetal growth and allow the placenta to influence 
and control the fetal environment.20

Progesterone inhibits uterine contractions. Oestrogens act 
as specialized growth hormones for the mother’s reproductive 
organs.21 hCG helps prolong the life of the corpus luteum in early 
pregnancy. With oestradiol and glucocorticoids, it also stimulates 
the cytotrophoblast cell fusion and the functional differentiation 

of the villous trophoblast.22 Human placental lactogen modu-
lates embryonic development and stimulates the production of 
insulin-like growth factors, insulin, adrenocortical hormones, 
and pulmonary surfactant.23 It may also play a role in angiogen-
esis.24 Placental GH may be involved in maternal adjustment to 
pregnancy and in placental development via an autocrine or par-
acrine mechanism.25

Metabolic functions of the placenta
Apart from its protective and endocrine functions, the placenta 
is responsible for all exchanges between the mother and the fetus. 
This organ provides oxygen, water, carbohydrates, fatty acids, 
amino acids, vitamins, minerals and other nutrients to the fetus 
from the maternal circulation. Simultaneously, it removes carbon 
dioxide and other waste products from the fetal circulation. The 
placenta also requires oxygen and nutrients for itself, and removes 
its own metabolites.

Table 3.3  Main endocrine functions of the placenta

Hormones Functions

Steroids

Progesterone Inhibition of uterine contractions

Oestrogens
(oestrone, oestradiol, oestriol)

Growth hormone for the mother’s 
reproductive organs (breasts, uterus, 
cervix and vagina)

Stimulation of the cytotrophoblast 
cell fusion and of functional 
differentiation of the villous 
trophoblast

Peptide hormones

Placental growth hormone (GH) Maternal adjustment to pregnancy

Placental development

Stimulation of the production of 
insulin-like growth factors

Human chorionic gonadotropin 
(hCG)

Prolongation of the life of the 
corpus luteum

Stimulation of cytotrophoblast 
cell fusion and of functional 
differentiation of the villous 
trophoblast

Human placental lactogen Modulation of embryonic 
development

Stimulation of the production of 
insulin-like growth factors, insulin, 
adrenocortical hormones and 
pulmonary surfactant

Angiogenesis

Growth factors

Endocrine gland-derived vascular 
endothelial growth factor 
(EG-VEGF)

Epidermal growth factor (EGF)

Insulin-like growth factor (IGF)

Platelet-derived growth factor (PGF)

Role in fetal-placental growth 
throughout gestation
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Transfer of respiratory gases
The respiratory function of the placenta is five times less effi-
cient than the lung for oxygen transfer, but the large surface of 
exchange partly compensates for this. Oxygen diffusion through 
the placenta is poor, and oxygen transfer mainly depends on oxy-
gen partial pressure gradient between maternal blood in the spi-
ral arteries (13.3 kPa) and fetal blood (2.2–3.7 kPa). Despite low 
oxygen partial pressures in the intervillous space, the fetal oxy-
gen blood content is high enough (23 mL per 100 mL of blood) to 
provide aerobic metabolism. Indeed, the oxygen affinity is higher 
for fetal haemoglobin than for maternal haemoglobin, and the 
fetal haemoglobin concentration is between 17 and 20 g/dL. In 
case of maternal anaemia, a 50% or more decrease in haemoglo-
bin maternal level is needed to impact on fetal oxygen transfer. 
Oxygen transfer from the mother to the fetus is about 80 mL/min, 
for a fetal oxygen consumption of 8 mL/kg fetal body weight.26 
A  rate-limiting factor for oxygen transfer is the uteroplacental 
perfusion. Fetal hypoxia is observed in case of a 50% or more 
decrease in uteroplacental blood flow. Conversely, carbon dioxide 
is 20 times more diffusible than oxygen and haemoglobin affinity 
for carbon dioxide is lower for fetal haemoglobin than for mater-
nal haemoglobin.

Transport and metabolism of carbohydrates
For the fetus, the main source of energy is glucose. As fetal glu-
coneogenesis is very poor, fetal glucose mainly comes from 
the maternal circulation. Glucose transfer occurs via facili-
tated diffusion with a number of glucose transporters (GLUTs) 
involved, located both at the maternal blood-facing and the fetal 
capillary-facing membranes of placental tissues. Cellular distribu-
tion of GLUTs changes during pregnancy, suggesting modifica-
tions in their functions between early and late pregnancy.27 Only 
28% of the absorbed glucose is transferred to the fetus, due to pla-
cental glucose consumption.28

Transport and metabolism of amino acids
Amino acids are needed for fetal protein synthesis and metabo-
lism. As amino acid concentration is higher in the umbilical 
venous blood than in the maternal blood, transport of amino 
acids from the mother to the fetus is active, involving amino acid 
transporters that require energy coming from the large sodium 
gradient generated by Na,K-ATPase pumps.29

Transport and metabolism of lipids
As they are lipophilic, the large majority of free fatty acids cross 
the placental membrane through a simple passive diffusion mode, 
except arachidonic acid, which is actively transported.30

Transplacental transfer   
of anaesthetic drugs
The study of placental drug transfer encounters several methodo-
logical limitations: first, wide interspecies variation in placental 
anatomy and physiology limit the extension of results from ani-
mal to human studies;31 second, experimental studies on drug 
transport performed on human placental slices or isolated villi, 
membrane vesicles, homogenates, or tissue culture cells do not 
take into account the dual perfusion (maternal and fetal) of the 
placenta in situ; finally, due to ethical concerns for maternal and 
fetal safety, clinical studies are rarely performed. Most of the time, 

data on the placental transfer of anaesthetic agents have been 
extrapolated from measurements of drug concentrations in the 
maternal and umbilical cord blood at the time of delivery allow-
ing the calculation of the ratio of umbilical vein/maternal artery 
or vein concentrations. This ratio, called the fetal/maternal (F/M) 
ratio, is used as a surrogate of drug transplacental transfer, the 
umbilical vein blood concentration representing the fetal blood 
concentration of the drug. For a given drug, a high F/M ratio sug-
gests a high placenta transfer. Large inter- and intra-individual 
variations of these ratios reported across studies highlight the 
fact that maternal and fetal concentrations are also influenced 
by maternal drug metabolism, the placenta, the fetus, and by 
intrapartum changes. Consequently, these kinds of studies need 
large numbers of study subjects. In vitro models of dual-perfused 
human placenta have also been developed and are now validated 
for the study of maternal–fetal transport. Placental transfer can 
also be reported as a ratio referred to as the index transfer. This 
is defined as the ratio of the drug clearance/reference compound 
clearance (i.e. creatinine, or tritiated water) and allows interpla-
cental comparisons. Transplacental transfer of the main anaes-
thetic drugs has been studied using these types of methods.

With the exception of neuromuscular blocking agents, all anaes-
thetic drugs are lipophilic and consequently migrate through the 
placental barrier. However, the placenta itself may take up highly 
lipophilic drugs, creating a placental drug depot that limits pla-
cental transfer of these drugs. Major characteristics of drug trans-
fer for anaesthetic drugs are listed in Table 3.4.

Hypnotic drugs
The high lipophilic properties of induction agents enhance their 
transfer across the placenta.

Thiopental is the most widely studied anaesthetic drug. The 
thiopental F/M ratio is between 0.43 and 0.96, 1–3 minutes 
after its intravenous administration.32 Thiopental is a highly 
protein-bound drug. Consequently, its transplacental transfer is 
strongly affected by maternal and fetal protein concentrations, 
with a greater free fraction in fetal blood (33). Thiopental transpla-
cental transfer is higher than for midazolam (F/M ratio = 0.66) (34). 
However, due to its possible negative effect on the fetus, adminis-
tration of midazolam to the mother is not recommended.35

For etomidate, the F/M ratio is 0.5, 6–10 minutes after injec-
tion,36 but the use of etomidate for induction of anaesthesia is not 
recommended, as it has been associated with fetal transient hypo-
corticoid syndrome.37

Propofol F/M ratios between 0.2 and 0.8 have been reported 
4–10 minutes after its intravenous administration.38–40 The trans-
placental transfer of propofol is strongly influenced by maternal 
and fetal protein concentrations, placental clearance of propofol 
increasing with increasing fetal albumin concentrations. The free 
propofol concentration remains unchanged, indicating that the 
pharmacological effects of propofol on the fetus can be expected 
to be fairly constant and predictable based on maternal propofol 
concentrations.41

Inhalation anaesthetic agents
Due to their high liposolubility and low molecular weight, 
inhaled anaesthetic agents cross the placenta very easily. In case 
of caesarean delivery under general anaesthesia, a prolonged 
induction–delivery time interval may induce neonatal general 
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anaesthesia. The transplacental transfer of nitrous oxide is very 
rapid, with an F/M ratio of 0.8 within 3 minutes of continuous 
inhalation.42 There is no available data on the F/M ratio of desflu-
rane and sevoflurane.

Opioids
Transplacental transfer of lipophilic opioids mostly depends on 
the fetal pH and protein concentrations; it increases in case of fetal 
acidosis.

Sufentanil is the most lipophilic opioid currently used. An 
F/M ratio of 0.81 has been reported. Its transplacental diffusion 
is limited by linking with alpha-1-glycoprotein and its placental 
capture.43

Fentanyl is a highly lipid-soluble drug with high albumin 
binding. After maternal epidural administration, the F/M ratios 
reported are between 0.37 and 0.57,44 but compared to sufenta-
nil, fentanyl has lower lipophilic solubility. Consequently, in case 
of epidural or intrathecal administration, there is less binding of 
fentanyl onto the spinal cord, resulting in a higher systemic con-
centration and hence increased fetal fentanyl exposure.44

For remifentanil, the F/M ratio is around 0.55 when adminis-
tered as patient-controlled analgesia for labour,45 and 0.88 when 
it is given as a continuous intravenous infusion before or during 
caesarean delivery. It is rapidly metabolized by fetal esterases or 
redistributed, hence limiting its effects on the neonate.46

Morphine is a hydrophilic compound that exhibits membrane-
limited transfer, with low placental tissue content and a fast washout. 
An F/M ratio of 0.61 has been reported 30 minutes after its intrave-
nous administration.47 Following morphine intrathecal adminis-
tration, the Umbilical artery/maternal artery ratio is around 0.92, 
but the absolute fetal morphine concentrations are lower than those 
inducing neonatal side effects. The placental transfer of morphine is 
apparently not affected by the administration of naloxone.47

Muscle relaxants
As muscle relaxants are fully ionized components, their transpla-
cental transfer is very low. For succinylcholine, the F/M ratio is 
of 0.02. Succinylcholine is not detected in the umbilical venous 
blood after a single injection with a dose lower than 300 mg.48 
Concerning non-depolarized muscle relaxants, the F/M ratios are 
also very low, between 0.07 (atracurium) and 0.11 (vecuronium), 
but the fetal blood concentration increases over time.49 No data are 
available on placental transfer of rocuronium. Maternal adminis-
tration of muscle relaxants has no impact on neonatal well-being.

Local anaesthetics
Local anaesthetics readily cross the placenta by simple diffu-
sion. Even if there are differences in structure and lipid solubil-
ity between ropivacaine and bupivacaine, their placental transfer 
is comparable.50 After epidural administration of bupivacaine, 
the F/M ratio is 0.31.51 After intrathecal administration, this 
ratio is 0.34. Plasma umbilical venous bupivacaine concentration 
after intrathecal anaesthesia is 7% of that found after epidural 
anaesthesia.52

Lidocaine is bound to alpha-1-glycoprotein that decreases 
during pregnancy, leading to a higher free fraction of lidocaine 
in pregnant women than in non-pregnant controls.53 In the aci-
dotic fetus, ‘ion trapping’ phenomenon of local anaesthetic drugs 
is observed: as their pK is close to the physiologic pH, decreases 
in fetal pH increase the proportion of ionized local anaesthetic 
drugs, resulting in a large amount of local anaesthetic in fetal 
plasma. This phenomenon is classically described with all local 
anaesthetics and in particular with lidocaine.16,54 For chloropro-
caine as for lidocaine and bupivacaine, placental transfer increases 
linearly as the fetal pH decreases. But conversely to these two 
local anaesthetics, clearance of chloroprocaine does not return to 

Table 3.4  Placental transfer of anaesthetic drugs

Drug Molecular weight (Da) pKa Lipid solubility % protein binding F/M ratio

Thiopental 132 7.6 580 75 0.4–0.9

Propofol 178 11 4700 98 0.5–0.8

Morphine 285 7.9 1.4 30 0.61

Fentanyl 336 8.4 816 84 0.37–0.57

Sufentanil 386 8.0 1727 93 0.81

Remifentanil 376 7.1 50 70 0.55–0.88

Suxamethonium 399 – – – 0.02

Rocuronium 530 – – 30 0.16

Atracurium 145 – – 80 0.07

Cisatracurium 929 – – – –

Vecuronium 558 8.9 16 90 0.11

2-Chloroprocaine 271 8.9 0.14 – –

Lidocaine 234 7.9 2.9 64 0.5–0.7

Bupivacaine 288 8.2 28 96 0.2–0.4

Levobupivacaine 288 8.1 28 97 0.3

Ropivacaine 274 8.0 3 90–95 0.2
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baseline when fetal pH is restored to 7.4. Maternal protein binding 
limits placental transfer of lidocaine and bupivacaine, but not of 
chloroprocaine.16

Conclusion
The placenta is a dynamic organ with a complex structure con-
stituting the anatomical and functional connection between the 
mother and the fetus. The main functional units of the placenta 
are the chorionic villi located in the intervillous space. The pla-
centa helps to protect the fetus against some xenobiotics and 
infectious agents. Moreover, it releases many hormones involved 
in the development of pregnancy. Finally, the placenta provides 
oxygen and nutrients to the fetus while removing carbon dioxide 
and other waste products to ensure fetal growth.

As autoregulation of the placental circulation is limited, mater-
nal haemodynamic status and uteroplacental perfusion should be 
kept stable to avoid any impact on fetal well-being, in particular 
while performing general or neuraxial anaesthesia.

With the exception of muscle relaxants, all anaesthetics drugs 
easily cross the placenta, and anaesthetists should be aware of 
their potential complications for the fetus and neonates.
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CHAPTER 4

Fetal and neonatal physiology
Thierry Girard and Thomas Erb

Fetal growth
Fetal development can be divided into different stages. During the 
embryonic period, which consists of the first 8 weeks, develop-
ment of all major organ systems begins and crown–rump length 
(CRL) of the embryo is approximately 3 cm. The most accurate 
assessment of gestational age is by first-trimester ultrasound meas-
urement of CRL (Tables 4.1 and 4.2).1,2 The embryonic period is 
followed by the fetal period which is characterized by rapid body 
growth and differentiation of tissues and organ systems. Increase 
in weight and length is especially high during the third trimester 
as body stores of protein, fat, iron, and calcium are considerably 
enlarged.3

Overall, growth represents an interaction of genetic, epigenetic, 
and environmental factors, and endocrine and nutritional fac-
tors appear to be of critical importance. Exposure to teratogens in 
utero as well as antenatal illnesses and exposure to hazardous sub-
stances can have a negative influence on growth and development. 
Phases of growth occur within specific time intervals, affecting 
cell division and differentiation. Before and after birth, growth 
is mainly promoted by insulin-like growth factor 1 (IGF-1). 
Postnatal growth is dependent on growth and thyroid hormones.

Growth rate is highest during fetal life. Postnatally it is most 
pronounced directly after birth. The full-term infant adjusts 
growth to achieve a growth rate that will be followed for most of 
their childhood.

Respiratory system
The fetal lung
Developmental stages
Fetal lung development undergoes different stages, starting with the 
pseudoglandular period (5–16 weeks’ gestation) where branching 
morphogenesis begins with the left and right main bronchi being 
formed out of the two bronchial buds. The two main bronchi then 
divide into secondary bronchi, which in turn continue branching 
into segmental and then terminal bronchi.4 By 16 weeks, around 
22 orders of branching airways are in place and major blood vessels 
have developed. In the canalicular period (16–26 weeks’ gestation) 
each terminal bronchus dissects into at least two respiratory bron-
chioles, which consequently divide into three to six alveolar ducts. 
During this phase, blood supply steadily increases and a rapidly 
increasing number of capillaries are formed in the mesenchyme 
surrounding the airways. Towards the end of the canalicular 
period, differentiation of epithelial cells into types I and II begins. 
Type II epithelial cells produce surfactant, a phospholipid-rich 

fluid, which aids in reducing surface tension at the air–alveolar 
barrier.3,5 The large majority of epithelial cells, however, thin out as 
type I epithelial cells. In the mature lung, these are flat cells that are 
part of the alveolar–capillary membrane, the blood–air barrier. By 
the end of the canalicular period the alveolar–capillary membrane 
is developed to such an extent as to enable gas exchange.

In the terminal sac or saccular period (24 weeks’ gestation until 
birth), terminal sacs are formed as primitive alveoli. Due to their 
rapid maturation, fetal lungs reach a state by the 28th week of 
gestation where sufficient gas exchange in the primitive alveoli is 
possible in order for the premature infant to survive. With birth, 
however, lung development is not terminated, around 50 million 
alveoli (merely one-sixth of the alveoli found in the adult) are 
already developed.6 During the alveolar period, which starts in 
the last few weeks of pregnancy and includes the first years after 
birth, the number of terminal sacs continues to grow. Millions of 
new primitive alveoli continually develop, which grow into res-
piratory bronchioles and eventually mature alveoli. The blood–air 
barrier continues to mature over the following years which leads 
to a significant gain of surface area. The large majority of primitive 
alveoli (around 85–90%) are formed during the first half year of 
life and the adult quantity of around 300 million alveoli is nearly 
reached at 18 months.6 Lung growth goes on for approximately 15 
more years until the chest is fully grown.

Fetal lung fluid
The fetal lung is filled with fetal lung fluid (FLF) which consists of 
a high chloride concentration, some protein, mucus from bron-
chial glands, and surfactant. It keeps the fetal lungs distended 
and can be thought of as a frame around which especially distal 
parts of the lungs can develop. Quantity and secretion rate of FLF 
increases with continuous growth of the fetus.7 Volume is kept 
within physiological limits through distending pressure generated 
by liquid secretion and resistance to liquid efflux through the lar-
ynx.8 The secreted liquid is passively moved into the trachea and 
oropharynx, where it is either swallowed by the fetus or released 
into the amniotic cavity.3 FLF is an essential prerequisite for nor-
mal lung growth.

Changes at birth
A reduction of liquid secretion can start in the days preced-
ing delivery and is intensified during labour9,10 Removal of FLF 
occurs through a combination of mechanical drainage and liquid 
absorption across the lung epithelium. Only a small amount of 
fluid is thought to be expelled during birth.11 Epithelial transcel-
lular sodium channels are expressed, which drive liquid from the 
lumen into the interstitial space.7 From there, pulmonary blood 
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and lymph capillaries start resorbing most of the fluid. These 
mechanisms are activated by a raise in perinatal epinephrine, vas-
opressin, cortisol, and aldosterone levels characteristic for labour 
and delivery.12

Partial pressure of oxygen (PO2) ranges from 23 to 25 mmHg 
(3.0–3.3 kPa) before birth and augments to about 100 mmHg post-
natally. This causes an acceleration of active liquid absorption. In 
the term infant, all lung fluid is absorbed after 2 hours of spon-
taneous breathing.7 Premature infants can have difficulties with 
liquid removal and infants born by elective caesarean delivery are 
at increased risk for postnatal respiratory problems.13

Surfactant
Pulmonary surfactant reduces surface tension at the physico-
chemical boundary between respiratory gases and respiratory 
epithelium in the lungs. Surfactant, which is synthesized, stored 
and secreted by type II alveolar epithelial cells, mainly consists 
of phospholipids as well as some proteins and carbohydrates.14 
Morphology of type II cells changes significantly in late gestation 
and surfactant production increases.3

Corticosteroids
Antenatal corticosteroids have been given to women at risk for 
preterm labour for almost 40  years. Dexamethasone and beta-
methasone are most commonly used and show similar results 

(reduction of respiratory distress syndrome and intraventricular 
haemorrhage). Usually two doses are administered 24 or 12 hours 
apart. A repeat dose of betamethasone administered to women 
who remain at increased risk for early birth may be beneficial.15,16

Glucocorticoids influence gene expression and lead to glucone-
ogenesis, lipolysis, and proteolysis and are immunosuppressive. In 
the fetal lung, protein and phospholipid synthesis are accelerated 
and production of surfactant is stimulated.17 There is, however, 
also an influence on antioxidant enzyme production, FLF absorp-
tion, and development of the lung.18

Oxygen transport
Fetal oxygen transport
Fetal haemoglobin F (HbF) has a substantially higher affinity 
for oxygen when compared to adult haemoglobin (HbA). Fetal 
oxygenation occurs via the umbilical vein following placental 
diffusion of oxygen. The PO2 pressure gradient directly affects 
mitochondrial oxygen uptake. As gestation progresses, fetal blood 
oxygen affinity is gradually reduced and 2,3-diphosphoglycerate 
(DPG) levels rise. Near-term erythropoiesis synthesizes mainly 
HbA. At term, HbA constitutes one-quarter of total haemoglobin.

Changes at birth
After birth, PO2 increases significantly to values of 80  mmHg 
and higher and at the same time neonatal metabolism and mus-
cle activity lead to a substantial increase in oxygen consump-
tion. A radical change in oxygen-carrying parameters is needed. 
Haemoglobin oxygen affinity quickly decreases. This is partly 
caused by an increase of 2,3-DPG levels. P50 (the oxygen tension 
at which Hb is 50% saturated), which is at 19.4  mmHg on the 
first postnatal day, increases to adult values of around 27 mmHg 
within the first 4–6  months. HbF is continually replaced with 
HbA and by 12  months, HbF is reduced to 2% of total hemo-
globin.3 Low-birth-weight preterm infants have lower 2,3-DPG 
concentrations, lower P50, and higher Hb F levels, resulting in a 
smaller oxygen-unloading capacity.

Control of breathing
Fetal breathing movements
The traditional belief was that breathing begins after birth, but 
breathing movements are already in place long before birth. Fetal 
breathing movements occur in episodes of rapid eye movement 
(REM) sleep; they are irregular and end abruptly. During fetal 
breathing movements, the laryngeal abductor muscles are simul-
taneously activated.19 Respiratory movements stimulate lung 
development and condition respiratory muscles.20 Fetal breath-
ing movements may also serve to sustain FLF volumes and con-
sequently help uphold the degree of lung expansion needed for 
normal lung growth.21

Spontaneous breathing
The mechanisms that initiate spontaneous breathing at birth are 
unknown. The widespread opinion has long been that labour 
and delivery cause transient fetal hypoxaemia. This was thought 
to stimulate peripheral chemoreceptors and consequently lead 
to an induction of extrauterine continuous breathing. Breathing 
was then thought to be continued postpartum through a series of 
other stimuli such as low temperatures and touch.22 Later stud-
ies, however, have refuted this theory. Neither chemoreceptors23 

Table 4.1  Crown–rump length (CRL) measured by ultrasound. Values 
are median, as well as 5th and 95th percentile

Gestational age (days) CRL mean (mm) CRL 5th/95th percentile

50 10 5/15

60 20 15/25

70 30 25/35

80 50 40/55

90 65 55/75

100 80 75/90

Reproduced with permission from Pexsters A, Daemen A, Bottomley C, Van Schoubroeck 
D, De Catte L, De Moor B et al., New crown-rump length curve based on over 3500 
pregnancies, Ultrasound in Obstetrics and Gynaecology, Volume 35, Issue 6, pp. 650–655, 
Copyright © 2010 John Wiley and Sons.

Table 4.2  Table of fetal growth. Values are the 50th percentile  
(P10/P90)

Gestational 
age (weeks)

Weight (kg) Length (cm) Head circumference 
(cm)

24 0.65 (0.55/0.8) 32 (29/34.5) 22 (20.5/23.5)

28 1.15 (0.8/1.4) 38 (34.5/40.5) 26.5 (24.5/28)

32 1.85 (1.4/2.25) 43 (40/46) 30 (28/31.5)

36 2.8 (2.25/3.3) 47 (44.5/50) 33 (31/35)

40 3.6 (2.9/4.25) 51 (48.5/54) 35.5 (33.5/37.5)

44 4.3 (3.5/5.05) 54 (51.5/57.5) 37.5 (25.5/39.5)

Data from Fenton TR. A new growth chart for preterm babies: Babson and Benda’s chart 
updated with recent data and a new format. BMC Pediatrics, 2003; 3:13.
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nor sensory stimuli have any influence. Breathing can already 
be initiated in utero through cord occlusion or by raising 
arterial PO2.24

Neonatal breathing
Irregularities in breathing pattern frequently occur in neonates 
and especially in preterm infants.25,26 During periodic breathing, 
phases of normal breathing alternate with apnoeic episodes of 5–10 
seconds.27 In term infants, periodic breathing is of no concern, as 
respiratory pauses are short and usually only cause a negligible 
decrease in heart rate. Apnoea, however, can lead to significant 
bradycardia especially in small preterm infants. Sleep state has 
a modulatory effect on quality of breathing. There are four dif-
ferent sleep states: quiet, REM, transitional, and indeterminate. 
Neonates spend around 30% of total sleep in the three phases of 
quiet, REM, and indeterminate sleep. With ageing, the percent-
age of REM sleep decreases and quiet sleep increases. During a 
REM sleep period, breathing can be completely irregular, leading 
to lower PO2 values and hyperactive peripheral chemoreceptors.28 
Periodic breathing can be seen as a marker for apnoea, particu-
larly in REM sleep. In healthy preterm infants, apnoea is most 
commonly of central origin but obstruction may contribute in a 
minority of cases.29,30

Cardiovascular system
Fetal circulation
Vascular development sets off early after gastrulation. Following 
differentiation and development of endothelial cell populations, 
two different processes are involved in blood vessel forma-
tion: vasculogenesis (de novo organization of blood vessels) and 
angiogenesis (remodelling and sprouting of pre-existing vessels.) 
Remodelling and maturation are mediated by molecular signals, 
influenced by many factors including hypoxaemia and haemody-
namic forces.

Fetal circulation is unique in several aspects: on one side the 
fetus is connected to the placenta by two umbilical arteries and 
one umbilical vein. Oxygenated blood gets to the fetus via the 
umbilical vein and desaturated blood returns to the placenta via 
the umbilical arteries. On the other side, fetal circulation is char-
acterized by three shunts, the ductus venosus, the oval foramen, 
and the ductus arteriosus, all serving to supply oxygen-sensitive 
organs (i.e. the brain and myocardium) with highly oxygenated 
blood (Figure 4.1).

Most of the blood from the umbilical vein bypasses the liver 
through the ductus venosus directly into the inferior vena cava. 
Only a small proportion of total blood flow goes into the liver pass-
ing the sinusoids and mixing with blood from the portal circula-
tion. Of note, a sphincter mechanism located at the junction of the 
umbilical vein to the ductus venosus regulates the blood flow to 
the liver sinusoids. Furthermore, this mechanism is also of impor-
tance in the prevention of a sudden cardiac volume overload, as 
it closes if venous return following a uterine contraction is sig-
nificantly increased. In the inferior vena cava, oxygen-rich blood 
blends with desaturated blood returning from the lower extremity 
and passing into the right atrium. In the heart, the majority of this 
blood passes through the oval foramen, an interatrial connection 
located in the atrial septum, to the left atrium and then left ven-
tricle to be ejected in the ascending aorta. As the carotids and the 

coronary arteries are the first to diverge from the aortic arch, their 
areas of supply are best supplied with oxygen.

The third shunt, the ductus arteriosus, is a blood vessel connect-
ing the pulmonary artery with the aortic arch. Because pulmonary 
vessels in the fetus have a high resistance, most of the blood from 
the right ventricle bypasses the not yet functioning lungs directly 
to the aorta. Only a small fraction of the blood circulates through 
the lungs and returns via pulmonary veins to the left atrium. In 
the umbilical vein, the oxygen saturation of the placental blood 
is about 80%. This high saturation is progressively reduced as 
this blood progresses through the fetal circulation mixing with 
desaturated blood in several places, first in the liver from blood 
returning from the portal system, then as previously mentioned, 
further mixing with deoxygenated blood takes place in the infe-
rior vena cava as well as in both atria and finally at the border 
where the ductus arteriosus merges with the aortic arch. Blood 
returning to the placenta in the umbilical arteries has a saturation 
of about 55–60%.

Blood pressure
Blood pressure is maintained within a physiological range by neu-
ral, hormonal, and metabolic mechanisms interacting locally and 
in particular on a central level.31 A variety of peripheral sensors 
(arterial baroreceptors, chemoreceptors to measure PO2, PCO2, 
and pH, and mechanoreceptors to measure changes in blood 
volume) constantly monitor blood circulation and modulate the 
release of vasoactive hormones and autonomic tone to the heart 

Ductus arteriosus

Descending aorta

Inferior vena cava

Umbilical
arteries

Umbilical
vein

Ductus
venosus

Pulmonary

artery

Oval foramen

Figure 4.1  (See colour figure section). The fetal circulation before birth. Fetal 
circulation is characterized by three shunts: (1) ductus venosus, (2) oval foramen, 
and (3) ductus arteriosus. Blood flow is directed to bypass the liver in the ductus 
venosus. From the right atrium oxygenated blood flows through the oval 
foramen into the left atrium, left ventricle, and into the aorta.
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and the blood vessels.32 Reflex arcs are integrated in central nerv-
ous cardiovascular centres. These mechanisms can already be 
found in the fetus and subsequently in the neonate. However, 
the newborn’s capability to maintain adequate blood pressure 
and blood flow to the organs can be impaired if maturation is 
incomplete.3

Arterial baroreflex
Arterial baroreceptors sense changes in vascular stretch in cor-
relation to arterial pressure. This information is transmitted to 
the central nervous system, where parasympathetic and sym-
pathetic activity is regulated.31 Activation of the autonomic 
nervous system influences heart rate, contractility, peripheral 
vascular resistance, and effectively regulates arterial pressure 
oscillations.

Resets of the baroreflex to higher pressures arise at several occa-
sions in the development (in utero, immediately after birth, and 
postnatally with increasing maturation) characterized by changes 
of the relationships of the arterial pressure—heart rate and of the 
pressure—sympathetic/parasympathetic nerve activities.33,34

Cardiopulmonary reflex
Cardiopulmonary mechanoreceptors located in the four cardiac 
chambers, the great veins, and in the lungs respond to changes in 
blood volume by eliciting reflexes with effects on systemic haemo-
dynamics. However, variations of total body water and intra- and 
extracellular fluid composition are large during fetal development 
and in the newborn.35 This also affects the sensitivity of the car-
diopulmonary baroreflex which also remains immature in the 
neonate.3

Peripheral chemoreflex responses
Peripheral chemoreceptors are functional in the fetus and neo-
nate. However, sensitivity and activity are reduced directly after 
delivery. This condition persists for the first postpartum days 
until an adaptation and resetting to higher oxygen tension levels 
takes place.

Sympathetic nervous system
The sympathetic nervous system is considerably activated at birth, 
accompanied by a significant release of catecholamines.36,37 This 
contributes to a number of haemodynamic changes, in particu-
lar heart rate, peripheral vascular resistance, and redistribution 
of blood flow.38 Lung inflation and increased arterial oxygen 
tensions appear to have a negligible effect39 whereas the change 
of ambient temperature that occurs at birth has been shown to 
induce sympathoexcitatory responses.40

Humoral influences
The renin–angiotensin system is of importance during early 
intrauterine development, primarily influencing organogenesis.41 
With ongoing maturation, the predominant role is the adjustment 
of cardiovascular and renal parameters. Of note, renin plasma 
activity is highest during the first month of life, decreases sig-
nificantly during the first year, and continues to decrease until 
adulthood.42 Prematurely born children show considerably high 
activity levels which correlate inversely with postconceptual age. 
It remains obscure why renin activity is higher in young infants. 
Corticosteroids are essential for an infant’s normal development. 
Endogenously produced cortisol is vital in facilitating changes in 
autonomic and baroreflex functions during maturation. Adrenal 

steroids have been shown to have a significant effect on blood 
pressure43 and fetal exposure to exogenous glucocorticoids 
increases arterial blood pressure significantly affecting autonomic 
and endocrine control of cardiovascular function44,45 which may 
persist after exposure. Nitric oxide (NO) is of importance in regu-
lating fetal blood pressure and organ-specific vascular resistance. 
Acute blockade of endogenous NO production instantly leads to 
an increase of blood pressure and umbilico-placental resistance 
and consecutively decreases heart rate, renal blood flow velocity, 
and plasma renin concentration.46

Changes at birth
With birth, a series of alterations transform the fetal circulation 
into the mature pattern dividing circulation into separate pulmo-
nary and systemic components.

Closure of ductus arteriosus
The process of closure of the ductus arteriosus starts almost 
directly after birth. There are two consecutive steps to the clos-
ing process. First, ‘functional’ closure takes place when the 
lumen is closed through constriction of smooth muscle in the 
first hours after birth.3 This process is induced amongst other 
factors by an increase in arterial PO2, a decrease in blood pres-
sure caused by the decrease in pulmonary vascular resistance, 
and a decrease in prostaglandin E2 (PGE2) and quantity of PGE2 
receptors.47 Over the course of the next few days, ‘anatomical’ 
closure takes place by a remodelling of the vascular walls. This 
includes thickening of the intima and loss of smooth muscle 
cells in the inner muscle media.3 Complete obliteration takes 
at approximately 1–3 months, the obliterated ductus forms the 
ligamentum arteriosum.
Persistent ductus arteriosus
In 50% of term babies, the ductus arteriosus closes within the first 
24 hours, and in almost all cases, closure has occurred within 
3 days of birth. A persistent ductus arteriosus (PDA) is more com-
monly observed in preterm babies, especially in those with severe 
respiratory distress.3 Here the down-regulation of PGE2 receptors 
is reduced and local vasodilatory effects of PGE2 persist.3 Other 
factors that increase the risk of PDA are late-onset septicaemia,48 
small size for gestational age,49 or excessive administration of fluid 
during first days of life.50 Infants that are not caucasian or were 
given glucocorticoids before birth are less prone to be affected by 
PDA.51,52

Closure of oval foramen
With closure of the ductus arteriosus blood flow in the lungs 
increases heavily, consequently leading to an increased pressure 
in the left atrium. At the same time, the pressure in the right 
atrium decreases. In combination with an infant’s first breath 
this results in the oval foramen’s septum primum being pressed 
against the septum secundum, resulting in a functional closure. 
Physiologically, the oval foramen is permanently obliterated 
after about 1  year through fusion of the two septa. In about 
20%, complete obliteration does not occur, resulting in a patent 
foramen ovale.

Closure of umbilical vessels and ductus venosus
Umbilical vessels are highly vasoactive and able to constrict so 
effectively that blood flow may become completely impaired. 
During normal conditions in utero, the umbilical vessels 
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predominantly remain in a state of almost complete relaxation 
in order to guarantee an adequate supply to the fetus.3 Within 
the first minute after birth, blood flow is already reduced to less 
than 20% of normal fetal values. Similar to the closure of the 
ductus arteriosus, the umbilical arteries close shortly after birth 
through contraction of the smooth musculature in the vessel 
walls. Closure is thought to be mediated by a combination of dif-
ferent stimuli. These include thermal and mechanical parameters 
and a shift in oxygen tension, which then influence vasoactive 
agents such as bradykinin or serotonin.53,54 Locally produced 
substances such as serotonin or mechanical stretching might also 
be responsible for closure.54 Permanent obliteration by fibrous 
proliferation occurs around 2–3 months after birth. In the neo-
nate, proximal parts of the umbilical arteries convert to the 
superior vesical arteries and distal sections become the medial 
umbilical ligaments. Closure of the umbilical vein and the ductus 
venosus take place briefly after that of the umbilical arteries. The 
obliterated umbilical vein transforms into the ligamentum teres 
hepatis and the obliterated ductus venosus forms the ligamentum 
venosum.

Integumentary system
The skin is a complex organ with many critically important func-
tions, some of which include maintaining fluid homeostasis, tem-
perature regulation, and sensation. It acts as a physical barrier 
between the inside of the body and its environment and serves 
to protect an organism against possibly threatening surround-
ings. Besides its barrier functions it also serves as an indispensa-
ble tool in social interactions, behavioural communication, and 
perception.55

Epidermal barrier
The most outward layer, the stratum corneum, has numerous pro-
tective purposes such as ultraviolet light protection, mechanical 
integrity and resilience, water proofing and repellency, perme-
ability barrier, hydration, antioxidant and xenobiote defence, and 
cytokine signalling.56,57 Its unique composition is due to structural 
proteins and ceramides that are covalently cross-linked. Together 
they form a cornified envelope which is insoluble and highly com-
plex in order to fulfil all the above-mentioned functions.58 The 
stratum corneum is formed by the end of the sixth month of ges-
tation. Epithelial surfaces are predominantly generated towards 
the end of gestation; their development is highly coordinated and 
undergoes many structural and functional changes. Antenatal 
exposure to hormones, for example, glucocorticoids administered 
to the mother, can influence these processes,59 as can premature 
birth, where the stratum corneum is inadequately formed.60 The 
epidermal barrier is often dysfunctional in very low-birth-weight 
preterm infants.

Vernix caseosa
In utero, the fetus is in a completely aqueous environment and 
is covered with vernix caseosa as a protective layer.61 This com-
plex proteolipid cellular cream has a waterproofing effect.62 
Vernix caseosa is created during the last trimester of gestation 
by sebaceous glands and communicates with the developing 
epidermis.63

Changes at birth
The skin’s protective role is particularly apparent perinatally when 
a fetus undergoes the transition from the warm, wet atmosphere 
of the womb to the much cooler, dry, non-sterile outside world 
full of physical, chemical, and mechanical threats. Suddenly, the 
infant is exposed to high oxidative stress and ultraviolet light and 
must accomplish multiple mechanisms, such as thermoregula-
tion, that were not needed before birth and were carried out by 
the placenta.

Temperature control
In utero, fetal temperature is approximately half a degree higher 
than maternal temperature with heat produced by biochemical 
processes only.3 At this point, fetal thermogenesis is suppressed 
and excess fetal heat is eliminated either by conduction or, in 
much greater part (85%), by convection through blood vessels to 
the placenta.64 Thermoregulatory processes develop quite early in 
embryogenesis. Preterm babies born as early as 25 weeks’ gesta-
tion are capable of thermogenesis; however, this is not as effective 
as in term babies.65

At birth, thermogenesis is immediately activated, triggered by 
heat loss due to lower ambient temperatures and evaporation of 
amniotic fluid from the skin. Mode of delivery influences ther-
moregulatory processes, as lower body temperatures of around 
0.3°C are seen in term infants born by caesarean delivery.66 
Mechanisms of thermogenesis can be divided into three:  shiv-
ering of skeletal muscle, non-shivering thermogenesis in brown 
adipose tissue (BAT), and futile cycling of ions in specialized 
heat-producing tissues. Non-shivering thermogenesis is most sig-
nificant in the neonate. Shivering can be considered as a second-
ary measure, a backup system for substantial hypothermia. BAT 
is mainly located around the kidneys, in the interscapular area of 
the back and on the dorsal neck. Heat is generated on the basis 
that energy from mitochondrial respiration is not stored as ATP 
but given off as heat. BAT growth and activation are regulated by a 
number of hormonal and nervous components.67 Central homeo-
thermic mechanisms are generally not well developed at birth and 
call for processes regulated by the autonomous nervous system 
such as eccrine sweating, vasodilatation, and vasoconstriction, 
which also need time to develop.3 Preterm infants are even more 
in danger of extensive heat loss due to several reasons. They have 
a higher surface area to mass ratio, lower endogenous sources of 
heat generation such as BAT, a limited epidermal barrier, and are 
unable to self-regulate with flexural positioning.

Acid mantle
Human skin is physiologically covered by an acid mantle, which 
serves as a defence against microorganisms and helps preserve 
the skin’s barrier function. In the newborn, skin surface pH is in 
a neutral range and then continually becomes more acidic over 
the following few weeks. Mechanisms that induce this transi-
tion are thought to include active proton pump mechanisms and 
endogenous factors such as lactic acid from sweat, free fatty acid 
generation from metabolism of triglycerides in sebum, as well as 
metabolic by-products of bacterial colonization.

Bacterial colonization
As the infant is no longer in the sterile environment of the 
uterus, skin also needs to function as a barrier against infection. 
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Colonization of the skin begins as soon as the infant has its first 
contact with the outside world.68 The process which leads to colo-
nization is not entirely understood. What has been shown, how-
ever, is that there is an interaction between development of the acid 
mantle, local microenvironmental factors, as well as microorgan-
ism growth rate. Skin care practices and products also influence 
colonization. In vaginally born infants, the skin is swiftly colonized 
with Staphylococcus epidermidis, the most common vaginal organ-
ism before birth and also omnipresent in the environment.69 After 
a few weeks, an infant’s resident bacterial flora is very similar to 
that of the adult and characterized as non-virulent and consistent 
in quantity. In very low-birth-weight preterm infants, physiologi-
cal colonization may overwhelm protective capabilities; S. epider-
midis is the most frequent cause of nosocomial sepsis.

Metabolism
Fluid homeostasis
Postnatal adaptation induces large shifts in body fluids. In early 
gestation, total body water (TBW) makes up around 95% of total 
body weight. TBW gradually decreases during development and 
reaches 75% at term (Figure 4.2).35

TBW can be divided into intra- and extracellular volume. 
During the early stage of gestation, growth primarily occurs 
through cell division and therefore extracellular volume is very 
large. This leads to tissues with small cells encircled by an exten-
sive layer of extracellular fluid. Extracellular volume decreases 
during the course of gestation due to a reduction of hyaluronan 
content, which has a high water-binding capacity. Meanwhile, 
intracellular volume increases with physiological growth of the 
existing cells during the second half of gestation.35

The distribution of fluids is determined by the equilibrium 
across the capillary membrane as well as by the balance between 
capillary permeability and lymphatic function. The fetus and neo-
nate have low intravascular hydrostatic and oncotic pressures,70 
high permeability of the capillary wall, and high lymphatic flow 
compared to the adult. When compared to adults, the interstitial 
space of the fetus is larger.3

Blood volume
Due to the volume of blood in the umbilical cord and the fetal 
side of the placenta, the fetus has a significantly larger blood vol-
ume when compared to the neonate. Total placentofetal blood vol-
ume at term is around 120 mL/kg, with 70 mL/kg in the fetus and 
50 mL/kg being located in the placenta and umbilical cord.71

Changes at birth
Uterine contractions during labour and delivery lead to a shift of 
fluids from the plasma to interstitial compartments with a con-
comitant decrease in total plasma volume. The contractions lead 
to a direct compression of the fetus,72 which results in an increase 
in blood pressure and a reduction of circulating blood volume. 
Vasoactive hormones such as vasopressin, norepinephrine, corti-
sol, and atrial natriuretic peptide are also involved and have been 
reported to be at increased concentrations in the umbilical cord 
after vaginal delivery.3 Severe hypoxia can induce a reduction in 
blood volume with a translocation of blood from the placenta to 
the fetus.73 The increase in blood volume causes an increased cap-
illary pressure which in turn leads to a higher transcapillary filtra-
tion of fluid.

Placental transfusion is the most important factor to influ-
ence blood and plasma volume during the first postnatal days.71 
Obviously gravity is an important contributing factor and the 
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Figure 4.2  Distribution of body water for total body water (TBW), extracellular fluid (ECF), and intracellular fluid (ICF).
Data from Friis-Hansen B. Body water compartments in children: changes during growth and related changes in body composition, Pediatrics 1961; 28:169–81, Copyright © 1961 American 
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position of the neonate relative to the placenta before cord clamp-
ing is of great importance for fetoplacental or placentofetal trans-
fusions. Further contributing factors are maternal hypotension, 
cord compression, and caesarean delivery. Placentofetal transfu-
sion is promoted by intrauterine asphyxia, uterine contractions, 
and increases in maternal uterine blood flow.71 Timing of umbili-
cal cord clamping critically influences neonatal blood volume. 
Clamping the cord directly after birth leads to a haematocrit 
between 0.48 and 0.51.74 If the cord is not clamped immediately, 
however, and the infant is held at or below level of the placenta, 
there is a gradual placentofetal transfusion.71,74 Haematocrit meas-
ured 30–120 minutes after birth is then at 0.60–0.65. Placental 
transfusion causes neonatal blood pressure, central venous pres-
sure, renal blood flow and urine flow to increase and can be used 
therapeutically.71 There is a reduced incidence of anaemia in early 
infancy in term infants and in preterm babies severity of respira-
tory distress syndrome, incidence of intraventricular haemor-
rhage, late-onset sepsis, and the need for blood transfusions is also 
reduced.75–77

In the days after birth, a weight loss of approximately 10% is 
normal in healthy term infants because extracellular fluid is fur-
ther reduced. In low- and extremely low-birth-weight neonates 
weight loss is even larger.

Kidneys
Nephrogenesis undergoes different stages including a primitive 
kidney, the pronephros, an intermediate kidney, the mesone-
phros, and finally the permanent kidney, the metanephros. Renal 
development is completed by 34 weeks’ gestation. Urine flow, 
renal blood flow, and glomerular filtration rate (GFR) continually 
increase during the second half of gestation.78

In utero, fetal homeostasis is mainly regulated by the placenta. 
During the third trimester, fetal renal function becomes more 
important. Function is regulated by endocrine, paracrine, and 
autocrine factors, and relative maturation of these determinants 
correlate with renal function.3

Changes at birth
A reduction in renal blood flow and GFR in neonates when com-
pared to adults has to be considered especially in pharmacokinet-
ics of renally excreted drugs.79 Renal vascular resistance decreases 
immediately after birth, which leads to a continuous increase in 
renal blood flow. While kidneys in the fetus receive less than 5% 
of cardiac output, the percentage increases in the neonate to 15%. 
The low GFR of 5 mL/min at term increases rapidly after birth 
and is dependent on gestational age. It takes months for very 
low-birth-weight infants to achieve a normal GFR.80

Liver
The liver is the largest internal organ and its functions can be 
categorized as synthesis and secretion of serum proteins, energy 
metabolism, and bile secretion. During early fetal life, the liver 
also has a haematopoietic function which decreases towards the 
end of gestation. Hepatocytes mature very early and are func-
tional as early as the second month of gestation.81

Changes at birth
Bilirubin is an intermediate product of haem catabolism. After 
hepatic conjugation it is excreted via bile and urine. Bilirubin pro-
duction is higher in the neonate than in adults, and even more 

so in the preterm infant.82 Conjugation and excretion, however, 
are less efficient due to downregulation, which leads to physiologi-
cally elevated plasma bilirubin levels during the first week of life. 
Jaundice is the clinical sign of hyperbilirubinaemia and visible at 
the skin, sclera, and mucous membranes. Unlike adults and older 
children, where icterus is present at bilirubin levels of 2–3 mg/dL, 
the concentration can increase to above 5 mg/dL in the neonate 
before clinical signs become visible. Jaundice can be the only indi-
cation of hepatic dysfunction, and may precede kernicterus which 
can lead to brain injury and must therefore be quickly identified 
and treated.

Glucose
In utero, fetal gluconeogenesis is virtually non-existent and the 
fetus is completely supplied via the placenta.83 There is a substantial 
postpartum change in plasma concentration of glucoregulatory 
hormones. Plasma concentration of epinephrine, norepinephrine, 
and glucagon increase rapidly, while insulin levels decrease.37 In 
the first hour after birth, plasma glucose levels reach a nadir. The 
subsequent rise in glucose levels reaches a plateau between 2 and 4 
hours af.84 Glucose levels partly depend on glucose intake during 
labour and delivery.85 A healthy term neonate has plasma glucose 
levels that range between 2.2 and 4.5 mmol/L (40 and 80 mg/dL). 
As soon as feeding starts, glucose levels increase slightly.

Hypoglycaemia is most common during the neonatal period, 
particularly in the first 12–24 hours after birth. Detection and 
rapid treatment of hypoglycaemia are very important as failure 
to do so may have serious consequences. Glucose is the brain’s 
prime energy source and lack of it can cause seizures and, if it 
is prolonged, permanent brain damage. There is no consensus as 
to what level or duration of hypoglycaemia can be determined to 
cause cerebral damage.86 Hypoglycaemia is also a leading symp-
tom of many endocrine disorders and inborn errors of metabo-
lism, which need to be specifically diagnosed and treated.

Various clinical signs can point to hypoglycaemia including 
lethargy, somnolence, poor feeding, respiratory distress, apnoea, 
cyanotic episodes, sweating, staring spells, myoclonic jerks, and 
seizures.

Sensory and nervous system
Human brain development is the result of extraordinary complex 
processes regulated by genetic and epigenetic factors. The devel-
opmental sequence transforms a discal accumulation of undif-
ferentiated tissue into a neuronal network capable of storing and 
processing a vast amount of information.

Functionally, the developing brain is considerably determined 
by the operational state of chemical synaptic connections between 
neurons. As a result of this, the biochemical features of neuro-
transmission may differ markedly during development. This may 
result in differing functional balances of multineuronal networks 
at different ages. At birth, the vitally important centres are func-
tioning with limited reserve.

Pain perception
(See also Chapter 7.)

According to the International Subcommittee for the Study 
of Pain, pain is defined as ‘an unpleasant sensory and emotional 
response associated with actual or potential tissue damage, or 
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described in terms of such damage’.87 Pain perception is depend-
ent on nociception, which is a sensory component that is neuro-
physiologically determined, and emotion, which is influenced by 
affective state, past experience, and development.88 Historically 
there was a belief that a neonate did not feel pain due to imma-
turity of the nervous system.88 Therefore invasive procedures and 
surgery were generally undertaken without pain relief or anaes-
thesia. More recently, neonatal pain research has shown, how-
ever, that the neonate is fully capable of experiencing pain.89,90 
There is also evidence that a fetus may be able to respond to 
painful stimuli.91 Prevention or treatment of pain leads to better 
outcomes and fewer undesirable long- and short-term effects.92 
Nevertheless, this discussion was revived with the latest research 
in anaesthesia-induced neuroapoptosis.93

The basic mechanisms of fetal and neonatal pain perception 
correlate well with adult pain perception:  noxious stimuli to 
peripheral sensory nociceptors are transmitted to sensory areas 
of the cerebral cortex via the spinal cord neurons. Nonetheless, 
differences based on immaturity of anatomical, physiological, and 
chemical parameters of the nervous system exist.

By the 20th week of gestation, cutaneous nociceptors are fully 
formed throughout the fetus94 and at the end of gestation the 
density of nociceptors is similar to that in adults. The cutaneous 
withdrawal reflex, development of pain pathways of the spinal 
cord and brainstem, and facial responses to painful stimuli can be 
demonstrated as early as 24 weeks’ gestation.95 Early in gestation, 
substance P is the primary afferent nociceptive neurotransmitter. 
Pain sensitivity in the neonate might be higher than in later life 
because of lower pain thresholds, poor discriminative abilities, 
and augmented tendencies to sensitization (e.g. poorly developed 
descending inhibitory pathways).

Markers associated with pain
Pain provokes a palette of reactions from the cardiovascular, res-
piratory, endocrine, metabolic, and immune system. Typically, 
heart rate and blood pressure increase, large fluctuations in 
transcutaneous oxygen tension arise, and a stress response is vis-
ible.96 The term stress response describes hormonal and metabolic 
changes associated with trauma.97,98 Pituitary, pancreatic, and 
adrenal hormones are released, which leads to a shift in metabolic 
balance.97 There are also behavioural signs which indicate that the 
neonate is in pain. Responses are divided into four groups: sim-
ple motor responses, such as flexion and adduction of extremities; 
complex behavioural responses, such as altered sleep–wake cycles 
and irritability; facial expressions; and crying. There are specific 
expressions associated with pain, which become more distinctive 
as the infant ages.99 Crying in response to pain is different from 
other crying behaviour and can be identified due to specific char-
acteristics and acoustic qualities.100

Pain assessment
Pain assessment in infants is challenging due to the lack of direct 
verbal communication and absence of validated quantitative 
methods of measurement.101,102 It is best to use a multidimen-
sional approach such as the Bernese Pain Scale for Neonates.103

Effects of pain
Exposure to pain in the neonate may have long-term effects: the 
normal maturation of pain pathways is likely to be altered, 
and neuronal survival might be impaired by repetitive pain.104 

Cortisol levels stay elevated and changed behavioural and 
physiological reactivity to painful stimuli later in life have 
been demonstrated. This is especially the case in extremely 
low-birth-weight infants.105 These are all argument supporting 
an adequate level of anaesthesia and analgesia in case of fetal or 
neonatal surgery. As previously mentioned, research in the field 
of anaesthesia-induced neuroapoptosis is growing.106 Initial 
studies in rodents have been expanded to other species, such as 
primates.107 It is far too early to draw firm conclusions about the 
clinical consequences of anaesthesia-induced neuronal-induced 
effects in the developing human being. Nevertheless, this is a 
topic which clearly needs further research and conclusions at this 
point include that unnecessary interventions must be avoided (at 
least in the developing brain) because we do currently not have 
alternatives108 to performing anaesthesia in neonates undergoing 
surgical interventions.

Conclusion
In conclusion, this chapter demonstrates the complexity of fetal 
and neonatal physiology with a focus on the complex transi-
tion from intra- to extrauterine life. In essence, this transition 
involves every organ system and knowledge of the most important 
aspects is a prerequisite to understanding pathophysiology of this 
transition.
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CHAPTER 5

Maternal, fetal, and neonatal 
pharmacokinetics
Karel Allegaert and Kristel Van Calsteren

Introduction: clinical pharmacology 
in special populations
Clinical pharmacology aims to predict drug-related effects 
based on compound- and population-specific pharmacokinet-
ics (PK, concentration–time), and pharmacodynamics (PD, 
concentration–effect). The general PK principles of disposition 
and elimination of drugs apply, irrespective of population-specific 
characteristics (Figure 5.1). Consequently, dosing should be based 
on the physiological characteristics of the individual patient. 
Pregnancy and early infancy hereby warrant focused assessment. 
This is because important alterations in physiology affect drug dis-
position up to the level of clinical relevance.1,2 Pregnancy results in 
extensive alterations in PK (concentration–time profile) with a sub-
sequent extensive interindividual variability in drug response, in 
part driven by the hormonal changes. In general, renal elimination 
capacity is increased throughout pregnancy (i.e. higher glomerular 
filtration rate and higher active tubular transport). Similarly, the 
basal metabolic activity is also increased. This commonly results in 
higher drug metabolism (phase I and phase II processes), although 
these changes are in part also iso-enzyme specific. This, although 
rarely, may even result in reduced enzymatic activity during preg-
nancy. Finally, changes in body weight or binding capacity (protein 
changes, pH) will likely affect the volume of distribution. Similarly, 
duration of pregnancy, co-morbidity (e.g. pre-eclampsia), or labour 
itself may further affect variability in drug disposition.

Newborns are another very specific population. When 
we consider the physiological changes and the subsequent 
between-individual variability in characteristics, we need to take 
into account that maturational changes are most prominent in 
infancy.3–5 Consequently, drug disposition (absorption, distribu-
tion, and subsequent elimination, either through metabolic elimi-
nation or through primary renal elimination (PK) in early infancy 
differs substantially from children or adults. In general, neonates 
have an overall low clearance capacity. Between-subject variability 
can be explained by covariates such as size, weight, organ func-
tion, co-administration of drugs, genetic polymorphisms, growth 
restriction, or disease characteristics.

Maternal pharmacokinetics
Pharmacokinetic alterations due to physiological 
changes during pregnancy
During pregnancy, multiple changes in physiology occur, affect-
ing the major PK processes of a drug: absorption, distribution, 

metabolism, and excretion (ADME) (Table 5.1).1,2,6 This may have 
therapeutic and toxic consequences for both the pregnant woman 
and the fetus. Due to ADME changes the pregnant patient may be 
exposed to subtherapeutic or toxic drug levels and an unwanted 
amount of drug may be delivered to the fetus.

During pregnancy, an increase in progesterone level is believed 
to be responsible for a delayed gastrointestinal motility and 
increased transit time, altering the drug absorption and enterohe-
patic circulation and resulting in lower peak levels but increased 
exposure.

The distribution of drugs may be altered during pregnancy as 
a result of the increase in fat stores as well as extracellular fluid 
volume and a plasma volume expansion by 50%. As a result of 
this volume expansion, a decrease in the (peak) serum concen-
tration of many drugs has been documented.7 Furthermore, 
the amniotic fluid may behave as a third space for water-soluble 
drugs, like methotrexate, mitoxantrone, or cefazolin, with pro-
longed exposure and delayed elimination resulting in both mater-
nal and potentially fetal toxicity or prolonged effects.8 Moreover, 
since the protein concentration of the amniotic fluid is very low, 
measured drug concentrations should be considered to be free 
concentrations (e.g. cefazolin). As pregnancy advances, the rate 
of plasma volume expansion exceeds the rate of albumin produc-
tion, creating physiological dilutional hypoalbuminemia (i.e. the 
total amount of albumin is higher, but the plasma concentration 
is lower when compared to the non-pregnant state). Moreover, 
endogenous compounds like free fatty acids, steroids, and placen-
tal hormones occupy protein-binding sites, thus decreasing the 
protein-binding capacity of drugs. The overall effect is a decrease 
in binding capacity for albumin and, therefore, an increase in 
unbound drug. However, as more free drug is available for either 
hepatic biotransformation or renal excretion, the overall effect 
may be an unaltered free drug concentration. In contrast to albu-
min, serum alpha-1-acid glycoprotein concentrations were found 
to remain the same as those in non-pregnancy.7

The increased regional blood flow, including the hepatic blood 
flow, will lead to higher metabolic rates, or is a reflection of 
this higher metabolic activity. Besides these blood flow-related 
changes, the increased secretion of oestrogens (e.g. oestradiol) 
and progesterone in normal pregnancy affects drug metabolism 
in different ways. To further illustrate this, the higher rate of 
hepatic metabolism of certain drugs, such as phenytoin, is pos-
sibly a result of stimulated hepatic microsomal enzyme activity 
(cytochrome P450 (CYP)) induced by progesterone. On the other 
hand, the hepatic elimination of other drugs, such as theophylline 
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and caffeine, is reduced secondary to competitive inhibition of 
microsomal oxidases by progesterone and oestradiol. Finally, oes-
trogens stimulate the glucuronidation (UDP glucuronosyl trans-
ferase (UGT) enzymes), but not the sulphation capacity, resulting 
in increased clearance of compounds (e.g. propofol, paracetamol, 
and lamotrigine) cleared by UGT iso-enzymes. These hepatic 
alterations may be detrimental for drugs that need to be metabo-
lized to become active, like cyclophosphamide (to phosphora-
mide mustard and acrolein, CYP2B6) or codeine (to morphine, 
CYP2D6), or vice versa, for drugs that need to be metabolized to 
become inactive. The same holds true for paracetamol, metabo-
lized by the liver to paracetamol glucuronide (47–62%), and par-
acetamol sulphate (25–36%), and about 8–10% of paracetamol is 
oxidized to 3-hydroxy-paracetamol and the (hepatic) toxic metab-
olite N-acetyl-P-benzoquinone-imine (NAPQI) in non-pregnant 
adults. The overall higher paracetamol clearance and delivery is 
due to both higher glucuronidation and oxidation, but not sulpha-
tion. Finally, the cholestatic effect of oestrogen may interfere with 
the clearance of drugs, which are secreted in the biliary system 
(biliary drug transporters).1,2,6

As renal plasma flow increases by 25–75% and glomerular fil-
tration rate by 50%, renally cleared drugs demonstrate enhanced 
elimination and lower steady-state serum concentrations,7 but 
the renal function can be further affected by medical condi-
tions (e.g. preeclampsia, pre-pregnancy renal failure, and lupus 
nephritis).

Applications in the field of obstetric anaesthesia
Alterations in compound-specific PK and PD are in general het-
erogeneous, reflecting different pregnancy-related changes in 
each or several of the previously mentioned alterations. We aim 
to illustrate the pregnancy-related changes for compounds com-
monly administered by anaesthetists (Table 5.2). Aspects related 
to fetal exposure and breastfeeding will be discussed in dedicated 
subsections (‘Transplacental Transport’ and ‘Applied Neonatal 
Pharmacology: Obstetric Anaesthesia and Breastfeeding’ respec-
tively) of this chapter.

Neuromuscular blocking agents illustrate the complexity of 
these changes. Plasma cholinesterase levels are decreased by 
25% from early during pregnancy until the seventh day postpar-
tum. Prolonged neuromuscular blockade with succinylcholine 
is uncommon, however, as the increased volume of distribution 
off sets the impact of decreased drug hydrolysis.9 Vecuronium 
at a standard dose of 0.2 mg/kg has been shown to have a faster 
onset time and longer duration of action in pregnancy.10 The 
onset time of rocuronium at a dose of 0.6 mg/kg is unchanged 
but also demonstrates a longer duration of action compared with 
non-pregnant patients.11 Neuromuscular blocking agents whose 
elimination is organ independent also display altered PK. Cis-
atracurium, for example, undergoes Hoffman’s elimination in 
vivo, and has a significantly more rapid onset and shorter dura-
tion of neuromuscular blockade in pregnant patients.12 A simi-
lar exercise can be made for propofol. Due to the raised hepatic 
blood flow and the increased glucuronidation activity, propofol 
clearance is increased during pregnancy.13 When focusing on 
PD, there are conflicting views regarding the half maximal effec-
tive concentration (EC50) of propofol for loss of consciousness in 
pregnancy. Higuchi et al. reported that the EC50 was not differ-
ent from that in non-pregnant women, indicating that there is 
no need to decrease the propofol concentration for loss of con-
sciousness when inducing general anaesthesia.14 In contrast, 
Mongardon et al. described that the propofol effect-site concen-
tration is decreased during early pregnancy.15 Combining all 
observations, we suggest that a higher maintenance dose will be 
needed to attain the same level of anaesthesia, but the extent of 
the increase is unclear.

Paracetamol and non-steroidal anti-inflammatory drugs (e.g. 
ketorolac and ibuprofen) decrease opioid consumption with 
the aim to reduce opioid-related side effects. Preventive analge-
sia using non-opioid analgesic strategies is one of the pathways 
to improve postoperative pain while minimizing opioid-related 
side effects for both mother and newborn. Since paracetamol 
clearance is significantly higher at delivery, it might be prudent 
to decrease the interval between consecutive paracetamol doses 

Dose Concentration Effect

Pharmacokinetics Pharmacodynamics

Absorption
Distribution
Metabolism
Elimination

e.g. 
transcutaneous absorption
higher body water content 
reduced metabolic capacity
reduced elimination capacity

concentration-effect
maturational differences

e.g. 
neurotoxicity of ethanol
hypothyroidism-related cretinism
neurotoxicity of hypoglycaemia 
bilirubin toxicity (brain barrier)

Figure 5.1  Clinical pharmacology aims to predict the concentration–time profile (pharmacokinetics) and the concentration–effect profile (pharmacodynamics).
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or increase the dose in the immediate postpartum to mimic the 
time–concentration profile aimed for in non-pregnant adults. 
However, increasing paracetamol dosing also results in higher 
oxidative metabolism during pregnancy. Consequently, we sug-
gest that it may be more reasonable to anticipate a shorter, and 
less persistent analgesic effect of paracetamol in pregnant women 
due to the higher clearance, but not to increase the dose to avoid 
hepatoxicity. A similar extrapolation can be made for ketorolac. 
Ketorolac clearance is also significantly increased at delivery. 
Assuming that there is a given threshold plasma ketorolac con-
centration, that results in pain, the higher clearance during preg-
nancy will result in faster onset of pain. A decrease in the interval 
between consecutive administrations (at present, 8-hourly dos-
ing) can be considered to maintain the ketorolac level above this 
threshold.16–19

Clearance of opioids will be higher at delivery. This does not 
necessary mean that the dose of any opioid needs to be higher, 
since this also includes metabolic clearance for ‘prodrugs’ like 
codeine (morphine), oxycodone (oxymorphone), or tramadol 
(O-demethyl tramadol); the phenotypic concentration–time rela-
tion will depend on simultaneous ongoing PK aspects (metabolic 
clearance, metabolite elimination clearance) in addition to covari-
ates, including pharmacogenetics.20,21 The specific risks related 
to maternal opioid exposure and breastfeeding are discussed in 
‘Transplacental Transport’.

Transplacental transport
The major function of the placenta is to transfer nutrients and 
oxygen from the mother to the fetus and to assist in the removal of 
waste products from the fetus to the mother (see also Chapter 3). In 

Table 5.1  Physiological changes affecting pharmacokinetics

Maternal physiological changes Effects of the placental–fetal compartment

Absorption Decreased gastrointestinal motility à slower, but 
more complete absorption

Increased gastric pH à affects ionization 
(absorption) of weak acids and bases

Ventilatory changes: hyperventilation and increased 
pulmonary blood flow à favours alveolar uptake

Placental barrier 
function

P-glycoprotein, multidrug resistance proteins, and breast 
cancer resistance protein are active transporters that work 
against a concentration gradient and protect the fetus 
against potential toxic effects of environmental toxins and 
other xenobiotics

Distribution Plasma volume expansion by 50% à decrease 
in Cmax

Mean increase in total body water is 8 L

More fat stores

Amniotic fluid may behave as a third space

Acid–base equilibrium 
effect

Non-ionized, highly lipid-soluble molecules penetrate 
the placenta more quickly than less lipid-soluble ionized 
molecules

Fetal plasma pH is slightly more acidic than the maternal

à Ion trapping: weak bases in the maternal circulation will 
be non-ionized and easily cross the placenta, in the fetal 
blood they become ionized, resulting in a net movement 
from maternal to fetal compartment

Protein binding Dilutional hypoalbuminemia

à Increased unbound drug fraction

Steroid and placental hormones occupy protein 
binding sites

Protein binding Maternal plasma albumin gradually decreases during 
pregnancy, while fetal albumin progressively increases

à Since only unbound drugs cross the placenta, 
protein-bound drugs reach higher total concentrations in 
the fetus

Metabolism Hepatic drug metabolism alterations by increased 
secretion of oestrogen and progesterone (induction 
of microsomal enzyme activity by progesterone, or 
competitive inhibition of microsomal oxidases by 
progesterone and oestradiol)

à Drug metabolism can be increased, decreased, 
or remain stable

Fetoplacental drug 
metabolism

First-pass metabolic effect by placenta

Fetal liver metabolism: from 7–8 weeks postconception 
phase I (oxidation, dehydrogenation, reduction, and 
hydrolysis) and phase II (glucuronidation, methylation, and 
acetylation) enzymatic processes have been documented 
in the fetal liver; however, because of immaturity their 
contribution in drug elimination is marginal and most of 
the umbilical venous blood flow will bypass the liver via 
the ductus venosus to enter the fetal heart

Excretion Increased renal blood flow and glomerular filtration 
rate (by 50%)

Cholestatic effect of oestrogen may interfere with 
clearance of drugs through the biliary system

Fetoplacental 
elimination

Elimination of drugs from the fetus primarily occurs by 
diffusion back to the maternal compartment

As most metabolites are more polar than their parent 
compounds, they are less likely to cross the placental 
barrier. This may result in metabolite accumulation in 
various fetal tissues

As pregnancy progresses, higher amounts of drugs are 
excreted into the amniotic fluid, reflecting maturation of 
the fetal kidney

Data from Thomas SH, Yates LM. Prescribing without evidence – pregnancy. Br J Clin Phamacol 2012; 74:691–7; Pavek P, Ceckova M, Staud F. Variation of drug kinetics in pregnancy. 
Curr Drug Metab 2009; 10:520-9; and Krauer B, Krauer F, Hytten FE. Drug disposition and pharmacokinetics in the maternal-placental-fetal unit. Pharmacol Ther 1980; 10:301–28.
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addition, it plays an important role in the synthesis of hormones, 
peptides, and steroids that are vital for a successful pregnancy. The 
placenta provides a link between the circulations of two distinct 
individuals but also acts as a barrier to protect the fetus from xeno-
biotics in the maternal blood. Similar to the blood–brain barrier, 
the placenta is described as an organ separating the maternal and 
fetal circulations. However, the term ‘placental barrier’ includes a 
false notion since the placenta is not a true barrier, but instead the 
placenta is the entry through which the fetus is exposed to chemi-
cals.22 The major and minor routes of drug disposition within the 
placental–fetal compartment are described in Table 5.1.

Most drugs cross the placenta by passive diffusion.23 Therefore, 
the amount and rate of transfer is primarily determined by the 
concentration gradient of the drug between the maternal and 
fetal circulation and placental blood flow. Besides the physico-
chemical properties of drugs such as lipid solubility, ionization 
constant (pKa), molecular weight, and protein binding are criti-
cal for placental transfer. Uncharged, low-molecular-weight (<500 
Da), lipid-soluble, and unbound compounds can easily cross the 
human placenta.23

While the maternal plasma albumin gradually decreases during 
pregnancy, fetal albumin concentration progressively increases 
and reaches its peak at term when it equals or even exceeds mater-
nal albumin concentration. In contrast, fetal levels of glycoprotein 
alpha are much lower than maternal levels; therefore, the free frac-
tions of basic drugs will be higher in the developing child.7

The maternal pH and fetal pH are significant determinants of 
placental transfer especially for weak acid or basic drugs with 
a pKa close to the plasma pH. The fetal plasma pH is usually 
slightly more acidic than the maternal. Consequently, weak bases 
will be mainly non-ionized and, therefore, able to easily penetrate 
the placental barrier. However, after crossing the placenta and 

making contact with the relatively acidic fetal blood, these mol-
ecules will become more ionized. This results in an apparent fall 
in fetal concentrations of the drug and leads to a concentration 
gradient, with subsequently a net movement from the maternal 
to the fetal system. This phenomenon is commonly referred to as 
ion trapping.7

Only a few drugs (e.g. ganciclovir, cephalexin, and some gluco-
corticoids) have been suggested to be transported across the pla-
cental barrier by facilitated diffusion, which requires the presence 
of a carrier substance within the placenta, but does not need any 
energy source.22 Furthermore, active transport of drugs across the 
placental barrier has been described. It has been recognized that 
substrate transporting proteins are present in the fetus-derived 
epithelial cells that make up the exchange border between the fetal 
and maternal blood compartment. These include P-glycoprotein, 
multidrug resistance proteins, and breast cancer resistance pro-
tein. All active transporters may work against a concentration gra-
dient but can become saturated. These protein pumps have been 
postulated to have evolved as a protective mechanism against the 
potential toxic effects of environmental toxins and other xenobi-
otics, and yet were shown to regulate the transfer of vinblastine, 
vincristine, paclitaxel, and doxorubicin.22

The placenta can exert a considerable first-pass metabolic effect 
on some drugs. Drugs that are not metabolized in the placenta 
would then enter the umbilical vein where the next fetal organ 
encountered is the fetal liver. However, most of the umbilical 
venous blood flow will bypass the liver via the ductus venosus to 
enter the fetal heart. Drugs that are metabolized in the fetal com-
partment contribute to direct fetal clearance.

Since the presence of enzymatic processes, including phase I 
(oxidation, dehydrogenation, reduction, and hydrolysis) and 
phase II reactions (glucuronidation, methylation, and acetylation 

Table 5.2  Illustrations of the impact of pregnancy on pharmacokinetics and pharmacodynamics of individual compounds commonly 
administered to pregnant women by anaesthetists. Issues related to placental transfer were not considered, although all compounds mentioned 
do cross the placental barrier

Compound Normal dose in an adult Pregnancy-related changes

Cefazolin 2 g, IV at induction, every 
8 h prophylaxis, surgery

Higher distribution volume because of higher weight and lower albumin binding

Higher clearance because of higher renal clearance and higher free concentration

Consequences: lower peak, and shorter duration until below minimal inhibitory concentration pathogens

Suggestion: shorter time interval for a second dose, every 6 h?

Paracetamol 2 g IV loading dose, 1 g 
every 8 h (postoperative) 
pain

Higher distribution volume because of higher weight and body composition (water-soluble)

Higher clearance because of higher metabolism (glucuronidation, but also oxidation)

Consequences: this likely results in less effective and shorter pain relief

Suggestion: consider multimodal analgesia, higher dose may result in more toxic metabolites

Propofol 4 mg/kg or 2 mg/kg + 6 
mg/kg/h

Higher clearance because of higher cardiac output/hepatic blood flow (high extraction drug)

Unsure about differences in pharmacodynamics

Consequences: recovery marginally quicker during pregnancy due to higher clearance

Suggestion: titration to effect

Tramadol 3 mg/kg, 7 mg/kg/24 h Higher distribution volume, higher metabolic clearance (metabolite has analgesic properties)

Higher renal elimination clearance of the mother compound and the metabolite

Consequences: higher clearance, in part compensated by higher metabolic clearance

Suggestion: Suggested doses are 50–100 mg IV/oral, every 2 h, max. 600 mg per 24 h consider higher loading, 
or perhaps more appropriate higher maintenance dose
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by transferases), has been documented both in the placenta and 
the fetus, drugs can be assumed to be metabolized to some extent 
in the fetoplacental compartment.22,24 CYP enzymes in partic-
ular have been well characterized in the placenta at the level of 
mRNA, protein, and enzyme activity. CYP1A1, -2E1, -3A4, -3A5, 
-3A7, and -4B1 have been detected in the term placenta. While 
much less is known about phase II enzymes in the placenta, some 
enzymes, in particular UGT iso-enzymes, have been detected and 
shown to have specific activity towards marker substrates, sug-
gesting a significant role of this enzyme in placental drug detoxi-
fication. The clinical relevance is, however, poorly understood.22

The activity of most fetal drug-metabolizing enzyme sys-
tems that have been measured in fetal tissues is lower than the 
one observed in adult tissues. Neither the exact developmental 
time frame, nor the mechanisms by which fetal enzymes become 
upregulated around birth, have been delineated in primates.23 
Nevertheless, significant concentrations of drug metabolites have 
been found in the fetus. It should be noted that the process of bio-
transformation usually renders the drug more water-soluble and 
thus more readily excreted by the kidney. This is of concern to 
the fetus when the drug undergoes metabolism in the fetal com-
partment, because the greater water-solubility of the metabolite 
will decrease the ability of the compound to be cleared from the 
fetus across the placenta. Few studies have evaluated the poten-
tial for the accumulation of metabolites in the fetus, because most 
drugs lose their biological activity when they undergo metabo-
lism. However, some drugs are activated through metabolism, like 
cyclophosphamide.23

Elimination of drugs from the fetus occurs primarily by its dif-
fusion back to the maternal compartment. Approximately 4% of 
the fetal cardiac output goes to the fetal kidneys. As pregnancy 
progresses, higher amounts of different drugs are excreted into 
the amniotic fluid, reflecting maturation of the fetal kidney. It is 
also possible that drugs diffuse across fetal skin, umbilical cord, 
and the fetal surface of the placenta to reach the amniotic fluid. 
Because this occurs by passive diffusion, drug movement can 
occur in both directions, allowing drugs to be cleared form the 
amniotic fluid as well. Generally it is assumed that most clearance 
of drugs from the amniotic fluid occurs through fetal swallow-
ing. Although drugs can be measured in meconium, most drugs 
swallowed by the fetus are probably reabsorbed. Thus drug excre-
tion in fetal urine is not a true loss from the fetus. Drugs that are 
‘trapped’, for example, in meconium, fetal hair, or bones, would be 
reflected in direct fetal clearance.

Concerning the blood–brain barrier, preclinical research 
showed the underlying morphological feature of this barrier, the 
tight junctions between cerebral endothelial cells and between 
choroid plexus epithelial cells, is present from very early in embry-
ological development. Therefore, while the blood–cerebrospinal 
fluid (CSF) barrier can be considered functionally and morpho-
logically mature, the developing barrier has different characteris-
tics than in adults. A decrease in both CSF/plasma concentration 
ratios for lipid-insoluble passive markers and CSF protein con-
centration is seen with increasing age.25 Saunders et al. suggested 
this is due to changes in transcellular transfer and volume of 
distribution.26 While the exact mechanisms remain unknown, 
available preclinical data on actual drug transfer suggests that 
compared to adults a higher blood–brain transfer of drugs might 
be seen in foetuses.27,28

When focusing on compounds commonly administered by 
anaesthetists, there are issues related to antibiotics and analge-
sics and fetal exposure. Pre-incisional administration of antibi-
otics compared to administration of antibiotics after caesarean 
delivery results in a decreased risk of developing post-caesarean 
endometritis, but also results in fetal exposure to antibiotics (e.g. 
cefazolin).29 Administration of the same compound during fetal 
surgery does result in sufficiently high cefazolin concentrations in 
the maternal and the fetal compartment, but not in the amniotic 
cavity.30 Administration of systemic opioids to the mother results 
in concentration-dependent fetal and neonatal sedation; this is 
also true for the very short-acting opioids like remifentanil.

Clinical pharmacology in neonates: limited 
size, extensive variability
Neonatal clinical pharmacology: an introduction
When a drug is prescribed, it is with the intention of attain-
ing an anticipated therapeutic effect (e.g. sedation, pain relief, 
or muscular relaxation), preferably without disproportional or 
unanticipated side effects (e.g. prolonged sedation, hypotension, 
hepatic or renal impairment, or hypoventilation). Clinical phar-
macology aims to predict such (side) effects based on compound-, 
population-, and patient-specific PK and PD.4 PK describes the 
relationship between a concentration in a given compartment 
(e.g. plasma, CSF, or subcutaneous fluid) and time (‘what the body 
does to the drug’). PD describes the relationship between a con-
centration at a given compartment and (adverse) effects (‘what the 
drug does to the body’). Although the general principles of clinical 
pharmacology also apply to neonates, their specific physiological 
characteristics warrant a focused approach.5 Effective and safe 
pharmacotherapy in young infants should be based on integrated 
knowledge concerning the evolving physiological characteristics 
of the infant who will receive the drug, and the PK and PD char-
acteristics of a given drug: developmental pharmacology reflects 
developmental physiology.

Consequently, clinical pharmacology in neonates is as diverse 
and dynamic as the neonates themselves: beyond or in addition 
to median estimates, covariates of variability within this popula-
tion are clinically relevant.3 Growth and development throughout 
paediatric human life comprise a series of simultaneously ongo-
ing physiological events that result both in growth and matu-
ration, commonly subdivided into subpopulations (newborn, 
infancy, childhood, and adolescence). Across this paediatric life 
span, organ size and function change as does body composition 
and, ultimately, cellular function and metabolic activity. This will 
affect population-specific PK. In addition, some tissues may be 
more sensitive to pharmacological effects early in life, irrespec-
tive of a given concentration or exposure whereas others will 
be less. This will affect population-specific PD. There is already 
one order of magnitude difference in weight (0.5 to 5 kg) in the 
neonates currently hospitalized in neonatal intensive care units. 
The height velocity rate (10–20 cm/year) in the last trimester of 
pregnancy and the first months of extrauterine life, the increase 
in body weight (50% increase in the first 6 weeks, and three times 
in the first year of life), and the energy requirements of infancy all 
reflect the dynamics of a rapidly evolving biological system. From 
a clinical pharmacology perspective, the consequence of such 
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a rapidly evolving biology is that there is extensive within- and 
between-subject variability in drug disposition and effects. This 
maturation-related variability is further aggravated by interfer-
ing pathological processes (e.g. growth restriction, sepsis, associ-
ated cardiomyopathy, and organ failure) or treatment modalities 
(e.g. co-medication, extracorporeal membrane oxygenation, and 
surgical intervention). Maturational PK consider maturational 
changes in drug ADME, while maturational PD consider matu-
rational changes in the concentration–effect profile, for example, 
differences in receptor expression, function, or specific tissue/
organ maturational sensitivity (either more or less vulnerable). It 
is only after maturational PK has been considered that matura-
tional differences in PD can be explored. The perception that the 
effects or side effects of a given drug are different in the newborn 
is often due to the fact that PK has not yet been adequately studied 
in this population.3,4,5

Absorption relates to physicochemical characteristics and 
patient factors that influence the translocation of a given com-
pound from its exposure site (e.g. enteral, pulmonary, or cutane-
ous) to the bloodstream or another effect compartment. There is 
important variability in absorption characteristics in neonates. 
For oral bioavailability, gastric acid production, transit time, mat-
uration of mucosal enzymes, and diet are covariates of this vari-
ability. The still absent gastric acid production in the first days of 
life results in faster and more extended penicillin absorption, but 
impairs oral absorption of some antifungal agents. Gastric empty-
ing after breastfeeding is faster when compared to formula feed-
ing. Rectal administration is more difficult to predict because of 
the shorter rectal ampulla. Percutaneous absorption is higher due 
to more limited keratinization of the skin together with a higher 
skin surface/weight ratio. This may result in population-specific 
side effects (e.g. iodine absorption resulting in hypothyroidism, 
hexachlorophene resulting in neurological deterioration, and 

eutectic mixture of local anaesthetics absorption resulting in 
methaemoglobinaemia).4

Distribution describes the transfer of a specific drug from one 
location to another (e.g. tissues, organs, and fluid spaces) within 
the body, and is commonly quantified by the distribution volume 
(Vd =  total amount of drug/concentration). Body water consti-
tutes 75–80% of body weight in the newborn while body fat is low 
but doubles in the first 6 months. The postnatal weight loss mainly 
relates to postnatal water losses.5,31 These maturational aspects 
are of relevance in the distribution of either water- or fat-soluble 
drugs (e.g. higher distribution volume for aminoglycosides in pre-
term compared to term neonates). Protein-binding capacity is in 
general lower in neonates. Competitive binding with bilirubin on 
albumin may result in increased free bilirubin and subsequent 
kernicterus (e.g. sulphonamides and ceftriaxone). Although vol-
ume of distribution does not necessarily represent a physiological 
volume or space, it is commonly affected by maturational physi-
ological changes such as body composition, regional blood flow, 
organ size, barriers, or plasma protein concentrations.

Metabolism and elimination clearance (i.e. excretion) together 
reflect the clearance capacity, that is, the volume of blood or 
plasma from which a drug is completely removed per unit of 
time. All individual iso-enzymes (e.g. cytochromes and glucu-
ronidation enzymes) involved in drug metabolism display an 
iso-enzyme-specific, age-dependent phenotypic activity. Relevant 
alterations in drug metabolizing enzyme activity occur dur-
ing development.31 Renal elimination clearance mainly depends 
on glomerular filtration rate but renal tubular functions also 
display maturation. Glomerular filtration rate depends on age. 
Besides age, co-medication (e.g. indomethacin and ibuprofen) 
and disease characteristics (e.g. growth restriction) further con-
tribute to the phenotypic variability.4 Table 5.3 provides some 
compound-specific examples of the impact of developmental 

Table 5.3  Examples of the impact of developmental pharmacokinetics (absorption, distribution, metabolism, elimination) of individual 
compounds commonly administered to neonates by anaesthetists

Compound Pharmacokinetics Relevance

Iodine disinfectant

Inhalational agents

Cefazolin

Skin more permeable, skin surface/kg higher (a)

Higher alveolar ventilation/functional residual capacity ratio (a)

Lower protein-binding capacity results in higher distribution

Volume (d), and higher free plasma fraction (e)

Lower glomerular filtration rate (e)

Higher absorption may suppress thyroid function

Faster wash in

Peak concentration is lower

Bactericid effect relates to free concentration

Lower clearance, prolonged duration of bactericid effect

Bupivacaine Lower protein binding capacity (d)

Lower clearance (e)

Free concentration related to adverse effects

Accumulation during continuous administration

Propofol Lipophilic compound, lower distribution volume (d)

Glucuronidation for metabolic clearance (m)

Peak concentration is higher

Accumulation during continuous or repeated administration

Paracetamol Water-soluble compound, higher distribution volume (d)

Glucuronidation for metabolic clearance (m)

Peak concentration is lower, less effective analgesia likely

Accumulation during repeated administration possible

Midazolam Water-soluble compound, higher distribution volume (d)

Clearance to metabolite (1-hydroxy) is low (m)

Elimination clearance of (1-hydroxy) midazolam is low (e)

Peak concentration is lower, effect?

Metabolite is also sedative, less prolonged sedation.

Lower clearance results in prolonged sedation.

Codeine Clearance to metabolite (morphine) is low (m)

Elimination of codeine and metabolite is low (e)

Shorter or reduced analgesic effect

Accumulation of codeine or metabolite more likely, prolonged or more 
pronounced analgesia
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PK (ADME) in neonates for drugs commonly administered by 
anaesthetists.

However, neonatal PK is not just miniaturized adult PK. 
A minor route of elimination in adults may turn out to be the most 
relevant elimination route in a newborn, while not all elimination 
processes (e.g. drug metabolism versus subsequent elimination) 
mature simultaneously. Consequently, the concentration–time 
profile of a metabolite will not only depend on the metabolite for-
mation as well as subsequent metabolite elimination. To illustrate 
the clinical relevance of such an integration, we refer to published 
observations on tramadol (demethylation, subsequent renal elimi-
nation), morphine disposition (glucuronidation, subsequent renal 
elimination clearance) and midazolam (oxidation and glucuro-
nidation, subsequent renal elimination clearance) disposition in 
neonates.32–34 All metabolites have a PD (e.g. analgesia, hyperal-
gesia, sedation, tolerance) impact. For all these compounds, accu-
mulation of the metabolite can be anticipated in the newborn, not 
because of the already very effective phenotypic drug metabolism, 
but because of the even more defective subsequent elimination 
clearance.

To further illustrate the complexity and the need for an inte-
grated approach—including neonatal ADME aspects—we would 
like to summarize the available information related to the initia-
tion, success rates, and continuation of breastfeeding with specific 
emphasis on the use of and the exposure to analgesia-sedatives 
following maternal administration. Inadequate management of 
maternal pain is a commonly reported risk factor for failure of 
breastfeeding, while maternal exposure to analgesia-sedatives is a 
commonly perceived risk to breastfeed without much evidence in 
support of this practice.

Applied neonatal pharmacology: obstetric   
anaesthesia and breastfeeding
Breastfeeding is the obvious reference nutrition for newborns 
and infants. However, initiation or continuation of breastfeeding 
often coexists with maternal drug use.35 Consequently, the ulti-
mate goal of using maternal medications during breastfeeding 
is dual. Firstly, one aims to provide effective and safe therapy for 
the maternal condition(s) for which the drug has been prescribed 
(e.g. post-caesarean analgesia, maternal co-morbidities, and 
pregnancy-related diseases). Simultaneously, one aims to assure 
protection of the nursing infant from any (relevant) adverse event 
related to the treatment of the mother. Only rarely do these goals 
overlap (e.g. maternal intake of galactogogues such as domperi-
done or metoclopramide to enhance milk production).36 Despite 
the fact that lactating women are regular users of medications and 
that women are often advised to discontinue or stop nursing while 
taking a drug, there are only a limited number of drugs that have 
been identified as potentially harmful to the newborn.37,38

Using a prospective study design, Ito et  al. documented in a 
cohort of 838 nursing infants with mothers taking medications 
that the incidence of adverse reactions was 11.2% (94/838).39 All 
these events were classified as minor reactions, not necessitating 
medical attention. Antibiotics (19.3%), analgesics, including nar-
cotics (11.2%), antihistamines (9.4%), sedatives, antidepressants, 
or antiepileptics (7.1%) were most commonly associated with 
adverse reactions. The reported adverse reactions were diarrhoea 
(antibiotics), drowsiness (analgesics, sedatives, antidepressants, 
antiepileptics), or irritability (antihistamines).39 The incidence, 

the type of reactions, and the drugs associated are in line with 
the systematic literature review performed by Anderson et al.37 
Based on the evaluation of 100 published case reports, none were 
considered to be ‘definite’ using a standard ranking scale, while 
47% were ‘probable’, and 53% were ‘possible’. Drugs with central 
nervous system activity accounted for about 50% of the events.37 
These data suggest that—by taking a few simple precautions in 
drug selection and considering the infant’s age—breastfeeding 
rarely needs to be discouraged or discontinued when a mother 
needs drug therapy.

As part of a multidisciplinary healthcare provider team, anaes-
thetists need to be aware of the general strategies applied to improve 
breastfeeding initiation and continuation rates, commonly 
referred to as the Baby Friendly Hospital Initiative (BFHI).35 The 
ten steps to successful breastfeeding hereby provide a supportive 
pathway, enabling women to achieve their breastfeeding inten-
tions as well as guidance for training of healthcare workers in 
breastfeeding support.40,41 In addition, anaesthetists administer a 
limited number of drug classes that may warrant a focused discus-
sion. Reading through the ten-step list (Box 5.1), some aspects are 
of general relevance and relate to awareness on the breastfeeding 
policy and the skills and knowledge needed to act and commu-
nicate in an effective and homogeneous way. Some specific issues 
may affect routine practices or habits of anaesthetists. This refers 
to the practice of skin-to-skin contact and the initiation of breast-
feeding shortly after delivery (<0.5 hours), including after caesar-
ean delivery.35,42 This necessitates sufficient maternal alertness 

Box 5.1  The ten steps to successful breastfeeding (Baby Friendly 
Hospital Initiative, BHFI)

◆	 Have a written breastfeeding policy that is routinely commu-
nicated to all health care staff.

◆	 Train all health care staff in skills necessary to implement this 
policy.

◆	 Inform all pregnant women about the benefits and manage-
ment of breastfeeding.

◆	 Help mothers initiate breastfeeding within a half-hour 
of birth.

◆	 Show mothers how to breastfeed and how to maintain lacta-
tion, even if they are separated from their infants.

◆	 Give newborn infants no food or drink other than breast milk 
unless medically indicated.

◆	 Practice rooming-in—allow mothers and infants to remain 
together—24 hours a day.

◆	 Encourage breastfeeding on demand.
◆	 Give no artificial teats or pacifiers (also called dummies or 

soothers) to breastfeeding infants.
◆	 Foster the establishment of breastfeeding support groups 

and refer mothers to them on discharge from the hospital or 
clinic.

Reprinted from Baby-Friendly Hospital Initiative (BFHI) Training 
Materials, World Health Organization, UNICEF, Copyright (2009).
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and short-acting, effective analgesia. The associations between 
maternal preferences for neuraxial techniques during labour, 
maternal characteristics (e.g. obesity and primiparity) or imme-
diate skin-to-skin contact and successful breastfeeding is multi-
factorial, but the association between either postpartum pain or 
maternal sedation and breastfeeding failure has been consistently 
reported in the literature.43 Consequently, obstetric anaesthesia 
should focus on effective, safe, reversible techniques and treat-
ments which facilitate and do not hinder breastfeeding.

In essence, exposure of a nursing mother to any dose of drug 
(Dm) will result in—be it very limited—transfer of the drug into 
the human milk (Di). However, concentrations reached in the 
human milk are usually quite low and oral bioavailability in the 
infant should also be considered before any relevant pharmaco-
logical exposure relative infant dose (RID)  =  Dm/Di × absorp-
tion) and effect in the infant needs to be anticipated (Figure 5.2). 
The difference in drug level in the infant’s plasma (a vs b) can be 
explained by the presence (a) or absence (b) of ‘initial loading’ 
related to prenatal, fetal exposure to the same compound.

Age also matters, since newborns seem to be more vulnerable to 
adverse effects when compared to infants and relates to the earlier 
discussed age-related changes in PK and PD. Finally, and often 
insufficiently stressed, accumulation relates to the duration of 
exposure and the initial concentration in the newborn. In the set-
ting of continuation of treatment of the mother from pregnancy to 
postpartum, the fetus will likely already be exposed to the mater-
nal drugs, and the newborn will already have an initial concentra-
tion of this compound at birth. The subsequent concentration will 
depend on the amount of exposure, the clearance capacity, and the 
distribution volume characteristics (e.g. postnatal weight losses).

Opioids
Over the last few decades, the rate of breastfeeding has increased 
steadily in the developed world. During this time, opioid use in 
the general population has steadily increased as well. This means 
that the clinical experience with these compounds is still relatively 
limited in time with newly emerging data on codeine, oxycodone, 

methadone, and tramadol in recent years.38,44 Applying the 
above-mentioned ADME issues, we should be aware that absorp-
tion of opioids after oral ingestion in neonates is common while 
the extent of exposure through a mother’s milk will depend on 
maternal ingestion and metabolism. Neonatal clearance relates to 
either metabolic or renal elimination, but will be limited.31 Such 
a setting has the potential to result in unanticipated side effects.

A pivotal case report in 2006 by Koren et al. on codeine-related 
morphine poisoning of a 13-day-old newborn reactivated the 
clinical research on maternal–infant PK of opioids through 
breastfeeding.45 This study reconfirmed earlier case series on the 
association of maternal codeine exposure, maternal side effects 
(drowsiness, somnolence), and neonatal side effects (poor intake, 
weight loss, drowsiness, somnolence). A pharmacogenetic (PG) 
link between maternal ultrafast metabolizer status for CYP2D6 
was documented, since this results in higher and faster conversion 
of codeine to morphine.45 More recently, the same group docu-
mented that a combination of maternal genetic markers (CYP2D6 
and P-glycoprotein polymorphisms) predicted 87% of the infant 
and maternal central nervous system depression cases with a sen-
sitivity of 80% and a specificity of 87% in a cohort of 111 breast-
feeding mother–infant pairs.46

The incidence of central nervous system depression in neonates 
breastfed by mothers receiving either oxycodone, codeine, or 
paracetamol was retrospectively compared in 533 breastfeeding 
mother–infant pairs. Lam et al. clearly showed that there was a 
20.1% rate of depression in infants of breastfeeding mothers taking 
oxycodone, as compared with 16.7% and 0.5% in mothers treated 
with codeine or paracetamol respectively.47 Methadone is some-
what special, since it is commonly used in a setting of maternal 
opioid addiction. Methadone is excreted into human milk (2–3% 
of weight-adjusted maternal dose), and there are data that sug-
gest that these infants benefit from breastfeeding (blunted opioid 
withdrawal syndrome).38 Finally, using a sparse sampling study 
design to assess transfer of tramadol and its O-desmethyl metabo-
lite into transitional breast milk, the combined relative infant dose 
of 2–3% at steady-state was low. In the absence of differences in 
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Figure 5.2  Theoretical framework to explore the extent of neonatal drug exposure through breastfeeding following maternal drug administration.
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neurobehavioral scores between exposed infants and controls, the 
authors concluded that short-term maternal use of tramadol is 
compatible with breastfeeding.48

There are also some additional clinically useful and relevant 
messages in the available observations on maternal codeine and 
oxycodone exposure. First, there is high concordance between 
maternal and neonatal central nervous system depression. As 
a consequence, when the mother exhibits depression, the baby 
should be examined by a paediatrician. Second, severe depression 
emerged after 4 days of use, when milk output increases, expo-
sure increases, and exposure is prolonged. Therefore, any mater-
nal need for opioids for more than 4 days after delivery warrants 
focused attention while the mother’s need for adequate pain con-
trol should not be neglected.49

Intravenous and inhalational anesthetics
Although the number of observations is limited, excretion of these 
compounds in human milk is not equal to infant exposure.50 In 
the absence of subsequent enteral absorption, this remains with-
out clinical symptoms. The same holds for inhalational agents 
in postpartum, while buccal resorption of etomidate has been 
observed. This only applies when these compounds are admin-
istered after delivery, since when administered during labour or 
delivery, placental passage and fetal accumulation may occur.

Benzodiazepines
Lorazepam, midazolam, or diazepam is commonly adminis-
tered as an anxiolytic or sedation in a pre-anaesthesia setting. 
The mother compounds and some of the metabolites can be 
retrieved in human milk but concentrations remain very lim-
ited.50,51 In 24 hours of human milk collection after a single dose 
in a pre-anaesthesia setting, only 0.005% of the maternal mida-
zolam dose was retrieved. Taking the subsequent oral bioavail-
ability (50–60%) into account, it is very reasonable to assume that 
the exposure will be limited when initially used after delivery. In 
contrast, plasma diazepam and its active metabolite (desmethyldi-
azepam) could be measured in neonates up to 7–10 days of post-
natal age after single-dose administration to the mother during 
labour.51 This relates to the much longer elimination half-life of 
diazepam, and when needed, short-acting benzodiazepines like 
midazolam are more appropriate.

Non-opioid analgesics
Human milk and plasma levels of paracetamol were monitored in 
three lactating women after ingestion of a 500 mg dose of paracet-
amol postpartum. Paracetamol concentrations remained lower in 
human milk (milk/plasma ratio of 0.76). Since less than 0.1% of the 
maternal dose would be present in 100 mL of milk, breastfeeding 
need not be discontinued due to maternal paracetamol exposure.52 
Similarly, ibuprofen in human milk and serum was quantified in 
12 patients who had ingested one 400 mg tablet of ibuprofen every 
6 hours over a 24-hour period for relief of post-caesarean deliv-
ery pain. Ibuprofen was present in the serum with a half-life of 
approximately 1.5 hours, but could not be quantified in human 
milk.53 Based on the lower limit of quantification (1 mcg/mL), less 
than 1 mg of ibuprofen per day is excreted in breast milk. Similar 
findings have been described for ketorolac.54 Although all these 
compounds may result in exposure to the newborn or infant, the 
extent is limited and much lower than that clinical registered dos-
ing for analgesia or temperature reduction.19

Local anaesthetics
Local anaesthetics (e.g. lidocaine, bupivacaine, and ropivacaine) 
are commonly administered as part of regional anaesthetic tech-
niques (e.g. regional pain block and epidural) and data are mainly 
available in mothers during labour or for anaesthesia during deliv-
ery.55 Data on excretion of lidocaine and bupivacaine in human 
milk have been reported. Overall this exposure is limited with 
minor statistical significant, but clinically irrelevant differences. 
This is because absorption following oral ingestion is limited.

Based on the available observations, the use of systemic 
non-opioid analgesics, local anaesthetics as part of regional 
blocks, and inhalational or intravenous anaesthetics seems safe for 
nursing mothers. When systemic opioids are used, some clinical 
monitoring is warranted with specific emphasis on the duration 
of exposure (4 days pivotal) and the presence of any maternal sign 
of central nervous system depression.49 Finally, the use of benzo-
diazepines should be limited with a preference for those with a 
shorter half-life. Under these circumstances, the most appropriate 
advice to a nursing mother undergoing anaesthesia is that she may 
reinitiate breastfeeding when she is sufficiently awake and feels 
strong enough to do so.

Conclusion
Maternal, fetal, and neonatal physiology affects both the PK as 
well as the PD of drugs administered in this population, including 
drugs commonly administered by anaesthetists. We illustrated the 
potential clinical relevance, using the available compound-specific 
observations. Since drug transfer through breastfeeding may 
be the most common, but complex pharmacological interaction 
between mother and infant, we focused on the available evidence 
on safety and risks related to analgosedatives.
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Introduction
The assessment of fetal well-being aims at reducing fetal/neonatal 
mortality and morbidity. The anaesthetist can be confronted with 
tests that evaluate fetal well-being in different ways. The results of 
these tests can provoke the obstetrician to decide to perform an 
unplanned caesarean delivery, which can result in the anaesthe-
tist needing to provide anaesthesia for an urgent delivery. Also 
changes in the fetal heart rate (FHR) pattern after administration 
of epidural or systemic medication should be evaluated and when 
suspected to be abnormal the obstetrician should be informed and 
alerted. In this chapter, we describe different methods in use to 
assess fetal well-being and provide the reader with basic knowl-
edge to aid their interpretation. We will only briefly discuss tests 
for fetal malformations (structural ultrasound and magnetic reso-
nance imaging) and fetal biometry for intrauterine growth disor-
ders. An overview of the methods discussed and their evaluation 
is given in Table 6.1.

Intrapartum fetal monitoring aims to identify fetuses at risk 
for neonatal and long-term injury due to asphyxia, triggering 
appropriate interventions to reduce neonatal morbidity. However, 
it is also important that the number of subsequent unnecessary 
obstetric interventions, with their associated maternal and neo-
natal morbidity, is limited as far as possible. The ideal method of 
monitoring has not yet been found, which is apparent from the 
fact that the number of obstetric interventions for suspected fetal 
distress has increased without neonatal outcomes having clearly 
improved.1–3

The terms fetal ‘distress’ and fetal ‘compromise’ are rather vague, 
imprecise, and non-specific. The Committee on Obstetric Practice 
of the American College of Obstetricians and Gynecologists has 
proposed using ‘non-reassuring fetal status’ instead.4 For practi-
cal purposes we will consider fetal compromise as a fetus at risk of 
hypoxia and its consequences.4

Causes of fetal hypoxia are multiple but can be categorized as 
follows:

◆	 Maternal:  reduced maternal oxygenation such as in maternal 
lung disease or in case of diminished atmospheric oxygen con-
tent (e.g. living at high altitude).

◆	 Uteroplacental: such as seen in pre-eclampsia and intrauterine 
fetal growth restriction due to failure of trophoblast invasion 
resulting in reduced maternal blood supply to the placental bed.

◆	 Fetoplacental:  impaired blood supply to the placenta such 
as in umbilical cord compression, maternal hypotension, or 
hypovolaemia.

◆	 Fetal:  intrinsic fetal diseases such as fetal anaemia and/or 
haemoglobinopathy.

During active labour, uteroplacental perfusion is markedly 
reduced since during every uterine contraction the pressure in 
the contracting myometrium is higher than the maternal systolic 
blood pressure, so blood flow to the placenta virtually ceases for 
the duration of a contraction. The healthy fetoplacental unit can 
compensate for this provided that there is a sufficient interval 
between contractions, which is not the case in situations of uter-
ine hyperactivity, a frequent cause of fetal hypoxia. The accumula-
tion of carbon dioxide will rapidly lead to respiratory acidosis (as 
described further) as long as aerobic metabolism is maintained. 
When oxygen drops further, lactate will be produced resulting in 
metabolic acidosis.

Cardiotocography (CTG) or electronic fetal monitoring was 
introduced in the 1970s without proven diagnostic accuracy, 
and its efficiency in improving neonatal outcome was never 
adequately evaluated.5–7 A disadvantage of CTG is the high per-
centage of false-positive interpretations8,9 due to high inter- and 
intra-observer variation.10 In a high-risk population, during the 
phase of cervical dilatation the CTG shows anomalies in 10% of 
cases and this figure increases to 60–90% during the phase of active 
pushing. Without additional diagnostics, this leads to unneces-
sary interventions due to the large number of false-positive results 
and the relatively low prevalence of acidosis. With CTG anoma-
lies, additional investigations should be performed.

Essentially, at the start of labour, women can be divided into 
low risk or high risk for fetal hypoxia. Examples of high-risk 
pregnancies are pre-existing maternal disease, complicated 
obstetric history, hypertensive disorders, intrauterine growth 
restriction (IUGR), ruptured membranes for more than 24 hours, 
or a post-date gestational age. During labour, women can become 
high risk because there is failure to progress, meconium-stained 
amniotic fluid, or a non-reassuring FHR. Low-risk women can be 
monitored by intermittent auscultation (IA), whereas high-risk 
women should be monitored by CTG and if non-reassuring by 
additional methods.

In this chapter, we provide an overview of different methods 
for fetal monitoring during pregnancy and labour: the screening 
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methods such as IA and CTG and additional methods such as 
fetal blood sampling (FBS) and ST-analysis of the fetal electrocar-
diogram (ECG). We focus on methods to detect fetal hypoxia and 
the pathophysiology of fetal hypoxia and refer to other chapters 
for a discussion on the potential causes of fetal hypoxia.

Pathophysiology of fetal compromise 
and relation to fetal testing
In the fetus, gas exchange occurs in the placenta, while the fetal 
lungs are non-functional as far as gas exchange is concerned. 

Table 6.1  Overview of methods for fetal monitoring in low-risk and high-risk pregnancies for developing fetal hypoxia 

Method Low risk High risk Comment

Antenatal

Maternal fetal 
movement counting

No benefit No data

Biophysical profile 
score

No data, no indication No benefit

Uterine artery 
Doppler

Only to select high risk for development of fetal growth retardation and 
pre-eclampsia in later pregnancy

Does not provide information from fetus

Umbilical artery 
Doppler

No benefit Reduces fetal mortality

Middle cerebral 
artery Doppler

No data, no indication No added value to umbilical 
artery

Can be used to diagnose and follow fetal anaemia

Ductus venosus 
Doppler

No data, no indication Moderate detection of fetal 
compromise, no added value to 
umbilical artery Doppler

Non-computerized 
CTG

No benefit No benefit when used as a 
single test

Computerized CTG No data Significant reduction in 
perinatal mortality

During labour

IA No data when compared to no monitoring

For more detail see CTG

No data

Admission CTG More caesarean deliveries than IA, no other 
differences

No data

CTG during labour When compared to IA:

No effect on perinatal death, cerebral palsy

Lowers neonatal convulsions

More instrumental vaginal deliveries

Non-significant rise in caesarean deliveries

No studies have been performed specifying low- or 
high-risk women

FBS pH Less caesarean deliveries than CTG alone

Less neonatal convulsions

No studies without CTG

No studies comparing high- and low-risk pregnancies

FBS lactate No effect on neonatal outcome

No effect on instrumental deliveries

No studies without CTG

No studies comparing high- and low-risk pregnancies

STAN® Compared to CTG alone:

No difference in metabolic acidosis

Less operative vaginal deliveries

Less need for neonatal intensive care

Less use of FBS

No studies without CTG

No studies comparing high- and low-risk pregnancies

Fetal pulse oximeter No difference in caesarean deliveries

No difference in metabolic acidosis

No studies without CTG

No studies comparing high- and low-risk pregnancies

No longer commercially available

CTG, cardiotocography; FBS, fetal blood sampling; IA, intermittent auscultation.
For details and references see text.
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The fetal circulation is different as compared to the adult, the 
main differences being the mixing of oxygenated and deoxy-
genated blood returning to the heart and differential stream-
ing patterns allowing oxygenated blood from the placenta to 
reach vital organs easily. For this purpose, extracardiac shunt-
ing (ductus arteriosus and ductus venosus) and intracardiac 
shunting (foramen ovale) are present. Figure 6.1 represents 
the normal fetal circulation. Umbilical venous blood is highly 
oxygen-saturated blood, about half of which supplies the liver, 
whilst the other half enters the ductus venosus to the inferior 
vena cava, where it meets the less oxygen-saturated systemic 
venous drainage from the lower fetal body. Both streams (from 
the abdominal inferior cava and from the ductus venosus) do 
not completely mix. Oxygenated ductus venosus blood f lows 
preferentially through the foramen ovale, left atrium, left ven-
tricle, and ascending aorta providing oxygen to the myocar-
dium and brain.

Both the right and left ventricles perfuse the lower body organs. 
The output of the right ventricle is shunted from the pulmonary 
artery to the aortic arch by the ductus arteriosus. The right ven-
tricular output contains desaturated venous blood from superior 
and inferior vena cava and from the coronary sinus. As it passes 
directly through the ductus arteriosus to the descending aorta 
this unoxygenated venous blood is preferentially returned to the 
placenta for re-oxygenation.

The sympathetic innervation of the fetal myocardium is 
incompletely developed, even at term; beta-adrenergic receptors 
are present at an early age explaining the immediate fetal tachy-
cardia seen when beta-agonists, as used for tocolysis, are admin-
istered to the mother. Vagal innervation is complete by term. As 
pregnancy progresses, FHR comes under increasing parasympa-
thetic dominance, resulting in a gradual decrease in heart rate, 

increase in variability, and increasing responsiveness as shown 
by both accelerations and decelerations. The fetal heart normally 
appears to operate near the top of its cardiac function curve; an 
increase in FHR will result in only a very small increase in car-
diac output, while bradycardia can result in a major decrease in 
cardiac output.

FHR is regulated by a variety of systems including barore-
ceptors, chemoreceptors, the autonomic nervous system, the 
adrenal medulla, hormonal inf luences such as renin, angioten-
sin, vasopressin, natriuretic peptides, prostaglandins, endothe-
lin, and endothelium-derived nitric oxide. The magnitude and 
clinical relevance of the relative contribution in regulating 
fetal cardiac function are matters of ongoing discussion.

The baroreflex means that after an acute increase in systemic 
arterial pressure (as seen, for instance, when the umbilical 
arteries are compressed) the FHR slows. Baroreceptors are pre-
sent at the carotid sinus and are active through the vagal nerve. 
Chemoreceptors are present in the carotid artery and in the aorta. 
Carotid chemoreceptor stimulation causes hypertension and 
tachycardia, whereas aortic chemoreceptor stimulation results in 
bradycardia and only a mild increase in arterial blood pressure. 
The carotid receptors are less sensitive than the aortic receptors 
which explains why bradycardia is mostly seen in cases of fetal 
hypoxia. The autonomic control of the FHR shows maturation 
with advancing gestational age. This means that interpretation 
of the FHR pattern should take gestational age into account. 
Accelerations and periods of high variability (as discussed fur-
ther) are seen less frequently before 30 weeks’ gestational age, their 
absence in preterm gestation should not be interpreted as a sign of 
fetal distress.11

The human fetus demonstrates a variety of adapta-
tions to hypoxia, including modifying these preferential 
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Figure 6.1  Normal fetal circulation. FO, foramen ovale.
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streaming patterns. The available tests detect different aspects of 
these adaptations.

In the normal fetal situation, adenosine triphosphate (ATP) 
as an energy carrier is produced via oxidative phosphorylation 
mainly from glucose, although the fetus can also use fats and pro-
teins. ATP is present in cells in small amounts, its half-life is only 
seconds, and ATP must be quickly regenerated to match usage by 
cells. Mitochondria from fetal myocardium demonstrate higher 
oxidative phosphorylation than from adult myocytes, reflecting 
increased electron transport. When the oxygen level is insuffi-
cient, anaerobic metabolism occurs, resulting in only two mol-
ecules of ATP versus 24 molecules being produced per molecule 
of glucose. Hypoxia also results in by-products such as lactic acid, 
provoking metabolic acidosis. Finally, cellular metabolism is no 
longer sustained, resulting in cell damage and death.

Oxygen is provided to the fetus via the maternoplacental and 
fetoplacental exchange. Fetal respiratory acidosis occurs when 
carbon dioxide cannot be washed out. This can be caused by 
inadequate gas exchange across the placenta, but also by a high 
maternal arterial PCO2 (which blocks the diffusional transfer of 
CO2 from fetus to mother), or a combination of both. As the fetal 
pH will be lower both during metabolic and respiratory acidosis, 
some other measurement of fetal acid–base balance is necessary 
to differentiate between the two, including fetal lactate determina-
tion or calculating fetal base excess or deficiency based on PCO2 
measurement using different algorithms.

Damage is most acute in the fetal brain, myocardium, and kid-
neys. When fetal hypoxia occurs, redistribution of blood is pref-
erentially to the fetal brain (‘brain sparing’), the myocardium, 
and adrenal glands and this is at the expense of organs such as 
the lungs, liver, and kidneys. Except for the fetal cerebral circula-
tion, autoregulation (the ability to maintain constant blood flow 
over a wide range of perfusion pressures) is not present in the 
placenta-umbilico-fetal system. We will now discuss briefly the 
effects and clinical correlations of fetal hypoxia on the adrenals, 
kidney, myocardium, and brain.

In case of hypoxia, the adrenal medulla will increase circu-
lating plasma catecholamine concentrations. Stimulation of 
beta-adrenoreceptors in the myocardium activates glycogenolysis 
and enhances myocardial work performance and is related to an 
increase in the fetal T-wave amplitude in the ECG, which is used 
in fetal ST segment monitoring. The rise in T wave is due to a shift 
in potassium ions (K+) as related to lactic acid transport, affecting 
myocardial cell membrane potential.

Reduced renal perfusion results in oliguria. In contrast, swal-
lowing, the mechanism for elimination of amniotic fluid, is con-
trolled by a relatively hypoxaemia-resistant hindbrain regulatory 
centre. Both factors combined result in reduced amniotic fluid 
volume or oligohydramnios.12

Myocardial response to hypoxia includes T-wave rise, as already 
mentioned. When energy balance can no longer be maintained 
by anaerobic metabolism and vasodilatation, ischaemia results. As 
the perfusion of the myocardium is directed from the outer (epi-
cardial) to the inner (endocardial) surface, the more distal endo-
cardial part will suffer from ischaemia first. This causes delay in 
repolarization in the endocardial face as compared to the epicar-
dial level. The change in the sequence of repolarization (the endo-
cardial part repolarizing later than the epicardial part) is reflected 
as a depression of the ST segment with or without a negative T wave 

in the fetal ECG, which is clinically detected using ST analysis. 
Any other factor altering the balance of performance and repolar-
ization through the myocardium will cause similar changes, not 
necessarily related to fetal hypoxia, including prematurity, infec-
tions, cardiomyopathy, and cardiac malformations.13,14

Fetal cerebral circulation is characterized by arterial vasodilation 
in case of hypoxia. Such vasodilation can be clinically measured as 
a reduced resistance in the middle cerebral artery (MCA) as will be 
discussed further. The normal human fetus develops an increas-
ingly complicated behavioural pattern from early to late preg-
nancy, including gross body movements, breathing movements, 
fine motor movements, and even including reactions to external 
stimuli such as noise and vibration. Fetal movements increase 
FHR, FHR variation, and accelerations. In case of cerebral ischae-
mia, these patterns are progressively lost in the inverse sequence 
as they were acquired, the reaction to external stimuli disappear-
ing first, followed by loss of fine motor movements over stopping 
breathing movements, and finally complete immobility without 
any large body movements. Presence or absence of these behav-
ioural patterns can be evaluated using the fetal biophysical profile. 
A normal biophysical profile is associated with normal healthy sta-
tus and absence of normality possibly equals fetal distress.

Antenatal prelabour fetal evaluation
Assessment of fetal movement by the mother
Pregnant women recognize fetal movements from the second tri-
mester although large interindividual variation exists.

Structured fetal movement counting, such as ‘count to ten’ fetal 
kicks, has been attempted as a method to reduce variation and 
diminish fetal death. However, in a randomized controlled trial 
(RCT) including 68,000 women15 this did not result in improved 
outcome as compared to informally asking for fetal movements 
during standard antenatal care. Fetal movement charting has not 
been proven to be of benefit, but only one RCT has actually been 
performed in low-risk women and none in high-risk women.16

The compromised fetus presumably reduces its activity to decrease 
oxygen need. Any patient reporting fetal inactivity should be further 
examined, including CTG and ultrasound for fetal biophysical pro-
file, but no study has ever reported on a comparison between differ-
ent methods to manage reported decreased fetal movements.17

Biophysical profile scoring and placental grading
Fetal behavioural state
Body movements and heart rate patterns in the human fetus 
reveal cyclicity that becomes more marked when reaching term. 
Nijhuis et al. first described four distinct behavioural states based 
on ultrasound and FHR recordings, which can be clearly deter-
mined at approximately 26 weeks.18 Quiescence (state 1F) is char-
acterized by no eye movements, no somatic movements except 
for the occasional startle, and a FHR pattern with little baseline 
variability, comparable to non-rapid eye movement (REM) sleep. 
When recording FHR such periods typically last for about 20 min-
utes, but may persist for 2 hours in normal term fetuses. State 2F 
is characterized by continuous eye movements, frequent bursts of 
somatic movements, and wide baseline variability and accelera-
tions with movement, comparable to REM sleep. This state pre-
dominates, occurring approximately 40% of the time. State 3F 
shows no gross body movements, eye movements are continually 
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present, and FHR is stable but with a wider oscillation bandwidth 
than for state 1F. State 3F is seldom seen and it is debated whether 
this is really a distinct entity. State 4F is characterized by continu-
ous eye movements with almost continuous somatic movements 
and a sustained tachycardia. With advancing gestational age, state 
1F increases in time without a change in 2F, but with less time 
spent in an unidentifiable state. In case of IUGR, as a marker of 
chronic hypoxaemia, fetuses show a delay in the appearance of 
well-delineated states, indicating subtle disturbances of the cen-
tral nervous system.
Biophysical profile score
Animal studies have demonstrated that episodic fetal breathing 
movements (FBM) and fetal gross body movements (GBM) are 
inhibited by acute hypoxia.19 This formed the basis for the devel-
opment of a composite biophysical profile score (BPP) including 
markers of both acute (FBM, GBM, fetal tone, FHR reactivity) and 
chronic (amniotic fluid volume) fetal compromise.20

In case of IUGR and chronic fetal hypoxaemia, FBM and GBM 
generally decrease to minimize energy expenditure depending on 
the severity of the condition.21

The four acute markers have a different time relationship to 
become abnormal in case of fetal compromise. A  non-reactive 
CTG (see ‘Basic Principles’ section of CTG) and absent FBM are 
early and sensitive, and as a consequence demonstrate a high 
false-positive rate; GBM and fetal tone change late. The risk for 
fetal metabolic acidosis and perinatal mortality increases with 
reductions in BPP.22

An overview of the scoring system as proposed by Manning 
et al. is given in Table 6.2.

A score of either 10 out of 10 or 8 out of 10 with normal amni-
otic fluid volume, or 8 out of 8 (without CTG) is indicative of fetal 
health and absence of distress, or better normal tissue oxygena-
tion and absence of central acidaemia. It should be remembered 
that the test only represents the fetal metabolic situation at the 
time of the test; no good data are available to decide on the fre-
quency at which the test should be repeated. The results are also 
influenced by gestational age and the normal cyclical pattern of 
fetal behaviour. FBM and GBM are more often absent at 26–33 
weeks, resulting in falsely abnormal results.21

Even in the absence of metabolic acidosis, IUGR fetuses demon-
strate less FBM and GFM.23

A score of 6/10 or less means a probability of tissue hypoxia 
and central acidaemia. There are no randomized trials indicat-
ing the best management in such circumstances. Clearly the BPP 
is more time-consuming and requires more technical skills than 
the CTG alone. It is accompanied by a very low false-negative rate 
in high-risk pregnancies (0.07%) but with a false-positive rate 
comparable to that of the CTG alone. In a meta-analysis of ran-
domized trials comparing CTG alone and BPP, no difference was 
noted for perinatal mortality, low Apgar score, or incidence of cae-
sarean delivery.24 The available evidence no longer supports the 
use of BPP as a test for fetal well-being in high-risk pregnancies. 
There has been no study to evaluate BPP in low-risk pregnancies 
and this is not recommended.
Doppler ultrasound
Basic principles
Doppler ultrasound allows non-invasive evaluation of maternal 
and fetal haemodynamics. Blood flow is most often quantified 

either by a pulsatility index or by a resistance index, reflecting 
the downstream vascular resistance by quantifying differences 
between peak systolic and end-diastolic or mean velocity.
Maternal doppler
Uterine artery
Trophoblast invasion in the uterine vessels has to occur early in 
the second trimester to allow increase in uterine perfusion and 
providing nutrient supply and gas exchange to the fetus. This 
invasion, destroying the muscular wall of the spiral arteries to the 
placenta, results in lowering the resistance to distal flow in the uter-
ine arteries and is marked by a typical high end-diastolic velocity 
pattern in the uterine artery in pregnancy. Failure of trophoblast 
invasion of the spiral arteries results in increased resistance and 
decreased placental perfusion, possible fetal growth restriction, 
and pre-eclampsia. This results in a pathological Doppler pat-
tern of the uterine artery with low diastolic velocity and an early 
diastolic notch. It has been demonstrated that screening with 
uterine artery Doppler is able to predict fetal growth restriction 
and pre-eclampsia. Uterine artery Doppler does not provide any 
information on the actual fetal status.

Other Doppler measurements of maternal circulation, includ-
ing maternal cerebral circulation, have been studied but do not 
directly relate to fetal status.
Fetal doppler
Umbilical artery
Umbilical artery Doppler (Figure 6.2) is a placental function test, 
closely related to umbilical artery pH.25 The resistance to flow 
increases in the umbilical artery as placental fetal circulation is 

Table 6.2  Manning biophysical profile score

Variable Normal: score 2 Abnormal: score 0

Fetal 
breathing 
movements

1 or more episodes of ≥20 s 
within 30 min

Absent or no episodes of 
≥20 s within 30 min

Gross body 
movements

2 or more discrete body/limb 
movements within 30 min 
(episodes of active continuous 
movement considered as a 
single movement)

<2 episodes of body/limb 
movement within  
30 min

Fetal tone 1 or more episodes of active 
extension with return to 
flexion of fetal limb(s) or trunk 
(opining an closing of hand 
considered normal tone)

Slow extension with 
return to partial flexion, 
movement of limb in full 
extension, absent fetal 
movement, or partially 
open fetal hand

Reactive fetal 
heart rate

2 or more episodes of 
acceleration of ≥15 bpm and 
of >15 s associated with fetal 
movement within 20 min

1 or more episodes of 
acceleration of fetal heart 
rate or acceleration of 
<15 bpm within 20 min

Qualitative 
amniotic 
fluid volume

1 or more pockets of fluid 
measuring ≥2 cm in vertical  
axis

Either no pockets or 
largest pocket <2 cm in 
vertical axis

Adapted from American Journal of Obstetrics and Gynecology, Volume 151, issue 3, 
Manning FA, Morrisonj I, Lange IR et al., Fetal assessment based on fetal biophysical 
profile scoring: experience in 12620 referred high risk pregnancies: I. perinatal mortality by 
frequency and etiology, pp. 343–50, Copyright (1985), with permission from Elsevier.
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compromised (higher placental impedance) resulting in low to 
absent and even reversed flow in the umbilical artery during fetal 
diastole (Figure 6.3). Resistance to flow has been expressed in 
different indices such as the resistance index and the pulsatility 
index, a higher index indicating worse fetoplacental circulation. 
RCTs have demonstrated a significant association between abnor-
mal umbilical artery Doppler and adverse perinatal outcome. 
Umbilical artery Doppler allows differentiation between the con-
stitutionally small fetus and the growth-restricted fetus.

The odds ratio for perinatal mortality in growth-restricted 
fetuses by absent diastolic flow is 4.0, in case of reversed diastolic 
flow this increases to 10.6. Absence of diastolic flow has a sensi-
tivity of 78% for detecting hypoxia and 90% for detecting fetal 
acidosis on fetal blood at delivery. The positive predictive value 
ranges from 53% to 88%, the negative predictive value from 98% 
to 100%.26

Meta-analyses have demonstrated that in high-risk (includ-
ing maternal hypertension and ultrasound-proven fetal growth 
restriction) pregnancies, umbilical artery Doppler ultrasound 
significantly reduces perinatal deaths (1.2% versus 1.7%). Number 
needed to ‘treat’ to prevent 1 fetal death is 203. This is true when 
Doppler is combined with other tests such as CTG or BPP, when 
one compares Doppler alone to CTG alone no difference was 
noted.27 This means that umbilical artery Doppler is by itself 
never an indication for immediate intervention (such as caesarean 
delivery); every individual case should be evaluated based on all 
available parameters such as fetal growth, maternal health, gesta-
tional age, and CTG. In case of fetal IUGR and absent or reversed 
end-diastolic umbilical artery flow hospital admission and daily 
CTG are advised.28

In low-risk unselected pregnancies, no difference in outcome 
is found in a meta-analysis29 for serious neonatal morbidity, low 
Apgar score, caesarean delivery, operative vaginal births, induc-
tion of labour, or neonatal resuscitation and perinatal death. 

Neither is there any effect when using umbilical artery Doppler 
intrapartum as reviewed by Farrell et al.30

Middle cerebral artery
In the normally developing fetus, the brain is an area of low vas-
cular impedance. In cases of hypoxia, redistribution to the fetal 
brain is seen, as shown by lowering of the resistance in the MCA 
(Figures 6.4 and 6.5). When compared to umbilical artery Doppler, 
adding MCA Doppler does not seem to add any clinical benefit, 
although it is frequently performed to demonstrate brain-sparing 
effects. A systematic review and meta-analysis showed low pre-
dictive accuracy for adverse perinatal outcome (positive likeli-
hood ratio 2.77, 95% confidence interval (CI) 1.93–3.96; negative 
likelihood ratio 0.58, 95% CI 0.48–0.69),31 concluding that MCA 
Doppler has no or very limited added value as compared to 
umbilical artery Doppler and CTG. Another application of MCA 
Doppler is in the diagnosis and management of fetal anaemia: the 
velocity of blood flow in the cerebral artery correlates very well 
with fetal haemoglobin, the lower the haemoglobin the higher the 
velocity. MCA velocity measurement has been the non-invasive 
method to diagnose fetal anaemia and determine when delivery 
or intrauterine transfusion is mandatory.32

The fetal aorta and other arteries have been studied but have no 
additional benefit to clinical management.

Venous fetal Doppler has also been introduced as providing infor-
mation from the precordial circulation. Pulsations in the umbilical 
vein, caused by retrograde transmission of atrial pressure mainly in 
the failing heart, are related to impending fetal demise.

The flow pattern in the ductus venosus demonstrates a typi-
cal M-shaped pattern (Figure 6.6) and, in contrast to other veins, 
reverse flow is not present in normal fetuses. During atrial systole, 
reduction in forward flow always occurs, producing the charac-
teristic negative a-wave in the ductus venosus pattern. In case of 
defective placentation, cardiac afterload increases and the a-wave 

Figure 6.2  Normal umbilical artery flow pattern.
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becomes progressively steeper. When evolving to a retrograde 
a-wave (Figure 6.7), this signifies significant cardiac impairment. 
Abnormal ductus venosus Doppler showed moderate predictive 
accuracy for compromise of fetal/neonatal well-being overall 
and perinatal mortality in high-risk pregnancies with placental 
insufficiency.31

Cardiotocography
Basic principles
CTG is the continuous recording of FHR and uterine activity. In 
the antepartum period, with intact membranes, the FHR can be 
recorded from an ultrasound transducer positioned on the abdo-
men of the mother. Multiple attempts have been done to record 
the fetal ECG through electrodes placed on the maternal abdo-
men, even leading to small commercialized systems. But in gen-
eral, the quality of the signal and the percentage of time the signal 
is lost (usually ~30%) are still hampering applications for daily 

clinical use, although recently progress in the technical aspects 
has been made.33 Uterine activity is assessed from a transducer 
placed on the abdomen of the mother. The CTG is the reflection of 
the interaction of fetal neurological status to cardiovascular reflex 
responses.

In some machines, fetal movement detection, called actography, 
has been incorporated, but this technique does not improve the 
assessment of fetal well-being.34

Interpretation of the prelabour FHR pattern and management
Prelabour CTG, also called non-stress testing, has been accepted 
as a primary tool for pregnancies at risk. No benefit has ever been 
proven for routine prelabour CTG in normal low-risk pregnancies.

FHR patterns are affected by a variety of factors, as described 
in the paragraph on physiology, but also evolve during preg-
nancy with fetal maturation. Further diurnal variations are influ-
enced by fetal behavioural states as mentioned earlier. In preterm 

(A)

(B)

Figure 6.3  (A) Absent and (B) reversed diastolic flow in the umbilical artery.
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pregnancies (24–32 weeks), accelerations demonstrate a lower 
amplitude (10 beats per minute (bpm)) and brief spontaneous 
decelerations, commonly called spikes, associated with move-
ments are often recorded.11,35

Maternal factors also influential; medication such as narcotics, 
magnesium, beta-blocking agents, or corticosteroids diminish 
FHR variability or may lower mean heart rate. Postprandial rise 
in glycaemia also activates fetal heart rate variability. A non-stress 
test is preferably performed with the mother lying with slight left 

lateral tilt to avoid aortocaval compression and its resulting FHR 
changes.

The interpretation of an antepartum CTG includes evaluation 
of the timing and quality of the recording, evaluation of the basic 
FHR, FHR variability, accelerations, decelerations, and eventually 
some uterine activity.

Interpretation of a CTG trace of low technical quality should be 
avoided. Due to the fetal quiet sleeping state, a trace should at least 
be 20 minutes in duration, preferably 30 minutes.

Figure 6.5  Dilated cerebral artery with decreased resistance.

Figure 6.4  Normal middle cerebral artery flow.
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The baseline FHR is defined as the heart rate registered for at 
least 10 consecutive minutes and is expressed as bpm. The basic 
rate diminishes during pregnancy from round 145 bpm at 24 
weeks to 135 bpm at term. In a term pregnancy, normal basal FHR 
is between 110 and 150 bpm (Figure 6.8), tachycardia is more than 
150 bpm, and bradycardia less than 110 bpm.

Tachycardia (Figure 6.9) can be transient and physiological as in 
fetal state 4F, but can also be associated with fetal anaemia, mater-
nal fever, fetomaternal infection, or maternal medication such 

as betamimetics. A rise in maternal adrenaline due to stress or 
pain can also cause a period of fetal tachycardia. Maternal hyper-
thyroidism can also cause fetal tachycardia due to transplacental 
passage of thyroid hormone or thyroid stimulating antibodies. 
Rarely, fetal heart rhythm disorders, mainly re-entry tachycardia, 
cause fetal tachycardia first noticed on a CTG.

Mild bradycardia between 100 and 110 bpm is mostly benign, 
but if less than 100 bpm hypoxia is probable (Figure 6.10). This can 
be caused by diminished placental perfusion, cord compression 

Figure 6.6  Normal M-shaped ductus venosus flow pattern.

Figure 6.7  Abnormal ductus venosus flow pattern with reversed a-wave.



Figure 6.8  Normal cardiotocography.
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(as in oligohydramnios), or maternal hypotension, the most 
explicit and benign demonstration of this being the aortocaval 
compression syndrome with the mother in dorsal decubitus. Fetal 
atrioventricular heart block, as can be caused by maternal sys-
temic lupus disease, can also result in fetal bradycardia that can 
be further elucidated by fetal cardiac ultrasound.

FHR variability is the variation of the heart rate during 1 min-
ute, without accelerations or decelerations. Short-term or beat-to-
beat variation is the difference in interval between consecutive 
heart beats (expressed in milliseconds and only to be measured by 
computer-aided systems, see ‘Computer-Aided Fetal Heart Rate 

Analysis’), long-term variability is presented by the bandwidth on 
the trace (see Figure 6.11) and is expressed in bpm. Bandwidth 
is normally round 6 bpm at 24 weeks and 10 bpm at 36 weeks; 
normal variability is considered to be between 5 and 25 bpm. 
Low, or minimal, variability below 5 bpm suggests fetal hypoxia 
but is also present in fetal sleeping behavioural states, explain-
ing why a recording of sufficient time is necessary. Persistent 
low variability is the best predictor to be derived from the CTG 
for fetal hypoxia/metabolic acidosis. Other reasons for dimin-
ished variability include maternal medication such as hypnotics, 
beta-blocking agents, and fetal central nervous system disorders. 
Administration of betamethasone and dexamethasone to pro-
mote fetal lung maturity in the preterm fetus also results in tran-
sient (2–3 days) lowering of FHR variability.

Complete absence of variability is called a preterminal trace 
and is almost invariably a sign of serious fetal hypoxia or brain 
damage.

When bandwidth is more than 25 bpm this is called marked 
variability or a saltatory trace. This can represent acute fetal 
hypoxia due to an acute imbalance between sympathetic and par-
asympathetic innervations, but it can also be benign due to fetal 
thumb sucking or very active moving.

The sinusoidal trace is mostly a slightly tachycardic trace with 
an oscillating pattern demonstrating 3–5 cycles per minute for 
at least 20 minutes and a bandwidth of 5–15 bpm. It is seen in 
case of fetal anaemia but is sometimes due to medication such as 
meperidine and morphine. The pathophysiology behind this kind 
of recording is unknown, as most even severely anaemic fetuses 
do not develop it. In case of forceful fetal thumbsucking, a pseu-
dosinusoidal trace can be seen.

Figure 6.9  Fetal tachycardia.

Figure 6.10  Fetal bradycardia.
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Accelerations are defined as (from 32 weeks’ gestational age) a 
rise in FHR for at least 15 bpm compared to the basal FHR during 
at least 15 seconds. These are mostly associated with fetal move-
ments. Before 32 weeks, 10 bpm and 10 seconds are used. At least 
two accelerations in a 20-minute period is called a reactive stress 
test and almost completely excludes fetal acidosis and is related to 
a risk for fetal demise in the next 7 days of less than 2 per 1000. 
A trace without accelerations is called non-reactive.

Decelerations constitute a decrease in FHR with at least 15 bpm 
for at least 15 seconds. Decelerations are subdivided in uniform 
(early and late), variable (complicated and uncomplicated), and 
long decelerations.

Uniform decelerations demonstrate a rather ‘rounded’ pattern; 
if they are multiple they do have a uniform aspect. Usually the loss 
of heart rate is not very remarkable nor very sudden (Figure 6.6). 
Variable decelerations on the contrary show a steep and signifi-
cant lowering. When looking at a series of variable decelerations 
they demonstrate changes in form, which is where the denomina-
tion ‘variable’ comes from. Long decelerations by definition mean 
less than 80 bpm for at least 2 minutes or less than 100 bpm for at 
least 3 minutes. When decelerations last more than 5 minutes they 
are called bradycardic.

Early uniform decelerations coincide with contractions 
(Figure 6.12); a late uniform deceleration shows the lowest point 

Figure 6.11  Long-term variability; variability is expressed as the bandwidth of the envelope surrounding the fetal heart rate pattern. The upper panel shows normal 
variability, the lower panel reduced variability.

Figure 6.12  Early uniform decelerations.



Chapter 6  antenatal and intrapartum fetal evaluation 93

after the height point (acme) of the contraction (Figure 6.13). 
Early uniform decelerations are not a sign of fetal hypoxia and 
are related to increasing pressure on the fetal skin; late uniform 
decelerations are due to diminished oxygen supply.

An uncomplicated variable deceleration takes less than 60 sec-
onds (Figure 6.14) and complicated ones more than 60 seconds 
(Figure 6.15). Variable decelerations are mostly due to diminished 
blood flow to the fetus such as during a contraction or when the 
umbilical cord is compressed. An overview of the different decel-
eration types is given in Figure 6.16.

Before 30 weeks, short decelerations (<30 seconds) are fre-
quently seen (the so-called spikes as already mentioned) and 
should be considered physiological.

Other influences changing the CTG pattern are discussed fur-
ther later in this chapter.36

To aid in diagnosing fetal problems different classification sys-
tems have been developed. The system adopted by the Federation 
Internationale des Gynécologues et des Obstétriciens (FIGO) is 
most often used and is illustrated in Table 6.3.37,38

The system was originally developed for intrapartum monitor-
ing but can also be used antepartum. Other systems have been and 
still are being proposed, but these have neither been validated nor 
are they used in Europe.37

No good data are available to guide the clinician on the interval 
of repeat testing.39 Older studies have demonstrated that the rate 
of stillbirth after a reactive stress test within 1 week is 1.9 per 1000 
compared to 26 per 1000 for a non-reactive test, increasing the rate 
from once to twice weekly still decreases the rate of stillbirth spe-
cifically in case of fetal growth restriction.40,41 It should be noted 
that CTG is very good at ruling out fetal compromise (the negative 

Figure 6.13  Late uniform decelerations.

Figure 6.14  Uncomplicated variable decelerations.
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predictive value of a normal trace is higher than 90% in most stud-
ies, false negative between 0.19 and 1%) but not so good in ruling 
in fetal compromise (the positive predictive value is <50%, false 
positives ~55%). This means that most fetuses diagnosed antena-
tally with fetal compromise are normal. A meta-analysis of RCTs, 
only involving women considered at increased risk of pregnancy 
complications, failed to demonstrate any significant effect on peri-
natal mortality, low Apgar scores, admission to neonatal inten-
sive care units, gestational age at birth, or neonatal seizures; 42,43  

this means that there is no benefit of CTG used in isolation. Many 
factors such as fetal movements, fetal growth restriction, maternal 
disease, and so on guide clinical decision-making in this complex 
area but experience and clinical intuition also play a significant 
role in this imprecise situation. Studies on intuition and how to 
train it and on the physiology behind pattern recognition are 
emerging.

The contraction stress test, when uterine contractions are 
induced by some method to evaluate the fetal response, has little 
or no place in modern obstetrics. Contractions can be elicited by 
administration of oxytocin or by maternal nipple stimulation.
Computer-aided FHR analysis
Objective computerized FHR analysis taking into account ges-
tational age can identify lower-amplitude FHR variability and 
accelerations. The systems depict variability as a continuous out-
put variable analysing real beat-to-beat variability, also called 
short-term variability, but also includes accelerations, decelera-
tions, periods of high variation, and periods of low variation using 
complicated algorithms. Such systems are able to correlate find-
ings with the normal evolution related to gestational age.45 No 
RCT is available comparing computerized CTG with no CTG. 
Comparing computerized CTG with non-computerized ‘tradi-
tional’ CTG interpretation demonstrated significant reduction in 
perinatal mortality in favour of the computerized CTG (relative 
risk (RR) 0.20; 95% CI 0.04–0.88).44

Intrapartum fetal monitoring
Introduction
In this section, an overview is presented of different techniques that 
are actually used in the delivery suite to monitor the fetus. CTG 

Figure 6.15  Complicated variable decelerations.
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Figure 6.16  Overview of decelerations.
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is used both antenatally and during labour, but the evaluation of 
its effectiveness is different in both situations and adjunctive tech-
niques can be employed during labour that are not available ante-
natally. In the past decade we have witnessed the rise and fall of 
fetal pulse oximetry; this technique will not be further discussed 
as it has been proven not to make any difference in terms of mater-
nal (caesarean delivery rate) or fetal/neonatal (metabolic acidosis) 
outcome and is no longer commercially available.46

Auscultation
IA is a systematic method of listening to the fetal heart tones with 
an acoustic (a pinard or fetal stethoscope) device or a hand-held 
Doppler device. IA during labour is an accepted practice in 
low-risk labours in many countries. Attention is paid to rate and 
rhythm and eventually variability. A normal FHR is between 110 
and 150 bpm at term, regular, with variation around the baseline 
FHR, especially an increase during fetal movements. The aim of 
IA is to detect late or variable decelerations and baseline bradycar-
dia or tachycardia. The presence of any of these abnormalities is a 
reason to continue with CTG.

No studies have been done comparing IA with no fetal moni-
toring at all, and for obvious ethical reasons such studies are not 
expected to be realized in the future. Meta-analyses of the results 
of randomized clinical trials, comparing IA with CTG have failed 
to show any significant benefit of CTG over IA in low-risk pregnan-
cies. Moreover, caesarean delivery rates were significantly lower 
in the IA arm compared with the CTG arm. This is discussed in 
more detail in the following ‘Cardiotocography’ section. It has to 
be mentioned that in the IA arm, IA was mostly performed every 
15 minutes in the first stage and after every contraction in the sec-
ond stage. The current recommendations of IA every 15 minutes 
in the first stage of labour is rather labour intensive for midwives 
and doctors and is associated with poor compliance.

Cardiotocography
In the antepartum period, only external CTG can be used. For 
this a Doppler device with computerized logic to interpret and 
count the Doppler signals is used. During labour a more direct 
reading from the fetal heart activity becomes possible with inter-
nal CTG, using a fetal electrode, with a spiral wire directly placed 
on the fetal scalp or other presenting part. The R–R interval of 
the extracted fetal ECG is used to calculate FHR. The recording 
of the contractions can also be monitored externally or internally 
with an intrauterine pressure catheter. There are several aspects 
which have to be taken into account when classifying and inter-
preting the CTG pattern: contractions, baseline FHR, variability, 
and presence of accelerations and decelerations.

Regional anaesthesia carries the potential to reduce intervillous 
space blood flow due to maternal hypotension as a result of sym-
pathetic blockade. This has long been suggested as an explanation 
for the fetal decelerations or short periods of bradycardia noted 
after epidural or spinal anaesthesia. Conversely, Doppler flow 
measurements have actually demonstrated an increase in flow in 
the arcuate uterine vessels in prehydrated patients following epi-
dural anaesthesia.

A variety of classification systems is used worldwide, an exam-
ple is shown in Table 6.3 (modified FIGO classification, which is 
also used in the ST-analyser (STAN®) clinical guidelines). Most of 
them use a classification of normal CTG pattern, intermediate or 
suspicious CTG, abnormal or pathological CTG, and preterminal 
CTG pattern, based on the above-mentioned variables.

For women at low risk of intrapartum fetal hypoxia and of devel-
oping complications in labour, CTG versus IA on admission to the 
delivery suite demonstrated no difference in fetal/neonatal out-
come, a statistically non-significant trend to more caesarean deliv-
eries in the CTG group was noted (RR 1.20; 95% CI 1.00–1.44) and 

Table 6.3  FIGO classification of CTG

CTG classification Baseline of fetal heart rate Baseline variability/accelerations Decelerations Contractions

Normal 110–150 bpm 5–25 bpm

>2 accelerations/60 min

No decelerations

Uniform, early decelerations

Variable, uncomplicated 
decelerations with a duration <30 s 
and amplitude <60 bpm

5 or less 
contractions/10 min

Suspicious 100–110 bpm

150–170 bpm

<100 bpm for ≤3 min

<5 bpm >40 min without 
accelerations

>25 bpm

(saltatory pattern/increased 
variability)

<2 accelerations/60 min

Variable uncomplicated 
decelerations with duration 30–60 
min and/or amplitude >60 bpm

>5 contractions/10 min

With a combination of 2 or more suspicious/abnormal factors the CTG is classified as suspect pathological

Pathological >170 bpm

<100 bpm for min

<5 bpm for 60 min without 
accelerations

Sinusoidal pattern

Variable complicated decelerations 
with duration >60 s

Uniform late decelerations

Combined decelerations

Preterminal No variability (<2 bpm) without accelerations regardless of decelerations/heartbeat

FIGO, International Federation of Gynecology and Obstetrics.

Reprinted from International Journal of Gynecology & Obstetrics, Volume 25, issue 2, Figo news, pp. 159–167, Copyright (1987), with permission from Elsevier.
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marginally more instrumental vaginal deliveries (RR 1.15; 95% 
CI 1.01–1.33).40a For women in established labour, the data from 
13 randomized trials on the effectiveness of the CTG were pre-
sented in a 2013 Cochrane meta-analysis.5 Fetal CTG monitoring, 
whether in combination with FBS (see later ‘Fetal Blood Sampling’ 
section) or not, was compared with IA. Continuous monitoring 
by means of the CTG without FBS leads to a significant increase 
in the number of caesarean deliveries (RR 1.63; 95% CI 1.29–2.07) 
and a halving of neonatal seizures (RR 0.50; 95% CI 0.31–0.80), 
without an effect on other neonatal outcomes including cerebral 
palsy and infant mortality. It has to be mentioned that IA was per-
formed every 15 minutes during the first stage of labour and after 
every contraction in the second stage. Furthermore, one has to 
realize that these trials were mostly performed before 1980, when 
the caesarean delivery rate was much lower than today. Training 
in CTG interpretation was mostly not extensive and not uniform 
and classification and interpretation differs from current insights 
in CTG patterns. Fetal surveillance with CTG was introduced in 
the 1960s. Although a positive effect of CTG on neonatal outcome 
has never been shown, CTG is widely applied.

It is known that classification and interpretation of the CTG is 
difficult with large interobserver variation. For a substantial part, 
these problems may be solved by strict adherence to guidelines 
regarding classification and interpretation of the CTG, obtaining 
additional fetal information, and subsequent recommendations 
for obstetric interventions.

Fetal blood sampling
One of the techniques used to obtain additional fetal information 
with an abnormal CTG is FBS. FBS was introduced in the 1960s by 
Bretscher and Saling. Blood is obtained by means of a small inci-
sion in the skin of the fetal scalp, from which the pH, the PCO2, 
and the base excess can be determined (Figure 6.17). In general, 
for a pH lower than 7.20 it is advised to deliver the baby within 
a short period of time by means of an assisted vaginal delivery 

or caesarean delivery. It thus offers information on the acid–base 
balance in the fetal blood and is regarded as the reference or ‘gold 
standard’ methodology to identify fetal distress during labour. 
However, FBS is inconsistently applied and not used on a large 
scale worldwide.47,48 Although it is more specific than CTG alone 
and thus decreases the intervention rate, prevention of asphyxia 
is still not guaranteed.5 Also, the technique is invasive and con-
sidered difficult, with a failure rate of at least 10%. Furthermore, 
the procedure has to be repeated when the CTG remains abnor-
mal and complications have been described. FBS is never used 
without CTG.

Complications due to FBS occur rarely, with a reported inci-
dence ranging from 0.4% to 6%. The most frequent is exces-
sive fetal bleeding mostly associated with an underlying 
coagulopathy.49

In 2008, the data from 13 randomized trials on the effectiveness 
of the CTG with or without CTG were presented in a Cochrane 
meta-analysis.5 Fetal monitoring, whether in combination with 
FBS or not, was compared with IA. Continuous monitoring by 
means of the CTG without FBS leads to a significant increase in 
the number of caesarean deliveries (odds ratio (OR) 1.96; 95% 
CI 1.24–3.09), without a positive effect on neonatal outcome. If, 
however, FBS was performed alongside the CTG, a less prominent 
increase in the number of caesarean deliveries was found (OR 
1.50; 95% CI 1.10–2.06) with a 50% reduction of neonatal convul-
sions (OR 0.49; 95% CI 0.29–0.84).

The results on the effectiveness of monitoring by means of the 
CTG combined with FBS originate from six of the trials that 
were performed in the period 1976 to 1989. This therefore con-
cerns results of relatively old trials in which the frequency of cae-
sarean deliveries varies from 2.3% to 35%.

Long-term follow-up of these trials is restricted to one study, 
which revealed that the lower incidence of neonatal convulsions 
was not associated with an improved outcome over time.7 There 
are no studies in which continuous CTG monitoring without FBS 
is compared to monitoring with FBS.

Performance of FBS has an added value compared to moni-
toring by CTG only and offers a solution to the large number 
of false-positive CTG recordings when it is compared with IA. 
However, in many countries it has disappeared from delivery 
suites. A significant reason for this is that this investigation only 
gives a result at a specific point in time and with a persistent 
anomalous CTG it must be repeated. In addition, FBS is inva-
sive, technically difficult, and patient unfriendly. In at least 10% 
of attempts, performing FBS is unsuccessful and it can thus 
be a time-consuming procedure.50 In addition, the training in 
performing FBS appears to be inadequate in many hospitals and 
proper logistics for determining the same are lacking.48 The rela-
tively large quantity of blood that is required to determine the pH 
is also stated as a disadvantage of FBS.

A possible alternative to the pH measurement of the FBS 
sample is determination of lactate concentration. For the lat-
ter, less blood is required (5 μL) than the 30–50 μL needed for 
the determination of the pH. A  lower percentage of unsuccess-
ful attempts for lactate determination than for pH determination 
has repeatedly been reported, but without this having an effect 
on the neonatal outcome or the number of assisted deliveries.51 
Significant differences between measurement devices have been 
reported and the use of intrapartum fetal scalp lactate needs more 

Figure 6.17  Technique of fetal blood sampling during labour.
Reproduced with permission from BRENNER MEDICAL GMBH.
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standardization and the definition of clear cut-off values before its 
use can be endorsed in clinical practice, until then it should only 
be used within a research protocol.52,53,54

More recently the level of lactate in amniotic fluid has been 
proposed to detect fetal deterioration. No prospective rand-
omized studies have been conducted to evaluate this method.55

STAN® of the fetal ECG
Technique and complications
Since 2000, it has been possible via a scalp electrode not only 
to register the FHR but also the rest of the fetal ECG. The fetal 
heart and the fetal brain appear to be equally sensitive to a 
shortage of oxygen and thus information on myocardial func-
tion also indirectly provides information on the oxygenation of 
the fetal brain.

It has been shown from experimental animal research that 
changes in the ST segment of the ECG correlate with fetal hypoxia 
that occurs or worsens during labour.14,56 The ST analyser (STAN® 
monitor; Neoventa Medical, Goteborg, Sweden) was developed in 
order to be able to combine the CTG with the analysis of the ST seg-
ment of the ECG. Changes in the shape of the ST segment are noted 
automatically and for a significant ST change an alarm is generated, 
a so-called ST event. The associated STAN® guidelines then state 
whether intervention is required.57 The STAN® concept is based 
on the association between changes of the ST-interval of the fetal 
ECG and the function of the fetal myocardium during hypoxia. 
The changes in fetal ECG associated with fetal distress are either an 
increase in T-wave, quantified by the ratio T-wave to QRS-amplitude 
(T/QRS ratio), or a biphasic ST segment (Figure 6.18). An increase in 
T-wave and subsequently in T/QRS-ratio has been associated with 
a catecholamine surge, activation of beta-adrenoreceptors, myocar-
dial glycogenolysis, and metabolic acidosis. A biphasic shape of the 
ST segment is related to two situations. First, it may occur when the 
fetal heart is exposed to acute hypoxic stress whereby it has had no 
time to respond to hypoxia or second, when the fetal heart has a 
reduced capacity to respond due to (chronic) stress situations and 
lack of or already utilized resources. Biphasic ST changes of the fetal 
ECG have been associated with disturbances in heart muscle func-
tion, infection, or malformations.

The STAN® concept is based on a combined interpretation of 
CTG and ST changes (Table 6.4). The relevance of an ST change 
depends on the visual assessment of the CTG that, according to 
FIGO criteria, is classified as ‘normal’, ‘intermediary’ (or ‘suspi-
cious’), ‘abnormal’ (or ‘pathological’), or ‘(pre)terminal’.36 If a 

CTG is normal, any ST change on the STAN® monitor can be 
ignored. When a CTG is (pre)terminal, immediate intervention 
is advised, irrespective of ST changes. In case of an intermediary 
or abnormal CTG, the STAN® guidelines indicate for what ST 
changes intervention is advised (Figure 6.19). This intervention 
may consist of solving a cause of fetal distress, such as hyperto-
nia or hyperstimulation, or proceeding to delivery. The STAN® 
guidelines can be used from a gestational age of 36 weeks 
onwards.

Five RCTs, which included 15,352 patients, have been per-
formed since 1993. Westgate et al. were the first to conduct a RCT 
on the effect of intrapartum fetal ECG and used absolute values 
of T/QRS, rather than automatically detected T/QRS changes, as 
described in the current STAN® clinical guidelines.58,59,60,61,62 All 
five RCTs were inconclusive with four studies showing no statisti-
cally significant effect on the primary outcome, metabolic acidosis 
in the umbilical artery. In one study, STAN® significantly reduced 
the incidence of metabolic acidosis.59

Four meta-analyses including these five RCTs have been 
performed.63–66 Compared with conventional CTG, STAN® 
showed no difference in metabolic acidosis (1.12% in CTG alone, 
0.81% in STAN group, RR 0.80; 95% CI 0.44–1.47). STAN® sig-
nificantly reduced the incidence of additional FBS, operative 
vaginal deliveries, and total operative deliveries with less need 
for neonatal intensive care. For other outcomes, no differences 
in effect were seen between STAN® and conventional CTG, or 
data were not suitable for meta-analysis. An individual patient 
data meta-analysis including four of the five RCTs did confirm 
that addition of STAN® to CTG reduces the need for instru-
mental vaginal delivery without changing the risk of metabolic 
acidosis or caesarean delivery.67 The meta-analyses show that 
additional use of STAN® for intrapartum monitoring does not 
reduce the incidence of metabolic acidosis, but it does reduce the 
incidence of operative vaginal deliveries and the need for FBS. 
Cost-effectiveness studies are scarce but seem to provide some 
evidence that STAN® is a cost-effective method of intrapartum 
monitoring when compared with conventional CTG, when look-
ing at both short- and long-term outcomes.68,69 Implementation 
of the STAN® methodology, just like any new technology, should 
be performed carefully, taking into consideration that a learn-
ing curve is needed. Recent observational studies investigating 
the effects of long term use of STAN® have shown a decrease in 
incidence of metabolic acidosisBDecf over time.70 Furthermore 
the cases of adverse neonatal outcome described in literature 
are mainly due to problems with the interpretation of the CTG 
or violation of guidelines.71 Repeated training is crucial in the 
implementation of the STAN® methodology. Several studies have 
demonstrated that non-adherence to the clinical guidelines is 
the major reason for unnecessary interventions without reduc-
ing metabolic acidosis.72–74 Nowadays, the use of the STAN® 
methodology is increasing and in some countries it is common 
practice. Fetal STAN®, scalp pH and fetal scalp stimulation are 
generally accepted adjunctive methods to CTG.75

Intrapartum maternal fever results in fetal tachycardia and an 
accelerated metabolism, possibly resulting in a faster development 
of metabolic acidosis, CTG alone can be difficult to interpret in 
these cases, it has been demonstrated that intrapartum fever is not 
associated with ST segment changes of the fetal ECG and can still 
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Figure 6.18  ST-segment changes during hypoxia.
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be used in these circumstances.76 Epidural analgesia has no effect 
on the number or types of ST events.77

Fetal biometry and tests for fetal congenital  
anomalies relevant to the anaesthetist
Fetal growth is determined both by genetics (maternal and pater-
nal) and by environmental factors influencing maternal nutrition 
and the function of the uteroplacental unit. IUGR can affect the 
management of the pregnant woman.

In case of pre-eclampsia, a disorder affecting all maternal 
organ systems based on a generalized endothelial dysfunction, 
IUGR is caused by a restricted perfusion of the placenta, resulting 
in chronic malnutrition and hypoxaemia of the fetus. The spiral 
arteries, perfusing the placenta, do not remodel their muscular 
wall in case of pre-eclampsia and remain reactive to vasocon-
strictive agents. Maternal hypertension is necessary to compen-
sate for the reduced flow through narrowed vessels. When IUGR 
based on uteroplacental vascular pathology has been prenatally 
diagnosed, care should be taken not to lower maternal blood 
pressure below 140 mmHg systolic and 80 mmHg diastolic as 
this will result in FHR decelerations due to insufficient placen-
tal perfusion.78 In such case correcting maternal blood pressure 

should be aimed at first, before proceeding to an emergency 
delivery.

Ultrasound and, more recently, magnetic resonance imag-
ing have facilitated the detection of a majority of placental and 
fetal congenital structural anomalies. In most circumstances this 
will not influence the management of the mother during labour 
and vaginal or caesarean delivery. Some exceptions should be 
mentioned, including a prenatally detected placenta increta, in 
which case one should be prepared for major haemorrhage, or if 
an EXIT procedure (ex utero intrapartum treatment) such as tra-
cheal obstruction is planned, the immediate administration of an 
uterotonic agent (oxytocin, carbetocin) should be postponed in 
these cases.

The role of intrapartum ultrasound has been recently emerg-
ing. Traditionally the position and descent of the fetal head during 
labour have been determined digitally. This has been proven to 
be extremely inaccurate, causing up to 30% of clinically relevant 
missed diagnosis. Occiput posterior position, asynclytism (the 
oblique presentation of the fetal head to the pelvic curve), and fetal 
descent can be reliably diagnosed by transabdominal, transper-
ineal, and transvaginal ultrasound during labour, clearly superior 
to the digital method.79–81 It is to be expected that ultrasound will 
be used more frequently in the delivery suite.

Table 6.4  The intended use of this CTG classification system is to suggest clinical conditions in which adjunctive use of ST waveform changes may 
aid the interpretation of specific CTG patterns 

Classification of CTG Baseline heart frequency Variability Reactivity Decelerations

Normal CTG • 110–150 bpm • Accelerations

• 5–25 bpm

• Early uniform decelerations

• �Uncomplicated variable decelerations with a 
duration of <60 sec and loss of <60 beats

Intermediary CTG • 100–110 bpm

• 150–170 bpm

• �Short bradycardia episode (<100 
bpm for ≤3 min)

• >25 bpm (saltatory pattern)

• �<5 bpm >40 min with absence of 
accelerations

• �Uncomplicated variable decelerations with a 
duration <60 sec and loss of >60 beats

A combination of several intermediary observations will result in an abnormal CTG

Abnormal CTG • �150–170 bpm and reduced 
variability

• >170 bpm

• �Persistent bradycardia (<100 bpm 
for >3 min)

• <5 bpm for >60 min

• Sinusoidal pattern

• �Complicated variable decelerations with a 
duration of >60 sec

• Repeated late uniform decelerations

Preterminal CTG • Total lack of variability (<2 bpm) and reactivity with or without decelerations or bradycardia

ST Analysis

These guidelines may indicate situations in which obstetric intervention1 is required.

ST Events Episodic T/QRS rise Baseline T/QRS rise Biphasic ST

Normal CTG • Expectant management and continued observation

Intermediary CTG • >0.15 • >0.10 • 3 Biphasic log messages2

Abnormal CTG • >0.10 • >0.05 • 2 Biphasic log messages2

Preterminal CTG • Immediate delivery

1. Intervention may include delivery or maternal-fetal resuscitation by alleviation of contributing problems such as over-stimulation or maternal hypotension and hypoxia.
2. The time span between the Biphasic messages should be related to the CTG pattern and the clinical situation.
With kind permission of Neoventa Medical
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Conclusion
In antenatal fetal monitoring, CTG and umbilical artery Doppler 
represent the main techniques that determine management. 
During labour in low-risk pregnancies, IA and CTG can be 
equally considered as standard; when CTG signals possible fetal 
hypoxia, adjunctive techniques are needed such as FBS or STAN®.
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CHAPTER 7

Fetal medicine, fetal 
anaesthesia, and fetal surgery
Francesca Russo, Tim Van Mieghem, and Jan Deprest

Fetal medicine
The main aim of prenatal care is to promote, protect, and main-
tain the health of the pregnant woman and her future child. The 
concept of structured prenatal surveillance to reduce maternal 
and perinatal mortality has been adopted in developed countries 
since 1920. Until recently this followed a strict schedule with 
monthly visits from 16 weeks, and a high number of visits in the 
third trimester (‘pyramid of care’; Figure 7.1).1 In the last two dec-
ades, however, several randomized trials2–4 demonstrated that 
antenatal care for low-risk women can be effectively provided with 
a lower number of visits.

In contrast, the current concept of modern fetal medicine 
is that the risk factors for most pregnancy complications, like 
pre-eclampsia, gestational diabetes mellitus, fetal demise, preterm 
birth, fetal structural and chromosomal anomalies, fetal growth 
restriction, and macrosomia, are already present in the first tri-
mester.5–11 An early estimation of patient-specific risks is done by 
a combination of ultrasound, maternal biophysical parameters, 
maternal history, and biochemical markers. The first prenatal 
examination also provides an opportunity for cervical cancer 
screening in women who have not been screened recently, assess-
ment of gestational age and calculation of estimated date of deliv-
ery, and education on lifestyle (tobacco smoking, food-acquired 
infections, physical activity, alcohol and recreational as well 
as medical drug use, vaccination, and food supplementation). 
This new strategy for pregnancy management may improve 
perinatal outcome by offering a more individualized care and a 
disease-specific approach.

At 11–13 weeks, only few women will be selected as being at 
high risk. In the low-risk group, the number of visits could be 
reduced to an additional three: one at 20–22 weeks, to evaluate 
fetal anatomy and growth, and reassess the individual risk for 
pregnancy complications; one at 37–38 weeks, to check maternal 
and fetal well-being and determine the timing and mode of deliv-
ery; and one at 41weeks, in case the woman has not delivered yet 
(Figure 7.1B).12 High-risk patients should be referred to specialist 
clinics, in order to receive closer, individualized, disease-specific 
pregnancy monitoring. In the course of subsequent visits, a num-
ber of women may move between risk categories.12

Screening for fetal chromosomal abnormalities
In most developed countries, genetic screening tests are offered 
to all women in the first trimester—regardless of maternal age 

or other identified risk factor. In case of increased risk, a defini-
tive diagnosis is made through further invasive testing, such as 
mid-trimester amniocentesis or first-trimester chorionic villus 
sampling (CVS) (Figure 7.2).13,14 Usually the procedure-related 
risk of 0.5–1.5% for miscarriage or other pregnancy complications 
is taken as a guidance for the cut-off of what is considered as ‘at 
increased risk’.15

Several studies demonstrated that effective screening for chro-
mosomal abnormalities can be achieved by maternal serum free 
beta-human chorionic gonadotropin16 and pregnancy-associated 
plasma protein-A (PAPP-A)17 combined with ultrasound meas-
urement of fetal nuchal translucency (NT) thickness.18 NT is the 
maximum thickness of the subcutaneous translucency between 
the skin and the soft tissue overlying the cervical spine of the fetus. 
A computer algorithm integrates this information with biometry 
(crown–rump length19) and maternal characteristics, including 
age,20 weight, height, the presence of type 1 diabetes, and previ-
ous history of chromosomal abnormalities.21 The combined test 
has a detection rate of 93% and a false-positive rate of 5% for tri-
somy 21, and a slightly lower detection rate for trisomy 18, 13, or 
other chromosomal abnormalities.22 For comparison, the detec-
tion rates achieved by selection of at-risk patients by maternal age 
alone or second-trimester maternal serum testing are 30% and 
65%, respectively.23

Other first-trimester ultrasound markers, such as hypoplasia or 
absence of the nasal bone, tricuspid regurgitation, and flow in the 
ductus venosus and in the hepatic artery, may be added to improve 
the performance of the first-trimester screening, but their clinical 
usefulness currently remains uncertain (Figure 7.3).

Offering the first-trimester combined tests can reduce the num-
ber of women undergoing invasive diagnostic procedures,24,25 
leading to fewer losses of normal pregnancies.26

In the immediate future, this strategy may be revised again, 
when non-invasive prenatal testing via the analysis of free fetal 
DNA circulating in maternal blood will be routinely introduced. 
The technology today is ready, but cost is a limiting factor.

Screening for other fetal anomalies
Congenital malformations occur in 2–4% of all births. Despite 
their relatively low prevalence, fetal malformations are responsi-
ble for approximately 30% of perinatal deaths and considerable 
infant morbidity.27,28 In this respect, the purpose of their prena-
tal diagnosis is to optimize the management of the pregnancy in 
terms of antenatal care, referral for planned birth at the required 
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specialist level, and planning of postnatal treatment of the baby. 
In most European countries, parents are also given the option for 
termination when severe anomalies are diagnosed.

Whereas in the past these anomalies were typically diagnosed 
in the second trimester,29 current resolution and skills often allow 
for first-trimester diagnosis. When patients opt for risk assess-
ment, they are offered NT measurement, which will include ana-
tomical assessment. This test has indeed been shown to pick up a 
whole series of gross anomalies, such as skeletal dysplasias, dia-
phragmatic hernia, and major cardiac defects (Table 7.1). Because 

a number of malformations may only develop or become visible 
later in pregnancy, the second-trimester ‘18–22-week’ scan should 
still be offered in case of a negative first-trimester scan, in both 
low-risk and high-risk pregnancies.30 When the first-trimester 
risk assessment is showing increased risk, yet the invasive genetic 
test is normal, these patients will be considered as at increased 
risk for structural anomalies, and will have their second-trimester 
anomaly scan with an expert. The risk for cardiac defects, for 
example, increases with fetal NT thickness and the presence of 
abnormal venous or cardiac Doppler in the first trimester.31–34 

(A) (B)

High risk Low risk
16 w

12 w

20 w

37 w

41 w

Specialist
care 12-34 w

24 w

30 w

37 w 38 w 39 w 40 w 41 w

32 w 34 w 36 w

28 w

Figure 7.1  Pyramid of care. (A) Conventional follow-up scheme. (B) Inverted pyramid of care aiming at identifying the at-risk patient.
w, weeks.
Reproduced with permission from Kypros H. Nicolaides, A model for a new pyramid of prenatal care based on the 11 to 13 weeks’ assessment, Prenatal Diagnosis, Volume 31, Issue 1, pp. 3–6, 
Copyright © 2011 John Wiley and Sons.

Figure 7.2  Invasive sampling for obtaining genetic fetal material, early in gestation by chorionic villus sampling (right) or from 15 weeks onwards by amniocentesis 
(left).
Reproduced with permission from the University Hospitals Leuven, Belgium.
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Figure 7.3  Images taken at typical first trimester screening, for identification of: (A) the nuchal translucency (NT) and the nasal bone (NB) (B) flow in the ductus 
venosus (C) tricuspid regurgitation. Top row: normal findings. Bottom row: abnormal findings.
Reproduced with permission from the University Hospitals San Gerardo, Monza, Italy.

Table 7.1  Summary of the most common fetal conditions amenable for therapy and outcome of interventionsa

Pathology Untreated leads to Therapy Gestational age 
at birth

Common 
complications

Outcome after therapy

Rhesus disease High output cardiac failure and 
decreased tissue oxygenation

Intrauterine 
transfusion

36 weeks IUFD 1.7% per 
procedure

Survival hydrops 74%, no hydrops 
91%, CP 2.1%, developmental 
delay 4.8%

HLHS Postnatal demise, univentricular 
circulation

Balloon 
valvuloplasty

88% > 36 weeks Intrauterine 
resuscitation 30%, 
IUFD 10%

33–67% biventricular repair

Posterior urethral 
valves

Renal failure, pulmonary hypoplasia Vesico-amniotic 
shunting

34–35 weeks Shunt dislodgment 
34%

50–90% survival, 30–40% 
end-stage renal failure

Pleural effusion Cardiac failure, pulmonary 
hypoplasia

Thoraco-amniotic 
shunting

34–35 weeks Shunt dislodgment 
10–20%

Survival hydrops 55%, no hydrops 
85%

CDH Pulmonary hypoplasia Tracheal occlusion 35 weeks Balloon deflation 8% 50% survival

TTTS IUFD and preterm birth Laser ablation of 
anastomoses

33–34 weeks IUFD one fetus 15%, 
TAPS 10%

70% double survival, 80–90% 
survival ≥ 1 fetus, CP 6%, mental 
delay 7%, motor delay 12%

Selective reduction Neurological damage or IUFD RFA/cord 
occlusion

34–35 weeks Demise non-target 
fetus 15%

85% survival non-target fetus

Myelomeningocele 
repair

Hydrocephaly, hindbrain herniation, 
nerve function loss beyond lesion, 
cognitive and motoric impairment 
dependent on level of lesion

Fetal surgical 
closure

34 weeks PPROM 34%, 10% 
uterine dehiscence

Shunt rate drops from 98% to 
68%, improved Bailey score at 
30 months; walking improved 
from 21% to 42%

CDH, congenital diaphragmatic hernia; CP, cerebral palsy; HLHS, hypoplastic left heart syndrome; IUFD, intrauterine fetal demise; PPROM, preterm premature rupture of membranes; 
RFA: radiofrequency ablation; TAPS, twin anaemia-polycythemia sequence; TTTS, twin-to-twin transfusion syndrome.
aReferences are provided in the text.

Adapted from Best Practice & Research Clinical Obstetrics & Gynaecology, Volume 26, issue 5 van Mieghem, T., et al., Minimally invasive fetal therapy, pp. 711–25, Copyright (2012), with 
permission from Elsevier. Data from references supplied in text.
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Similarly, open spina bifida is associated with caudal displacement 
of the brain already detectable at 11–13 weeks.35

Early screening for miscarriage and stillbirth
Increased risk of miscarriage and stillbirth is associated with 
certain maternal characteristics, including advanced maternal 
age, maternal weight, previous miscarriages, cigarette smoking, 
chronic hypertension, and African racial origin.36–38 Analogous 
to aneuploidy screening, maternal characteristics are combined 
with biophysical measurements and biochemical testing at 11–13 
weeks to allow an individualized risk estimation. However, the 
detection rate remains low (30%). This points to the heterogeneous 
aetiology of miscarriage and stillbirth. Furthermore, while early 
identification of the group at risk for stillbirth could lead to closer 
monitoring of fetal growth, well-being, and appropriate timing of 
delivery, no preventive interventions are known so far, so its value 
can be questioned.5

Maternal medicine
Screening for maternal diseases
Hypertensive disease occurs in 12–22% of all pregnancies and is 
responsible for approximately 11% of maternal deaths in developed 
countries. Pre-eclampsia is defined as gestational hypertension 
combined with proteinuria after 20 weeks’ gestation.39 It affects 
5–8% of pregnancies and remains a substantial contributor to peri-
natal morbidity and mortality worldwide. Furthermore, it is one of 
the three leading causes of maternal mortality.40 Blood pressure 
screening is therefore recommended at the first visit and at all sub-
sequent visits though obviously this identifies the patient only at the 
onset of problems. Risk factors for pre-eclampsia should therefore 
be investigated during the first visit. This allows intensive maternal 
and fetal monitoring, leading to a timely diagnosis of pre-eclampsia, 
and the prompt initiation of prophylactic treatment, such as aspi-
rin.12 Risk calculation is based on maternal characteristics, such as 
age, body mass index, the presence of chronic hypertension, previ-
ous or family history of pre-eclampsia, as well as first-trimester bio-
chemical and ultrasound parameters, which aim at measuring the 
degree of invasion of the placental trophoblast—which is believed 
to be abnormal in pre-eclampsia. Uterine artery Doppler studies 
can detect increased placental vascular resistance, but its sensi-
tivity ranges from 7% to 80%.41,42 Measurement of PAPP-A43–45 
a-disintegrin and metalloprotease 12 (ADAM12), soluble endoglin 
(sEng), inhibin-A, activin-A, pentraxin-3 (PTX3), P-selectin pla-
cental growth factor (PLGF), and placental protein-13 (PP13)6, 46–49  
have all been associated with pre-eclampsia. Again, algorithms 
combining maternal characteristics, Doppler findings, and bio-
chemical tests at 11–13 weeks can identify patients at risk for 
pre-eclampsia, and stratify this condition according to gestational 
age at onset, which correlates to the severity of the disease.6 (See 
Chapter 36 for further details on pre-eclampsia.)

A similar integrated algorithm has been proposed for the 
first-trimester screening of gestational diabetes. Gestational dia-
betes is defined as a glucose intolerance occurring during preg-
nancy, with an incidence of about 2–3%.50 This condition is 
associated with adverse perinatal outcomes (death, shoulder dys-
tocia with or without fracture, and nerve palsy). It makes sense 
to diagnose diabetes, because adequate intervention, by dietary 
advice, blood glucose monitoring, and, if needed, metformin or 

insulin therapy, lowers morbidity. In low-risk patients, screening 
for gestational diabetes mellitus is performed at 24 to 28 weeks’ 
gestation through an oral glucose tolerance test.39 However, 
first-trimester algorithms combining maternal characteristics 
(body mass index, racial origin, family history, and previous mac-
rosomic baby) and biochemical tests (serum levels of adiponectin, 
sex hormone-binding globulin, or visfatin) may identify about 
75% of pregnancies subsequently complicated by gestational dia-
betes, with a false-positive rate of 20%.51 (See chapter 47.)

Screening for preterm delivery
Infants born preterm have an increased risk of mortality and 
severe comorbidities, despite improved neonatal care. The risk of 
preterm birth has been rising in most developed countries during 
the past decades.52,53 Considerable effort has been spent to inves-
tigate the pathogenesis of preterm birth and preventive measures 
that reduce its consequences.54,55

Transvaginal ultrasound of the cervix objectively measures cer-
vical length in a standardized way, and has been shown to enable 
risk estimation of preterm delivery when performed at 18–22 
weeks (which coincides with the anomaly scan) (Figure 7.4).56,57 
Preventive measures (e.g. by administration of progesterone) have 
been shown to significantly reduce the risk of delivery at less than 
37 weeks.58,59 An alternative treatment for women with a short 
cervix is cervical cerclage, which reduces the risk of spontaneous 
early preterm delivery by about 40% in women who had a previous 
preterm birth or second-trimester loss, but not in those without 
such history.60 (See Chapter 33.)

Measuring cervical length only at 20 weeks, however, can-
not prevent miscarriages due to cervical incompetence before 
that gestation and delays prophylactic measures. First-trimester 
assessment is therefore desirable. Again, it is the combination of 
maternal characteristics such as ethnicity, age, and socioeconomic 
status, previous preterm birth as well as pregnancy characteris-
tics such as multiple pregnancy, conception after artificial repro-
ductive technologies, and presence of urogenital tract infections 
which predict poor outcome.61,62 This can be combined by meas-
urement of endocervical length at 11–13 weeks, which has been 
shown to be predictive.63 A recent study suggests that combina-
tion with PP-13, PAPP-A, and uterine artery pulsatility index are 
useful markers for identifying pregnancies at increased risk for 
early premature birth.64

Fetal therapy became a clinical reality after the introduction of 
high-resolution ultrasound. It has been boosted by the implemen-
tation of systematic pregnancy screening programmes which have 
led to the early detection and better understanding of the natural 
history of fetal anomalies. Only a limited numbers of fetal anoma-
lies are progressive in nature, so that when left untreated, they lead 
to fetal and neonatal demise, or severe morbidity. Prenatal interven-
tion aims at halting or reversing the progression of these diseases 
and improving the postnatal outcome. Where some fetal condi-
tions such as open neural tube defects,65 large solid lung masses, 
or sacrococcygeal teratomas66 are still treated through maternal 
laparotomy and hysterotomy, we have witnessed an increased 
introduction of minimally invasive fetal therapeutic procedures 
over the last two decades. The aim of the current chapter is to pre-
sent an overview of the rationale for, the technical aspects of, and 
outcomes of the most common minimally invasive prenatal thera-
peutic procedures. These are reserved for well-selected fetuses, at 
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the most severe end of the spectrum, and are only offered in a lim-
ited number of centres. Optimal patient selection, expert counsel-
ling, rigorous clinical protocols and experienced multidisciplinary 
teams are strict criteria for fetal therapy programmes.67,68

Fetal therapy
The implementation of systematic ultrasound screening leads to 
earlier detection of fetal anomalies. Whereas most fetal conditions 
are adequately treatable after birth, some disorders progress dur-
ing fetal life and can lead to severe morbidity or fetal and neonatal 
demise. This inherently raises the question of prenatal therapy. 
Some fetal conditions are amenable to fetal surgical intervention, 
some of them by minimal access. Below we provide an overview 
of the rationale for, the technical aspects of, and (if available) the 
outcomes of the most common prenatal therapies (Table 7.1).

Intrauterine transfusion
Intrauterine transfusions are performed for severe fetal anae-
mia and thrombocytopenia. Technical aspects of the procedure 
are identical for both conditions. Fetal thrombocytopenia is very 
rare and for that we refer readers to the excellent recent review 
by Kamphuis et al.69 This section will therefore discuss only fetal 
anaemia. The incidence of rhesus D (RhD) haemolytic disease 
has decreased dramatically since the routine administration of 
anti-D immunoglobulins. As a consequence, other causes of fetal 
anaemia, such as fetomaternal haemorrhage, twin anaemia poly-
cythaemia sequence, parvovirus B19 infections, and haemolytic 
disease due to other than RhD red blood cell antigens have gained 
in relative importance. The severity of anaemia in a fetus at risk 
can be assessed by non-invasive measurement of peak systolic 
velocity in the middle cerebral artery. Severe anaemia, mandating 
antenatal intervention, is present when the peak systolic velocity is 
over 1.5 multiples of the median and shows an increasing trend.70

Intrauterine transfusions are usually performed under local anaes-
thesia in an outpatient setting, or when rescue delivery is antici-
pated under spinal or combined spinal and epidural71 (Figure 7.5). 

Typically, the umbilical vein is punctured under ultrasound guid-
ance either in its intrahepatic portion or at the placental cord root. 
At the start of the transfusion a blood sample is drawn for haemo-
globin and haematocrit measurement and the required volume cal-
culated to reach around 45%.72 Pancuronium can be administered to 
immobilize the fetus for intrahepatic transfusions; intrahepatic vein 
puncture justifies the use of fetal pain relief. O rhesus-negative blood 
with a haematocrit of 80%, that has been screened for the most com-
mon infectious diseases, and irradiated to prevent graft-versus-host 
reaction, is transfused. Extremely anaemic fetuses are treated with 
multiple transfusions with a few days’ interval. In case of persistent 
haemolysis, the fetal haematocrit drops around 1% per day. Therefore, 
repeated transfusions at 2–3-week intervals are required in rhesus 
disease. The last transfusion is usually given around 34 weeks of ges-
tation to allow for a timed delivery around 36–37 weeks.

In experienced hands, intrauterine transfusions are successful 
in over 97% of cases.73 The rate of severe complications is 3% per 
procedure in rhesus disease and the procedure-related fetal loss 
rate is 1.6%.74,75 The latter increases to 10% in transfusions done 
before 22 weeks of gestation.76 Overall survival after intrauterine 
transfusions for rhesus disease is 75% when the fetus is hydropic 
at the first transfusion, and over 90% in non-hydropic fetuses.73 
A  large follow-up study on neurological outcomes after intrau-
terine transfusions for rhesus disease shows a cerebral palsy rate 
of 2.1% and an overall risk for developmental delay of 4.8%.77 
Neurological impairment is more likely if hydrops was present.

Fetoscopic laser coagulation  
of chorionic plate vessels
Twin-to-twin transfusion syndrome (TTTS) affects 9% of mono-
chorionic twins and fetal therapy is considered when present-
ing between 16 and 28 weeks of gestation.78,79 A review on the 
pathophysiology can be found in a recent review by Fisk et al.80 
Imbalances in vasoactive hormones and fluid shifts lead to one 
fetus being hypertensive and volume overloaded (the recipient 
fetus) and the other being volume depleted (the donor fetus). 
The diagnostic criteria for TTTS rely on the presence of polyuric 

(A) (B)

Figure 7.4  Cervical sonography for the prediction of preterm birth. (A) Normal findings. (B) Patient at high risk because of cervical incompetence.
Reproduced with permission from the University Hospitals San Gerardo, Monza, Italy.
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polyhydramnios in the recipient fetus and oliguric oligohydram-
nios in the donor. TTTS is further staged according to Quintero 
et  al.81 based on the presence (stage I) or absence (stage II) of 
bladder filling in the donor fetus, Doppler changes in one or both 
fetuses (stage III) and the presence of hydrops (stage IV), or fetal 
death (stage V). In a randomized controlled trial, it was shown 
that causative therapy, by fetoscopic laser coagulation of inter-
twin anastomosis, yields better outcome than serial amniodrain-
ages of excessive fluid.82 Fetoscopic laser is performed under local 
or locoregional maternal anaesthesia (Figure 7.6). A 2–3.5 mm 
fetoscope with a working channel for a laser fibre83 is introduced 
into the recipient’s sac and all anastomosing vessels are coagu-
lated under direct vision. The procedure is completed by amni-
odrainage. Recurrent TTTS and twin anaemia-polycythaemia 
syndrome are relatively rare complications but are amenable 
for therapy. Intrauterine fetal demise of one fetus, which is only 
partially predictable, occurs in about 15% of cases. Whereas in 
the earlier large series overall neonatal survival was around 55% 
and survival of at least one fetus around 70%,84 these numbers 
increased to 70% and 80–90% respectively with increasing expe-
rience.85,86 Mean gestational age at delivery is 33–34 weeks. In 
terms of long-term neurological outcome, a recent, large, multi-
centre follow-up study (N = 287 TTTS survivors) demonstrated 
that the risk for cerebral palsy in survivors is 6%.87 Severe mental 
delay is observed in 7% and psychomotor impairment in 12%. 
This compares to the background risk of neurodevelopmental 

impairment (7%) and cerebral palsy (0.6%) in uncomplicated 
monochorionic twin pregnancies.88 The major determinant of 
these adverse outcomes is prematurity83 and the stage at the time 
of intervention, with poorer outcomes at an advanced stage.89 
In a very recent randomized trial, it was shown that complete 
separation of the placenta along the vascular equator reduces 
recurrence rate and improves neonatal outcome (Solomon 
technique—Figure 7.6B).90

Selective reduction in monochorionic  
twin gestations
In some monochorionic twin pairs, the condition of one fetus 
may pose a threat to the well-being of the other due to the pres-
ence of the placental anastomoses. Examples are impending 
demise of one fetus by selective (in one twin) intrauterine growth 
restriction, end-stage TTTS or after its failed therapy, and a num-
ber of discordant congenital anomalies, including twin reversed 
arterial perfusion (TRAP). In these circumstances, controlled 
fetocide of the affected fetus including obliteration of intrafetal 
or cord vessels can be performed to protect the healthy twin. 
Simultaneous arterial and venous occlusion can be achieved by 
cord occlusion. Bipolar cord coagulation using a 3.0 mm forceps 
is performed under local anaesthesia with ultrasound guid-
ance (Figure 7.7A).83 Thermoablation of intrafetal vessels using 
laser, monopolar energy, or radiofrequency needles has more 
recently been propagated. A straight needle or a needle equipped 

Fetal Blood Sampling & Transfusion

Red blood cells

Anemia

Figure 7.5  Schematic representation of an intrauterine transfusion. The fetal circulation is typically accessed at the level of the cord insertion (1), or the intra-hepatic vein (2).
Reproduced with permission from the University Hospitals Leuven, Belgium.
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with umbrella-shaped tines is inserted into the abdomen of the 
target fetus, close to where the cord vessels branch at the level 
of the umbilicus (Figure 7.7B).91 Cord coagulation and radi-
ofrequency ablation are equally successful in 97% of cases,92 but 
survival of the non-target twin is around 80–85% because of 
post-procedural losses. Cases operated after 18 weeks do better 
than early cases.93,94 Mean gestational age at delivery is 34–35 
weeks and neurological outcome in survivors is good, with neu-
rodevelopmental impairment in 2% of cases.93,95

Interventions for lower urinary tract obstruction
Fetal lower urinary tract obstruction (LUTO) occurs in about 
2–3/10,000 pregnancies.96 Many are due to isolated posterior 
urethral valves or urethral atresia, but associated structural or 
chromosomal anomalies are present in 25%.96 Untreated, the 
perinatal mortality of isolated LUTO is high, primarily due to 
pulmonary hypoplasia secondary to the oligohydramnios, add-
ing to the problem of severe renal failure. Survivors have a high 
incidence of chronic renal failure and up to 17% reach end-stage 
renal disease within 10 years.97 Vesico-amniotic shunting has been 
proposed to improve the outcome of fetuses with severe oligohy-
dramnios, that still have acceptable fetal renal function, based 

on a variety of diagnostic criteria.98 Vesico-amniotic shunting is 
a percutaneous procedure using a purpose-designed cannula and 
trocar with echogenic tip. The instrument is advanced through the 
fetal abdominal wall into the bladder to deploy a catheter allow-
ing bladder drainage into the amniotic cavity (Figure 7.8A).83 The 
most frequent complication of vesico-amniotic shunting is pre-
term rupture of the membranes leading to a mean gestational age 
at delivery of 34–35 weeks.99 Shunt dislodgment, which occurs in 
34%,99 and obstruction may mandate a repeat procedure.100 There 
is evidence that vesico-amniotic shunting improves neonatal sur-
vival, especially in fetuses with poor renal function.101 Overall 
survival ranges between 50% and 90% and one in three chance sur-
vivors has end-stage renal disease at a mean follow-up of 5 years.102 
Survivors may also have other respiratory and growth problems, 
but their self-reported quality of life falls within the normal range.

More recently intrauterine fetal cystoscopy has been proposed 
(Figure 7.8B).103 The procedure, which can be done as early as 16 
weeks of gestation, allows a more robust diagnosis, and in case 
of urethral valves, definitive treatment by laser fulguration may 
be attempted. A recent systematic review of four fetal cystoscopy 
studies104 demonstrated that the initial diagnosis of posterior 
urethral valves changed in 32% (6/19) typically towards urethral 

(A) (B)

Figure 7.6  Fetoscopic laser coagulation of chorionic plate vessels for twin-to-twin transfusion syndrome, along the vascular equator (A) and completed by 
separation (B).
Reproduced with permission from the University Hospitals Leuven, Belgium.

(A) (B)

Figure 7.7  (A) Bipolar cord coagulation, using a bipolar forceps (insert). (B) Radiofrequency ablation using an RFA-device with its tines deployed.
Reproduced with permission from the University Hospitals Leuven, Belgium.
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atresia. In terms of postnatal survival, cystoscopic ablation of the 
valves was superior to expectant management yet comparable to 
shunting.36

Interventions for fetal thoracic pathology
Pleural effusions
Fetal pleural effusions can either be isolated (primary hydro-
thorax or chylothorax) or secondary to other conditions such as 
diaphragmatic hernia, bronchopulmonary sequestration, cardiac 
anomalies, fetal infections, and metabolic, chromosomal, or syn-
dromal disorders. Mild to moderate primary hydrothorax, which 
does not lead to functional cardiac impairment, mediastinal shift, 
or severe lung compression, has a good outcome and hence can be 
managed conservatively.105 Hydrops and association with severe 
pulmonary hypoplasia reduce survival rate to 25%.105 Drainage 
of the effusion should theoretically alleviate intrathoracic com-
pression and hence yield a better outcome. Such drainage can 
be achieved either by repeated thoracocentesis or pleuroamni-
otic shunting. A recent systematic review showed that outcomes 
of thoracocentesis and shunting were similar,106 yet shunting is 
often preferred when more distant from term (Figure 7.9). The 
procedure is comparable to vesico-amniotic shunting. The lateral 
or posterior chest wall of the fetus is preferred for shunt inser-
tion to avoid lesions to mammary gland and nipple. Shunt migra-
tion or obstruction leads to the need for repeated procedures in 
10–20% of cases. Preterm premature rupture of membranes and 
preterm delivery are common, leading to an average gestational 
age at delivery of 34–35 weeks. In a recent large case series, neona-
tal survival was 55% in hydropic fetuses and 85% in non-hydropic 
fetuses.107 Gestational age at birth and duration of shunting are 
both important predictors of outcome.108

Pulmonary parenchymal lesions
Congenital cystic adenomatoid malformation (CCAM) of the 
lung arises from an overgrowth of the terminal respiratory bron-
chioles. Bronchopulmonary sequestration (BPS) is non-functional 
pulmonary parenchyma that is separated from the normal lung 
and receives its blood supply from the systemic circulation. 
CCAMs are classified as microcystic, macrocystic, or mixed based 
on their appearance on ultrasound. Most commonly, CCAMs 
are small and about 50% regress in the third trimester of preg-
nancy.109 Limited lesions do not compromise cardiac function or 
lung development and have very favourable outcomes with con-
servative prenatal management. Some can even be managed con-
servatively postnatally.110

More rare are the masses that grow very large and lead to pul-
monary hypoplasia or hydrops, the latter being almost invariably 
fatal.111 In large macrocystic CCAMs, therapeutic size reduction 
can be obtained by thoraco-amniotic shunting of the larger cyst. 
Non-hydropic fetuses with masses causing mediastinal shift that 
are shunted have a postnatal survival rate of 87% (gestational age 
at birth 37 weeks).109 For hydropic cases, survival was only 66%. 
Large microcystic CCAMs are considered not to be amenable for 
thoraco-amniotic shunting as they are mainly solid. First, mater-
nal administration of glucocorticoids should be attempted.112–114 
If not, surgery can be contemplated. Several minimally invasive 
techniques have been described but are experimental. There is more 
information about open fetal surgical lobectomy, which has a sur-
vival rate of 50%, yet at the cost of higher maternal morbidity.66,115

In view of the potential of identifying a (systemic) feeding ves-
sel to a BPS, vascular occlusion techniques comparable to those 
used in twins can be used, with a greater than 90% survival 
rate.109,116–121

(A) (B)

Figure 7.8  (A) Percutaneous vesico-amniotic shunting. (B) Fetal cystoscopy.
Reproduced with permission from the University Hospitals Leuven, Belgium.
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Pulmonary hypoplasia due to congenital  
diaphragmatic hernia
Congenital diaphragmatic hernia occurs in 1/3000 pregnancies. 
Even when isolated (i.e. in the absence of other structural defects or 
chromosomal anomalies) this condition has a high neonatal mortal-
ity and morbidity due to pulmonary hypertension and hypoplasia. 
The prognosis of an individual fetus can be predicted prenatally 
based on assessment of fetal lung size and liver position.122,123 
Although the overall neonatal survival of fetuses with isolated 
left-sided diaphragmatic hernia approaches 70–80% in high-volume 
centres, fetuses with liver herniation and a contralateral lung area 
less than 25% of the expected area for gestational age on ultrasound 
have a neonatal survival of less than 25%.124,125 Fetal lung growth 
can be stimulated in utero by tracheal occlusion (FETO). This pro-
cedure prevents the outflow of fluid produced by the lungs. As a 
consequence, the lungs are inflated and stretched, which is a proven 
strong stimulus for lung growth. Tracheal occlusion can be done 
fetoscopically under local anaesthesia within 10 minutes. After the 
fetus is anaesthetized and immobilized, a fetoscope83 is introduced 
percutaneously and the fetal trachea is accessed through the mouth 
(as for an intubation) (Figure 7.10). A vascular occlusion balloon is 
delivered in the trachea, just below the vocal cords. As long as the 
tracheal balloon is in situ, the fetal airways are occluded, meaning 
that normal respiration cannot take place at birth. We have pro-
posed in utero reversal at 34 weeks, which in animal experiments 
has been shown to promote lung maturation, but also allows vagi-
nal birth and referral to a centre not familiar with FETO. Others 
remove the balloon at birth on placental circulation (Ex Utero 

Intrapartum Treatment—EXIT). The combined experience of three 
European centres offering FETO exceeds 200 cases.126 The most 
important complications of FETO are preterm prelabour rupture 
of membranes and preterm delivery which occurs on average at 
35 weeks. Compared to an expectantly managed historical cohort, 
FETO improves survival of cases with severe isolated left-sided dia-
phragmatic hernia from 25% to 50% and decreases neonatal mor-
bidity.126–128 This procedure is currently being investigated in a 
randomized trial (http://www.totaltrial.eu).

Fetal cardiac procedures
Despite improvements in neonatal (surgical) care and the devel-
opment of dedicated follow-up programmes for infants with con-
genital heart disease, the outcome of fetuses with hypoplastic left 
heart syndrome (HLHS) remains poor. Postnatal surgery, which 
results in a far from optimal single-ventricle Fontan-type circula-
tion,129 has a considerable mortality rate leading to a total survival 
of less than 65%.130 Moreover, half the long-term survivors have 
poor neurodevelopmental outcome131 which may in part have an 
antenatal origin. Indeed, a preferential return of oxygenated blood 
towards the right ventricle and lower body rather than towards the 
left ventricle and the brain may lead to suboptimal brain oxygena-
tion in utero.132,133

A hypoplastic heart can already be present in early preg-
nancy,134 but about 5% develop in the second trimester and are 
progressive.130 In these cases, which are often due to outlet valve 
obstruction, fetal balloon valvuloplasties may allow for intrau-
terine ventricular recovery and growth, and increase the chance 

(A)

(B)

(C)

Figure 7.9  Schematic representation of a thoracic shunt being inserted (A, B) and deployed (C).
Reproduced with permission from the University Hospitals Leuven, Belgium.
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of a postnatal biventricular repair. Proper patient selection and 
optimized techniques for needle-based access to the fetal heart 
have led to reasonable outcomes.135–137 For HLHS, an 18- or 
19-gauge needle is inserted into the fetal left ventricle at the level 
of the apex and in alignment with the left ventricular outflow 
tract (Figure 7.11). A guidewire and a catheter with a coronary 
dilatation balloon are advanced through the aortic valve, which 
is dilated to 120% of the valve annulus. Technical success defined 
as successful inflation and dilatation is achieved in 70% of cases. 
Perioperative complications are common. These include bradycar-
dia necessitating fetal resuscitation (17–38%), haemopericardium 
(13%), ventricular thrombosis (15–20%), as well as fetal demise 
(8–13%).138 Significant left ventricular growth may be observed 
in utero, yet only 33–67% of the technically successful procedures 
end up in a postnatal biventricular repair. Similar percutaneous 
cardiac balloon procedures have been proposed for HLHS with 
a highly restrictive foramen ovale139 and pulmonary atresia with 
intact ventricular septum.140

Myelomeningocoele
The prevalence of neural tube defects in Europe is around 9/10,000 
births making it one of the most frequent congenital anoma-
lies affecting the central nervous system.141 Myelomeningocele 
(MMC) is the most common distal closure defect and is charac-
terized by extrusion of the meninges and the spinal cord. In utero 
exposure of the developing spinal cord and nerves causes pro-
gressive damage, whereas leakage of cerebrospinal fluid leads to 
hydrocephaly and downward displacement of the cerebellum and 
brain (Chiari malformation). This in turn affects neurocognitive 

prognosis and late morbidity. Over 80% of children require life-
long shunting and 50% of them will have shunt complications in 
the first year of life.142 The functional impact is highly dependent 
on the level and extension of the lesion.143,144

Fetal intervention essentially aims at isolating the defect from 
the toxic and traumatic intrauterine environment. Following 
experimental and early clinical evaluation, the Management of 
Myelomeningocele Study (MOMS) demonstrated benefit of fetal 
rather than postnatal closure through maternal laparotomy and 
hysterotomy. Eligible are fetuses with lesions above S1 between 19 
and 25 completed weeks of gestation.65 This results in the in utero 
reversal of the Chiari malformation. Postnatally the need for 
shunting dropped by a third, and at 30 months of age, 40% of chil-
dren were able to walk (control: 20%). This is in line with earlier 
case series that also showed that outcomes after fetal surgery are 
about two vertebral levels functionally better than anatomically 
present.

The procedure requires maternal general anaesthesia for ade-
quate fetal anaesthesia and uterine relaxation for fetal surgery and 
uterine exposure. The fetus is manually positioned such that the 
MMC sac is in the centre of the future hysterotomy, which is made 
with specifically designed uterine staplers (Figure 7.12). The fetus 
is given an intramuscular injection of fentanyl and muscle relax-
ant. The actual MMC repair is not different from what is typi-
cally done after birth. The uterus is closed in two layers with prior 
restoration of amniotic fluid and antibiotic administration and 
covered with an omental patch. Prophylactic tocolytics includes 
magnesium sulphate (24 hours), indomethacin (48 hours), and 
oral nifedipine after discontinuation of magnesium sulphate until 

Figure 7.10  Percutaneous insertion of a balloon into the fetal trachea. Inserts show the steps for positioning a detachable balloon.
Reproduced with permission from the University Hospitals Leuven, Belgium.
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37 weeks. Typical hospital stay is 4 days. Elective caesarean deliv-
ery by lower uterine incision is at 37 weeks.

Fetal pain
Pain is a subjective experience occurring in response to impending 
or actual tissue damage. The subjective experience of pain requires 

nociception and an emotional reaction. Nociception requires an 
intact sensory system, and an emotional reaction requires some 
form of consciousness. It is difficult to know the extent to which 
the fetus experiences pain. However, several indirect methods 
have suggested that the fetus at least can feel pain. Robinson 
and Gregory suggested the importance of providing analgesia 
in preterm neonates.145 Anand et  al.,146–148 Fisk et  al.,149 and 

Figure 7.11  Schematic representation of a percutaneous valvuloplasty, in this case of the left ventricular outlet tract.
Reproduced with permission from the University Hospitals Leuven, Belgium.
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Figure 7.12  Schematic representation of a fetal myelomeningocele repair; insert: incision (top) and schematic representation of the lesion (bottom).
Reproduced with permission from the University Hospitals Leuven, Belgium.
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Giannakoulopoulos et al.150 demonstrated that premature infants 
and fetuses display several humoral stress responses during inva-
sive procedures. These data indicate that the mid-gestational fetus 
responds to noxious stimuli by mounting a distinct stress response, 
as evidenced by an outpouring of catecholamines and other stress 
hormones as well as haemodynamic changes. And, analogous to 
what has been documented in neonates, prenatal stress can be 
expected to affect later neurodevelopment. Theoretically, in utero 
experienced pain may be ‘remembered’ by the fetus, which could 
in turn lead to altered sensory patterns or abnormal behavioural 
patterns in postnatal life. Consequently, management of fetal pain 
and associated stress response in utero during invasive fetal inter-
ventions is important.149 Even if it remains unproven whether this 
results in improved neurodevelopment and improved long-term 
outcome, it is prudent to take pre-emptive action and manage 
potentially painful procedures accordingly.

Several treatment protocols have been proposed151 and, in gen-
eral, a policy of administration of fetal analgesics for any inva-
sive procedures where the fetus might experience pain should be 
adopted, certainly from 18 to 20 weeks onward. Sufentanil (1–2 
mcg/kg) or fentanyl (10 mcg/kg) can be given intramuscularly 
or intravenously to the fetus. Should the mother undergo general 
anaesthesia, the fetus should be sufficiently anaesthetized through 
transplacental passage.152

Conclusion
Advances in prenatal imaging and the introduction of screening 
policies enable identification of high-risk pregnancies and early 
diagnosis of fetal anomalies. Some of these are amenable to fetal 
therapy, in case treatment cannot wait until birth. Over the last 
two decades, fetal surgery has become a clinical reality, which was 
boosted by instrument development and successful clinical trials. 
More recently, open fetal surgery has become more widely reintro-
duced for in utero repair of neural tube defects, which remarkably 
is not a lethal condition. Performing prenatal surgical interven-
tions requires adequate fetal pain relief.
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CHAPTER 8

Neonatal assessment and therapy
Ewen D. Johnston and Julie-Clare Becher

Introduction
The transition from fetal to neonatal life involves significant 
changes in physiology. In utero, life is characterized by a rela-
tively hypoxic environment, with the lungs playing no part in 
gas exchange and the placenta functioning as the organ of fetal 
respiration. The physical effects of labour help prepare the fetus 
for life outside the womb, and an understanding of the processes 
involved in normal adaptation is essential in assessing and sup-
porting the newborn who may not make this transition unaided.

Worldwide, neonatal mortality rates vary tenfold between devel-
oped and developing countries. The World Health Organization 
estimates a rate of 3/1000 live-births (high-income countries), 
and 32/1000 live-births (low-income countries) for this statistic.1 
Of those deaths, approximately 30% are thought to be related to 
birth asphyxia. It is important to appreciate that mortality alone 
underestimates the impact of problems at delivery on families, 
with around two-thirds of survivors of untreated moderate/severe 
hypoxic-ischaemic encephalopathy developing significant neuro-
disability at 18 months.2,3

Our training as physicians focuses on adult physiology and 
pathology and these concepts and considerations do not gener-
ally include the principles of newborn resuscitation and sta-
bilization. As a consequence, even the most skilled adult (or 
paediatric) practitioners will naturally feel some anxiety when 
presented with an infant who is apnoeic and bradycardic at deliv-
ery. This need not be the case. The underlying tenets of newborn 
resuscitation—enabling lung aeration and optimizing tempera-
ture control—have been recognized for centuries and can be deliv-
ered with the most basic of equipment.4 There are situations where 
the need for resuscitation at birth can be predicted. However, this 
is not always the case,5,6 or it may not be possible to safely transfer 
the mother to a large unit with neonatal intensive care support 
before delivery. It is therefore vital that all practitioners who may 
be called upon to attend a delivery have the skills to provide basic 
newborn life support.

Delivery suite management of the newborn, once the realm 
of folklore and fad,7 is now a rapidly advancing field with the 
International Liaison Committee on Resuscitation (ILCOR) regu-
larly reviewing the evidence base and providing guidance on both 
practice and directions for future research.8

In this chapter, the fundamental differences between newborn 
infants at birth and those who have already adapted to life outside 
the womb will be discussed. The physiology of asphyxia will be 
described, and how this knowledge leads us to the development of 
a structured approach towards assessment and intervention when 
required. Delivery at preterm gestation will be covered separately, 

along with a number of other specific conditions requiring special 
consideration.

Normal physiology and transition
The fetus develops within a tightly regulated environment. 
Surrounded by amniotic fluid, nourished with a constant supply 
of glucose and oxygen through the umbilical vein, the lungs are 
filled with fetal lung fluid. The pulmonary vascular resistance is 
high, and systemic resistance low, enabling a pattern of circulation 
unique to this period of life where the lungs receive only 25% of 
the total cardiac output (at term).9

De-oxygenated blood returns from the fetus to the placenta 
through the umbilical arteries which arise from the external ili-
acs. (See Figure 4.1 in chapter on Fetal and Neonatal Physiology 
for diagram of fetal circulation) Fetal red blood cells extract oxy-
gen from the maternal circulation at the chorionic villi, enabled 
by the high oxygen affinity of fetal haemoglobin. This oxygenated 
blood enters the umbilical vein with a saturation of approximately 
85%, and travels to the ductus venosus and then the right atrium 
where it travels to the left side of the heart via the foramen ovale. 
After reaching the left side of the heart, blood follows the same 
course as in adult life until it returns to the umbilical arteries—the 
striking difference is that the healthy fetus has a PaO2 of only 4 
kPa (30 mmHg; ~60–65% saturation in the descending aorta).

Deoxygenated blood from the superior vena cava is directed 
from right atrium to right ventricle undergoing some mixing with 
the well-oxygenated flow. In the pulmonary trunk, the high pul-
monary vascular resistance ensures that this blood is predomi-
nantly directed through the ductus arteriosus to join the main 
systemic flow.

During labour, the fetus is exposed to physical and hormonal fac-
tors which prepare them for the transition to neonatal life. Uterine 
contractions result in transient hypoxia as placental gas exchange 
is interrupted. Studies examining fetal SpO2 during labour have 
demonstrated levels of 30–40% during late second stage in a group 
of deliveries where no additional support was required at birth.10 
These normal stresses stimulate a catecholamine response in the 
fetus which, coupled with the release of thyrotropin-releasing hor-
mone in the mother, serves to stop the production of fetal lung 
fluid and promote its resorption prior to delivery.11,12

At delivery, the fetus must undergo a profound physiological 
change to successfully adapt to life outside the womb. Central 
to this are the first breaths which inflate the lungs, allowing the 
arteriolar bed to dilate, and deliver oxygen to the pulmonary 
vasculature promoting further vasodilation. The resultant drop 
in pulmonary vascular resistance allows blood from the right 
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ventricle to flow to the pulmonary arteries. The increased volume 
returning to the left atrium closes the foramen ovale, and with the 
low-pressure placental circuit no longer available, increased pres-
sure in the left ventricular outflow tract now shunts oxygenated 
blood from left to right through the ductus arteriosus promoting 
constriction and closure over the coming hours to days.

From the description above it is clear that lung aeration is the 
key to this transition. The first breath will occur within 60 seconds 
in most term newborns,13 stimulated by cold, cessation of placen-
tal circulation, and physical stimuli. Newborns must first establish 
and then maintain a functional residual capacity (FRC). Initial 
breaths are deep and long, thereafter the infant can be observed to 
prolong the expiratory phase after a short, deep inspiration. This 
‘expiratory braking’, is achieved by crying and promotes an FRC 
when the lungs are still partially filled with fluid.14,15

If the heart rate has slowed, it will rapidly increase and most 
well infants will have a pulse of over 100 by 2 minutes.16 Oxygen 
saturation will climb steadily but more slowly. It is now recog-
nized that ‘low’ pre-ductal SpO2 during this time is normal and 
should be tolerated without interference in an otherwise well 
infant. More than 25% of well term infants will take longer than 5 
minutes to achieve saturations in the 90s17 (Figure 8.1).

Almost all newborns will make this transition without any addi-
tional help—the exact numbers are unclear, but a large Swedish 
study from the late 1980s found that only 1.7% of infants required 
resuscitation.5

In the next section, the physiology and effects of intrauterine 
hypoxia will be discussed and the central role of these processes 
in the approach to resuscitation.

The physiology of hypoxia
The work of Dawes and Cross,18,19 published in the 1950s and 
1960s, provides the clearest description of the effects of intrauter-
ine asphyxia.

The fetus is well adapted to tolerate the hypoxic process of 
delivery, and can survive periods of total asphyxia which would 
result in the death of an adult. This resilience is likely due to the 
high concentration of glycogen stored in the fetal myocardium. 
This reserve serves as fuel for metabolism upon which the healthy 
newborn relies during the first day whilst feeding is established. 
This glycogen can be mobilized when oxygen is not available, to 
sustain the fetus.20 The process is inefficient producing only two 
ATP molecules for each glucose molecule entering the cycle (in 
comparison with aerobic respiration which produces 36 ATP per 
glucose) but is sufficient to maintain cardiac output and cerebral 
metabolism. The fetus and newborn demonstrate an enhanced 
ability to utilize alternate substrates for energy, particularly lac-
tate, which may also be protective.21

A mammalian fetus starts breathing around 30 seconds after 
the placental circulation ceases (Figure 8.2). If these efforts fail to 
establish lung aeration and oxygenation, tachycardia and tachyp-
noea ensue. Blood pressure is maintained, and may rise slightly. 
Oxygen stores are rapidly depleted (around 2 minutes) and the 
fetus becomes unconscious. Breathing efforts cease after a few 
minutes, and the heart rate falls to about 60–80 beats per minute 
(bpm). This period is known as primary apnoea. The drop in heart 
rate is a chemoreflex,9 resulting in vagal stimulation, and thereaf-
ter adrenergic vasoconstriction which redistributes the circulation 
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Figure 8.1  Newborn oxygen centiles.
Adapted with permission from Dawson JA, Kamlin COF, Vento M, et al. Defining the reference range for oxygen saturation for infants after birth. Pediatrics 2010;125(6):e1340–1347, Copyright © 
2010 by the AAP.
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centrally. If oxygenation is not restored, there is a steady rise in 
PaCO2, and lactic acid. Cyanosis is replaced by pallor as the vaso-
constriction evolves, circulation to the essential organs is main-
tained, but in the context of increasing acidosis. Gasping will now 
ensue. Gasps are a primitive spinal reflex which are characteristic 
of the newborn following hypoxia. They occur when the higher 
cortical suppression fails, and are slow, large volume ‘whole-body’ 
breaths—it is difficult to mistake these for normal respiration.

If the asphyxia continues, gasps will become shallower, and 
weaker. Lactate and CO2 accrue further and increase acidosis. 
Glycogen stores are exhausted and the circulation begins to fail, 
with a further drop in heart rate and cardiac output. Around 20 
minutes after the initial insult, gasping will cease, this is terminal 
apnoea. The heart beats for around 10 minutes after this but slows 
steadily and is unable to sustain perfusion. Twenty to thirty min-
utes after complete total asphyxia, the heart stops, the fetus has a 
profound mixed acidosis and unless delivery with resuscitation is 
immediate, death is inevitable. Even if this is the case, resuscita-
tion may not be successful, and significant brain damage may have 
already occurred.

There are limitations in the application of this animal model 
to human practice—the timing of each phase is not known with 
certainty, asphyxia is assumed to be constant and humans have a 
greater store of glycogen than rhesus monkeys. The model simu-
lates acute, total asphyxia, which is rare, and prior to the event the 

experimental subjects were healthy, with no previous exposure to 
either partial asphyxia, or labour.

At delivery, an infant who is not breathing could be in primary 
or terminal apnoea, or ‘between’ gasps. It will be difficult to dis-
tinguish between them initially, mandating that our approach to 
resuscitation should be the same for all:
◆	 The infant in primary apnoea will have a slow heart rate, some 

tone, and with gentle stimulation (e.g. drying with a warm 
towel), is likely to start breathing/crying and their heart rate will 
rapidly increase. Alternatively they will take one or two gasps 
which (provided the airway is clear) will inflate the lungs, fol-
lowed by a rapid increase in heart rate and regular respiration.

◆	 The infant delivered during the gasping phase of asphyxia will 
present similarly, but will be more hypotonic and pale. Gasping 
will be apparent, and if the airway is clear these may be sufficient 
to enable lung aeration and delivery of oxygen to the myocar-
dium producing an increase in heart rate. Gasps following more 
prolonged asphyxia may be too weak to inflate the lungs, and a 
brief period of artificial ventilation may be required. However, 
when aeration is achieved, the heart rate will again increase rap-
idly (Figure 8.3). The gasps will gradually be replaced by regu-
lar respirations, over a timescale proportional to the duration 
of the preceding insult (the longer the asphyxia, the longer the 
gasping persists for after resuscitation).

Respiration Primary apnoea

Fetal responses to asphyxia

Gasping

Secondary (terminal) apnoea

Heart rate

Acidosis

0 20 minutes

HR 40-60 BPM

‘Last gasp’

Time from as phyxia

Figure 8.2  Fetal response to asphyxia.
Data from Geoffrey S.  Dawes, Foetal and neonatal physiology; a comparative study of the changes at birth [by] Geoffrey S. Dawes, Chicago, US, Year Book Medical Publishers © 1968.
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◆	 The infant delivered in terminal apnoea is pale, floppy, and 
bradycardic (heart rate <60 bpm). If resuscitation is not com-
menced, death will follow. Artificial ventilation is required to 
inflate the lungs, and if gasping has only just ceased, this may 
lead to an increase in the heart rate. Until the infant’s own 
respiratory effort is adequate, artificial ventilation should be 
provided.

If the insult has continued for longer, the degree of acidosis and 
circulatory compromise is likely to be so great that lung aeration 
alone will not result in an increased heart rate—in these circum-
stances a brief period of cardiac compressions may be required.

Rarely it may be necessary to administer drugs (epinephrine, 
glucose, sodium bicarbonate) before a response in heart rate is 
observed. These infants will require cardiac compressions for 
longer before return of spontaneous circulation. These infants 
have experienced the greatest degree of hypoxia and acidosis, 
and have the highest mortality, as well as being at greatest risk of 
long-term neurological damage.

Equipment
Although one could provide adequate resuscitation in most 
cases with no more than a firm surface and a towel, in hospital, 
most newborn resuscitation will be undertaken on a resuscitaire 
(Figure 8.4), with additional equipment available. This will be sit-
uated either in the delivery suite, obstetric theatre, or a dedicated 
location nearby. As far as possible, equipment and layout should be 

standardized within each area (Table 8.1). An example of standard 
neonatal resuscitation equipment is shown in Figure 8.5.

Increasingly, additional monitoring (SpO2, heart rate, tempera-
ture, exhaled CO2) is available to support decision-making and 
help maintain stability, although one must recognize the potential 
dangers of using arbitrary, unresearched targets to guide practice.

In this section, we will discuss some considerations regarding 
equipment for newborn resuscitation in broad terms. However, it 
is best practice for clinicians to familiarize themselves with what 
is available within their own unit.

Resuscitaire
When stripped back to basics, the resuscitaire is simply a firm surface 
with a source of heat, light, and gas (Figure 8.4). Most are designed 
to be mobile, and are height adjustable, although they can also be 
fixed to the wall. Mobile models have the advantage of being able to 
be used for transfer between the labour suite and the neonatal unit; 
however, as the overhead heater will lose power when unplugged, 
care must be taken to ensure that the infant does not become cold. 
Necessary equipment on a resuscitaire is seen in Figure 8.5.

Gas supply and blender
Resuscitaires should be connected to the wall gas supply when-
ever possible, with cylinders kept in reserve for emergencies or 
transport.

Resuscitation of babies at birth should begin in air,8,13 and if 
oxygen is used it should be titrated with the response monitored 

Respiration

Lung inflation

Heart rate

Acidosis

0 Time from as phyxia Delivery

Figure 8.3  The response of an asphyxiated newborn to lung inflation.
Data from Cross KW, Resuscitation of the asphyxiated infant, British Medical Bulletin, Volume 22, Issue 1, pp. 73–8, Copyright © 1966 Oxford University Press.
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by pulse oximetry. There is no evidence to support the targeting of 
oxygen saturations to any particular level or centile in any group 
of infants after delivery. The potential toxicity of oxygen is well 
recognized22–25 and any adverse effects are likely to be greater 

in the two groups of newborns most likely to be given additional 
oxygen; those born prematurely, and those who have been asphyx-
iated. One should aim to avoid both hyperoxia and prolonged 
hypoxia.

Commonly resuscitaires in routine use do not incorporate an 
air/oxygen blender as standard. If a blender is not available, resus-
citation with air can be provided either with a self-inflating bag, or 
through a T-piece connected to an appropriate air supply.

T-piece and positive end-expiratory pressure
A pressure-limited T-piece circuit with an adjustable positive 
end-expiratory pressure (PEEP) valve should be used to provide 
lung aeration and ventilation.

This system has a number of advantages over a self-inflating 
bag, principally:

◆	 Can provide PEEP (or continuous positive airway pressure 
(CPAP))

◆	 Operator sets peak pressure

◆	 Easy to adjust pressure based on infant’s response

◆	 Easy to deliver timed aeration breath to set pressure.

Disadvantages:

◆	 Gas supply needed

◆	 Flow dependant (alterations of flow will alter previously set pos-
itive inspiratory pressure (PIP)/PEEP).

Connecting a T-piece circuit directly to a gas supply will gener-
ate dangerous pressures and must not be done. Similarly, high 
flow rates can overcome the safety blow-off in the resuscitaire and 
should be avoided. Flow rates of 8–10 L/min are acceptable.26

CPAP can be delivered either by mask or single- or bi-nasal 
prongs and is an effective way of stabilizing even the most preterm 
infants.27–30

The use of CPAP in the term infant requiring resuscitation has 
not been studied in humans, but there is compelling animal work 
suggesting a more rapid attainment of FRC after delivery with 
PEEP (Box 8.1).31

Self-inflating bags
Every resuscitation area should have a 500 mL self-inflating bag. 
These will allow resuscitation to continue should the gas supply 
fail. The bags have a pop-off valve which must be tested before 
every use by occluding the outflow and giving the bag a sharp 
squeeze. Most bags have a reservoir, but unless connected to a 
blended air/oxygen supply they are limited in the concentration of 
oxygen which can be delivered.32 It is not possible to provide the 
sustained breaths required with smaller-volume bags.33,34 There 
is a degree of skill required to administer a sustained aeration 
breath using a bag and mask, more so than using a T-piece and 
staff should ensure that they are familiar with both devices.

The use of larger bags in the newborn carries the risk of 
over-inflation (or delivery of excessive pressure); a 3 kg neonate 
would usually be ventilated with a tidal volume of 12–18 mL in 
intensive care. Vigorous squeezing of the bag can easily overcome 
the pop-off valve and peak pressures of greater than 60 cmH2O 
can be generated relatively easily.32,35

Table 8.1  Considerations and key features for a newborn 
resuscitation area

Considerations for a newborn 
resuscitation area

Key features of neonatal 
resuscitaire

Warm, no draughts Built in over-head heater, light and 
timer/stopwatch

Good lighting Firm, flat work surface

Means of summoning help Access to the baby from three sides 
(head/left/right)

Adequate space around resuscitaire 
for three people

Pressure limited gas supply to 
T-piece ventilation circuit

Ease of access (transport incubator, 
emergency trolley etc.)

Air/oxygen blender (not standard, 
but strongly recommended)

Gas supply (air and oxygen) Own gas supply (2 × E cylinders—  
1 × air/1 × O2, or 2 × O2)

Resuscitation algorithms easily 
visible (drug doses etc.)

Suction (usually gas driven—will 
drain cylinders quickly)

Figure 8.4  An example of a newborn resuscitaire.
Reproduced with kind permission from Laerdal Medical™.
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Flow-inflating bags
These are popular in the United States,36 and to a lesser degree 
in Australia and New Zealand. In experienced hands, and 
with a manometer attached, these are effective devices for 
resuscitation35—however, their use is not taught on the Newborn 
Life Support course13 and within the United Kingdom it is unlikely 
that they will be available on the labour suite for neonatal use.

Masks
Most newborns do not require intubation at birth for resuscita-
tion. The difficulties in maintaining an adequate seal with the 
masks available in the early days of the speciality37 led to a percep-
tion that intubation was the preferred method of airway manage-
ment for all but the most vigorous of infants.38,39 Most facemasks 
for neonatal use are circular (Figure 8.6). Anatomical versions do 
exist, and are popular with some resuscitators. There is no evi-
dence to support one type of modern mask over the other.40,41 
What is clear is that one must be familiar with one’s own equip-
ment. Good technique is required to minimize leak and practi-
tioners need to use an appropriate hold, which has been shown to 
differ between designs (Figure 8.7 and Figure 8.8).42

Laryngoscope and blades
Intubation provides a secure airway during prolonged resuscita-
tion and allows administration of surfactant in preterm infants. 
Direct visualization of the vocal cords enables suctioning of 

Box 8.1  Beneficial effects of PEEP in the newborn

◆	 Assists lung expansion
◆	 Helps establish functional residual capacity
◆	 Prevents collapse in end expiration
◆	 Improves oxygenation.

Figure 8.5  Standard neonatal resuscitation equipment.

Figure 8.6  Two common newborn resuscitation masks. (left Fisher & Paykel 
Healthcare™, right Laerdal™).
Reproduced with kind permission from Fisher & Paykel Healthcare™ and Laerdal Medical™.
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particulate matter (e.g. meconium), which can impede lung 
aeration.

Miller blades are preferred; sizes 1, 0, and 00 are used for term, 
preterm, and extreme preterm infants. In the smallest preterm 
infants (~500g), even the 00 blade may take up a large amount of 
space in the mouth making visualization difficult.

Endotracheal tubes
A selection of uncuffed, non-shouldered endotracheal tubes 
(ETTs) should be available. Routine stylet use may be associated 
with complications such as tracheal and pharyngeal perforation. 
Cold ETTs may provide sufficient rigidity should intubation prove 

difficult. Methods of securing tubes vary, although direct applica-
tion of tape to a newborn’s skin should be avoided.

Suction devices
A means of clearing the airway of secretions or other material is 
required. Most resuscitaires will incorporate their own system 
which is flow driven and relies on anadequate gas supply (wall or 
cylinder). Pressures should not exceed 200 mmHg (264 cmH2O) 
but 100 mmHg should be sufficient for routine use.43 A selection 
of devices should be available to enable the resuscitator to deal 
with different circumstances (Table 8.2).

Airway adjuncts (Guedel/laryngeal mask airway)
Oropharyngeal airways (Guedel) can be useful if the airway is 
difficult to maintain with other measures, and may be benefi-
cial if there is a congenital airway abnormality (e.g. Pierre Robin 
sequence). A correctly sized airway will reach the angle of the jaw 
when the flange is positioned in the middle of the chin (Figure 8.9). 
Sizes 4, 5, and 6 cm are available for neonatal use, as neonates may 
range in size from 450 g to over 4500 g and an appropriately sized 
airway may not always be available. A wrongly sized or inserted 
Guedel will cause airway obstruction.

Insertion is best practised on a mannequin—the technique is 
not the same as in adult practice—with the airway being inserted 
following the curvature of the airway (rather than ‘upside down’ 
then turning, as in adults) to avoid damage to the delicate soft pal-
ate (Figure 8.10).

Figure 8.7  The encircling “Rim Hold” provides an optimum seal with a Fisher & 
Paykel Healthcare™ mask.
Reproduced with kind permission from Fisher & Paykel Healthcare™.

Figure 8.8  The “2-point top-hold” is recommended when a Laerdal™ mask is used.
Reproduced with kind permission from Laerdal Medical™.

Table 8.2  Suction catheters and uses for neonatal resuscitation

Device Usage

Paediatric Yankauer Clearing particulate matter obstructing airway

Soft French size 8–10 Removing oropharyngeal secretions/suction 
below cords under direct vision

Soft French size 2–3 Suctioning ETT

Meconium aspirator Clearing particulate matter from below cords 
through ETT

Figure 8.9  Sizing a Guedel oropharyngeal airway in relation to mandible (angle 
of jaw, to centre of chin).
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Laryngeal mask airways (LMAs) have been available for neona-
tal resuscitation since the 1990s.44,45 Size 1 LMAs are appropriate 
for infants heavier than 1500 g. There is no evidence to support 
or reject their use over either mask ventilation or endotracheal 
intubation. Effective lung aeration can be provided with an LMA, 
however their role as a primary mode of ventilation has not been 
established, and is not recommended. Nevertheless the LMA may 
have a role in the management of an abnormal airway or when 
ventilation has not been possible by other means.46

Exhaled CO2 detector
Disposable ‘colorimetric’ CO2 detectors are now established as a 
means of confirming ETT position,47–49 and are recommended by 
ILCOR.8 These insert into the circuit between the ETT (or mask) 
and ventilation device, and cycle from purple (no CO2 detected) 
to yellow (CO2 present). There are limitations with false posi-
tive and false negatives possible (Table 8.3).50 The detectors also 
prove useful in monitoring airway patency and ventilation in the 
non-intubated neonates receiving mask ventilation or CPAP in 
the delivery suite.51,52

Temperature monitoring
The importance of thermal control is discussed in ‘Thermal 
Environment and Care’.

Oxygen saturation monitor
Oxygen saturation monitoring has become an established tool 
in the delivery suite (Box 8.2).53 If supplemental oxygen is used, 

one should be guided by a preductal (right wrist) SpO2 recording 
rather than the subjective assessment of colour. Postductal meas-
urements from the feet will be lower for 10–15 minutes after deliv-
ery.54 Obtaining a recording rapidly and reliably in the delivery 
suite is more challenging than in other hospital environments, but 
speed/accuracy are improved by practice and adhering to the fol-
lowing sequence of events (Figure 8.11):55

1.	 Turn monitor on, silence alarms, set pulse/tone modulation to 
desired level.

2.	 Dry wrist, wrap sensor around and secure (cover from light).

3.	 Connect sensor to monitoring cable.

Monitoring must never take priority over the basic princi-
ples of providing warmth and inflating the lungs, but the 
constant feedback of heart rate and saturation provides a prac-
tical and useful adjunct to clinical assessment alone during 
resuscitation—although there are no trials comparing out-
come after resuscitation with or without monitoring. The UK 
Resuscitation Council suggests administering oxygen when the 
saturation of an infant is below the 25th centile,13 whereas the 
American Heart Association has opted for values closer to the 
50th centile.56 These centiles are derived from observations in 
well infants who are spontaneously breathing, and who have not 
required any resuscitation. There remains little data on the pre-
term or asphyxiated infant and none on the effect of targeting 
saturations to any particular centile.17

Future directions
The use of a respiratory function monitor (displaying flow, vol-
ume, and pressure) has been described,57 and there are units 
which have established multiparameter recording of resuscita-
tion data including video of the resuscitation,58 which serves a 
training and quality improvement function, as well as enabling 
research.

Direct and indirect video laryngoscopy blades have been devel-
oped in neonatal sizes (0, 1) and are being used successfully in the 
delivery suite for training and difficult airway management.

Any advance in technology or equipment must be accompanied 
by research to prove its value if well-intentioned harm is to be 
avoided, and research in the delivery suite is subject to particular 
challenges.59,60

Team organization
The majority of newborns need no resuscitation, or lung aeration 
only, which can be delivered by one person. Where resuscitation is 

Figure 8.10  Inserting a Guedel airway in a neonate.

Table 8.3  False-positive and false-negative results using a colorimetric 
CO2 detector

False negativea False positive

Inadequate cardiac output Intratracheal epinephrine

Inadequate CPR Droplet contamination by other drugs

Failure to inflate lungs

Obstructed ETT

aDetector does not change colour despite correctly sited ETT.

Box 8.2  Pulse oximeter characteristics for use in neonatal 
resuscitation

◆	 Ability to obtain reading in low perfusion state/motion 
resistance

◆	 Averaging time set as short as possible (≤2 seconds)
◆	 Alarms silenced
◆	 Pulse tone modulation
◆	 Battery backup (can use on transfer).
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prolonged, or complex support is required (e.g. preterm, asphyxi-
ated), additional help will be needed, and the team should be 
assembled in advance wherever possible.

Figure 8.12 and Figure 8.13 present one approach to team 
organization for newborn resuscitation, resources, and person-
nel. Space and experience will vary and individual units should 
develop their own protocols.

Anaesthetists may be called upon to support newborn resusci-
tation in the following scenarios:

1.	 No other resuscitator available

2.	 Need for additional help

3.	 Difficult airway management.

Thermal environment and care
The thermal environment of a newborn infant is key to optimal 
transition and stabilization. Thermal care is the first priority in the 

Figure 8.11  Application of a saturation monitor at delivery.
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Figure 8.12  Positions of team during resuscitation.
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approach to newborn resuscitation (Figure 8.14). Newborn infants 
are wet, small, and have a large surface area. They may quickly lose 
heat through evaporation, conduction, convection, and radiation.

Hypothermia results in exhaustion of glucose reserves leading 
to hypoglycaemia particularly in the preterm or growth-restricted 
infant who has low stores of glycogen and impaired mechanisms 
for glucose homeostasis. Hypothermic stress can result in hypoxia 
and acidosis and there is evidence from animal models that this 
impairs surfactant production.61,62 Hypothermia following deliv-
ery in hospital is in most cases preventable, and where infants 
do become cold they are more likely to require admission to 
the neonatal unit which results in maternal separation, parental 
stress, impaired bonding and establishment of lactation, as well as 
increasing neonatal unit workload.63,64

For all infants, the resuscitation environment should be thermo-
neutral, that is, within a temperature range that allows the infant 
to maintain a normal temperature with the least amount of energy 
expended. A room temperature of around 25°C should be comfort-
able for all present at the delivery and closing doors and windows 
will minimize draughts and reduce convective heat loss.65 Sufficient 
warm, dry towels should be available for drying and wrapping the 
infant as well as hats of different sizes to prevent radiant heat loss.

Infants who are well at birth should be dried and given to their 
mother for skin-to-skin contact. This involves placing the infant 
naked and prone on the mother’s chest, covered with a warm blan-
ket and hat, and is associated with improved breastfeeding and 
temperature homeostasis.66 It is important to ensure that parents 
or staff are vigilant that the infant’s mouth is able to be visualized, 
that breathing and colour can be easily observed, and that airway 
obstruction does not occur.67

On resuscitaires, radiant heat is provided by an overhead 
heater, which should be switched on in advance of birth where 

resuscitation is anticipated. The infant should be dried and then 
wrapped in a clean towel. If resuscitation is prolonged, tem-
perature should be monitored using a probe placed between the 
infant’s skin and the mattress. This shows good correlation with 
core temperature. External heat can then be titrated either manu-
ally or by servo methods to maintain normothermia.

Therapeutic hypothermia
The role of therapeutic hypothermia to 33.5°C in asphyxiated 
infants who develop moderate to severe hypoxic-ischaemic 
encephalopathy is now well established.3

In infants who require resuscitation for presumed intrapartum 
asphyxia, passive cooling may be initiated from birth. Passive 
cooling involves the removal of external heat sources (i.e. turning 
off the overhead heater) and ideally should occur in conjunction 
with temperature monitoring. The use of fans or gel or ice packs 
constitutes active cooling and should not be instituted in the deliv-
ery suite as such adjuncts can lead to rapid overcooling, which is 
associated with arrhythmias, cold shock, and coagulopathy.68 
Passive cooling may be continued in the neonatal unit pending 
a formal decision to embark on active cooling and in such cases, 
core temperature monitoring with a rectal probe is essential.69,70

Therapeutic hypothermia should only be undertaken in cooling 
centres which have sufficient expertise and experience to manage 
these critically ill infants.71 Early liaison with neonatal transport 
teams72 and the regional cooling centre may be required.

Hyperthermia should be avoided in any infant with suspected per-
inatal brain injury as it potentiates damage and is associated with an 
increased risk of adverse outcome.73 Hyperthermia may result from 
external heat sources such as maximal radiant heat during a pro-
longed resuscitation but is also seen in maternal pyrexia secondary 
to infection and an association with epidural use has been reported.74
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Figure 8.13  Roles of team during resuscitation.
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Preterm infants
Preterm infants (<37 completed weeks of gestation) are at increased 
risk from hypothermia and maintaining normothermia is chal-
lenging. They are smaller and have a larger surface area to volume 
ratio. The preterm skin is thin and poorly keratinized, and tran-
sepidermal water and heat loss is high. In addition to the problems 
described above, hypothermia on admission to the neonatal unit 
is associated with adverse outcomes including death and intraven-
tricular haemorrhage.75

The environmental temperature should be increased to 26°C 
where possible. A hat is essential. In infants less than 32 weeks, use 
of polythene bags or film reduces the incidence of hypothermia 
on admission to the neonatal unit.76 The infant is placed in a bag 
feet-first without drying and the bag is tucked around the neck 
(Figure 8.15). The infant is not covered with towels, allowing the 

radiant heater to warm the infant directly. Evaporative heat loss is 
reduced, as the humidity within the bag is high.

Auscultation of the chest and saturation monitoring can be per-
formed through the bag without exposing the chest or limbs. The 
polythene bag should remain on the infant following admission 
until the temperature of the infant and the environment are both 
optimal. Chemical warming mattresses may be a useful adjunct to 
polythene bags.77

Delayed cord clamping
The practice of umbilical cord clamping within 20 seconds of 
delivery is widely practised as an element of active manage-
ment of the third stage of labour. However, in the term infant, 
immediate cord clamping deprives the infant of 20–30 mg/kg  
of iron but delaying clamping for at least 2 minutes results 

Figure 8.14  Newborn life support algorithm.
Reproduced with the kind permission of the Resuscitation Council (UK).
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in increased iron stores and a reduction in iron deficiency in 
infancy.78

Preterm infants are at increased risk of risk of anaemia sec-
ondary to iatrogenic bloodletting, reduced red cell lifespan, and 
relatively low concentrations of erythropoietin. Blood transfusion 
is common in the first few weeks of life.79 When cord clamping 
is delayed by 30 seconds after birth an additional 10–15 mL/kg 
of blood is received by the preterm infant.80 Systematic reviews 
have demonstrated that a delay in cord clamping of 30–60 seconds 
in the preterm infant results in a reduction in the need for blood 
transfusion, intraventricular haemorrhage, necrotizing entero-
colitis,81,82 and results in improved cardiovascular stability in the 
first week of life.

There appear to be no significant adverse effects of delayed cord 
clamping (DCC) either to the infant (e.g. Apgar, pH, and respira-
tory symptoms secondary to polycythaemia), or to the mother 
(postpartum haemorrhage). A 2% increase in neonatal jaundice 
requiring phototherapy has been observed in term infants.82

DCC is recommended by ILCOR and the Newborn Life 
Support guidelines8 for all infants not requiring resuscita-
tion. Although professional organizations also support a 
delay of 30–60 seconds before clamping the cord in preterm 
birth,83,84 there may be reason to be cautious in any situation 

where delaying resuscitation would be disadvantageous (e.g. in 
those infants with a heart rate of less than 60 bpm at birth or 
asphyxia), where placental perfusion is significantly impaired 
(e.g. abruption) or in monochorionic twins where placental 
blood supply is shared.

In all births while DCC is being undertaken, attention should 
be given to thermal care and airway patency.

Assessment after delivery
A structured, objective approach to newborn assessment is 
essential.

When presented with an infant at delivery, those who require 
additional support must be rapidly identified, whilst ensuring 
that over-zealous intervention does not compromise the infant 
who is spontaneously making the transition from the womb. Our 
knowledge of normal newborn physiology is important in this 
assessment.

It will not surprise readers to learn that the name most associ-
ated with neonatal resuscitation, Virginia Apgar, was an anaes-
thetist. Apgar’s score (Table 8.4) was initially published in 1953 
as a method of assessing an infant’s well-being at 1 minute.85 The 
‘5’- and ‘10’-minute scores are later additions.

(A)

  

(B)

(C)

Figure 8.15  The neutral position (A) provides an open airway in the newborn. Extended (B) and flexed (C) positions will cause airway obstruction.
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The usefulness of the summed score assumes that each component 
is of equal importance, and is always evaluated consistently—this 
is an incorrect assumption. An infant in asystole at delivery has 
been subjected to a significant insult (Apgar score ‘0’ for heart rate). 
This is in contrast to apnoea at delivery, which can occur after a 
relatively short period of anoxia, and may resolve spontaneously. 
Colour and heart rate are difficult to assess accurately,86,87 and it 
is therefore unsurprising that although correlation is seen between 
poor outcome (death, disability, acidotic cord pH) and a low Apgar 
score, the predictive value is poor, with a high percentage of infants 
with low scores surviving with no impairment. Even when birth 
asphyxia leads to a clinical encephalopathy, the predictive value of 
the Apgar score is poor88 until around 10 minutes.

It is now recognized that even experienced neonatologists are 
unable to predict outcome with any degree of accuracy based upon 
their assessment at delivery in the majority of circumstances.89 
The exception to this is the infant born with an obvious lethal 
abnormality, or those who fail to respond, and remain asystolic 
after 10 minutes of good quality resuscitation—in those circum-
stances it would be justifiable not to continue resuscitative efforts 
and to offer compassionate care.8

Apgar’s achievement was in convincing those attending a 
delivery to focus on (and record) objective signs of well-being. 
Although the score consists of five components (Table 8.4), in 
practice it is the continued assessment of three vital signs—colour, 
respiratory effort, and heart rate (Table 8.5)—which provides us 
with the most useful information and guides our approach. Using 
these parameters it is possible to divide infants at delivery into 
three broad groups:

1.	 Blue, but rapidly becoming pink, with a fast heart rate, breath-
ing well (crying) or who start breathing within 30 seconds of 
assessment

2.	 Blue, with a slow heart rate, and inadequate respiration or 
gasping

3.	 White, with a slow or very slow heart rate and no respiratory 
effort.

On the infant’s arrival the clock is started and observations begin 
(Box 8.3). The wet towels are removed and the infant is dried while 
continuously assessing muscular tone and response to this stimula-
tion. A well infant who has not cried before this time will now usu-
ally do so. Colour and respiratory effort are immediately obvious. 
The crying infant has an open airway, and will have a fast heart rate.

Heart rate is now assessed; auscultation over the apex is pre-
ferred as palpation can be unreliable. It will be apparent whether 
the rate is fast (>100 bpm), slow (60–100 bpm), or very slow (<60 
bpm). It is good practice to tap this beat out so that others attend-
ing the delivery/resuscitation are immediately informed. This 
will have taken between 30 and 60 seconds, and you will have the 
information to decide whether this infant is going to require more 
support.

Two of the signs described above, colour and heart rate (assessed 
by brief auscultation or palpation), are subjective and prone to 
much inter-observer variability. This did not escape Apgar, who 
commented on colour that it was ‘by far the most unsatisfac-
tory sign and caused the most discussion among the observers’.85 
The ability of those attending a delivery to relate ‘colour’ to oxy-
gen saturation is almost non-existent, with observers reporting 
infants to be ‘pink’ when saturations were generally between 60% 
and 80%.86 Accurate determination of the heart rate87 has been 
shown to be similarly unreliable and has no bearing on seniority 
or experience of the observer. Interesting though those observa-
tions are, it must be accepted that for the most part, it does not 
matter if an infant has a heart rate of 85 bpm which is assessed as 
‘fast’, if they are well in all other aspects. Most newborns will not 
derive any benefit from improving the precision of these observa-
tions, but when resuscitation is prolonged, or in the context of a 
preterm infant, more accurate monitoring of heart rate and satu-
ration (preductal pulse oximetry) can be of benefit—providing any 
response to the numbers displayed is tempered by an understand-
ing that low oxygen saturations can be normal during transition.17

One other piece of information is often available shortly after 
delivery. The umbilical arterial and venous blood gas results, 
taken from a double-clamped section of cord will provide sup-
portive information, particularly when there is concern about 
in utero hypoxia.

Most term babies, even those for whom neonatal support is 
requested, will transition without any assistance; however, a small 

Table 8.4  The Apgar score

0 1 2

Heart rate Absent <100 bpm ≥100 bpm

Respiratory 
effort

Apnoeic Gaping/irregular Breathing well/
crying

Colour White/
blue

Pink centrally, blue 
peripheries

Pink

Reflex 
irritability

No 
response

Weak response/grimace 
only

Cry/withdrawal to 
stimuli

Muscle tone Flaccid Decreased tone Good tone

Reproduced with permission from Virginia Apgar et al., A Proposal for a New Method of 
Evaluation of the Newborn Infant, Anesthesia & Analgesia, Volume 32, Issue 4, pp. 260–7, 
Copyright © 1953 Wolters Kluwer Health, Inc.

Table 8.5  Simplified assessment of the newborn at birth

Sign Observation

Colour Pink/blue/white

Respiratory effort Regular(or crying)/gasping/absent

Heart rate Fast/slow/very slow (or absent)

Box 8.3  Other observations at delivery

◆	 Obstetric/midwifery anxiety
◆	 Trauma/bruising
◆	 Muscle tone
◆	 Meconium staining (skin/cord/nails)
◆	 Size (smaller/larger than expected)
◆	 Obvious congenital lesions (gastroschisis, neural tube defect)
◆	 Maturity (preterm/post-dates).
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number of infants may be identified as being likely to require 
intervention antenatally (e.g. preterm, known anomaly), and pro-
vision must also be made to manage the infant who unexpect-
edly requires resuscitation at delivery. A standardized approach 
towards assessment enables practitioners to approach these sce-
narios with confidence.

Resuscitation at birth
Training in newborn resuscitation is best learned on a recognized 
training course, the UK Resuscitation Council’s Newborn Life 
Support and to a lesser extent the American Heart Association’s 
Newborn Resuscitation Program are both taught within the United 
Kingdom. The differences are principally around the approach to 
initial lung aeration and the use of oxygen. Both are valid, and 
reflect the relative lack of evidence of one over the other.

Preparation
When called to attend a delivery (Box 8.4), make use of the time 
available. Obtain as much history as possible; three key points 
should be elucidated:

1.	 Gestation

2.	 Presence of meconium

3.	Presence of fetal distress (e.g. decelerations, bradycardia, loss of 
fetal heart, acidotic).

Fetal blood sample
Ensure that any windows or doors are closed to minimize heat 
loss. Request help if you think you may require it, and check your 
equipment is working and clean. Wash your hands (or use alcohol 
gel) and put on gloves.
◆	 Turn on resuscitaire, turn on light, turn heater to maximum
◆	 Towels (warm)
◆	 Check gases (wall supply, cylinders)
◆	 Stethoscope
◆	 Masks—appropriate sizes
◆	 Self-inflating bag—check pop-off
◆	 T-piece—set pressures, 6–8 L/min flow, start in air (if possible):

•	 PIP 30, PEEP 5 term

•	 PIP 20, PEEP 5 preterm

◆	 Suction working, and catheters/Yankauer suction available
◆	 Check laryngoscope light source, and blades appropriate (Miller 

1, 0, 00)
◆	 ETT (3.5 = term, 3.0 = ~33–37 weeks, 2.5 = <33 weeks) (Table 8.6)
◆	 Other equipment (depending on environment/situation/

experience):

•	 saturation monitor + probes

•	 vascular access kit

•	 emergency drugs/fluids/blood.

As the infant is delivered, note the time (or start timer) and dry. 
Assess the infant looking at colour, breathing, and heart rate. The 
majority of infants will not require more than warmth and provi-
sion of an open airway. If the heart rate is acceptable (>100 bpm, 
‘fast’) there is no reason to cut the cord immediately, and 1 minute 
of placental transfusion (see below) should be allowed.

Resuscitation follows an ABC approach, with modifications to 
take the newborn physiology into account. Before effective venti-
lation can be delivered, the lungs must be inflated. Cardiac com-
pressions if required may only be necessary for a short period. 
Preterm infants usually do not need ‘resuscitation’ (they have not 
experienced in utero hypoxia), but do need support to effectively 
transition to an ex utero environment which they are not well 
equipped to cope with.

The structured approach can be summarized as follows (see 
Figure 8.16):
◆	 Thermal stability (dry and wrap)—all infants
◆	 Lung aeration—if not breathing
◆	 Ventilation breaths—if still not breathing after the lungs have 

been inflated
◆	 Cardiac compressions—if the heart rate does not respond to 

lung aeration
◆	 Drugs—if the heart rate does not respond to a short period of 

chest compressions.

Progression from each step is determined by ongoing assessment 
of the infant (colour/heart rate/breathing); an increasing heart 

Box 8.4  Situations where the need for neonatal support may be 
anticipated

◆	 Preterm gestation
◆	 Meconium staining of the liquor
◆	 Placental abruption
◆	 Cord prolapse
◆	 Shoulder dystocia
◆	 Emergency delivery for fetal distress
◆	 Multiples (twins, triplets, etc.).

Table 8.6  Guide to ETT diameter and length of insertion by gestation 
and weight

Gestation Weight in kg (50th 
centile)

ETT diameter 
(mm)

Length at lips 
(cm)

23–24 0.5 2.5 6

26 0.75 2.5 6.5

27 1 2.5 7

30 1.5 2.5 7.5

33 2 2.5–3.0 8

35 2.5 3.0 8.5

37 3 3.0–3.5 9

40 3.5 3.5 9.5

4 3.5–4.0 10
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rate is the first sign of improvement. Whilst all newborns will 
require thermal stability, very few need chest compressions and 
drugs.5

Provide warmth and a neutral airway position
On arrival at the resuscitaire, start the clock, remove any wet tow-
els, and replace with warm dry ones. If available, put a woollen 
hat on the infant. Leave the chest uncovered to assess breathing 
whilst maintaining the airway in a neutral position (Figure 8.15). 
Applying ‘head tilt’ to a newborn will overextend the neck and 
cause airway obstruction. Assess the infant. If the heart rate 
is fast and the infant is breathing then no further intervention 
is required. If the heart rate is slow, or the infant does not start 
breathing adequately, then further support is required. Most well 
infants will begin breathing within 60 seconds.

Inflate the lungs
Lung aeration (also described as ‘lung inflation’) is the most 
essential manoeuvre in newborn resuscitation. No other meas-
ures will be successful if this is not achieved. Good airway posi-
tioning and minimal mask leak are key.42,51 A hypotonic infant 
will obstruct their airway due to loss of pharyngeal tone, and this 
is overcome by maintaining a neutral position and applying a jaw 
thrust if required. Once an appropriately sized mask (Figure 8.16) 
has been chosen, it should be ‘rolled’ onto the face from the 
chin42 using an appropriate grip (Figure 8.17). Now re-check the 
airway position and inflate the lungs. In Newborn Life Support 
practice this is done by delivering 5 breaths, each lasting 3 seconds 
at a PIP of 30 cmH2O. This technique derives from observations 
that shorter breaths established a lower FRC in newborns,90 and 
is supported by recent animal work.91 Watch for chest wall rise, 
although this may be subtle,92 and as the initial breaths replace 
lung fluid with gas then one may not observe any change with the 
first breaths.

Reassess the infant—if the lungs have been aerated, the heart 
should respond. When there is no response in heart rate the most 
common reason is that the lungs have not been inflated. If no chest 

wall movement was observed, reposition the airway and try again 
with jaw thrust (Figure 8.18). A persistent bradycardia with no 
observed chest wall movement mandates optimization of airway 
management (Box 8.5) and help should be summoned if not done 
so already.

Figure 8.16  A correctly sized mask will cover the mouth and nose, without 
placing pressure on the eyes.

Figure 8.17  Rolling on a mask minimises leak and improves subsequent airway 
positioning.

Figure 8.18  The “2 person technique” of providing mask ventilation is shown 
here, one person manages the airway with a jaw-thrust, the other provides 
ventilation. It is useful when a newborn’s airway is difficult to maintain.
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Meconium
The majority of infants born through meconium-stained liquor do 
not aspirate meconium, and routine suctioning of all infants pro-
vides no benefit, nor does suctioning on the perineum.93 Where 
meconium aspiration syndrome develops after birth, meconium 
has already been inhaled during in utero gasping. Thick particu-
late meconium, however, may physically obstruct the trachea and 
prevent lung inflation causing a serious situation. If an infant with 
meconium staining is not immediately vigorous, inspect the oro-
pharynx before attempting to stimulate the infant. Suction any 
meconium seen with a wide-bore suction catheter, then visualize 
the cords and suction the trachea. After suctioning, proceed to 
resuscitate in the usual manner, drying the infant and providing 
aeration breaths if required.

Suction should also be considered if no chest wall movement 
is seen in the absence of meconium as blood clot and vernix may 
also obstruct the trachea.

Ventilation breaths
Once the lungs are inflated (i.e. chest wall movement seen), in 
most cases the heart rate will rapidly respond and ventilation 
breaths are given until the infant establishes adequate respira-
tions. In the rare event of persistent bradycardia despite good 
chest wall movement, ventilation breaths (Table 8.7) should be 
continued and cardiac compressions commenced. Ventilation 
breaths are delivered at a rate of 30/min (1 second in, 1 second 
out), lower pressures may be used now that an FRC is established 
(20–25 cmH2O). Loss of ventilation due to loss of airway position 
or increased mask leak during resuscitation will manifest as a fall 
in heart rate. A colorimetric CO2 detector can be useful during 
prolonged resuscitation and supplements observation of chest 
wall movement.51

Cardiac compressions
Chest compression is useless if the lungs have not been 
aerated.13

If the heart rate remains undetectable or very slow (<60 bpm) and 
chest wall movement is seen then chest compressions should be 
started (Box 8.6).8,13,56

Cardiac compressions in the newborn may be more likely to 
elicit an improvement than in an adult. The infant has been sub-
jected to an acute stress, but was in optimal physiological condi-
tion prior to this, with a physiology primed to deal with hypoxia. 
If oxygenated blood is delivered from the pulmonary vasculature 
to the coronary circulation the heart should respond and func-
tion well thereafter. The compression phase empties the chest of 
blood, and the relaxation phase is of paramount importance to 
allow refilling94 and coronary perfusion.

Compression should be on the lower third of the sternum,95–97 
this is located by positioning one’s thumbs or fingers either just 
below the nipple line, or a finger’s breadth above the xiphisternum. 
Two methods are recognized (Box 8.7); the two-thumb (encircling) 
method and the two-finger method. The encircling method is pre-
ferred (Figure 8.19)—producing greater blood flow and pressure 
in experimental models when compared to two-finger compres-
sions.98–101 It is also less likely to cause fatigue in the resuscitator. 
The two-finger method is useful if one has small hands, or if access 
to site an umbilical venous catheter is required (Figure 8.20).

A ratio of 3:1 (compressions:breaths) should be delivered to a 
depth of approximately one-third of the chest’s anteroposterior 
diameter,102 aiming for 90 compressions and 30 breaths in 1 min-
ute. This ratio has been demonstrated to provide more consistent 
compressions,103 it allows enough time for refilling, and is sup-
ported by animal models.104,105

Re-assess every 30 seconds, and continue to pay close attention 
to airway positioning, which can become compromised during 
compressions. If the heart rate does not respond to a short period 
of compressions with adequate ventilation, the myocardium has 
been impaired by the degree of acidosis and exhaustion of its gly-
cogen stores. Drugs must now be considered.

Box 8.5  Manoeuvres to alleviate newborn airway obstruction

◆	 Optimize airway position (shoulder pad/towel)
◆	 Two-person jaw thrust
◆	 Oropharyngeal airway
◆	 Suction under direct vision.

Table 8.7  Comparison of inflation and ventilation breaths

Inflation breaths Ventilation breaths

Indication Establish lung aeration Ventilation after lungs inflated

Duration 3-second inflation 1-second inflation

Pressure PIP 30 cmH2O PIP 20–30 cmH2O (chest 
movement)

Rate Sets of 5 (e.g. 5 × 3 second 
breaths)

30/minute

Box 8.6  Considerations prior to initiation of chest compressions

◆	 Ask ‘Am I getting chest wall movement?’
◆	 Check mask, minimize leak
◆	 Check gases, check flow
◆	 Consider increasing PIP and inflation time
◆	 Check airway position
◆	 Consider tracheal obstruction
◆	 Confirm ETT position (if using).

Box 8.7  Chest compressions in the newborn

◆	 3:1 ratio
◆	 30 breaths/minute (90 compressions)
◆	 Lower third of sternum
◆	 Two-thumb (or two-finger) technique
◆	 Compress anteroposterior diameter by one-third
◆	 Re-assess every 30 seconds (15 breaths).

 

 

 



Figure 8.19  Hand position for chest compressions using the “encircling” method.

Figure 8.20  Chest compressions delivered by the “2-finger” technique are useful whilst umbilical access is being obtained.
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Drugs
No drug can aerate the lungs, and no newborn will recover with-
out the lungs being aerated. Failure to respond to resuscitation is 
almost always an airway problem, but on occasion the circulation 
may be so impaired that it cannot respond to lung aeration and 
chest compressions.

If there has been no response to 30 seconds of chest compres-
sions, an umbilical vein catheter should be sited. Pragmatically, 
we would advise not to waste time trying to obtain peripheral 
access. The drugs used in resuscitation are shown in Table 8.8. 
This is an infrequent event and it is recommended that these doses 
are easily visible in all resuscitation areas. Measuring small doses 

from a Minijet® can be achieved using a three-way tap, and 1 mL 
syringe (Figure 8.21).

There is little evidence to support the use or sequence of any 
drugs during newborn resuscitation; however, epinephrine may 
be less effective if profound acidosis is present, and thus bicarbo-
nate may be given concurrently. Glucose should be given too as 
myocardial stores will have been depleted, and volume (as saline, 
or blood) should be given cautiously unless there is a clear reason 
to suspect hypovolaemia. Although a moderate increase in filling 
pressure generally improves cardiac output, excess volume may 
overload an already compromised myocardium.

Note the time all drugs are given and follow each with a 
small-volume saline flush (e.g. 2 mL). Continue a cycle (30 sec-
onds, 15 breaths) of chest compressions after each drug, and reas-
sess response.

Stopping resuscitation
If no heart rate is detectable after 10 minutes of good quality car-
diopulmonary resuscitation, the outlook is bleak and care should 
be reoriented.8,106 There is little data to guide us when an infant 
remains persistently bradycardic, and advice should be sought 
from the local tertiary neonatologist.

Special considerations
Prematurity
Six to ten per cent of all births are premature—delivered before 
37 completed weeks of gestation. Around 1% of infants are born 
at a gestation less than 28 weeks. In the developed world, the 

Table 8.8  Drugs, doses and routes of administration during newborn 
resuscitation

Drug Preparation Dose Route Repeat?

Sodium 
bicarbonate

4.2% Minijet® 2–4 mL/kg UVC No

Epinephrine 1:10,000 (100 mcg/mL) 
Minijet®

0.1 mL/kg UVC/
tracheala

Yes

Glucose 
(‘dextrose’)

10% bags (10 g/100 mL) 2.5 mL/kg UVC No

Volume 0.9% sodium chloride, 
O −ve Blood

10 mL/kg UVC Once

aIf the tracheal route is used a higher dose will be required (50–100 mcg/kg).

UVC, umbilical vein catheter.

Figure 8.21  The preferred method of measuring small doses of epinephrine during resuscitation.
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incidence of prematurity is rising, as is the incidence of multiple 
births.

Premature birth may occur following spontaneous onset of 
labour precipitated by maternal infection, multiple gestations, con-
genital anomalies in the fetus, or structural uterine abnormalities. 
Delivery may also be expedited in non-labouring women because 
of concerns about maternal health (e.g. pregnancy-induced 
hypertension or cardiac disease) or because of concern about fetal 
well-being, for example, growth restriction, maternal cholestasis, 
or blood group incompatibility.

Mortality
Survival is directly proportional to gestational age as are both 
short-term complications, such as respiratory distress syndrome, 
intraventricular haemorrhage, and necrotizing enterocolitis, and 
longer-term sequelae, such as bronchopulmonary dysplasia and 
neurodisability including cerebral palsy, cognitive and behav-
ioural impairment.107,108 Improvements in both antenatal and 
neonatal care in the last 20 years have resulted in improved sur-
vival such that around 90% of infants born with a birthweight 
less than 1500 g now survive. At extremely premature gestations, 
survival is less good with only 20% of infants born at 23 weeks 
surviving, around half suffering moderate or severe disability.109

Neurological morbidity
At the time of delivery and in the weeks that follow, the extreme 
preterm brain is undergoing a rapidly developing process of 
growth. The vasculature is fragile and the cellular components 
are vulnerable to ischaemic and inflammatory injury. Impaired 
cerebrovascular autoregulation means that cerebral blood flow is 
susceptible to swings in blood pressure including those resulting 
from ventilation, and changes in oxygen and carbon dioxide ten-
sion. Hallmarks of preterm brain injury therefore include perive-
ntricular haemorrhage and white matter ischaemic damage, also 
known as periventricular leucomalacia,110 both of which may 
result in long-term cognitive and motor neurodisability.

Improving outcomes in the delivery suite
Antenatal corticosteroids
Recommendations from professional organizations state that 
treatment should be considered for all women at risk of preterm 
delivery between 24 and 36 weeks.111,112 A course of dexametha-
sone or betamethasone initiated between 24 and 168 hours prior 
to delivery is associated with reductions in mortality (relative risk 
(RR) 0.69; 95% confidence interval (CI) 0.58–0.81), respiratory 
distress syndrome (RR 0.66; 95% CI 0.59–0.73), intraventricular 
haemorrhage (RR 0.48; 95% CI 0.29–0.79), pneumothorax, and 
necrotizing enterocolitis.113,114

Antenatal magnesium sulphate
Cerebral palsy develops in 15% of preterm infants with a gestational 
age less than 28 weeks.108,109 Administration of antenatal mag-
nesium sulphate shortly before preterm delivery has been shown 
to reduce cerebral palsy with a RR of 0.68 (95% CI 0.54–0.87115 
and is recommended by the Royal College of Obstetricians and 
Gynaecologists.116 There are no associated adverse long-term fetal 
or maternal outcomes although some mothers may experience 
minor adverse symptoms associated with administration.

Delaying cord clamping
DCC reduces adverse outcomes in preterm infants (see ‘Delayed 
cord clamping’).

Maintaining normothermia
Low temperature on admission to the neonatal unit is associ-
ated with adverse outcome in preterm infants (see ‘Thermal 
Environment and Care’).

Respiratory support of the preterm Infant
Most preterm infants regardless of gestation age require stabili-
zation rather than resuscitation. Gentle lung recruitment rather 
than aggressive intervention is important in aiding transition 
and avoiding lung injury (Table 8.9). Following birth, infants of 
32 weeks or more are generally vigorous. More immature infants 
may require respiratory support with or without surfactant.

Preterm infants have fragile lungs which are less compliant 
and therefore less able to maintain an FRC. The lung can be eas-
ily injured by over-distension and repeated re-expansion from a 
collapsed state. Tracheal intubation may introduce bacteria. Lung 
damage leads quickly to inflammation which can inhibit sur-
factant function and can lead ultimately to bronchopulmonary 
dysplasia, a chronic lung condition associated with prolonged 
hospital stay, reduced pulmonary function in childhood, and neu-
rodevelopmental impairment.
Continuous positive airway pressure
CPAP reduces work of breathing by recruiting alveoli and pre-
venting end-expiratory collapse. This aids oxygenation and pre-
vents atelectrauma. Evidence suggests that intubation can be 
avoided in around 50% of infants (<750g) who can instead be 
managed on CPAP alone from birth with intubation for sur-
factant administration only if respiratory distress syndrome 
(RDS) develops.37,38,126,127 Care should be taken when adopting 
this ‘wait and watch’ approach in the delivery suite that posi-
tioning of the airway is optimal and that CPAP is continuously 
applied, as breaks in CPAP pressure rapidly lead to alveolar 
de-recruitment. CPAP may be applied using a standard facemask 
or bi-nasal (Argyle) prongs.
Surfactant
Surfactant is a mixture of phospholipids and proteins produced 
by alveolar cells in increasing quantities from around 20 weeks 
onwards. A deficiency in surfactant results in poor lung compli-
ance, alveolar collapse, and increased work of breathing manifest 
clinically as RDS. The incidence of RDS is inversely proportional to 
gestational age but is also more common in male infants, those of 
Caucasian race, and infants of diabetic mothers. Surfactant produc-
tion and function is inhibited by hypothermia, infection, asphyxia, 
and the presence of meconium in the alveoli. Lung maturation and 
surfactant synthesis can be accelerated by antenatal corticosteroids.

Exogenous surfactant can be administered after birth either 
prophylactically or as ‘rescue’ treatment for RDS. Surfactant 

Table 8.9  Goals of preterm respiratory management

Aim Rationale

Optimize early alveolar recruitment Maximize gas exchange surface area

Avoid collapse during expiration Prevent atelectotrauma

Avoid intubation if possible Prevent endotrauma

Avoid excessive tidal volume Prevent volutrauma

Avoid excess inspiratory pressure Prevent barotrauma
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improves outcomes in infants with established RDS, resulting in 
a reduction in pneumothorax, mortality, and the combined out-
come of mortality and bronchopulmonary dysplasia.118

Surfactant is normally administered to those infants most at 
risk of developing RDS, and may be given prophylactically in the 
most immature infants who require intubation in the delivery 
suite. More mature infants may be managed without surfactant in 
the delivery suite with early application of CPAP, and intervention 
when signs of RDS become significant in the first hours of life. 
Prophylactic surfactant may reduce the incidence of RDS com-
pared to a ‘rescue’ therapy but results in overtreatment of infants 
who would not otherwise go on to develop RDS.
Oxygen
As described earlier, there is increasing evidence that a high 
concentration of oxygen at resuscitation is harmful to new-
born infants. Preterm infants in particular have low antioxidant 
reserves to neutralize free radicals119 and oxygen injury is impli-
cated in a range of neonatal morbidities including retinopathy of 
prematurity, bronchopulmonary dysplasia, necrotizing entero-
colitis, and brain injury. On the other hand, it has recently been 
shown that infants nursed at lower oxygen saturations have a 
higher mortality than those nursed in a higher range and this has 
fuelled the debate about what constitutes an appropriate satura-
tion target range in preterm infants.120 As with term infants, 
reference ranges for preterm infants have been published to 
guide oxygen management in the delivery suite.17 Avoidance 
of both hyperoxia and hypoxia should be the goal—whilst 
recognizing that saturation may take 10 minutes to approach 
‘normal’.

The principles of stabilization of preterm infants

1.	 Maintenance of normothermia (see ‘Thermal Environment 
and Care’)

2.	 Facilitation of spontaneous respiration and supporting it with 
CPAP or IPPV

3.	 Monitoring of oxygen saturations and avoidance of hyperoxia

4.	 Maintenance of stability and avoidance of episodes of acute 
hypoxia or bradycardia.

Equipment

◆	 Standard resuscitation equipment including appropriately sized 
mask, endotracheal tubes, airways, and saturation monitor

◆	 Plastic bag or wrap

◆	 Hats of different sizes.

Approach to resuscitation and stabilization
The approach to resuscitation/stabilization is the same as for term 
infants (Figure 8.14) with the following key differences:

1.	 Alert the neonatal unit in advance of delivery.

2.	 Infants under 32 weeks should be placed in a plastic bag under 
a radiant heater, and a hat put on them (Figure 8.22).

3.	 A saturation monitor and temperature probe should be applied 
if available.

4.	 Infants may have an immature respiratory drive and support of 
respiration is increasingly required as gestation decreases:

Figure 8.22  Thermal stabilisation using a clear plastic bag.
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a.	Preterm infants require careful positioning of their airway 
as they exhibit reduced tone compared to term infants with 
small changes in position affecting airway patency.

b.	Work of breathing may be increased because of poor lung 
compliance secondary to surfactant deficiency, and a com-
pliant chest wall.

5.	 Spontaneous breathing may be adequate to maintain a heart 
rate above 100 bpm and optimal saturations with minimal 
work of breathing, but if not, ease of respiration and alveolar 
recruitment is best supported by:

a.	CPAP at 5 cmH2O delivered by nasal prongs or mask through 
a T-piece

b.	IPPV that can be delivered through a mask at starting pres-
sures of 20/5 cmH2O. T-piece ventilation is preferable to bag 
and mask ventilation as PEEP can be delivered and pressures 
measured and controlled:

  i. � Aeration and ventilation breaths should be given until 
spontaneous respiration is sufficient.

ii.  � Inspiratory pressure may need to be gradually increased if 
chest wall movement is not seen and there is no response 
in heart rate. Colorimeteric CO2 detectors inserted into 
the circuit provide useful information about the patency 
of the airway and ability to ventilate.

iii. � If manual ventilation continues to be required, intubation 
should be considered.

c.	 Intubation with an appropriate-sized ETT and IPPV deliv-
ered at initial pressures of 20/5  cmH2O. Secure the tube 
carefully as accidental extubation predisposes to cardi-
orespiratory instability with resultant fluctuations in cer-
ebral blood flow and this may precipitate intraventricular 
haemorrhage

  i. � Colorimetric CO2 detectors are recommended to ensure 
correct tube placement.

ii.  � As with mask-ventilated infants, the PIP may need to 
be titrated to observe a response in heart rate and chest 
movement. Evidence of ‘excellent’ chest wall movement 
with a fast heart rate may indicate very high tidal volumes. 
PIP should be reduced where able to avoid lung injury.57

iii. � Once adequate ventilation is achieved and the heart 
rate is stable above 100 bpm, there may be a decision to 
administer surfactant in the delivery suite. Surfactant is 
not a resuscitation drug but aids stabilization and reduces 
injury in the surfactant-deficient lung where positive 
pressure ventilation is required.118

Cardiac compressions
Cardiac compressions and drugs are very rarely required in the 
resuscitation of asphyxiated preterm infants who do not respond 
to ventilation and oxygenation alone. The need for these advanced 
resuscitation measures are associated with a high rate of mortality 
and neurodevelopmental impairment especially in infants with a 
birthweight less than 1000 g.121 There is no evidence to support 
the use of chest compressions or epinephrine by any route during 
resuscitation in the extreme preterm infant of gestational age less 
than 26 weeks.122

Infants at the borderline of viability
Ethical concerns about the appropriateness of resuscitation of 
infants born at the extremes of prematurity (22–25 weeks of ges-
tation) have led to the issue of professional guidance from the 
Nuffield Council of Bioethics and from the British Association of 
Perinatal Medicine.122,123

Infants born between 22 and 25 weeks of gestation have a 
high risk of mortality and may endure many challenging weeks 
of intensive care with significant morbidities both in the short 
term,124 in infancy, and later in childhood when almost half of 
survivors born at 25 weeks or less exhibit moderate or severe 
impairment (Table 8.10).109

Current recommendations state that where infants are expected 
to be born at the limits of viability and if time allows, a discus-
sion between the parents and a senior neonatologist will be had in 
which the risks of mortality and morbidity are discussed.
◆	 Current evidence does not support resuscitation of infants born 

at 22 weeks or less of gestation, as the chances of survival are 
very low and the majority of survivors are likely to be seriously 
disabled. These infants should be offered palliative care with 
attention to alleviating pain and distress.

◆	 Given the uncertainty of death and neurological sequelae in 
any individual infant born at 23 weeks, resuscitation should 
be guided by the wishes of the parents following informed and 
thorough discussion with a senior paediatrician. A  decision 
not to offer resuscitation may be appropriate. Assessment of 
the condition of the infant at birth is not useful in predicting 
outcome and these decisions should be made prior to delivery 
where possible.89 Active care should only be provided if parents 
are in clear agreement.

◆	 Resuscitation of infants at 24 and 25 weeks is accepted neona-
tal practice in the United Kingdom, despite a high likelihood 
of some degree of disability, particularly at 24 weeks’ gestation. 
However some parents may have views about the appropriate-
ness of intensive care which are important to discuss.

Where an extremely premature infant of uncertain gestation 
delivers unexpectedly without time for parental discussion, the 
infant’s maturity, size, and condition should be assessed by a sen-
ior paediatrician. Where only junior or non-paediatric staff are in 
attendance, the default position should be to proceed with resus-
citation until senior advice can be sought and a more detailed dis-
cussion with parents can take place.

Table 8.10  Outcomes of delivery at extreme preterm gestation

Gestation (completed weeks)

23 24 25 26

Mortality 81% 60% 44% 33%

Disability amongst survivorsa 47% 35% 28% 20%

aModerate or severe disability as classified in National Perinatal Epidemiological Unit 
(NPEU). Disability and Perinatal Care. Oxford: NPEU; 1994.

Adapted by permission from BMJ Publishing Group Limited. The British Medical 
Journal, Neurological and developmental outcome in extremely preterm children born 
in England in 1995 and 2006: the EPICure studies, Tamanna Moore et al., volume 345, 
e7961, 2012.
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The difficult neonatal airway
The neonatal airway is prone to obstruction even under stand-
ard physiological conditions. Predisposing factors include the 
following:
◆	 Small anatomical structures including diameter of larynx (typi-

cally 4–5 mm diameter compared to 12–15 mm in adults) mean 
that small changes in diameter lead to significant reductions in 
airway calibre.

◆	 A relatively large tongue obstructs passage of air through mouth 
and makes infants preferential nasal breathers.

◆	 Large occiput favours head flexion and airway obstruction.
◆	 Limited range of neck rotation through which the airway 

remains patent.
◆	 There may be low muscular tone secondary to maternal seda-

tion or hypoxia.
◆	 Presence of fluid and particulate matter in the airway at birth.

Other anatomical features may make management of the airway 
more difficult than in older children or adults:
◆	 High position of the larynx at C3–4 increases airway resistance 

and necessitates straight blade rather than curved.
◆	 Epiglottis larger and angled over the laryngeal inlet.
◆	 Funnel shaped airway with narrowest portion at the cricoid car-

tilage meaning uncuffed tubes can be successfully used to seal 
and protect the airway.

Structural abnormalities may further threaten airway patency 
and are often unexpected (Box 8.8). Large masses such as cystic 
hygroma or haemangiomas may be diagnosed antenatally by 
ultrasound scan and may be accompanied by polyhydramnios. 
Detailed information about the airway may be obtained by mag-
netic resonance imaging scan and a plan made for management at 
birth that may include an EXIT (ex utero intrapartum treatment) 
procedure125 or necessitate the presence of paediatric surgical and 
ENT teams. Abnormalities in which cleft palate or micrognathia 
are prominent may also be evident antenatally (e.g. Pierre Robin 

sequence). Pharyngeal and laryngeal abnormalities may not be 
apparent until birth.

Airway difficulties may also present following birth. Laryngo
malacia classically presents in the first postnatal days with stridor 
and infants who have been intubated over prolonged periods of 
time may develop subglottic stenosis or post-extubation oedema.

Clinical signs of airway obstruction include stridor, respiratory 
distress with significant suprasternal tug and intercostal reces-
sion, and snorting respiration with inability to breathe through 
the nose. There may be an associated cleft lip or palate, a small 
receding chin, or an obvious neck or oral mass. On inspection of 
the larynx, the cords may or may not appear normal and there 
may be difficulty passing an ETT (laryngeal or subglottic stenosis, 
laryngeal or tracheal atresia), or difficulty keeping it in situ (laryn-
geal cleft). Even if the tracheal tube inserts, difficulty in ventilating 
may be seen with tracheal anomalies.

There is no standard protocol in the United Kingdom for the 
management of a difficult neonatal airway and many neonatal 
intensive-care units will not stock the equipment required for 
advanced airway techniques nor have a paediatric anaesthetist on 
site to offer expert support.126

Equipment
An easily accessible, well-maintained trolley specific to the dif-
ficult airway is central to the management of a difficult airway. 
Recommended contents include:

1.	 Oropharyngeal airways (Guedel size 000, 00, and 0)

2.	 Nasopharyngeal airways (size 2.0, 2.5, 3.0, 3.5)

3.	 Laryngeal mask airway (size 1)

4.	 ETTs (size 2.0, 2.5, 3.0, 3.5, 4.0)

5.	 Laryngoscope with straight and curved blades (size 000, 00, 0)

6.	 Face masks (size 00, 0/1, 2)

7.	 Neonatal self-inflating bag

8.	 Stylets

9.	 Sutures

10.  Video laryngoscope where available (direct or indirect)

11. � Algorithm and urgent referral pathway with contact list (e.g. 
see Figure 8.23).

Congenital diaphragmatic hernia
Congenital diaphragmatic hernia (CDH) arises from herniation 
of the abdominal contents into the thoracic cavity secondary to 
a defect in the diaphragm. The site of the defect is on the left side 
posteriorly in 80% (Bochdalek hernia) and more rarely may be on 
the right side anteriorly (Morgagni).

The prevalence of CDH in live-born (Figure 8.23) infants is 
between 1/2000 to 1/5000 births. With fetal anomaly screening, 
the majority of cases are diagnosed antenatally but some infants 
remain undiagnosed until birth or even into childhood. CDH 
may be associated with other anomalies such as aneuploidy and 
structural cardiac and genitourinary abnormalities. A  number 
of different antenatal and postnatal features have been studied in 
an attempt to determine specific predictors of outcome although 
prognosis remains somewhat unpredictable. Associated abnor-
malities are indicative of a poor outcome.

Box 8.8  Conditions which may cause airway obstruction at birth

◆	 Beckwith–Wiedemann syndrome
◆	 Choanal atresia
◆	 Cleft palate
◆	 Craniofacial dysostosis
◆	 Cystic hygroma
◆	 Goldenhar syndrome
◆	 Laryngeal/tracheal webs, clefts etc.
◆	 Mandibulofacial dysostosis
◆	 Pierre Robin sequence
◆	 Treacher–Collins syndrome
◆	 Trisomy 21
◆	 Vascular malformation.
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The hernia is a space-occupying lesion which impairs lung 
growth and may cause mediastinal shift. There is reduction not 
only in lung weight and volume but also in the number of bron-
chial branches and alveoli. Pulmonary vessels are reduced in 
number and contain a high content of smooth muscle which 
exhibits an exaggerated response to hypoxia, acidosis, and hyper-
carbia and leads to pulmonary hypertension.

Internationally it has been shown that a protocol approach to 
management can improve some aspects of outcome with CDH.127 
Professional guidelines have recently been published in Scotland 
to support management decisions at birth and in the early neona-
tal period.128

The principles of resuscitation and stabilization

1.	 Achieve oxygenation while avoiding volutrauma/barotrauma 
of the existing lung tissue

2.	 Restore cardiac output

3.	Minimize gaseous distension of the bowel

A strategy of ‘gentle ventilation’ with permissive hypercapnia is 
now standard practice, with high-frequency oscillatory ventila-
tion (HFOV) and paralysis often required. Pulmonary hyper-
tension is commonly treated after admission with inhaled nitric 
oxide. This approach, with delayed surgery may result in survival 
in 60–70% of cases.129,130

The approach to resuscitation

1.	 Ensure a senior paediatrician and neonatal team of appropriate 
skill mix are present.

2.	 Dry and wrap the infant.

3.	 Monitor SpO2, heart rate, and temperature.

FAILED LMA FAILED INTUBATION

CAN’T VENTILATE CAN’T INTUBATE

CAN’T VENTILATE

Facial abnormality causing poor
mask fit and compromising

ventilation?

Insert laryngeal mask airway
(Size 1, >1.5kg)

Ventilate through LMA

Intubation with Miller-blade

Return to T-Piece ventilation by facemask
Re-check all above points

Call for senior help

Consider 2 further intubation attempts
by senior trainee/Neonatologist

Call for external help

PAEDIATRIC ENT/PAEDIATRIC ANAESTHETIST

Inadequate ventilation despite
good quality facemask support?

• Neutral head position
• Correct mask size

• Max 2 attempts per person
• Max 4 attempts
• Ventilate between attempts
• Consider use of cold ETT or stylet

• Video laryngoscopy (direct or indirect depending on equipment/experience) 
• Flexible fibrescope
• Rigid bronchoscopy, “railroad” ETT over bougie
• Surgical Tracheostomy (last resort)

• Check gas flow/optimise PIP
• 2 person jaw-thrust
• Consider airway suction
• Consider oropharyngeal airway

CAN’T VENTILATE CAN’T INTUBATE

Figure 8.23  Flowchart for managing a neonatal ‘Can’t ventilate, can’t intubate’ scenar.126

Reproduced with permission from Johansen LC, Mupanemunda RH, Danha RF., Managing the newborn infant with a difficult airway, Infant, Volume 8, Issue 4,  pp.116, Copyright © 2012 
Stansted News Limited.
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4.	 Intubate immediately using an appropriately sized ETT and 
secure.

5.	 Insert a large-bore (10 F) gastric tube, orally or nasally, secure, 
aspirate, and leave on free drainage.

6.	 Inflate the lungs. PIP should be limited to pressures of 
25 cmH2O or less. Higher pressures may be required initially 
to achieve chest wall expansion and an adequate heart rate.

7.	 Aim for preductal SpO2 of 80–95%, with lower saturations 
acceptable if improving and the heart rate is stable.

8.	 Secure peripheral intravenous access and administer muscle 
relaxant and sedation to avoid swallowing of air and mini-
mize respiratory asynchrony.

9.	 A  fluid bolus of 10–20 mL/kg of intravenous 0.9% sodium 
chloride may be administered to improve perfusion and sys-
temic pressure.

10.  Alert the neonatal unit of delivery and transfer for admission.

11. � Alert the surgical team of the birth and the condition of the 
infant.

Abdominal wall defects
Abdominal wall defects generally comprise two conditions: exom-
phalos and gastroschisis. Though such infants are usually vigor-
ous at birth, such defects require additional care and early, if not 
urgent, liaison with a paediatric surgical team. As such, delivery is 

usually planned either in or near a surgical centre with a neonatal 
team in attendance at delivery.

Exomphalos results from herniation of the bowel into the 
umbilical cord and may range from a small cord hernia to a large 
defect containing bowel and liver. The prevalence is 1/5000 births. 
The bowel is usually covered but the exomphalos sac may some-
times rupture exposing the bowel. Exomphalos is important to 
distinguish from gastroschisis clinically as the former is associ-
ated with other abnormalities in around 50% of cases including 
structural cardiac malformations, aneuploidies and conditions 
such as Beckwith–Wiedemann syndrome.

The pathogenesis of gastroschisis is less clear. It is commoner 
in younger mothers.131 The prevalence ranges from 1/2000 to 
1/10,000 births.132 The abdominal wall defect typically lies to the 
right of the umbilical cord through which small and large bowel, 
and gonads may prolapse.

The principles of stabilization in abdominal wall defects 
include:
◆	 facilitating normal cardiorespiratory transition
◆	 avoiding distension of the bowel with air
◆	 avoiding ischaemic damage to the gut secondary to vascular 

compression at the sides of the defect
◆	 minimizing heat and fluid loss from the gut.

The following equipment should be available in advance:
◆	 Standard resuscitation equipment, including blankets and hat

Figure 8.24  Two X-rays of infants with a congenital diaphragmatic hernia. The X-ray on the left demonstrates an infant with a left-sided diaphragmatic hernia who was 
intubated and paralysed from shortly after delivery. The ETT is at T1. The NGT can be seen in the intrathoracic stomach, and there is no gas in the gut. Contrast with 
the infant on the right, who has no gastric tube in situ, and a large amount of gas in the gut.
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◆	 Plastic bag
◆	 Equipment for venous cannulation and blood tests including 

blood group and save
◆	 Wide-bore nasogastric tube (NGT) (size 10)
◆	 Fluid bolus for use if required.

The approach to stabilization at birth:

1.	 Have a neonatal team in attendance with appropriate 
skill mix.

2.	 Alert the paediatric surgical team in advance of birth where 
possible.

3.	 Deliver the infant feet-first into a plastic bag secured under 
their arms.

4.	 Dry their head and arms and put a hat on them.

5.	 Inspect the bowel without handling it unnecessarily as this 
may cause vasospasm. The bowel may appear normal or thick-
ened and covered with a fibrin peel. Poorly perfused black 
bowel indicates ischaemia and requires urgent discussion 
with the paediatric surgical team.

6.	 Maintain the airway in a neutral position. If resuscitation per-
mits, it is recommended that the infant is placed in a right lat-
eral position to avoid traction on the mesenteric vasculature 
or compression of the bowel beneath the body.

7.	 In gastroschisis, a towel over the plastic bag may protect 
exposed bowel from overhead radiant heating, once a satisfac-
tory position is established. If used the towel must be periodi-
cally removed to assess gut perfusion.

8.	 Place a large-bore (10 F) NGT, secure and on free drainage. 
Regularly aspirate.

9.	 If the infant requires manual breaths to support respiration, 
mask ventilation should be avoided as this may result in gase-
ous bowel distension. Intubation is preferred.

10.	 Monitor heart rate and SpO2.

11.	 Secure intravenous access in the upper limbs and replace 
losses as estimated by aspiration of the intestinal exudate 
accumulating within the bag.

a.	 Assess perfusion clinically, including colour of the gut.

b.	 Volume expansion may be required to optimize perfusion 
of the bowel and it is not unusual for infants with gastro-
schisis to require 20–60 mL/kg of volume in the first 6 
hours of life.

12.	 Prophylactic systemic antibiotics may be recommended by 
local protocol.

13.	 Infants should be considered at high risk of hypoglycaemia:

a.	 Increased metabolic losses

b.	 Association of exomphalos with Beckwith–Wiedemann 
syndrome (infants may have hyperinsulinism)

14.	 Allow parents time to be with their baby following initial 
resuscitation.

Surgical repair depends on the nature and the size of the defect. 
For both exomphalos and gastroschisis, options include primary 

repair or staged silo reduction for large lesions and primary 
reduction of small defects. A further option in exomphalos is to 
promote epithelialization of the sac with a delayed ventral hernia 
repair.

Infants who do not respond
The commonest reason for non-response to standard resuscita-
tive measures is inadequate airway management. Measures to 
optimize airway patency and ventilation are discussed in previous 
sections.

Cyanosis
Where infants remain blue with a good heart rate, the oxygen 
saturation should be checked. Many babies will only achieve satu-
rations above 90% by 10 minutes after birth. Causes of continued 
low saturations include respiratory (e.g. pneumonia, pneumotho-
rax, congenital diaphragmatic hernia) or cardiac pathology (usu-
ally mixing conditions such as atrioventricular septal defect or 
truncus arteriosus). Occasionally cyanosis may be due to persis-
tence of high pulmonary artery pressure following birth, persis-
tent pulmonary hypertension of the newborn.

Adequacy of ventilation should be assessed and optimized 
where necessary, oxygen should be administered to improve satu-
rations, and the infant admitted to the neonatal unit for further 
assessment.

Inadequate respiratory drive
Continued poor respiratory effort following lung aeration/oxy-
genation may result from prolonged asphyxia, infection, prematu-
rity, or opiate depression. Any infant who has required prolonged 
respiratory support in the delivery suite should be admitted to the 
neonatal unit for further evaluation and monitoring, and venti-
latory support. Naloxone may be rarely required to reverse the 
effects of maternal opiates.

Prolonged asystole
The long-term outcome in surviving infants with an Apgar 
score of zero at 10 minutes of age is generally extremely poor 
and historically over 95% of such infants die or suffer severe dis-
ability.106 The influence of therapeutic hypothermia on outcome 
in these infants is not clear but in one large multicentre trial, a 
quarter of infants who survived to receive cooling treatment 
in the neonatal unit were alive and well at follow-up.133 ILCOR 
considers that it may be justifiable to stop resuscitation if there 
are no signs of life after 10 minutes of continuous and adequate 
resuscitation.8 It should be appreciated that 10 minutes of age 
and 10 minutes of effective resuscitation are not necessarily  
equivalent.

Communication and record-keeping
Communication
Resuscitation
Gathering key facts about the mother and the fetus before delivery 
will aid the approach to resuscitation and help plan the composi-
tion of your team. Communication tools such as SBAR (Situation, 
Background, Assessment, and Recommendation) are increas-
ingly used to improve timely and effective communication, a key 
factor in reducing risk and near miss within hospital settings 
(Table 8.11).134
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During resuscitation, one individual, usually the most senior 
doctor, will take responsibility for leading the process and should 
ensure that both verbal instructions and responses from the team 
are clear and unambiguous.

Parents
It may be possible to meet with parents before the birth and explain 
the expected chain of events after delivery. This is a good time to 
discuss their expectations and concerns. Providing information 
in lay terminology will improve understanding and rapport.

It is increasingly common for resuscitations to take place in the 
delivery suite and parents may witness events which they will find 
frightening or which they do not understand. Information about 
the condition of their child should be communicated to parents as 
soon as possible after resuscitation. This should be done with both 
parents present and include the midwife looking after the mother 
where possible. It is critical not to offer any personal interpretation 
of the quality of obstetric care, instead give facts not opinions. It 
is good practice to check the parents’ understanding of the infor-
mation given. Parents may be exhausted and in a heightened state 
of anxiety, the mother herself may be ill, in pain, or she may have 
recently received analgesia or sedation—these factors may impair 
concentration during the discussion and comprehension of the 
situation.

Parents should be given the opportunity to see and touch their 
child even where admission to the neonatal unit is planned.

Any conversations should be documented in the infant’s notes 
and include the information provided, questions asked, and the 
process of any decision-making, particularly where there has been 
a decision not to continue resuscitation.

If the infant dies, the role of postmortem in establishing death, 
and excluding other coexistent abnormalities is crucial.135 A sen-
ior obstetrician or paediatrician should discuss postmortem and 
obtain consent, and in some cases where the cause of death can-
not be ascertained, involvement of the relevant authorities will be 
necessary. Any bereaved parent should be provided with contact 
information and a meeting should take place with a senior paedia-
trician at 6 weeks.136

Other health professionals
All health professionals are responsible for ensuring that 
high-quality information is communicated in an effective way 
to individual parties. Verbal information should be supported by 
written documentation of the information shared. Where resus-
citation has been difficult or unsuccessful, it is important to be 
aware that both junior and senior members of the team may need 
immediate support. It may be beneficial to recall the team at a later 
time for a formal debrief.

Record-keeping
All written documentation should occur as contemporaneously 
with events as possible in a legible form and in black ink. Entries 
should be signed with name and role given in block capitals (± pro-
fessional registration number), and dated with the time of entry. 
Retrospective entries should have the time of entry recorded, as 
well as the time of events.

Accurate, factual accounts of the infant’s condition and response 
should be provided along with a timeline of events, including 
the date and time of your summons and attendance (Box 8.9). 
Subjective terms such as ‘Poor condition at delivery’ or ‘Difficult 
delivery’ should be avoided.

Any scribing of events that has occurred during the resuscita-
tion should be filed in the notes. As with verbal communication, 
avoid making assumptions about causation and ensure that if 
opinion is recorded that it is clearly documented as such.

Procedures
Neonatal intubation
In the delivery suite, an oral approach to intubation of the trachea 
is commonly practised. In infants where more long-term ventila-
tion is anticipated, there may be conversion to a nasal tube with 
premedication in the neonatal unit.

Equipment

◆	 Appropriately sized face mask
◆	 T-piece or self-inflating bag
◆	 Supply of air and oxygen
◆	 Suction and large-bore catheter
◆	 Stethoscope

Box 8.9  Key information to record after newborn resuscitation

◆	 Condition of baby on first assessment (colour, tone, heart 
rate, and respirations)

◆	 What measures of resuscitation were instituted
◆	 When there was first good aeration of the lungs
◆	 When the heart rate first rose above 100 bpm
◆	 When infant made first respiratory effort
◆	 Nature of first respiratory effort (e.g. gasp)
◆	 Dose, route, and timing of any drugs
◆	 Name and designation of staff present
◆	 Cord blood gas results.

Table 8.11  Example of SBAR communication

Situation

Who are you? Where 
are you? What is 
happening?

‘I am the senior midwife on labour ward, we have 
a 33-year-old woman admitted to labour ward in 
labour at 28 weeks’ gestation’

Background

Key features of the 
mother, pregnancy, 
labour or baby to 
date?

‘The woman was discharged yesterday after 
presenting with ruptured membranes at 27 weeks. 
She received a full course of steroids, we have not 
had time to give magnesium’

Assessment

What is the current 
assessment of the 
mother, fetus, labour, 
baby?

‘The woman is fully dilated and starting to push. 
There are no fetal heart rate concerns and there is 
no meconium. Mum has a temperature and has 
had antibiotics. The resuscitaire is set up and being 
warmed’

Recommendation

What do you want 
and by when?

‘Please attend labour ward immediately with your 
senior and alert the neonatal unit’
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◆	 Straight blade laryngoscope with working light and appropri-
ately sized blade

◆	 Range of ETT sizes (uncuffed) (Table 8.11)
◆	 Fixation device for ETT
◆	 Saturation monitor (if available)
◆	 Carbon dioxide colorimeter (if available)
◆	 Stylet introducer (optional).

Procedure

1.	 Prepare equipment.

2.	 Maintain good oxygenation and ventilation by facemask. 
A saturation monitor should be in place if available.

3.	 Place the laryngoscope in the mouth, over the tongue, guard-
ing the gums with the thumb and forefinger of the right hand, 
and advance until the epiglottis is visualized. Avoid overexten-
sion of the neck as this will position the larynx very anteriorly.

4.	 Remove any secretions present that obscure visualization, 
under direct laryngoscopy. Be careful not to over-stimulate 
the pharyngeal wall and larynx as this may cause reflex brady-
cardia and spasm of the vocal cords.

5.	 Position oneself to ensure a view down the laryngoscope and 
ultimately the trachea.

6.	 With the laryngoscope blade in the vallecula, lift the epiglot-
tis upward using a vertical motion of the laryngoscope blade; 
avoid pivoting around the end of the blade.

7.	 The larynx and vocal cords should be in view. Downward 
pressure on the cricoid may facilitate the view of the larynx.

8.	 With the right hand, bring the ETT in from the right angle of 
the mouth and not down the central groove of the laryngo-
scope blade where it will obscure the view.

9.	 If the cords are adducted, wait for them to relax, rather than 
forcing the tube through. Insert the tracheal tube through the 
cords advancing only 1–2 cm.

10.	 Withdraw the blade while fixing the tube against the superior 
alveolar ridge of the gum with the left forefinger.

11.	 Connect to the ventilation device and assess chest expansion. 
A colorimetric CO2 detector is recommended to confirm ETT 
placement.

12.	 Auscultate for equality of air entry and heart rate. The end of 
the tube should be mid trachea.

13.	 Ensure the tube remains in situ while being secured.

Conclusion
In this chapter, the physiology of fetal–neonatal transition has 
been described, and this understanding applied to the structured 
approach to the newborn who does not breathe after delivery. The 
skills of newborn resuscitation are best learned on a recognized 
course, followed by a period of practice. It is hoped that this chap-
ter has provided a useful and interesting adjunct to these courses 
enabling the interested reader to further explore a fascinating area 
of medicine.
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Fertility treatment in the modern 
age: possibilities and anaesthesia
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Introduction
Assisted reproductive technology (ART) is part of medically 
assisted reproduction and comprises all treatments or proce-
dures that include the in vitro handling of both human oocytes 
and sperm or of embryos for the purpose of establishing a preg-
nancy. This includes, but is not limited to, in vitro fertilization 
(IVF) and embryo transfer, gamete intrafallopian transfer, zygote 
intrafallopian transfer, tubal embryo transfer, gamete and embryo 
cryopreservation, oocyte and embryo donation, and gestational 
surrogacy.1,2 ART does not include assisted insemination (artifi-
cial insemination) using sperm from either a woman’s partner or 
a sperm donor or surgery.

ART is becoming increasingly important and is responsible for 
up to 4% of all pregnancies in Europe in 2009.3

In 2004, 2184 clinics from 52 countries and regions world-
wide have reported their outcomes of ART to the International 
Committee for Monitoring Assisted Reproductive Technologies 
(ICMART) and are reporting on types of cycles and procedures, 
pregnancy, delivery and multiple birth rates, and perinatal out-
comes.4 A total of 954,743 initiated cycles resulted in an estimated 
237,809 babies born. The availability of ART varied by country 
and ranged from 14 to 3844 treatment cycles per million inhabit-
ants. Of all cycles, 60.6% were intracytoplasmic sperm injection 
(ICSI). Frozen embryo transfers (FETs) represented 31% of the ini-
tiated cycles. The overall delivery rate per fresh aspiration for IVF 
and ICSI was 20.2% compared with 16.6% per FET. The average 
number of embryos transferred was 2.35. Single (16.3%) and dou-
ble embryo transfers accounted for 73.2% of cycles.

The 13th European IVF monitoring report3 presents the results 
of treatments using ART initiated in Europe during 2009. From 
34 countries, 1005 clinics reported 537,463 treatment cycles includ-
ing IVF (135,621), ICSI (266,084), frozen embryo replacements 
(FERs, 104,153), egg donation (21,604), in vitro maturation (1334), 
preimplantation genetic diagnosis/screening (4389), and frozen/
warmed oocyte replacements (4278). In 21 countries where all 
clinics reported to the ART register, a total of 399,020 ART cycles 
were performed in a population of 373.8 million, corresponding 
to 1067 cycles per million inhabitants. For IVF, the clinical preg-
nancy rates per aspiration and per transfer were 28.5% and 32.5%, 
respectively, and for ICSI the corresponding rates were 28.9% and 
32.9%. In FER cycles, the pregnancy rate per thawing was 20.9%. 
In IVF and ICSI cycles, one, two, three, and four or more embryos 
were transferred in 24.2%, 57.7%, 16.9%, and 1.2%, respectively. 

The proportions of singleton, twin, and triplet deliveries after IVF 
and ICSI (combined) were 79.8%, 19.4%, and 0.8%, respectively, 
resulting in a total multiple delivery rate of 20.2%, compared with 
21.7% in 2008, 22.3% in 2007, 20.8% in 2006, and 21.8% in 2005.

The most important complication of ART are the multiple preg-
nancies which have been tackled in some European countries by 
limiting the number of embryos for transfer, particularly in the 
twin-prone patient population while maintaining acceptable 
pregnancy rates. In Belgium, a legally enforced reduction of the 
number of embryos for transfer resulted in a 50% reduction of the 
multiple pregnancy rate from 27% to 11% since the introduction of 
this law in 2003 to the last assessment in 2010, without reduction 
of the pregnancy rate per cycle (Figure 9.1).5

Overview of an assisted reproductive 
technology procedure
An ART cycle is composed of five phases, namely controlled 
ovarian hyperstimulation (COH), oocyte retrieval, fertilization, 
embryo transfer, and luteal phase support.

Controlled ovarian hyperstimulation

Ovarian hyperstimulation has become an essential part of ART 
treatment. We are aiming to achieve 10–15 oocytes as this has 
been proven to give the highest success rates.6 Different treatment 
schedules are used depending on how a premature luteinizing 
hormone (LH) surge is inhibited. When a gonadotropin-releasing 
hormone (GnRH) agonist is used, it can be done in a long down-
regulation protocol or short flare-up protocol. In the long down-
regulation protocol, LH and follicle-stimulating hormone (FSH) 
secretion are suppressed after 10–14 days after an initial flare-up. 
In the short flare-up protocol, gonadotropin stimulation is started 
during the initial flare-up of LH and FSH secretion. With GnRH 
antagonists, prevention of premature LH surge occurs fast and 
therefore no preparation in advance needs to be done. The actual 
stimulation of the ovaries is with gonadotrophins extracted from 
urine and highly purified or produced by recombinant technology. 
Starting doses may vary between 75 and 300 IU/day depending 
on age of the patient, menstrual cycle regularity, ovarian reserve 
testing (anti-Mullerian hormone, antral follicle count, basal FSH) 
and previous response to COH. The most important complication 
of COH is ovarian hyperstimulation syndrome (OHSS) which is 
a potentially very severe disease that can affect young infertile 
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women and is characterized by enlargement of the ovaries and 
signs and symptoms of a fluid shift to the third space with ascites, 
hydrothorax, and haemoconcentration with oliguria and throm-
boembolic disease as a consequence.

The incidence of severe OHSS is 2% and although stimulation 
schedules have been adjusted and dose of gonadotrophins have 
been reduced, it can never be fully excluded. Therapy is usually 
observational and supportive. Occasionally, ascites or pleura 
drainage are needed for the patient’s comfort and in case of severe 
dyspnoea.

Oocyte retrieval
Thirty-four to thirty-six hours after administration of human 
chorionic gonadotropin (hCG), the oocyte aspiration is planned. 
This interval aims at achieving maximal cytoplasmic and nuclear 
maturation of the oocyte to metaphase II and at being just in time 
before ovulation occurs. Therefore, timely initiation of the oocyte 
retrieval procedure is mandatory as patients may lose the whole 
cycle by not doing so. This will then inevitably lead to a tremen-
dous disappointment for the couple as well as an important finan-
cial burden for the lost cycle. Nowadays, nearly all egg retrievals 
are performed vaginally under ultrasound guidance. A single- or 
double-lumen needle is introduced through a guide that is fixed 
on the vaginal probe of the ultrasound that is wrapped in a sterile 
cover. The ovaries can be reached through the lateral fornices of 

the vagina. Depending on the patient’s characteristics, the proce-
dure may vary from straightforward access and oocyte retrieval 
to a more risky intervention in some patients. This is the case in 
patients with obesity or prior extensive surgery in the pelvis for 
endometriosis or inflammatory disease of the intestine, a history 
of pelvic inflammatory disease, or any other event leading to an 
adhesive status of the ovaries. Apart from the wishes of the patient, 
the type of analgesia will also be dependent on the patient’s his-
tory as already mentioned. Therefore, ultrasound-guided oocyte 
retrieval can be performed under local or locoregional anaesthe-
sia, conscious sedation, or general anaesthesia. Gynaecological 
complications related to the oocyte retrieval procedure are the 
occurrence of bleeding and infection. In cases where a difficult 
procedure is anticipated or in patients with a history of impor-
tant pelvic surgery or disease, antibiotics are usually given 
prophylactically.

Laparoscopic oocyte retrieval is rarely performed. It is used 
in cases where it is difficult to reach the ovaries, for example, 
in obese patients. However, performing a laparoscopy in this 
patient population is subject to an increased risk for complica-
tions as well. Therefore, in many clinics, invasive procedures such 
as oocyte retrieval and diagnostic and therapeutic laparoscopy 
will only be executed in patients with a body mass index below 
35. Laparoscopic oocyte retrieval can also be part of the gamete 
intrafallopian transfer procedure where gametes are transferred 
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Figure 9.1  Evolution of the number of single and multiple deliveries after ART between 1992 and 2010.
http://www.Belrap.be © The College of Physicians Reproductive Medicine.
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in the tubes via laparoscopy. However, this procedure is rarely 
performed in Europe nowadays as transcervical transfers are very 
easy and non-invasive to perform.

Fertilization
Immediately after the oocytes have been retrieved, they are 
placed in the incubator under ideal culture conditions. Thereafter 
oocytes are inseminated with approximately 20,000 spermatozoa 
per oocyte in the ‘classical’ IVF procedure or the oocytes are den-
udated from the cumulus cells and injected under the microscope 
with one sperm cell during the ICSI procedure (Figure 9.2).

Embryo culture and embryo transfer
The embryo transfer (ET) occurs at day 2, 3, 5, or 6 after oocyte 
aspiration yielding a cleavage stage embryo (D2, D3) or a blas-
tocyst (D5, D6) (Figure 9.3). The timing of the transfer depends 
on the experience of the laboratory and the patient’s characteris-
tics. The goal is to find the best balance between selection of the 
embryo with the highest implantation potential and providing 
optimal culture conditions. The embryo transfer is usually per-
formed transcervically after the installation of a speculum with 
a soft catheter loaded with one or two embryos. Quite often the 
embryo transfer is executed under abdominal ultrasound guid-
ance for excellent positioning of the embryo(s). This is a minimally 

invasive and a nearly painless procedure and therefore no analge-
sia is administered. However, in a very few cases, ET is performed 
with analgesia for example, in patients with a history of surgery 
(exconization) at the cervix.

ET can be done directly in the Fallopian tube via laparoscopy. 
When the embryo is in the zygote stage it is named ‘zygote intra-
fallopian transfer’ (ZIFT) and when a cleavage stage embryo is 
transferred it is called ‘embryo intrafallopian transfer’ (EIFT).

Luteal phase support
The luteal phase is shortened after ART and therefore, supplemen-
tation with progesterone administered vaginally or intramuscu-
larly or with hCG is mandatory.

The cost of an ART cycle is around €4000 in most European 
countries.

Anaesthetic management of the oocyte 
retrieval procedure
General considerations
The ideal anaesthetic method should be safe and comfortable for 
the patient undergoing the procedure, should not compromise the 
quantity or quality of the oocytes, and should have no effect on 
fertilization, embryo development, and pregnancy rate. It should 
be easy to administer and monitor, short-acting, and with few side 
effects.

Oocyte retrieval can be performed transvaginally or laparo-
scopically. Only in very few cases is a laparoscopy needed to reach 
the ovaries and general anaesthesia with intubation is required in 
these cases.

During transvaginal oocyte retrieval, the aspirating needle 
puncturing the vaginal fornix and the ovarian capsule, as well as 
the manipulation within the ovary during the procedure causes 
pain. It is essential to provide adequate pain relief, to immobilize 
the patient, and eliminate the dangers of piercing any vessel dur-
ing the process of oocyte retrieval.

Since some women require high doses of sedatives and anal-
gesics to obtain adequate pain relief while others do not, various 
pain-relieving methods are in use. There is currently no evidence 
for superiority of one procedure over another.7,8

Controversy exists regarding the effects of all these drugs on 
conception rates. In many studies, anaesthetics have been detected 
in follicular fluid and reported to interfere with the outcome of 
fertility treatment.9 In a study published in 2012, significant dif-
ferences were revealed between different anaesthetic methods 
for the total number of oocytes retrieved per patient, percentage 

Figure 9.2  Intracytoplasmic sperm injection (ICSI) procedure: a spermatozoon 
is injected with a glass pipette in the cytoplasm of an oocyte under the 
microscope. 
© the laboratory of the Leuven University Infertility Center.
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Figure 9.3  Evolution from a fertilized oocyte to a cleavage stage embryo (D2, D3) and to the blastocyst stage (D5, D6). 
© the laboratory of the Leuven University Infertility Center.
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of mature oocytes in metaphase II stage, fertilization rate, and 
embryo development (Figure 9.4).10

A Cochrane analysis reviewed 21 controlled trials and con-
cluded that there was no evidence of a significant difference in 
pregnancy rate or in quality of analgesia between the different 
methods of pain relief during oocyte pick-up. The simultaneous 
use of more than one method of sedation and pain relief (e.g. seda-
tion in combination with paracervical block) resulted in better 
pain relief. All reviewed approaches seemed to be acceptable and 
were associated with a high degree of satisfaction.8

Different analgesia/anaesthesia techniques
Analgesia techniques that may be used for the transvaginal fol-
licular aspiration are local anaesthesia (paracervical block or 
topical anaesthesia), neuraxial anaesthesia (spinal, epidural or 
combined), conscious sedation and general anaesthesia, or any 
combination of the above.

Local anaesthesia
Local paracervical anaesthesia can provide adequate pain relief 
for the transvaginal puncture but will not affect pain sensation 
when puncturing the ovaries. In a 2012 Italian study, a eutectic 
mixture of local anaesthetic (EMLA®) cream, a eutectic topical 
mixture of lidocaine and prilocaine incorporated in cream base, 
was administered on the vaginal fornices 1 hour before the pro-
cedure. This was compared with sedation using either propofol, 
sevoflurane, or thiopental. In comparison with sedation using 
propofol, sevoflurane, or thiopental, the authors retrieved a 

significantly lower number of oocytes per patient in the EMLA® 
cream group.10 It was assumed that the gynaecologist performed 
the oocyte retrieval faster by puncturing only the largest folli-
cles because the patients were awake during the procedure and 
this resulted in a high rate of mature (metaphase II) oocytes. 
The EMLA® cream group showed the highest fertilization rate. 
Anaesthesia with EMLA® cream is a possible and an acceptable 
alternative for anaesthesia during transvaginal oocyte retrieval in 
well-motivated patients.10,11 In animal models, local anaesthetic 
agents seem to have an influence on the development of the early 
embryo. This is of minimal clinical significance because of the 
extreme low concentrations used in human practice.

Neuraxial anaesthesia
Neuraxial analgesia has been shown to be an effective form of 
pain relief during transvaginal oocyte retrieval. A  spinal tech-
nique involves an injection of drugs into the cerebrospinal fluid. 
Epidural analgesia provides analgesia by injecting drugs into the 
epidural space. Both techniques have the advantage of limited 
absorption of the anaesthetic agent into the systemic circulation 
and will be associated with minimal accumulation into the folli-
cular fluid. Of these two, spinal anaesthesia would be the advised 
method because a lower dose of local anaesthetic is needed, a faster 
onset of pain relief and recovery occurs, and there is a reduced 
failure rate. Hyperbaric lidocaine and bupivacaine in low dose in 
combination with an opioid have been successfully used in these 
procedures. Hyperbaric lidocaine is no longer used in current 
practice due to the high incidence of transient radicular irritation, 
but hyperbaric prilocaine could be an acceptable alternative. In 
addition, the risks associated with the neuraxial anaesthesia tech-
niques must not be overlooked. Postdural puncture headache will 
occur in 0.5% of cases. Back pain, urinary retention, accidental 
intravascular injection, and anaesthesia reaching high spinal level 
can also occur. Apart from other more serious complications (epi-
dural abscess or haematoma) neuraxial anaesthesia remains very 
time-consuming for a usually very short procedure.

Sedation and general anaesthesia
We have to differentiate moderate or conscious sedation from 
deep sedation or monitored anaesthesia care. Conscious sedation 
is a moderate sedation and defined as ‘a method in which the use 
of drugs produce a minimally depressed level of consciousness 
enabling treatment to be carried out while the patient maintains 
an open airway continuously and responds appropriately to verbal 
commands’ (defined by the American Society of Anesthesiologists’ 
website in 2004, http://www.asahq.org/). This method is very pop-
ular for oocyte retrieval because it is easy to administer and safe in 
this mostly young, healthy and well-motivated population.

Deep sedation or monitored anaesthesia care consists of safe 
administration of a maximal depth of sedation in excess of that 
provided during conscious sedation. The ability to adjust the seda-
tion level from full consciousness to general anaesthesia during 
the course of the procedure provides maximal flexibility in match-
ing sedation levels to patients’ and procedural needs. In many 
European countries this needs to be performed by an anaesthetist, 
while in some countries skilled anaesthetic personnel will take 
care of these procedures. There is a fine line between sedation with 
good pain control and general anaesthesia that requires assisted 
ventilation. Full monitoring of the patient with a pulse-oximeter, 
end-tidal CO2, electrocardiography, and non-invasive blood 
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Figure 9.4  Biological parameters: number of oocytes retrieved per patient 
(A) and rate of metaphase II oocytes (B). In the EMLA® group they observed a 
lower number of retrieved oocytes when compared to the other groups. In the 
thiopental and sevoflurane groups, they found the highest oocytes retrieval. In 
the EMLA® and thiopental groups they observed more metaphase II oocytes.
Reprinted from Comparison of different anaesthetic methodologies for sedation during in 
vitro fertilization procedures: effects on patient physiology and oocyte competence, Alba 
Piroli, Roberto Marci, Franco Marinangeli, et al, GYNECOLOGICAL ENDOCRINOLOGY, volume 
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pressure monitoring is necessary to ensure the patient’s safety. All 
drugs and equipment for advanced life support should be available 
at the site of the procedure. The frequency of severe complications 
after transvaginal oocyte retrieval is very low but half of the cases 
with complications were anaesthesia related (bronchospasm).12

When selecting a desired agent for sedation, it should be consid-
ered whether it is safe for the woman and whether the substance 
enters the follicular fluid and has negative effects on fertilization 
and pregnancy rates.

Opioids
Opioids are used in moderate and deep sedation and in general 
anaesthesia for their analgesic effects. They should be used in a 
monitored way because of the dose-dependent depression of res-
piration. Rapid administration of opioids can also induce rigidity 
of the thoracic, laryngeal, or pharyngeal muscles. All equipment 
for respiratory support should be available, especially if a difficult 
airway access is expected (e.g. in obese patients). Urinary reten-
tion, pruritus, and postoperative nausea and vomiting (PONV) 
are also side effects of opioids.

When given during the procedure, opioids are detected in 
extremely low concentrations in the follicular fluid. Any potential 
influence on fertilization and implantation rates in these concen-
trations has never been substantiated.9,13

Remifentanil has an ultra-fast onset, organ-independent metab-
olism, and a very short elimination time, making it an ideal opioid 
for short procedures. There has been no report on negative inter-
ference with pregnancy rates or numbers and quality of retrieved 
oocytes using remifentanil.14

Alfentanil is another fast-acting opioid and is the narcotic agent 
most commonly used during oocyte retrieval. It has been detected 
in the follicular fluid but does not influence pregnancy rates even 
in high concentrations. It is more important to give an adequate, 
individualized dose of alfentanil than reducing the dose because 
of a potential harmful effect on the embryo.9,15

Benzodiazepines
Patients presenting for IVF treatment are under a high degree 
of stress and anxiolysis is another challenge for the anaesthetist. 
Benzodiazepines are used because of their sedative, anxiolytic, 
and amnesic effects. Additional properties of benzodiazepines 
include muscle relaxation and anticonvulsive effects. Midazolam 
is the most commonly used benzodiazepine. Although midazolam 
is found in the follicular fluid after a single intravenous (IV) dose, 
no detrimental effects have been shown.9,15–17 Accurate respira-
tory monitoring is advised when these are used in combination 
with opioids since concurrent use may increase the incidence of 
apnoea and respiratory depression.

Propofol
Propofol is a short-acting anaesthetic agent for IV administration, 
suitable for induction and maintenance of anaesthesia and for 
sedation. It has a rapid onset of action and recovery and reduces 
PONV. An unpleasant effect for patients during intravenous 
administration of propofol is pain and burning at the site of injec-
tion. Propofol causes a dose-dependent decrease in systemic blood 
pressure and respiratory depression underlining once more the 
need for the presence of an anaesthetist or at least skilled anaes-
thetic personnel. Propofol has been reported to accumulate in the 
follicular fluid and these concentrations increase throughout the 

procedure.18,19 At first it was suggested that propofol might have 
deleterious effects on reproductive outcome following IVF in ani-
mal models.20,21 Ben-Shlomo et al. examined whether exposure 
to increasing concentrations of propofol had an adverse effect on 
fertilization and embryo development in humans. They compared 
oocyte quality between the first and the last oocyte retrieved in a 
cohort of 130 women and found no difference on fertilization rate, 
cleavage rate, or embryo cell number. However, they could not 
rule out the possibility that the short duration of their procedures 
and the consequent low follicular fluid concentrations contributed 
to this result.22

Ketamine
Ketamine, introduced in the 1960s, provides all components of 
anaesthesia necessary for oocyte retrieval: good pain-relief, loss 
of consciousness, and antegrade amnesia. Ketamine does not sup-
press the respiratory system, but it may produce unpleasant emer-
gence reactions like vivid dreaming, ‘out-of-body’ experiences, 
and illusions within the first hours after awakening. Ketamine 
in combination with midazolam has been used frequently for 
oocyte retrieval and no differences in reproductive outcomes were 
observed.23,24 To the authors’ knowledge, there have been no stud-
ies measuring ketamine concentration in the follicular fluid in 
patients during oocyte retrieval under ketamine sedation.
Sevoflurane
In modern anaesthesia, sevoflurane is the most popular volatile 
anaesthetic agent. Not a lot is known about the effect of sevo-
flurane on the fertilization and early cleavage rate. One study 
conducted by Piroli et al., observed a decreased number of good 
quality embryos in the group of patients who received sevoflurane 
during oocyte retrieval10 (Figure 9.5). The only evidence of a nega-
tive effect of sevoflurane reported in the literature is a study by 
Eger et al. They found that compound A, a degradation product 
of sevoflurane, had a genotoxic effect in Chinese hamster ovary 
cells.25 A few years later, the same experiments were repeated to 
test sevoflurane and no genotoxicity could be found.26 Currently 
sevoflurane sedation has become largely abandoned since more 
elegant techniques for sedation are available and the danger of 
inducing a general anaesthesia is substantial.

Alternative types of anaesthesia
Electroacupuncture
Recently a lot has been published in the Chinese literature about 
the role of electroacupuncture in the outcome of IVF proce-
dures. There is some evidence that acupuncture treatment dur-
ing ART could improve pregnancy rates in women undergoing 
IVF. Electroacupuncture probably has a good intraoperative sup-
plementary analgesic effect without any extra adverse reaction 
and could be an adjuvant in reducing the dose of the anaesthetic 
drugs.27

Patient-controlled sedation
As the pain associated with ovum pick-up is intermittent rather 
than continuous, the best form of analgesia is one which allows 
maximal flexibility and responsiveness to the woman’s needs. 
Patient-controlled anaesthesia could be superior to physician- 
administered analgesia in this context. Patient-controlled IV 
analgesia using opioids, propofol, or a mixture of the two has 
been used successfully, but satisfaction was less than conscious 
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sedation provided by a physician. A  self-administered inhala-
tional analgesic agent, such as isodesox, has potential advantages 
in terms of safety, ease of administration, short half-life, and 
minimal effects on the patient and her oocytes. Self-administered 
inhalation analgesia with isodesox by facemask was also associ-
ated with less effective analgesia and less patient satisfaction than 
physician-administered intravenous analgesia.28,29

Suggested anaesthetic management for transvaginal 
oocyte retrieval
As mentioned before, the ideal method of pain relief during 
oocyte retrieval should be safe and comfortable for the woman 
with minimal side effects, easy to administer and monitor, short 

acting, easily reversible, and with minimal to no effect on oocytes 
and embryos. Paracervical block, general anaesthesia, neuraxial 
anaesthesia or sedation all have advantages and disadvantages. 
Subsequently anaesthesia practice for IVF procedures varies in 
different fertility centres. In 1997, Ditkoff et al. published a US 
survey that demonstrated most programmes utilized anaesthesia, 
most commonly conscious sedation. Other types of anaesthesia 
used included general, neuraxial, or local anaesthesia. Anaesthesia 
personnel performed anaesthesia most of the time, although a sig-
nificant number of IVF clinics were giving analgesia/anaesthesia 
without anaesthetists present. The majority of IVF personnel used 
a combination of meperidine and midazolam while 90% of the 
anaesthesiologists used midazolam and/or propofol with fentanyl. 
For both groups, complications were infrequent and no serious 
life-threatening incidents were reported.30

In the United Kingdom, a postal questionnaire audit was per-
formed in 2003 by Elkington et al. which demonstrated a wide 
variation in personnel present during the procedure, in the drugs 
used, in the degree of monitoring, and the availability of emer-
gency drugs.31 A  typical IVF procedure room in hospitals is 
located adjacent to the embryology laboratory and not near the 
general operating theatre. In the United Kingdom, more than 
23% of fertility units are isolated without coverage of a resuscita-
tion team. Remote locations should put in place regulations and 
protocols to maximize safety. Since the IVF population is usually 
young and healthy, it differs distinctly from the general popula-
tion of patients requiring sedation. Serious morbidity is very rare, 
but women undergoing fertility procedures are increasingly older 
and have more frequent comorbidities (e.g. obesity, patients post 
chemotherapy, genetic disorders, or cystic fibrosis). It is unclear 
how far one should go in safety measures.32

The selection of the type of anaesthesia will depend on the 
IVF centre, and the preference of the surgeon and anaesthetist. 
As women vary in their experience of pain and in coping mecha-
nisms, the optimal method should be individualized depending 
on the preference of both the woman and the clinician. Most cen-
tres have established protocols but the variety of methods and 
drugs used for this procedure raises questions about the potential 
advantages and disadvantages. A 2013 Cochrane review8 aimed to 
assess the effectiveness and safety of different methods in terms 
of pain relief during and after the procedure, pregnancy outcome, 
patient satisfaction, and postoperative complications. It did not 
support one particular method or technique over another in pro-
viding effective conscious sedation and analgesia. Regardless of 
the nature of the drug or the dose used, opiates were effective at 
reducing the perception of pain. Where a second drug or interven-
tion such as paracervical block or electroacupuncture, was asso-
ciated, the simultaneous use of more than one method resulted 
in better pain relief than one modality alone. Patient-controlled 
sedation and analgesia was associated with more intraoperative 
pain compared with physician-administered sedation and analge-
sia. There was no evidence of significant difference in pregnancy 
rate with different methods of pain relief. High levels of satisfac-
tion were reported in all studies. Most centres will use sedation, 
varying from conscious sedation to monitored anaesthesia care, 
provided by anaesthetists or by the fertility centre’s own team 
(trained midwifes, nurses, or medical doctors).

A preoperative visit to the sedation team should involve a com-
plete medical history, including patients’ medication and allergies, 
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Figure 9.5  Biological parameters: fertilization rate (A), embryo development 
(B), and ‘good embryo’ rate (C). Fertilization rate was similar in EMLA® and 
sevoflurane groups, but significantly higher than in propofol or thiopental 
groups. They observed the highest rate of anomalous fertilization (defined as rate 
of 1PN and 3PN oocytes) in the propofol group. There was no overall difference 
in embryo development, but the sevoflurane group had a lower rate of ‘good’ 
embryos.
Reprinted from Comparison of different anaesthetic methodologies for sedation during in 
vitro fertilization procedures: effects on patient physiology and oocyte competence, Alba 
Piroli, Roberto Marci, Franco Marinangeli, et al, GYNECOLOGICAL ENDOCRINOLOGY, volume 
28, issue 10, pp. 796–9, 2012, reprinted by permission of the publisher (Taylor & Francis Ltd, 
http://www.tandfonline.com).
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history of PONV, motion sickness, and a clinical examination. 
A sedation plan should be explained to the patient and informed 
consent should be obtained. A good explanation of what can be 
expected will alleviate some of the anxiety stress associated with 
the procedure.

On the day of the procedure, nil per os (NPO) state and basic 
clinical signs should be checked. The patient is placed supine on 
the operating table and an IV cannula is inserted. Routine moni-
toring of the patient with a pulse-oximeter, end-tidal CO2, elec-
trocardiography, and non-invasive blood pressure monitoring is 
necessary to ensure the patient’s safety. Oxygen is supplied by 
mask or nasal cannula. Sedation can be provided by intermittent 
titrated doses of propofol and alfentanil or fentanyl, but a con-
tinuous infusion of propofol and remifentanil is a very elegant 
alternative that can provide the full range of anaesthesia depth 
from conscious sedation, over monitored anaesthesia care to full 
general anaesthesia, according to the patient’s need. The latter 
must, however, be performed by an anaesthetist. Anaesthesia 
managed in this way could result in higher patient acceptance 
than conscious sedation due to improved pain relief and less 
awareness during the procedure. Rarely this type of anaesthe-
sia may require airway support. Mostly chin lift or verbal com-
munication will be enough to encourage the patient to breathe 
adequately but all equipment and drugs for mask ventilation or 
emergency endotracheal intubation should be available. Once 
the desired depth of sedation is achieved, the surgeon starts the 
procedure. Good communication between the sedation team 
and the surgeon about the length of the procedure and possible 
additional painful stimuli will optimize the quality of sedation. 
At the end of the procedure, the surgeon achieves haemostasis 
from the vaginal wall and the patient is awakened. Paracetamol 
is given during the procedure and is usually enough to provide 
adequate analgesia in the postoperative period. Non-steroidal 
anti-inflammatory drugs can be added but should be avoided 
after the embryo transfer because changes in the prostaglandin 
milieu can affect embryo implantation. For antiemesis, prophy-
lactic treatment with non-dopaminergic agents like cyclizine 
can be considered.

After the procedure, the patient is transferred to a recov-
ery room and will be discharged once the discharge criteria are 
fulfilled. The incidence of serious postoperative complications 
requiring hospital admission is very low.

Conclusion
ART treatment is becoming increasingly popular to treat infertil-
ity disorders with nearly 1 million cycles reported in 2004 world-
wide. Oocyte retrieval is an essential part of the in vitro procedure. 
Most oocyte retrievals are performed vaginally under ultrasound 
guidance. Puncturing the vaginal wall and the stimulated ovary 
can be painful, therefore some analgesia is usually required. The 
method used should be safe and comfortable for the woman with 
minimal side effects, easy to administer and monitor, short acting, 
easily reversible, and with minimal to no effect on oocytes and 
embryos. Topical anaesthesia, paracervical block, general anaes-
thesia, neuraxial anaesthesia, and sedation all have advantages 
and disadvantages. Most fertility clinics have chosen their method 
depending on patients’ demands, staffing, and available facilities 
in the hospital or centre.
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CHAPTER 10

Anaesthesia for non-obstetric 
surgery
Vegard Dahl and Ulrich J. Spreng

Introduction
For a pregnant woman, there is always a risk of requiring anaes-
thesia for non-obstetric reasons. Around 1–2% of all pregnant 
women will undergo non-obstetric surgery during gestation.1 
A substantial number of anaesthetic procedures and operations 
will be performed on women in the early stages of pregnancy who 
are unaware of their pregnant status at the time of intervention. 
Therefore pregnancy tests should be performed on all women of 
child-bearing age undergoing surgery. The reason for surgery may 
be directly related to the pregnancy, such as in utero operations 
on the fetus or cerclage; it may be indirectly related, such as, for 
instance, an ovarian cystectomy; or it may be coincidental, such as 
an appendectomy, cholecystectomy, or an injury requiring surgi-
cal intervention. In a review published in 2005 by Cohen-Kerem 
and colleagues including more than 12,000 non-obstetric surgical 
interventions in pregnancy, the reported rate of miscarriage was 
5.8%, premature labour was 3.5%, and maternal deaths were as 
rare as 0.006%.2

Historically, there has been reluctance to anaesthetize pregnant 
patients due to a fear of jeopardizing the well-being of the fetus and 
mother. Although the safety of non-obstetric surgery and anaes-
thesia during pregnancy seems well established, there are several 
concerns that need to be addressed. The anaesthetist must pro-
vide safe anaesthesia for both mother and fetus. Furthermore, the 
anaesthesiologist must take into consideration the changes that a 
pregnancy induces on normal maternal physiology, and be aware 
of the possible hazards that anaesthesia may impose on the fetus. 
This includes possible teratogenic effects of drugs and diagnostic 
imaging, risk of preterm delivery or abortion, as well as intraop-
erative haemodynamic alteration of uteroplacental perfusion.

Maternal physiological changes: anaesthetic 
considerations
Pregnancy is associated with profound anatomical and physiolog-
ical changes. Knowledge and understanding of these changes are 
crucial for optimal perioperative care in pregnancy.3,4 Maternal 
physiological and anatomical changes requiring precautions by 
the anaesthetist are presented in Table 10.1.

Anaesthetic principles
Non-obstetric surgery can be carried out with either general or 
neuraxial anaesthesia techniques and will depend on the site of 

surgery, the emergency of the situation, and the choice of the 
anaesthetist and the pregnant patient, if possible. A multidiscipli-
nary team approach with focus on communication and coopera-
tion is necessary in order to minimize the risk and possible harm 
of the surgical and anaesthetic procedure. The multidisciplinary 
team should include surgeons, anaesthetists, obstetricians, and 
radiologists, as well as midwifes and nurses.

If possible, surgery should be performed in the second trimes-
ter because in this period the risk for preterm labour seems to be 
lowest. It is important to inform the patient of possible risks of 
anaesthesia and surgery to the fetus and pregnancy (e.g. abortion 
and preterm labour). The goal must, of course, be to minimize the 
risks of anaesthesia and surgical procedures.

The key issue during anaesthesia, no matter which tech-
nique used, is to preserve maternal haemodynamic stability. 
Neuraxial anaesthesia should be considered whenever possible. 
Accompanying maternal hypotension will reduce uteroplacen-
tal blood flow, and treatment is mandatory.1,5 Pregnant women 
undergoing acute abdominal surgery will usually require general 
anaesthesia,6 although some procedures like open appendectomy 
can be done with a regional technique.

Preoperative period
The use of tranquillizers such as midazolam and weak analgesics 
such as paracetamol can reduce anxiety and pain and may be ben-
eficial in order to reduce maternal stress, which can decrease uter-
ine blood flow. Anticholinergic medication (e.g. glycopyrrolate) 
will reduce oral secretions as well as prevent bradycardia during 
induction of anaesthesia and is recommended.6

Pregnancy is associated with a hormonally induced decrease 
in gastric motility and a cephalad displacement of the stomach. 
Moreover, the lower oesophagus sphincter tone is decreased in 
pregnant women.7 Aspiration prophylaxis (e.g. metoclopramide, 
oral antacid, or H2-receptor antagonist), especially during the 
third trimester, may be beneficial.8–10 However, this is a contro-
versial issue.11,12 Wong et al. have shown that gastric emptying in 
obese, non-labouring pregnant woman is not delayed after inges-
tion of 300 mL of water.13

Intraoperative period
The risk for difficulties during intubation is higher in pregnant 
patients undergoing general anaesthesia compared with a general 
population.4,14–16 An anaesthetist has to be prepared for a difficult 
airway and training in airway management is mandatory.4,17–19 
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Equipment for difficult airway management should be easily 
accessible.4,17

After failed direct laryngoscopy, a device offering a view into 
the glottis (e.g. video laryngoscope) should be used. Moreover, 
the anaesthetist should be familiar with the use of an intubation 
laryngeal mask (e.g. LMA Fastrach™) and gum elastic bougie.4 
The management of a difficult or failed airway is discussed in 
Chapter 26.

Optimal positioning of the patient is important. A 15° left lat-
eral decubitus position will help to prevent aortocaval compres-
sion (reduction in preload). Alignment of the ears with the sternal 
notch is advisable in order to facilitate mask ventilation, laryngos-
copy, and intubation (see Figure 39.3 in Chapter 39).

Pregnancy is associated with a reduction of the functional 
residual capacity, which leads to a reduction in oxygen reserve. 
Moreover, oxygen consumption in pregnant women is increased.3,4 
Therefore, desaturation occurs faster during induction of anaes-
thesia.20 Effective pre-oxygenation with a tight facemask is cru-
cial. Several techniques can be used for optimal pre-oxygenation. 
The woman can either breathe with normal tidal volumes for a 
minimum of 3 minutes or, when time is limited, use the eight deep 
breaths technique.20–22 Rapid sequence induction (RSI) is advis-
able and the airways should be secured with an endotracheal tube. 
Whether cricoid pressure should be used during RSI is controver-
sial. On the one hand, if applied properly, it may protect against 
regurgitation during induction. On the other hand it may make 
viewing of the epiglottis and intubation more difficult. If one 
chooses to use a cricoid pressure or Sellick’s manoeuvre during 
induction, it is advisable to loosen it if viewing of the epiglottis is 
compromised.12,23–25

When choosing appropriate anaesthetic drugs for pregnant 
women, there are three main goals:

1.	 Ensure maternal anaesthesia and analgesia

2.	 Avoid maternal hypoxia and hypocapnia

3.	 Avoid maternal hypotension (preserve uterine blood flow).

Induction of anaesthesia
Thiopental, propofol, etomidate, and ketamine all cause uncon-
sciousness and can be used for induction of anaesthesia in preg-
nancy. Etomidate has favourable pharmacodynamic properties, 
causes minimal histamine release, and is suitable in haemodynam-
ically unstable patients, especially in cardiac surgery patients.26,27 
However, etomidate supresses corticosteroid synthesis in the 
adrenal cortex and should be used with caution in septic patients. 
There is conflicting evidence whether a single dose, such as would 
be used for induction in the obstetric patient, is associated with 
increased 28-day mortality.28,29 Clinicians should use etomidate 
with caution because although it may provide haemodynamic sta-
bility at induction, the long-term outcome may be worsened.30,31 
Ketamine is best suited for haemodynamically unstable patients 
in emergency settings and has, in addition, excellent analgesic 
properties.32

Opioids must be used to provide analgesia during intubation 
and surgery. The use of opioids (e.g. fentanyl, sufentanil, alfen-
tanil, and remifentanil) may induce fetal respiratory depression. 
However, this is only relevant if the baby is going to be delivered 
during the current surgery. Moreover, opioids may decrease fetal 
heart rate variability during anaesthesia, and this should not be 
considered as a sign of impaired fetal well-being or non-reassuring 
fetal status.33 This should be emphasized to the midwives and 
obstetricians who may assume wrongly that this is a sign of fetal 
distress.

The conditions for endotracheal intubation will be improved 
by using muscle relaxants. In RSI, succinylcholine or high-dose 
rocuronium should be used. Although good intubation conditions 
have been reported with a standard dose of rocuronium (0.6 mg/
kg), 1.0–1.2 mg/kg is recommended for RSI and will give as good 
intubation conditions after 1 minute as a standard dose of succi-
nylcholine.34–36 In the rare case of a ‘cannot intubate—cannot ven-
tilation’ situation35 the muscle block induced by rocuronium can 
be reversed by the use of the drug sugammadex.37 Sugammadex is 
especially designed to encapsulate the muscle relaxants in the ster-
oid group. A high dose (16 mg/kg) will remove all muscle-relaxing 
molecules from the circulation within minutes and allows earlier 
re-establishment of spontaneous breathing compared with suc-
cinylcholine.38 Due to the large molecular size of sugammadex, 
placental transfer is probably minimal, but data in human fetal 
transfer are lacking. The potential effects of sugammadex on the 
fetus are not known. Sugammadex as a reversal of the neuromus-
cular block should therefore only be used in critical situations.

Maintenance of anaesthesia
Both intravenous drugs (e.g. propofol) and volatile halogenated 
agents (e.g. sevoflurane, desflurane, or isoflurane) are frequently 
used for the maintenance of anaesthesia during pregnancy.6,39–41 
It has recently been shown that high concentrations of sevoflurane 

Table 10.1  Maternal changes in anatomy and physiology and 
anaesthetic implications and precautions

Maternal changes Consequences Precautions

Venous engorgement

Oedema upper airways

Gain in weight

Increased breast size

Intubation 
difficulties

Difficult  
airway management

Functional residual 
capacity ↓
Oxygen consumption ↑

Early desaturation Preoxygenation

Hyperventilation Respiratory alkalosis Normoventilationa

Aortocaval compression 
(>12 weeks)

Preload ↓ Left lateral decubitus 
position

Systemic vascular 
resistance ↓

Hypotension Fluid load

Vasoconstrictor

Cardiac output ↑ Oxygen 
consumption ↑

FiO2 ↑

Intra-abdominal pressure ↑ Gastric emptying 
delayed

Rapid sequence 
induction

Oesophageal sphincter

tone ↓
Gastro-oesophageal 
reflux

Rapid sequence 
induction

aNormoventilation in pregnancy, e.g. slight hyperventilation compared with 
non-pregnant.
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and isoflurane (minimum alveolar concentration 1.5–2.0) may 
induce haemodynamic instability in both the mother and the 
fetus42 and that high concentrations of desflurane can reduce fetal 
cardiac function.43 Nitrous oxide can be used during surgery.37 
However, it is controversial as to whether nitrous oxide should be 
avoided in abdominal surgery because of its ability to cause bowel 
distention.44–46

Neuraxial anaesthesia for non-obstetric surgery
Locoregional anaesthesia for non-obstetric surgical procedures 
during pregnancy has many advantages compared to general 
anaesthesia and should be preferred whenever possible. The fetus 
will not be exposed to drugs with possible detrimental effect and 
possible respiratory problems can be evaded. Neuraxial anaesthe-
sia (spinal, epidural, or a combined spinal–epidural technique) 
is recommended for lower abdominal surgery and surgery in the 
lower extremities. When choosing neuraxial anaesthesia, posture 
of the patient during the procedure is important, and aortocaval 
compression has to be avoided (as previously discussed). The same 
cautions regarding fasting and preparation with antacid prophy-
laxis as for a general anaesthesia should be followed. It is essential 
to avoid hypotension in order to maintain uteroplacental blood 
flow. Hypotension should be treated with volume co-loading and 
vasoactive drugs whenever needed. Dosage of local anaesthesia 
needed for neuraxial anaesthesia in the second and third stages 
of pregnancy is reduced, and may sometimes be difficult to pre-
dict.47 A combined spinal–epidural technique with a small dose of 
local anaesthesia combined with a fat-soluble opioid spinally and 
the possibility to top-up with local anaesthesia epidurally is prob-
ably a safe way to perform neuraxial anaesthesia in these patients. 
Peripheral nerve block is the method of choice for surgery in the 
upper extremities and surgery below knees, whenever possible.

Postoperative period
Postoperative pain should be treated adequately as pain may 
increase catecholamine levels with resultant placental vasocon-
striction. There are many options available for treating pain after 
surgery, including systemic analgesia (i.e. opioid and non-opioid 
drugs), regional analgesic techniques (i.e. neuraxial and periph-
eral), local anaesthetic wound infiltration and a combination of 
these. It is important to assess the risks and benefits of each treat-
ment modality. The goal is an optimized postoperative analgesic 
regimen for each individual patient.

Drugs used for systemic analgesia can be divided into opioid 
and non-opioid drugs. All opioids can induce fetal respiratory 
depression. However, this is only important if the surgical pro-
cedure is combined with a caesarean delivery or an immediate 
vaginal delivery.6 It has been shown that the daily use of opioids in 
the first trimester may be associated with cardiac and neurologi-
cal defects.48 However, this has never been demonstrated for short 
time use of opioids in the postoperative period.

Regarding non-opioids, paracetamol (acetaminophen) is the 
drug of choice during pregnancy. Even in patients who have taken 
a paracetamol overdose the majority of pregnancies had normal 
outcomes.49 Non-steroidal anti-inflammatory drugs (NSAIDs) 
exert their analgesic effect through inhibition of cyclooxygenase 
(COX) and synthesis of prostaglandins.50 There have been several 
published studies reporting an increased risk for cardiac abnor-
malities when NSAIDs were taken during the first trimester.51–53 

Moreover, Nielsen and colleagues have recently shown that the 
prescription of NSAIDs may be associated with higher rates of 
miscarriage.54 The use of NSAIDs during late pregnancy may 
lead to intrauterine constriction of the ductus arteriosus and is 
not recommended.55 COX-1-mediated thromboxane facilitates 
platelet aggregation and haemostasis, and NSAID-derived COX 
inhibition may increase the risk of postoperative haemorrhage.56 
There are insufficient data regarding the use of selective COX-2 
inhibitors in pregnancy.

Pregnant patients have an increased risk for thromboembolism. 
Therefore, it is important that these patients are mobilized as early 
as possible. Moreover, thrombosis prophylaxis with anticoagu-
lants is mandatory.

Careful observation of the pregnant woman and fetus may be 
indicated for several days after surgery. The postoperative care 
unit team has to be aware of the risks of complications like pre-
term labour (see ‘Miscarriage and Preterm Birth’).

Fetal considerations for anaesthesia 
during pregnancy
Early period: teratogenicity of anaesthetics
In spite of fears of possible teratogenetic effects of anaesthesia no 
such effect has ever been demonstrated in humans in clinically 
relevant doses. There are, of course, no prospective comparative 
studies due to ethical and practical concerns. Speculation on 
possible harmful effects on the fetus comes either from studies 
on animals or from epidemiological surveys on operating theatre 
personnel and on outcome in women having undergone surgery 
during pregnancy. Studies on animals will generally include an 
exposure to a large dose of a drug during a long time period, and 
cannot be extrapolated to a short exposure with a limited concen-
tration as in anaesthesia during surgery in humans. Nevertheless, 
two agents have been controversial in the last 50 years and need 
to be addressed:
◆	 Nitrous oxide reacts with the reduced form of vitamin B12, 

thereby inhibiting methionine synthase, which indirectly sup-
ports nucleic acid synthesis. Animal studies in the 1970s and 
1980s demonstrated teratogenetic effects of nitrous oxide, 
which could be reversed by halothane or isoflurane but not 
by addition of folic acid.57,58 Thus, from a theoretical point of 
view, the possible teratogenetic effect of nitrous oxide must also 
have a different explanation than methionine synthase inhibi-
tion. Nitrous oxide could possibly influence uterine blood flow 
and thus fetal oxygen supply.59 These effects on reproduction 
occurred only after prolonged exposure to high concentra-
tions of nitrous oxide and cannot be compared to real life when 
patients are anaesthetized for surgery in a clinical setting for 
relatively short periods. Large population studies from Sweden 
and Hungary have not found any correlation between intrauter-
ine exposure to nitrous oxide during surgery and teratogenic-
ity.60,61 One may conclude that a short time exposure to nitrous 
oxide during pregnancy is safe. Whether exposure to nitrous 
oxide during a period of extensive receptogenesis later in preg-
nancy or in childhood results in cognitive deficits is yet to be 
determined (see ‘Behavioural Teratogenicity’). Higher rates of 
spontaneous miscarriages have been observed among work-
ers with occupational exposure to nitrous oxide such as dental 
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assistants and operating theatre nurses.62 When adjusted for 
age, smoking, and working hours, however, this association is 
no longer statistically significant.

◆	 Benzodiazepines have been associated with a higher incidence 
of cleft lip and palate, pylorostenosis, and alimentary tract atre-
sia, but the results are conflicting.63–66 Pregnant women who 
use benzodiazepines long term often have multiple other con-
founding factors such as psychiatric disorders, social problems, 
multiple medication use, or epilepsy. The use of a short-acting 
benzodiazepine like midazolam during anaesthesia has never 
been associated with teratogenicity.

Behavioural teratogenicity
Lately, more focus has been set on the possible behavioural tera-
togenic effect of anaesthetics, defined as the possibility of perma-
nent changes in behaviour without significant structural changes. 
The pathophysiology seems to include an increase in neuronal 
death, decreased neural stem cell migration, and a possible altered 
cytoskeletal structure of glia cells when exposed to anaesthetics in 
periods with high synaptogenesis. The human brain is developing 
throughout gestation and for many years after birth. During this 
period of extensive receptogenesis, an exposure to drugs interacting 
with GABA (gamma-aminobutyric acid) and NMDA (N-methyl D 
aspartate) receptors has, in animal models, been shown to enhance 
apoptosis or programmed cell death with persistent learning defi-
cits.67,68 The anaesthetic drugs that interfere with either the GABA 
or the NMDA receptors include most widely used anaesthetic drugs 
like nitrous oxide, midazolam, ketamine, and volatile agents. As an 
example, isoflurane has been shown to decrease proliferation and 
inhibit neuron growth in a dose-dependent matter in a cell culture 
model.69 These data, although disturbing, must be analysed with 
caution. It is important to know that the period of extensive recep-
togenesis is weeks in rats, compared to many years in humans. The 
average rat brain has 70–200 million neurons, compared to 86,000 
billion in the developed human brain. Therefore, these experimen-
tal models in rodents cannot be compared to human exposure to 
anaesthetic drugs. The doses used in the animal models would 
represent continuous exposure for several weeks without any sur-
gical stimulation in humans, and thus cannot be extrapolated to 
a short exposure during pregnancy. Some epidemiological stud-
ies on humans may, however, support the hypothesis that exten-
sive exposure to anaesthesia has a negative influence on human 
brain development. A  population-based, retrospective cohort 
study from Minnesota, United States, compared 593 children, who 
had received general anaesthesia before the age of 4 years to 4764 
children without anaesthesia exposure. Results have shown that 
multiple exposures to anaesthesia revealed an increased risk of 
learning disabilities.70 It is impossible to say whether anaesthesia 
by itself may be harmful or the need for anaesthesia is a marker for 
other causes. This has been heavily debated during the last dec-
ade. One must also take into consideration that painful procedures 
and stress in itself may influence neurodevelopment in a negative 
way. Data on exposure to anaesthetic drugs during pregnancy 
and behavioural teratogenicity in humans are sparse. One other 
population-based study also from Minnesota found no differences 
in learning abilities between children who had been exposed to 
general anaesthesia during a caesarean delivery compared to those 
who had been delivered vaginally.71

One may hope that our future knowledge regarding the influ-
ence of anaesthetics on human brain development will enable 
us to take measures in order to minimize the possible harmful 
effects. In the meantime, it is advisable to have in mind that gen-
eral anaesthesia is potentially harmful to the developing fetal 
brain. Therefore, general anaesthesia should be used with care 
and prolonged periods of exposure to anaesthetic drugs should 
be minimized if possible. This is in addition to the risks of general 
anaesthesia for the pregnant mother herself.

When informing the pregnant woman about possible harm-
ful effects of anaesthesia to the fetus one should emphasize that 
the risks for damage are very small. There is no evidence for 
teratogenicity with a single anaesthetic exposure during the first 
trimester of pregnancy, and no risks for adverse effects during 
third-trimester exposure. Possible negative effects on learning 
and behaviour are based on animal data and of little relevance.

Perioperative fetal monitoring
Interdisciplinary cooperation between anaesthetist, obstetri-
cian, and midwife is important regarding fetal monitoring. The 
well-being of the fetus should be verified by an obstetric consulta-
tion before induction of anaesthesia. Fetal heart rate and uterine 
activity should be monitored and documented before induction 
and, if possible, throughout the whole surgical procedure until 
emergence from anaesthesia. It is important to know that loss of 
beat-to-beat variability is normal during anaesthesia. However, 
fetal bradycardia is a serious sign, which must initiate immedi-
ate reactions. It is advisable to continue fetal monitoring into the 
postoperative period in order to document the well-being of the 
fetus and reassure the mother.

Miscarriage and preterm birth
Non-obstetric surgery during pregnancy will increase the risk of 
abortion and preterm delivery. It is still unclear whether the dis-
ease itself, the surgery, or the anaesthesia is responsible for the 
increased risk. In a large systematic review published in 2005 
encompassing more than 12,000 pregnant women, Cohen-Kerem 
and colleagues found the overall percentage of reported miscar-
riages to be 5.8% of pregnant women undergoing a surgical inter-
vention.2 The risk was especially high during the first trimester 
(10.5%). The rate of delivery induced by surgical intervention was 
3.5%. A  subanalysis indicated that the type of surgery was an 
important factor. Appendectomy seemed to be associated with 
the highest risk of miscarriages and preterm labour. The gravity of 
the disease, as well as early diagnosis and management, will influ-
ence on the frequency. There are no major differences between 
open and laparoscopic surgery related to miscarriage and preterm 
delivery.2 From a theoretical point of view one would think that 
the use of volatile agents, which are known to be uterorelaxant, 
would be advantageous. This has, however, never been proven. No 
evidence supports one anaesthetic drug as superior to another in 
the prevention of preterm labour or miscarriage, and neither is 
there evidence that one tocolytic drug is better than another. In 
order to minimize the risk of preterm labour and miscarriage, it is 
important for the anaesthetist to balance anaesthesia as careful as 
possible. Measures should be taken in order to maintain uteropla-
cental blood flow by ensuring a haemodynamically stable woman. 
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The pregnant patient should be kept normoventilated (for preg-
nancy) and normovolaemic. Surgery should be done gently with 
as little manipulation of the uterus as possible. The risk of preterm 
labour or miscarriage necessitates careful observation of the preg-
nant woman, also in a prolonged postoperative period. Treatment 
with a tocolytic agent in this period may be necessary, and the 
new oxytocin antagonist atosiban is recommended.72 Tocolysis by 
prostaglandin inhibition, using an NSAID such as indomethacin, 
although controversial, is an option during the first trimester.

Diagnostic imaging in pregnancy
Pregnant women with a condition that requires anaesthesia 
and surgery are often in need of diagnostic imaging in order to 
establish a diagnosis.73 Exposure to radiation has been a source 
of much speculation and anxiety among patients and health-
care professionals. As an example, the pregnancy website of the 
American Health Physics Society (http://www.HPS.org) received 
1.3 million visits in 2007, most of them concerning risks of envi-
ronmental xenobiotic exposure during pregnancy.74 Potential 
risks include teratogenicity, intrauterine death, genetic damage, 
and risk of malignancy later in life. Indeed, older studies seemed 
to confirm that exposure to radiation in utero augments the risk of 
post-exposure malignancies in childhood such as leukaemia and 
intracerebral tumours.75,76 However, modern, better-designed 
studies have failed to replicate these associations, both to X-ray in 
general and to abdominal and pelvic X-rays.77

Radiation can be divided into either ionizing or non-ionizing 
radiation. Ultrasound imaging and magnetic resonance imag-
ing (MRI) are examples of the latter, while diagnostic X-ray is an 
example of ionizing radiation. When describing ionizing radia-
tion exposure from medical diagnostic equipment, the amount 
is described in the SI unit gray (Gy) or milligray (mGy). The use 
of absorbed dose of radiation (rad) is also common. The possible 
detrimental effect on the fetus will depend on the radiation dose 
and the gestational age.78 Studies on animals seem to indicate that 
doses of 100–200 mGy (10–20 rad) can be lethal during the first 

weeks of gestation (3–4 weeks’ gestational age). The lethal doses 
increase rapidly and are similar to the mother at birth (20,000 
mGy or 2000 rad). High doses of exposure are also necessary in 
order to induce malformations, neurobehavioral abnormalities, 
or cancer.79

The doses that a fetus is exposed to during diagnostic imag-
ing vary from less than 0.01 mGy for a chest X-ray to 10–50 mGy 
for an abdominal computed tomography (CT) scan (Table 10.2). 
Although reassuring, there are controversies regarding the safety 
limit of radiation exposure. The International Commission on 
Radiological Protection has estimated that a intrauterine expo-
sure of less than 100 mGy is safe, while the American College of 
Obstetricians and Gynaecologists has set the limit, particularly 
regarding the risk of congenital malformations, to 50  mGy.80 
Taking these safety limits into consideration, one should be cau-
tious with repeated CT scans and/or fluoroscopically guided 
procedures during pregnancy. With the exception of the 
above-mentioned procedures, women should be reassured that 
the hazards of diagnostic imaging during pregnancy are far out-
weighed by the benefit of an accurate diagnosis,73,81 for example, 
in thromboembolic disease (see Chapter 37).

Diagnostic ultrasound has, during the last five decades, become 
an essential tool in obstetrics. The original analogue imaging 
devices have developed to digital two-dimensional (2D) imagers, 
and subsequently into 3D (4D with motion). Safety limits for ther-
mal and mechanical exposures have been gradually relaxed dur-
ing the last decades. Considering the huge amount of ultrasound 
imaging that has been performed without ever demonstrating any 
harm to the mother or fetus, it seems safe to assume that ultra-
sound can be used in any medical examination of the pregnant 
woman.82 Ultrasound is a very useful tool in diagnosis of the acute 
abdomen in pregnancy,83 and is now considered the modality of 
choice for a suspected appendicitis in pregnancy.84

As radiologists gain more knowledge, the use of MRI in diag-
nosing abdominal pathology in pregnancy is growing. MRI with-
out intravenous contrast is safe for mother and child, and provides 
excellent anatomical resolution.85–87 If contrast enhancing is indi-
cated, gadolinium-containing contrast media are contraindicated 
and should only be used if absolutely essential. Iodine-containing 
contrast media may lead to a transient hypothyroidism in the 
newborn.88

In summary, there is no evidence of any major risk to the devel-
oping fetus from a single exposure to any diagnostic imaging 
modality.

Laparoscopic surgery during pregnancy
Pregnancy used to be considered as an absolute contraindication 
to laparoscopic procedures. This has been challenged during the 
last decades, and laparoscopy is now considered as a safe alter-
native to open surgery in pregnant women. The possible benefits 
include better intraoperative visualization, less surgical trauma, 
less uterine manipulation, and faster recovery.89,90 Laparoscopic 
procedures are safest when performed in the second trimester, 
when the uterus is smaller and less susceptible to trauma from the 
instruments.90

The access to the abdomen should be performed with an open 
technique as suggested by the Society of American Gastrointestinal 
Endoscopic Surgeons (SAGES),91 thus avoiding direct injury to 

Table 10.2  Estimated radiation to the fetus according to imaging 
procedure

Imaging procedure Estimated fetal absorption

mGy Rad

X-ray of the chest <0.01 0.001

CT scan of the chest 0.06–0.96 0.006–0.096

X-ray of the abdomen 1–4.2 0.1–0.42

X-ray lumbar spine 8–49 0.8–4.9

CT-scan of the 
abdomen

8–49 0.8–4.9

X-ray of the pelvis 1.1–4 0.11–0.4

MRI Non-ionizing radiation Non-ionizing radiation

Ultrasound Non-ionizing radiation Non-ionizing radiation

Adapted from the American Journal of Obstetrics and Gynecology, volume 206, issue 6, 
Groen RS et al., Fear of the unknown: ionizing radiation exposure during pregnancy, 
pp. 456–62. Copyright (2012) with permission from Elsevier.
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the gravid uterus. The use of CO2 to achieve pneumoperitoneum 
will lead to possible ventilation problems, and is a potential risk 
for acidosis in the fetus. The pressure should therefore be as low as 
possible (10–12 mmHg).91 Great care should be taken in order to 
minimize manipulation of the uterus. Intraoperative and postop-
erative preventive measures should be followed in order to avoid 
thromboembolic complications.90

Electroconvulsive therapy during pregnancy
Serious mental disorders requiring treatment may occur dur-
ing pregnancy. Postpartum depression is a common disorder, 
and studies indicate that in women who experienced postpar-
tum depression, more than 50% were also depressed during the 
pregnancy itself.92 Treatment of serious mental illness during 
pregnancy represents a special challenge since the well-being 
of at least two individuals has to be taken into consideration. 
Pharmacological treatment of the mother may pose a threat to the 
fetus, especially during the first trimester. In this context, electro-
convulsive therapy (ECT) seems to have a role in the treatment of 
serious conditions of perinatal depression. ECT does not generate 
electric current directly through the uterus. Possible harm to the 
fetus may occur due to hypertension and/or hypoxia during sei-
zure. There are no randomized controlled studies comparing ECT 
with other treatment modalities for mental disorders in preg-
nancy. In a review article published in 2007 encompassing 339 
pregnant women who underwent ECT series, remission or partial 
remission was reported in 78% of the cases. There were 25 fetal and 
neonatal complications, but only 11 of these were possibly related 
to the ECT treatment and only one was believed to be the direct 
result of the ECT.93 Anaesthesia during ECT is normally induced 
by propofol or thiopentone. Motor activity is limited by the use 
of low-dose succinylcholine (0.5–1 mg/kg), thus preventing the 
patient harming herself or the fetus by vigorous muscle contrac-
tions. None of above-mentioned drugs are considered harmful 
to the neonate as long as they are administered before delivery. 
Theoretically, the risk of pulmonary aspiration during the proce-
dure is higher in pregnant patients than in a non-pregnant popu-
lation. However, in the review there were no reports of pulmonary 
aspiration among the 339 cases. This review, however, does not 
state whether the patients had cricoid pressure applied or indeed 
were intubated. In conclusion, ECT for serious mental disorders 
during pregnancy is often the preferred method of treatment. It 
does not seem to have any harmful effect on the fetus.

Electric cardioversion during pregnancy
Arrhythmias during pregnancy are not uncommon.94 Often, 
arrhythmias are diagnosed for the first time in pregnancy. 
Although some cases are due to underlying cardiac diseases, most 
cases are benign and do not need medical intervention. However, 
sustained arrhythmias with symptoms may require treatment. 
The treatment of arrhythmias in the pregnant population is simi-
lar to the treatment in non-pregnant people, and when medical 
treatment fails or the situation becomes life-threatening, electric 
cardioversion should be considered.95 It is recommended to use 
a smaller dose of energy, 50–100 joules at least as the first appli-
cation of current.96 A review of the literature seems to indicate 
that the success rate of cardioversion is greater (>90%) in preg-
nancy compared to a non-pregnant population (success rate of 

40–90%).95 Very little current reaches the uterus, and the small 
size of the fetal heart implies a high fibrillation threshold.97,98

As for the non-pregnant population requiring cardioversion, 
anaesthesia is induced with small to medium doses of propofol or 
thiopentone. Due to the physiological changes during pregnancy, 
preoxygenation should be performed.20 Endotracheal intubation 
is recommended after the first trimester.

Cardiac surgery during pregnancy
Cardiac disorders may complicate pregnancy. However, the prev-
alence of clinically significant cardiac disease in pregnancy is low 
(<1%).99 Women with pre-existing cardiac disease can develop 
acute heart failure during pregnancy.100 Medical therapy is the 
first-line treatment. However, rarely, cardiac surgery is neces-
sary. A  multidisciplinary approach including the obstetrician, 
the cardiologist, cardiac surgeon, and anaesthetist, with close 
communication is necessary. Cardiac valve disease is the most 
frequent pathology and mitral valve disease is most prevalent.101 
Pregnancy is associated with profound physiological changes (as 
earlier described; Table 10.1). Both cardiac output and maternal 
blood volume are significantly increased. It is essential to maintain 
adequate preload and systemic vascular resistance. Aortocaval 
compression must be avoided. Moreover, hypoxaemia and myo-
cardial depression during general anaesthesia should be avoided.

Cardiac surgery requiring cardiopulmonary bypass increases 
both maternal and fetal mortality.100 The use of hypothermia 
decreases oxygen exchange through the placenta and may result 
in fetal bradycardia. It is important to maintain adequate utero-
placental flow and the pump flow should be increased by up to 
50% during cardiopulmonary bypass. Moreover, the mean arte-
rial pressure should be above 60 mmHg.

The use of perioperative fetal monitoring is advisable during 
cardiac surgery.

Neurosurgery during pregnancy
Cerebrovascular disease such as haemorrhage, arterial infarc-
tion, and venous thrombosis can occur during pregnancy. It is 
unclear if the incidence of intracerebral haemorrhage is increased 
in pregnancy. Bateman and colleagues found a frequency of 
7.1/100,000 person-years in pregnant woman compared to 
5/100,000 person-years in non-pregnant woman.102 In contrast 
to this, Kim and colleagues recently have shown that the risk 
of rupture of cerebral aneurysms is not increased during preg-
nancy.103 Intracerebral haemorrhage is the cause for about 7% of 
all pregnancy-related mortality.102

Anaesthetic management in patients undergoing neurosurgical 
procedures should be similar to that described for other obstetric 
patients. Maintenance of uteroplacental flow is essential. Pregnant 
women with untreated aneurysms should be managed in such a 
way that haemodynamic stability is maintained. Hypertension 
should be avoided. Many have their surgery/interventional radiol-
ogy postponed till after delivery.

Anaesthetic management of the  
traumatized pregnant woman
Trauma is one of the most common causes of non-obstetric 
maternal morbidity and mortality during pregnancy. In some 
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reports, as many as 40–50% of maternal deaths are related to 
trauma and it represents one of the leading causes of death due 
to non-obstetric reasons in pregnant women.104 The incidence of 
major trauma varies in the literature between 2% and 7% of all 
pregnancies,105,106 and is highest in the last trimester. Motor vehi-
cle accidents, domestic violence, and/or intimate partner violence 
are the leading causes. Injuries from falls are also common. As in 
the non-pregnant population, socioeconomic status, level of edu-
cation, and the use of toxic substances are strongly correlated to 
incidents of domestic violence.

When exposed to trauma, the risk for the fetus may result from 
direct force or by the changes imposed on the mother. In motor 
vehicle accidents, incorrect use of a safety belt may expose the 
fetus to coup/contre-coup forces leading to high intrauterine 
pressure and the risk of uterine rupture, bleeding, and abrup-
tion. Complications for the fetus encompass spontaneous abor-
tion, placental abruption, premature birth, uterine rupture, 
fetal-maternal haemorrhage, and stillbirth. The risk of intrauter-
ine death is correlated to the severity of the trauma. High mater-
nal injury severity score, severe haemorrhage and hypovolaemia, 
an established abruption placenta, and maternal disseminated 
intravascular coagulation are all strong predictors of intrauterine 
death.107–109

Trauma management should primarily focus on stabilizing the 
mother, as the fetus is highly dependent on the mother’s haemody-
namic stability. The trauma team should initially follow a stand-
ard, well-established algorithm like the advanced trauma life 
support (ATLS).110 When following the ABCDE of advanced life 
support, one should remember the many physiological changes 
that a pregnancy induces. Left lateral tilt should be established in 
order to avoid aortocaval compression if the woman is more than 
20 weeks pregnant. If a chest tube is indicated it should be placed 
one or two intercostal areas higher than normal in order to avoid 
intra-abdominal placement, and guidance by ultrasound is advis-
able. As for all anaesthesia inductions in the pregnant woman, 
one should be prepared for a difficult intubation. An obstetrician 
should be part of the initial trauma team, and if the fetus is viable 
(>24 weeks), a neonatologist should also be present whenever pos-
sible. Fetal monitoring must be established as quickly as possible 
after the initial stabilization of the mother. An early ultrasound 
is indicated in order to establish the state of the fetus. If the preg-
nancy by itself makes resuscitation and stabilization of the woman 
difficult, especially during emergency intra-abdominal proce-
dures, a termination of the pregnancy or an emergency caesarean 
delivery must be considered. If the mother is dead one must con-
sider perimortem caesarean delivery as early as possible during 
resuscitation, preferably within 4 minutes.111 A possible algorithm 
for guiding care of the pregnant trauma victim, including the let-
ter F for Fetus, is shown in Table 10.3.

Conclusion
Surgery for non-obstetric reasons will be performed in 1–2% of 
all pregnant women. A careful evaluation of these patients and 
a good multidisciplinary preparation will reduce the risks for 
preterm labour, miscarriage, or abortions. Preventive measures 
should encompass a thorough evaluation of the airways, aspira-
tion prophylaxis, and aortocaval displacement in order to pre-
vent hypotension. The anaesthetic management should focus on 

maintenance of maternal haemodynamic stability and normoven-
tilation. Locoregional anaesthetic techniques should be preferred 
whenever possible.
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CHAPTER 11

Drugs in pregnancy and lactation
Oliver Kraemer and Timothée Fraisse

Drugs during pregnancy
Whereas during normal, uncomplicated pregnancy few drugs are 
usually required, a wide range of drugs might be necessary during 
high-risk or complicated pregnancies. This can lead to complex 
or controversial decisions.1,2 Besides herbal and over-the-counter 
drugs, it is estimated that more than half of pregnancies in devel-
oped countries are exposed to one or more prescribed drugs, with 
7–10% of exposed pregnancies being exposed to drugs labelled D 
or X, based on the US Food and Drug Administration (FDA) clas-
sification (Figure 11.1).3 However, drug safety classification gives a 
very crude estimation of risks and should only be used as a general 
guideline when planning treatment.4 This chapter will provide the 
basis for understanding the principles of reproductive and devel-
opmental toxicology and elaborate on strategies for use of some of 
the most common drugs in obstetric anaesthesia. It should neither 
be considered as an exhaustive description of the potential side 
effects nor as a prescription guide for specific situations.

Scientific knowledge evolves continuously with the emergence 
of new drugs and reports of newly observed side effects based 
on pharmacovigilance follow-up. One should always refer to 
up-to-date international references when administering drugs to 
pregnant women, especially with newly marketed compounds. 
Literature references typically include Schaefer et  al.’s Drugs 
During Pregnancy and Lactation5 and Briggs and Freeman’s Drugs 
in Pregnancy and Lactation2, also available as an iPhone app. 
Web-based public sources include the Organization of Teratology 
Information Specialists (http://www.otispregnancy.org/), the 
Drugs and Lactation Database (LactMed; http://toxnet.nlm.nih.
gov/newtoxnet/lactmed.htm), the Toxnet Toxicology data net-
work (http://toxnet.nlm.nih.gov), and the European Network of 
Teratology Information Services (ENTIS; http://www.entisorg.
org) which provide useful guidelines for most common prescrip-
tion drugs, herbals, and other chemicals (e.g. drugs of abuse).

Additionally, specialized units in most university hospitals and 
poison control centres will provide useful recommendations in 
cases of atypical situations.

Basic principles of reproductive and developmental 
toxicology
A drug’s ability to induce developmental or fetotoxic disorders 
depends upon four fundamental variables:
◆	 Developmental stage of the embryo/fetus
◆	 Genetic susceptibility (as for codeine metabolism)
◆	 Dose
◆	 Mechanism of action.

The complex interaction of all four variables leads to a great 
variability in the observed effects of a given drug. Hence it is 
difficult to extrapolate the data obtained in toxicological ani-
mals experiments to humans. Moreover, because of the ethical 
limitations to conduct clinical trials in the pregnant popula-
tion, most relevant evidence is obtained following clinical 
monitoring of drugs inadvertently administered to women 
at various pregnancy stages. In order to assess the potential 
reproductive and developmental toxicity of a drug in humans, 
all available data sets should be taken into account prior to a 
decision (animal reprotoxicological studies as well as epide-
miological data).6 Epidemiological observations such as case 
registries are essentially limited in number and subject to 
various biases. Cohort studies and case–control cohort studies 
have been commonly used since the 1980s to establish statisti-
cal associations between drug exposure and various pregnancy 
outcomes.7–11

Pharmacokinetic changes during pregnancy
During pregnancy, several ADME parameters are modified 
that can lead to different risks for the embryo/fetus (i.e. absorp-
tion, distribution, metabolism, and excretion). The final con-
centration of a given drug in the embryo is therefore affected by 
four main consecutive factors: drug distribution in the mother, 
maternal drug metabolism and passage through the placental 
barrier (Chapter 3 has more detailed information on drug pas-
sage through the placenta), drug distribution in the embryo/
fetus, and reabsorption from the amniotic f luid. Dosages 
must therefore be carefully adapted (often increased) during 
pregnancy in order to meet the therapeutic range required for 
the mother. However, when increasing dosages of drugs eas-
ily crossing the placental barrier, the prescribing physician 
should be particularly cautious regarding potential embryo- or 
fetotoxicity and always favour drugs that are known to be the 
safest:
◆	 Drug distribution in the mother is affected by physiological 

changes which can be summarized by an increase in resorption 
(decrease in peristalsis of the intestines and increase in skin and 
lung blood flow), an increase in volume of distribution (plasma, 
total body water increases up to 8 L at the end of pregnancy, 
and fat deposition), a decrease in plasma proteins concentration 
to which drugs are non-covalently linked (especially albumin 
that decreases up to 10 g/L), changes in metabolism (the dif-
ferent liver metabolic pathways are activated when increasing 
the female hormone production), and an enhanced excretion 
through glomerular filtration (almost double the renal plasma 
flow).12
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◆	 The passage to the placenta has been extensively studied at the 
time of delivery. The maternal/placental blood–blood barrier 
allows selective diffusion of drugs. One should consider that most 
molecules will achieve equilibrium on both sides of the placenta 
over time and that transfer of most drugs to the fetus is certain. 
Small (molecular weight < 600–800 Da), lipophilic, non-ionized 
molecules tend to cross the placenta more easily than others. 
Larger molecules with molecular weight around 5000 Da (such 
as insulin), hydrophilic, ionized, or linked to plasma proteins 
will cross the barrier to a lesser extent. Therefore, most anaes-
thetics will easily cross the placental barrier due to their high 
hydrophobic/lipophilic profile. Some other drugs cross through 
specific transport mechanisms (e.g. immunoglobulins). Little is 
known regarding in vivo drug transport through the yolk sac 
and the placenta at earlier stages of pregnancy. Most early-stage 
studies have been performed with in vitro models allowing a 
better understanding of single-dose transfer but not capturing 
the complexity of multiple-dose administration, and potential 
accumulation (depending on biodistribution and pharmacoki-
netics of the drugs in mother).5,13

◆	 Accumulation of the parent drug or its metabolites is likely to 
occur in the fetal compartment (embryo/fetus and the amniotic 
fluid) because of the limited fetal metabolism.14 While this is in 
most cases detrimental to the fetus, it is considered beneficial in 
the prevention of mother-to-child infections transfer (e.g. with 
certain antiretrovirals or antibiotics).

Anaesthetic drugs: local anaesthetics, hypnotics, 
and muscle relaxants
Major stages of fetal brain development occur during the last tri-
mester of intrauterine life, with the human brain being not fully 
developed at birth and continuing to grow over the first few years 
of postnatal life.15 There is a current debate on whether general 

anaesthesia can cause cognitive and mild neurocognitive effects 
due to neuronal apoptosis in newborns during their neonatal 
period.16 Few epidemiological studies have specifically focused 
on individual anaesthetic drugs. However, several studies did not 
exert negative outcomes after a range of surgical procedures, which 
used a variety of anaesthetic agents.8,10,17,18 The potential impact of 
surgery on neurodevelopment is not the purpose of this chapter.19

None of the commonly used anaesthetics induce an increase in 
congenital malformations. However, particular attention should 
be paid to avoid otherwise common anaesthesia-related side 
effects occurring in the mother that might be detrimental to the 
fetus (e.g. hypoventilation and malignant hyperthermia):
◆	 Widely used local anaesthetics (ropivacaine, bupivacaine, lev-

obupivacaine, lidocaine, and chloroprocaine) are generally 
considered safe during pregnancy and labour. Both ropivacaine 
and bupivacaine are highly bound to plasma proteins (94–95%) 
which leads to low placental transfer (equilibrium in the fetus 
occurs at roughly one-third of the mother’s blood concentra-
tion). Both drugs exert extended half-lives in neonates.

◆	 Bupivacaine’s half-life in adults and neonates is 2.7 and 8.1 
hours, respectively. Ropivacaine’s milk transfer is very low 
and probably lower than that of bupivacaine and lidocaine.20 
Lidocaine has been widely studied in humans and rats at vari-
ous pregnancy stages and does not demonstrate higher terato-
genic risks in humans.21,22 However, because of its lower protein 
binding (60–80%), lidocaine (FDA Pregnancy Category B) eas-
ily transfers through the placenta and achieves high concen-
tration equilibrium in the fetus. Several side effects have been 
observed, all occurring at a very low frequency (e.g. transient 
neurobehavioral or cardiopulmonary impairments in the neo-
nates). However, the total amount needed should be as little as 
possible when procedures (e.g. dental) are required in pregnant 
women, and should be postponed if not required.
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Figure 11.1  The sole FDA classification of drugs does not provide sufficient information to support informed prescription in most cases. 
Data from the U.S. Food and Drug Administration.
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◆	 Most intravenous hypnotics may be used during pregnancy and 
labour, with particular caution for specific molecules:

•	 Propofol (molecular weight 179 Da) can be administered dur-
ing the entire pregnancy (from oocyte retrieval in the fertil-
ity laboratory to labour and delivery). It is highly bound to 
plasma protein (95–99%) but highly lipophilic/hydrophobic 
(3.842) and therefore reaches fairly high levels in the fetus 
at all stages of pregnancy (~70% of the mother’s blood con-
centration). When used during the period of delivery, and 
because of its respiratory depressant effects, specific care 
should be given to monitoring of the neonate.23–25

•	 Thiopental is considered safe for use at all stages of pregnancy. 
There is, however, less epidemiological data available regard-
ing its use at early pregnancy stages. Thiopental achieves a 
fast equilibrium (1:1) between maternal and fetal blood as it 
binds to a lesser extend with plasma proteins (80%). Similarly 
to propofol, specific attention should be paid to monitoring 
the neonate when administered around the time of delivery.22

•	 Etomidate is generally considered safe during pregnancy 
despite the fact that there is only limited epidemiological data 
available. When administered at the time of delivery, main 
adverse effects are a transient decrease in newborn corti-
sol levels (with no clinical impact) and possible respiratory 
distress.26

•	 Ketamine should, when possible, be avoided during preg-
nancy (limited epidemiological data) and labour, as several 
adverse effects can occur, such as increased uterine tone and 
neonatal behavioural impairment. Additionally, ketamine 
should be clearly contraindicated in the following occur-
rences: maternal hypertension and/or (pre-)eclampsia, uter-
ine hypertonicity, and intermediate to pathological fetal 
cardiotocography patterns.

◆	 Halogenated agents are commonly used during pregnancy and 
delivery. These agents may be considered safe at any time during 
pregnancy. However, a careful monitoring of the newborn should 
be done when used at the time of delivery (possible respiratory 
and circulatory depression). These agents are considered non-
teratogenic.5,27,28 Sevoflurane, desflurane, and halothane have 
a uterine relaxant effect through activation of ATP-dependent 
potassium channels, and their ability to reduce uterine tone is 
well known to obstetricians.29,30 This may result in a higher risk 
of blood loss at caesarean delivery. The use of isoflurane may 
cause an increase in bilirubin levels in the newborn.31 Limited 
human data are available on the use of desflurane and sevoflu-
rane during pregnancy, which are nonetheless routinely used at 
various stages of pregnancy. Sporadic cases of malignant hyper-
thermia and fetal bradycardia have been reported with the use 
of desflurane and sevoflurane respectively.32,33

◆	 Nitrous oxide is generally a well-tolerated anaesthetic, with a 
mild effect on the circulatory system or the uterine tone. When 
used during pregnancy,22,34 no increase in the incidence of 
malformations was demonstrated. Nevertheless several anaes-
thetists do not use it in pregnant patients, as it interacts with 
vitamin B12 resulting in a selective inhibition of methionine 
synthase, a key enzyme in methionine and folate metabolism. 
When used at the time of delivery, the newborn should be moni-
tored for possible respiratory distress.

◆	 Most common muscle relaxants (e.g. atracurium, rocuronium, 
suxamethonium, and vecuronium) may be safely used at vari-
ous stages of pregnancy, including during delivery. Only lim-
ited amounts of these drugs cross the placental barrier, because 
of their short half-lives and low hydrophobic and high ioniza-
tion profiles. Concentration in the umbilical cord accounts for 
10–20% of maternal plasma concentration.35–38

Contrary to what has long been thought, several studies did not 
demonstrate an association between occupational exposure to 
volatile anaesthetics and abortion or malformative rates,39,40 
despite workplace concentrations that often exceed legal require-
ments. On the other hand, occupational exposure to nitrous oxide 
has been retrospectively associated with increased abortion rates 
and decreased fertility, both of which may be mitigated by the use 
of scavenging devices.41,42 These results may have been biased by 
several confounding factors and should therefore be considered 
with all due caution.

Analgesics and anti-inflammatory drugs

◆	 Paracetamol (acetaminophen) is considered safe at all stages of 
pregnancy. It is the first-line analgesic and antipyretic treatment 
in pregnant women.43–45 Because of its low protein binding 
(~25%) and small molecular weight (151 Da), paracetamol easily 
crosses the placental barrier and achieves high concentrations 
in the fetal compartment. Maternal intake of paracetamol for 
more than 4 weeks during pregnancy, especially during the first 
and second trimesters, may moderately increase the occurrence 
of cryptorchidism.46

◆	 Codeine may be used during pregnancy when therapeutic doses 
of paracetamol do not achieve sufficient pain relief, and also as 
a third-line treatment (after non-steroidal anti-inflammatory 
drugs (NSAIDs)). Animal studies have not shown any hazards, 
but there is inadequate evidence of safety during pregnancy. 
A few unconfirmed retrospective studies indicated a possible ter-
atogenic effect. These were not confirmed by more recent cohort 
studies.47 Administration at the time of delivery may trigger 
respiratory depression and suckling difficulties in the newborn. 
Additionally, withdrawal symptoms may appear after chronic 
in utero exposure (e.g. abuse). Recent studies outlined a possible 
link between codeine intake during pregnancy, caesarean deliv-
ery, and postpartum haemorrhage.47 According to a 2013 update 
from the UK Medicines & Healthcare products Regulatory 
Agency (MHRA) (https://www.gov.uk/drug-safety-update), the 
use of codeine during pregnancy and lactation should be bal-
anced between risks and benefits, and is considered acceptable 
if there is no safer alternative. Similarly, the MHRA has said that 
codeine is contraindicated in children under the age of 12 because 
of an increased risk of serious and life-threatening adverse reac-
tions, including loss of consciousness and respiratory arrest.

◆	 Fentanyl, sufentanil, and alfentanil are commonly used dur-
ing all pregnancy stages, either through intravenous, spinal, or 
epidural administration.5,48 They easily cross the trophoblast 
membrane and the placenta.49,50 There is only limited epide-
miological data available in humans, especially regarding preg-
nancy outcome after administration during the first trimester.

◆	 Chronic morphine use should, when possible, be avoided dur-
ing pregnancy. Developmental studies in mice and hamsters 

 

http://https://www.gov.uk/drug-safety-update


Chapter 11  drugs in pregnancy and lactation 169

demonstrated an increased teratogenicity,48 with increased 
neurological, soft tissue, and skeletal abnormalities, when used 
at a maternal toxic dose. Available epidemiological data in 
humans does not confirm an increase in malformations or in 
behavioural anomalies in newborns exposed during pregnancy. 
As for codeine and other opioids, specific attention should be 
paid when administered chronically in utero and at the time of 
delivery (respiratory depression and psychophysiological effects 
can occur in neonates, and naloxone and resuscitative equip-
ment should be available).

◆	 Pethidine should not be used as an analgesic during pregnancy 
because of fetal:maternal concentration ratios greater than 1. It 
is, however, widely used during labour for pain relief (with no 
negative effects on labour duration nor on postpartum bleed-
ing). Poorly metabolized by the newborn, it may trigger res-
piratory depression and breastfeeding difficulties and neonates 
should be appropriately monitored when pethidine is admin-
istered 1–4 hours before delivery, especially after administra-
tion of repeated doses (accumulation in the maternal and fetal 
compartments) or in premature births (for which it should be 
contraindicated).

◆	 Tramadol use should, when possible, be avoided during con-
ception and early pregnancy. There is no proper evaluation or 
clear evidence of fetal or neonatal harm, despite sporadic fetal 
losses being reported. At the time of parturition, and following 
chronic maternal use, there is a risk of neonatal withdrawal syn-
drome, with the molecule easily crossing the placental barrier 
and achieving equilibrium in the fetal compartment.

◆	 Naloxone may be administered at all stages of pregnancy. 
Animal data does not suggest any teratogenic effect. Human 
data are sporadic but reassuring.

◆	 Ibuprofen and other commonly used NSAIDs (i.e. diclofenac) 
may be used for anti-inflammatory or analgesic indications 
before 24 weeks’ gestation.46,51 After 24 weeks, all NSAIDs are 
contraindicated whatever the route of administration because 
of pulmonary and renal vasoconstriction in the fetus that can 
lead to oligoamnios or fetal death following the closure of the 
ductus arteriosus. In a recent Norwegian cohort study, use of 
ibuprofen or diclofenac in the second trimester was signifi-
cantly associated with low birthweight, and ibuprofen use in the 
second and third trimesters was significantly associated with 
asthma in 18-month-old children.51 This large cohort study 
assessed infant survival, congenital malformations, structural 
heart defects, neonatal complications, haemorrhage during 
pregnancy and postpartum, as well as asthma at the age of 
18 months. It did not find any effect on rates of infant survival, 
congenital malformation, or structural heart defects. There was, 
however, a significant association between diclofenac and ibu-
profen use late in pregnancy, and maternal bleeding and asthma 
in the child, respectively.

◆	 Aspirin is not considered as the analgesic or antipyretic of 
choice but may still be used at various stages of pregnancy.52,53 
Large retrospective and prospective studies in humans did not 
demonstrate an increase in malformation rates, despite evi-
dence of birth defects in the animal models. Aspirin may be 
used at therapeutic doses during pregnancy with the following 
restrictions:

•	 Doses greater than 500 mg/day are contraindicated after 24 
weeks gestation. Special caution should be paid during the last 
weeks of the pregnancy, since even low-dose administration 
will decrease platelet adhesiveness and may trigger newborn 
intracranial bleeding and increased postpartum bleeding.

◆	 Selective cyclooxygenase (COX)-2 inhibitors should be avoided 
during pregnancy because of the lack of human data to sup-
port their use. Use of diclofenac systemic formulations during 
pregnancy has recently raised concerns in the United Kingdom, 
despite a reassuring prospective observational cohort study.54 
As for other NSAIDs, administration should be contraindicated 
after 24 weeks’ gestation.

Anti-infective agents during pregnancy: antibiotics, 
antimycotics, and antivirals

◆	 Penicillins and other beta-lactam antibiotics are classified as 
bactericidal. As penicillin interacts with bacterial wall synthe-
sis (this mechanism does not exist in humans) it is the first-line 
antibiotic treatment for many common infectious problems in 
pregnancy. There exists sufficient clinical proof that there is nei-
ther embryo- nor fetotoxicity even though penicillin has rapid 
transplacental passage.55,56 This is also true for combination 
therapy with clavulanic acid and also beta-lactamase inhibitors, 
which are considered safe for use during pregnancy.

◆	 Cephalosporins such as penicillin are commonly used during 
pregnancy. They have a higher clearance during pregnancy 
and a dosage adaption is needed. Almost a complete transpla-
cental passage occurs for all generations of cephalosporins.57 
However, as second- and third-generation are associated with 
cases of immunohaemolysis,58 most clinicians prefer the older 
cephalexin and cefuroxime. There is no evidence for terato-
genicity in the first trimester.59,60

◆	 Erythromycin and other macrolide antibiotics are bacterio-
static, and are commonly used in case of known allergy to peni-
cillin. They interact with bacterial protein synthesis. There are 
reports of maternal hepatotoxicity in the second half of preg-
nancy for erythromycin estolate or troleandomycin and there-
fore these two macrolides are to be avoided during the second 
and third trimester. The placental passage is low (5–20%) dur-
ing the third trimester for erythromycin, and it is therefore not 
recommended in the treatment of fetal or amniotic infections. 
No macrolides have demonstrated teratogenicity,61,62 and clin-
damycin and lincomycin do not cause embryo- or fetotoxic-
ity.63–66 Spiramycin is the treatment of choice for toxoplasmosis 
in the first trimester. Clindamycin and lincomycin are used 
second line, because they are less effective in bacterial vaginal 
infection and should be used only after penicillins, cephalo-
sporins, or other macrolides failures. They do present with high 
maternal resorption and there is a 50% passage across the pla-
cental barrier.

◆	 Tetracyclines are only used in a second intention, as 
broad-spectrum antibiotics, and can be used, for example, for 
treating urinary tract infections in the first trimester. They are 
contraindicated after the 16th week of gestation because of their 
accretion to teeth and bones that is clearly demonstrated in ani-
mals. In the 1950s they were often used, and are associated with 
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yellow discoloured teeth. They are bacteriostatic, affect protein 
synthesis, and no teratogenicity has been reported.2

◆	 Sulphonamides, trimethoprim, and co-trimoxazole (single or 
combination use) are also used as a second choice during preg-
nancy for urinary tract infections. There is no evidence for 
teratogenicity. Sulphonamides are bacteriostatic and 50–90% 
accumulates in the fetal compartment. They do suppress bilirubin 
from their plasma protein binding. Trimethoprim is a folic acid 
antagonist, and its use can be considered, when combined with 
folic acid substitution, in specific situations such as Pneumocystis 
jirovecii pneumonia (AIDS setting) during the first trimester.

◆	 Gyrase antagonists (4-quinolones) interact with a 
bacterial-specific topoisomerase enzyme and therefore have 
theoretically no interaction in humans. They are used when 
first-line therapy for enteral bacteria such as pseudomonas fails 
or when resistance to better agents is identified (e.g. ciprofloxa-
cin and norfloxacin). However, routine use of these agents is not 
recommended despite reassuring reports. In cases of occasional 
use in the first trimester, a high-definition ultrasound is recom-
mended to evaluate malformative risk in the embryo/fetus.

◆	 Nitrofurantoin, fosfomycin, and methenamine, used for uri-
nary tract infections, are not recommended except in very spe-
cific situations.

◆	 Nitroimidazole antibiotics are indicated in trichomonas or 
anaerobe infections. Metronidazole reaches higher concentra-
tions in the fetal compartment than in the maternal compart-
ment. As it presents mutagenic and carcinogenic potential, 
following toxicological in vitro and in vivo evaluation, a cau-
tious approach is advised when used during pregnancy. Its vagi-
nal use is not indicated.

◆	 Aminoglycosides have bactericidal interaction on 
(Gram-negative) bacterial protein synthesis. Concentration in 
the fetal compartment does reach up to 20–40% of maternal 
concentrations after parenteral administration. No teratogenic-
ity has been reported, but because of ototoxicity, their indica-
tions are limited to life-threatening infections or after first-line 
treatment failure. Maternal plasma concentrations should be 
regularly monitored.

◆	 Chloramphenicol presents a bacteriostatic action, and is clearly 
contraindicated in pregnancy because of its known risks of 
potentially lethal agranulocytosis or Grey syndrome.

◆	 Polypeptides antibiotics are used against Gram-positive bac-
teria as multiresistant staphylococci, but remain limited to 
life-threatening infections.

◆	 Tuberculostatics such as isoniazid, rifampicin, and ethambutol 
are first-line treatment against mycobacteria and are not con-
sidered teratogenic. Vitamin B6 must be administered to the 
mother treated with isoniazid. Vitamin K must be administered 
to the newborn of mothers treated by rifampicin. Pyrazinamide 
and dapsone are second-choice treatments.

◆	 Local antimycotics:

•	 Nystatin is the first-choice agent for non-systemic, local treat-
ment during pregnancy, with limited feto- or embryotoxic-
ity reported.67,68 There might be a possible, yet unconfirmed, 
association between hypospadias and nystatin.

•	 Clotrimazole is a good choice in local antimycotic treatment 
in pregnancy, as there is limited systemic absorption, and 
with limited feto- or embryotoxic effects reported.68 Other 
imidazole derivatives are considered second-choice alterna-
tives in the second and third trimesters.

•	 There is only limited human data available regarding the use 
of other local antimycotics during pregnancy (amorolfine, 
ciclopirox, naftifine, terbinafine, tolciclate, and tolnaftate), 
that are hence not recommended as first-line therapies.

◆	 Systemic antimycotics:

•	 Conazole antimycotics:  in animal models these drugs are 
described to pass the fetoplacental barrier, but they have 
shown a limited teratogenic potential in humans (http://
www.entisorg.org). Their use can be allowed during the 
first trimester when systemic treatment cannot be avoided. 
Regular ultrasound for organogenesis confirmation should 
be performed by a trained physician.

•	 Amphotericin B is only considered for local use. The paren-
teral route is only used in cases of threatening, generalized 
mycosis. Regular ultrasound to check organogenesis should 
be performed by a trained physician.

◆	 Antivirals—antiretroviral drugs/HIV drugs during pregnancy 
and during labour/postpartum:

•	 Aciclovir: there is no data on embryo- or fetotoxicity. Local 
application is possible.

•	 Famciclovir, ganciclovir, valaciclovir, and the prodrugs of 
these virostatics are inadequately investigated to allow une-
quivocal statements for use in pregnancy.

•	 A  more detailed account of antivirals is presented in 
Chapter 50.

Other drugs of interest during anaesthesia

◆	 Epinephrine may be used during pregnancy either via epi-
dural administration associated with a local anaesthetic or 
through intravenous administration. Epidemiological data 
does not suggest an increased teratogenic risk. However, epi-
nephrine can have significant effects on uteroplacental perfu-
sion. Nevertheless, its administration should not be delayed if 
life-saving, as in the setting of resuscitation.

◆	 Ephedrine, phenylephrine, pseudoephedrine, and similar drugs 
should be avoided during pregnancy whatever their administra-
tion route, as they induce fetal vascular system abnormalities.69 
Appropriate ultrasound monitoring is suggested after acciden-
tal use during the first trimester. Low-dose nasal administra-
tion may be considered provided that the treatment is only for 
a short duration. Using these drugs in a perioperative setting or 
at the time of delivery to maintain blood pressure is of course 
acceptable and often required.

◆	 Atropine may be used during pregnancy at the therapeutic rec-
ommended doses. Epidemiological data is rare but reassuring 
regarding embryotoxicity potential. Atropine easily crosses the 
placenta and reaches concentrations in the fetus that are simi-
lar to the mother. Its use should be limited to clear therapeutic 
indications.
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◆	 Glycopyrrolate, on the other hand, does not cross the placenta 
and is the drug of choice for maternal bradycardia.

Drugs during lactation
Multiple studies demonstrate that breastfeeding is beneficial for 
both the mother (reduced blood loss, reduced incidence of post-
partum depression, etc.) and the breastfed infant (respiratory, gas-
trointestinal, meningeal and urinary infection protection, better 
developmental scores, auditory and visual acuity, etc.). The World 
Health Organization and the Innocenti Declaration therefore 
both promote breastfeeding over bottle-feeding.70 However, med-
ical interventions requiring appropriate sedation and/or analgesia 
are fairly frequent during the perinatal and immediate postpar-
tum periods and, to a lesser extent, during the late postpartum. It 
thus becomes the responsibility of the anaesthetist, together with 
the obstetrician and/or paediatrician, to assess and balance the 
risks associated with each drug for both the mother and infant. 
Pharmacological risks to the lactating mother (e.g. linked to phar-
macokinetic changes) are quite rare, especially when compared 
to the risks stemming from not treating or undertreating. Risks 
to the breastfed infant are most commonly linked to the amount 
of drug received (i.e. volume ingested multiplied by milk concen-
tration) and drug disposition in the infant (which depends upon 
the absorption and clearance rates of the specific drug). For some 
drugs, it may however be totally or partially unrelated to the drug 
amount. Therefore, any clinical decision should be scientifically 
supported and appropriately documented in the patient’s medical 
record in order to mitigate legal risk and ensure optimal care is 
provided.

This section aims at providing the clinician with a better under-
standing of the underlying mechanisms of blood–milk transpor-
tation of drugs as well as a description of the current consensus for 
most commonly encountered anaesthetics and analgesics. It will 
not discuss the rational of breastfeeding versus traditional formu-
las outside the context of the postpartum surgery nor will it be 
exhaustive in the description of the therapeutic classes. The reader 
will find mention of Internet and printed references at the begin-
ning of this chapter that may come useful in atypical situations.

Functional anatomy of the breast during pregnancy 
and lactation
The mammary gland consists of 10–15 ducts extending from the 
nipple together with alveolar complexes at the termination of 
every duct. The areola has multiple physiological roles. It contains 
sebaceous and sweat glands, serves as the termination point for 
the fourth intercostal nerve, and regulates oxytocin secretion 
from the posterior pituitary gland as well as prolactin secretion 
from the anterior pituitary gland. During pregnancy, alveolar 
complexes increase in number and intricacy while milk secretion 
is kept low by sex steroids (primarily by progesterone). At parturi-
tion, a series of changes called ‘lactogenesis’ transforms the cells 
into the fully secretory state. These include closing of apical tight 
junctions, increasing blood flow, and so on.

Five different ways for molecules  
to cross the milk–blood barrier
As for most blood barriers, there are five mechanisms involved 
in the transfer of drugs from blood to milk:  exocytosis (apical 

secretion through vesicles), lipidic transport (apical secretion in 
lipidic vesicles), apical transport (passive diffusion through the 
cell), transcytosis (active transport mechanisms), and paracel-
lular pathway (diffusion of large molecules through intercellular 
spaces). While the paracellular pathway is clearly the dominant 
pathway during pregnancy, a few days after parturition the apical 
tight junctions close, therefore limiting the drug transfer to api-
cal transport and, to a lesser extent, transcytosis. The paracellular 
pathway is again involved during involution, at the end of the lac-
tation period, or in the event of mastitis.

Main physicochemical properties influencing drug 
transfer during lactation
During lactation, most blood–milk transfer occurs through apical 
transport, which is a passive diffusion of the drugs through the 
mammary cells. The extent to which a drug will be transported 
through the cell is driven by the molecule’s physicochemical prop-
erties, namely:
◆	 Molecular weight: molecules under 300 Da are likely to cross 

easily (e.g. ethanol and amphetamines) whereas large molecules 
simply cannot (e.g. heparin and insulin).

◆	 Lipid solubility: highly lipophilic drugs are likely to achieve a 
quick equilibrium between blood and milk concentrations. 
This implies that most anaesthetics and central nervous system 
(CNS) drugs are likely to easily cross the milk–blood barrier.

◆	 pH ionization:  the milk’s pH is slightly lower than blood’s 
(pH = 7.2 vs 7.4). Weak bases are likely to be sequestered in the 
milk (barbiturates, antihistamines, and erythromycin) whereas 
weak acids are less likely to cross (penicillins).

◆	 Plasma protein binding: highly bound molecules are less likely 
to cross and therefore milk/plasma (M/P) ratio is likely to 
decrease sharply as plasmatic protein binding increases. For 
example: sulphanilamide (protein binding = 8%, M/P ratio = 1), 
sulfathiazole (protein binding = 50%, M/P ratio = 0.36), and 
warfarin (protein binding > 90%, M/P ratio = 0.03).

Physiological co-factors influencing the   
milk/plasma ratio
Besides the drug’s intrinsic ability to cross the milk–blood bar-
rier, several physiological co-factors influence the M/P ratio for 
any given drug:
◆	 The drug’s dose and bioavailability: the level to which any given 

drug will be found in the mother’s blood will influence the milk 
equilibrium level. Drugs such as aminoglycosides, vancomycin, 
or cephalosporin are poorly absorbed and therefore less likely 
to be found in the milk. Additionally, fed or fasted mothers will 
absorb a given drug at different rates, resulting in different M/P 
ratios.

◆	 The drug’s maternal clearance:  the mother’s kidney and liver 
metabolism will influence the rate at which a drug will be 
cleared from the blood. An altered clearance will trigger a pro-
longed plasma half-life and hence a potentially higher milk 
concentration.

◆	 Timing of medication:  this is clearly the most complex influ-
encing factor, given the variability in milk composition and 
production during the postpartum period as well as during the 
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circadian cycle. However, in most cases, the preferred timing for 
drug administration is just after breastfeeding.

◆	 Drug administration immediately postpartum:  the breastfed 
infant will only ingest small volumes of milk during the imme-
diate postpartum (which does not imply small concentrations 
or small quantities of drugs because of the predominance of the 
paracellular pathway at this stage of the lactation).

Milk secretion increases sharply in the first postpartum days 
(from 50 mL on day 1 to >600 mL on day 5) and quickly reaches a 
plateau (usually limited to a maximum of about 1.5 mL of milk per 
gram of tissue per day). Meanwhile, milk composition varies dras-
tically with lactose concentration increasing sharply and sodium 
and chloride concentration dropping rapidly.

Local anaesthetics, hypnotics, and muscle relaxants
Local anaesthetics are widely used and generally considered 
safe during all stages of breastfeeding, including when added to 
epinephrine. Lidocaine and bupivacaine have been extensively 
tested in lactating mothers, including at high intravenous dos-
ages, for example, for cardiac arrhythmia. Despite a rather quick 
milk:blood equilibrium, relatively small amounts of the drugs 
are ingested by the suckling infant. Ropivacaine’s milk transfer 
is very low and probably lower than that of bupivacaine and lido-
caine.20,71 Articaine has an even shorter half-life associated with 
a higher plasmatic binding probably resulting in an even lower 
milk concentration. Considering the poor absorption patterns of 
these drugs and their metabolites it is not surprising that clinical 
observation does not report any serious adverse events.72–74 The 
addition of epinephrine to any of the previous drugs should not 
be considered problematic as it will in any case limit the passage 
of the drugs from the mother’s blood to the milk. Prilocaine is the 
only local anaesthetic that should be avoided because it may create 
more methaemoglobin, however its accidental use should not be 
an indication to breastfeeding interruption.

It is now widely accepted that mothers may breastfeed their infant 
as soon as they recover from general anaesthesia. Methohexital, 
thiopental, and halothane are the drugs of choice according to 
the American Association of Pediatrics (AAP). Because of their 
physiochemical properties and despite the absence of studies, 
sevoflurane and isoflurane are believed to be excreted into the 
milk. However, since there has been no report of adverse effects 
to the breastfed infant their use might be considered compatible 
with breastfeeding. Methohexital passes into the milk in negligible 
amounts, resulting in extremely low infant exposure.75 Thiopental 
has a rather long half-life of approximately 10 hours but a M/P 
ratio of about 0.5 which leads to negligible amounts ingested by the 
breastfed infant. No toxic effect is expected despite its prolonged 
half-life in the infant after single-dose administration.76 Halothane 
and other volatile agents easily cross the milk–blood barrier but no 
adverse clinical outcomes have been yet reported after anaesthesia 
of a lactating mother or after prolonged occupational exposure.77,78

Propofol may be safely used for general anaesthesia induc-
tion. It has a short half-life and an extremely high plasma bind-
ing (95–99%). Despite its small molecular weight, high pKa, and 
hydrophobicity, the amount ingested by the infant is considered 
negligible.25,79

Most commonly used muscle relaxants (e.g. atracurium, pan-
curonium, rocuronium, suxamethonium, and vecuronium) may 

be safely prescribed at various stage of lactation. Only limited 
amounts of these drugs cross the milk–blood barrier, because of 
their low hydrophobic and high ionization structures. Moreover, 
all these drugs demonstrate an extremely limited intestinal absorp-
tion profile.

Analgesics and anti-inflammatory drugs
Paracetamol is the analgesic and antipyretic drug of choice during 
lactation. It is excreted at a very low rate into the milk, with a peak 
level occurring 1–2 hours after a single oral dose. A suckling infant 
will receive 1–2% of the weight-adjusted maternal dose. There has 
been only one adverse event reported so far (a maculopapular rash 
which resolved within 24 hours after discontinuation of the treat-
ment and resumed when the treatment was reintroduced).80–82

Codeine may only be used as a third-line treatment and for 
a short duration (up to four times at 60 mg). Specific attention 
should be taken with children with a risk for apnoea. Breastfeeding 
should be stopped if the mother or the child demonstrates symp-
toms of opioid toxicity (sedation, constipation, poor milk intake, 
or poor body weight gain). There is a clear dose–effect correlation 
between maternal treatment and CNS depression in the infant. 
Moreover, it should be contraindicated in known or suspected ult-
rarapid metabolizers (cytochrome P450 2D6 ultrarapid metabo-
lizers) (high sedation and constipation) as a case report from 2006 
shows.83–85 In 2013, the MHRA issued a recommendation to avoid 
codeine during lactation and to reserve its use to third-line indica-
tions, after use of paracetamol and NSAIDs (https://www.gov.uk/
drug-safety-update).

Fentanyl and associated drugs (sufentanil, alfentanil, etc.) are 
considered safe for use during lactation. Fentanyl easily crosses 
the milk–blood barrier with a peak concentration occurring 0.75 
hours after a single administration and a milk/blood ratio greater 
than 1. Because of the rapidly decreasing colostrum concentration 
and its low oral bioavailability, fentanyl is considered compatible 
with breastfeeding.86

Use of morphine should be limited to single administration or 
short duration treatments, with specific CNS monitoring of the 
infant. Morphine easily crosses the blood–milk barrier due to its 
low molecular weight and intermediate plasma binding (30–40%). 
There is no available clinical data regarding the neurobehavioral 
and developmental effects over the long term. It is nonetheless 
considered compatible with breastfeeding by the AAP.87–89

Pethidine is widely used at the time of parturition. It triggers 
higher saliva levels in infants up to 48 hours after birth with no 
significant adverse effects reported. It is considered compatible 
with lactation by the AAP. As for all opioid drugs, and because 
of the very long half-lives of pethidine and its metabolite in neo-
nates (13 and 63 hours, respectively), particular attention should 
be paid to CNS monitoring when administered 1–4 hours before 
delivery, especially after repeated doses (accumulation in mater-
nal and fetal compartments). It is contraindicated in preterm 
infants.75,89–91

Tramadol may be used during breastfeeding for short-duration 
periods and in case of mild to severe pain after delivery, especially 
in case of poor opioids tolerance. Both tramadol and its active 
metabolite are excreted into breast milk to a limited extent. There 
has been no evidence of fetal or neonatal negative outcomes when 
used during labour (however, the analgesic effect of tramadol is 
limited during labour).
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Naloxone is supposed to be compatible with lactation, despite 
the fact that there is no human data available. In the absence of 
consensus, and because of its rather short adult half-life (30–81 
minutes), one may consider to avoid breastfeeding for 12–24 
hours after single-dose administration.

Ibuprofen and other commonly used NSAIDs (e.g. diclofenac) 
do not cross easily the milk–blood barrier (M/P ratio < 1). These 
drugs have very short half-lives, are highly bound to plasma pro-
teins (99%) and are polarized (acidic profiles). Ibuprofen is the 
NSAID of choice as it is very poorly excreted into milk and widely 
used with no significant adverse events reported.92,93 Other com-
mon NSAIDs may also be used occasionally but should not be 
considered as safe as ibuprofen or flurbiprofen. Diclofenac and its 
numerous metabolites have not been studied in humans. One may 
want to consider indomethacin as a valid alternative to diclofenac 
despite one reported seizure case possibly attributed to the drug. 
Indomethacin is considered compatible with breastfeeding by the 
AAP and should be preferred over diclofenac94 despite reported 
cases of convulsions in newborns associated with its use.95,96 
Accidental exposure to the other NSAIDs does not require wean-
ing but the medication should be adapted.

Acetyl salicylic acid is very poorly excreted into milk but is 
trapped in this compartment (M/P ratio ~0.05 at plasmatic peak 
level 3 hours after administration reaches ~0.3 after 12 hours). 
There has been one reported case of metabolic acidosis in a 
breastfed infant. The AAP does not ban aspirin but calls for par-
ticular caution.97,98

Ketorolac has been studied after oral administration in breast-
feeding mothers 2–6 days after parturition. It reached extremely 
small concentrations in milk. It is approved by the AAP.99

There are not sufficient data available with selective COX2 
inhibitors to support their use during lactation. Because celecoxib 
and rofecoxib are poorly excreted into milk and are unlikely to 
pose a significant risk, an accidental single-dose administration 
does not require any limitation of breastfeeding. It is believed 
that celecoxib is eliminated from the breast milk 24 hours after 
a single-dose administration. On the other hand, rofecoxib has a 
rather long adult serum half-life (~17 hours) and may trigger accu-
mulation in both serum and milk compartments.100–103

Anti-infective agents during lactation: antibiotics, 
antimycotics, and antivirals
Most antibiotics pass in minimal concentration (< 1% of newborn 
body weight adjusted dosage during therapeutic use) into the 
suckling infant. Theoretically side effects to the infant are changes 
in defaecation, formation of antibiotic resistances, and sensibility. 
None of them is considered clinically relevant.
◆	 Penicillins and cephalosporins are all considered as first choice 

in lactation, especially second-generation cephalosporins. 
Combinations with or single use of clavulanic acid can be used 
when necessary.

◆	 Erythromycin and roxithromycin are again first choice in lac-
tation. Other macrolide antibiotics remain second choice. It 
should be used with caution if there is hyperbilirubinaemia of 
the newborn.

◆	 Tetracyclines remain second-line treatment.
◆	 Sulphonamides and nitrofurantoin cross the milk–blood bar-

rier. Special attention should be paid in case nitrofurantoin use 

when the infant has a G6PD deficiency, as cases of haemolytic 
anaemia were reported.

◆	 Dapsone has been associated with one reported case of haemo-
lytic anaemia in a breastfed infant.104

◆	 Clindamycin and vancomycin are excreted into the milk but 
poorly absorbed in the infant bowel. Clindamycin is approved 
by the AAP. Vancomycin is considered safe but was not reviewed 
by the AAP. The main side effect for both drugs is a modifica-
tion of the bowel flora. There was one reported case of haemor-
rhagic enteritis with clindamycin.

◆	 Chloramphenicol seems to have a bone marrow depressant 
effect and is therefore not recommended in breastfeeding 
mothers.105

◆	 Metronidazole is considered compatible with breastfeeding.
◆	 Aminoglycosides (e.g. gentamicin) are absorbed by the infant 

gut and can accumulate.
◆	 Antimycotics in lactation: in general, local therapy is not con-

sidered harmful during lactation. Systemic therapy should only 
be considered if there is a clear clinical indication. In breast 
skin/nipple mycosis, the germ reservoir is the oral cavity of the 
suckling infant. Therefore treatment of mother and child is nec-
essary. Nystatin and clotrimazole or miconazole are first choice 
for local treatment, but depending on the indication other anti-
mycotics might be used temporarily or on small localizations.

Other drugs of interest during anaesthesia
Epinephrine may be used during lactation when associated with 
local anaesthetics. There are no human data available regarding its 
use following intravenous administration in emergency situations 
but there is a suspected toxicity for the infant. Under these emer-
gency circumstances, one should temporarily avoid breastfeeding.

There are very scarce data regarding human exposure to ephed-
rine during lactation with only one case report presenting an irri-
tability and disturbed sleeping pattern in a 3-month-old suckling 
infant.

Atropine is approved for use during lactation by the AAP. Its 
passage through the milk–blood barrier has not been extensively 
studied but no clinical adverse effects have been reported so far.

Conclusion
With drug safety classification only providing a very crude esti-
mation of maternal, fetal, and neonatal risks, physicians, and 
especially anaesthetists, often face complex or controversial deci-
sions during pregnancy and lactation.

There are a few basic rules applicable to most cases in order to 
limit risks to the fetus or the suckling infant:
◆	 Limit prescription to what is truly necessary.
◆	 Do not prescribe lower/higher doses than necessary.
◆	 Avoid newly released medications or medications known to 

be at risk (e.g. cytotoxic agents, radioactive compounds, CNS 
active drugs, active metabolites of the parent drug, drugs that 
have long paediatric half-lives such as barbiturates and benzo-
diazepines, and all drugs of abuse).

◆	 Choose drugs that are poorly excreted into the fetal compart-
ment or into the milk.

 

 

 



Part 4  fertility treatment, anaesthesia for non-obstetric surgery, and drugs in pregnancy and lactation174

◆	 Additionally, during lactation one should:

•	 avoid drugs that are poorly eliminated by the infant, espe-
cially for premature or sick infants

•	 adapt formulation and route of administration so that the 
plasma concentration is low at the time of breastfeeding and 
preferably breastfeed just before drug administration

•	 advise the paediatrician and nurses in charge of the suckling 
infant when particular surveillance is needed.

In any case, as scientific knowledge evolves continuously with 
the emergence of new drugs and reports of newly observed side 
effects, one should always refer to up-to-date best standard of care 
and review references, which should be clearly documented in the 
patient’s medical record, especially with respect to newly mar-
keted compounds. Specialized units in most university hospitals 
and poison control centres will always provide useful recommen-
dations in cases of atypical situations.
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CHAPTER 12

Obstetric management of labour, 
delivery, and vaginal birth 
after caesarean delivery
Roland Devlieger and Maria-Elisabeth Smet

Introduction
Due to Eve’s disobedience in the Garden of Eden, God condemned 
not only her, but all women, to painful labour for many genera-
tions. In view of this religious conviction and partly due to the 
fallacy that it supports bonding between mother and child, one 
can understand the acceptance with which many women over the 
centuries gave birth without pain relief. Fortunately, nowadays 
divine condemnation is considered outdated by most and analge-
sia in labour is accepted practice in many cultures.

The first anaesthetic used in labour was nitrous oxide. This 
‘laughing gas’ was discovered in 1799 by Sir Humphrey Davy. In 
1847, Sir James Young Simpson discovered the anaesthetic pos-
sibilities of chloroform. This was given to numb Queen Victoria 
during the deliveries of her two youngest children. Hence the 
name, anaesthetic ‘à la reine’.

More recently, the paracervical block was introduced. Today, 
this technique has been largely abandoned even though it is a rela-
tively simple way to relieve pain during the first stage of labour. It 
is limited in its use mostly because of its short duration of action 
and the fact that fetal bradycardia has been described after inad-
vertent intravascular injection, in some cases with fatal outcome. 
The history of obstetric anaesthesia is detailed in Chapter 1.

With the improvements in efficacy and safety of neuraxial 
techniques for pain relief during labour, the demands on the 
obstetric anaesthetist increase. Moreover, the role of the anaes-
thetist extends beyond pain relief. As labour and delivery can 
be complicated by many life-threatening emergencies (fetal dis-
tress, amniotic fluid embolism, postpartum haemorrhage (PPH), 
etc.) obstetricians often rely on their anaesthetic colleagues who 
have become important players in the multidisciplinary obstetric 
management team. Therefore, an optimal bilateral understanding 
between obstetrician and anaesthetist is of utmost importance for 
the well-being of women in labour, and some insight into normal 
and abnormal labour and delivery is helpful for anaesthetists.

Normal labour and delivery
Labour is the process where uterine contractions lead to efface-
ment and progressive dilation of the cervix. The cervix dilates 
until it is fully confluent with the vagina (Figure 12.1). The fetus 

can then descend through the birth canal. Delivery of the baby is 
followed by delivery of the placenta.

Labour in humans is typically divided into three phases or 
stages:1 during the first stage the cervix progressively dilates as a 
result of regular uterine contractions to full dilatation (referred 
to as 10 cm). The cervix starts off as closed, firm, posterior, and 
approximately 3  cm long. This first stage begins with a latent 
phase, which is very variable in duration. It represents the early 
stage of labour that is characterized by irregular, infrequent, 
and mild contractions and little or no dilation of the cervix or 
descent of the fetus. In this phase, the cervix becomes softer, 
shorter, and more anteriorly situated into the vagina while the 
fetal head descends. This phase can last for days, may or may not 
be associated with painful contractions, and ends when the cer-
vix is fully effaced and around 3 cm dilated. There is strong evi-
dence that the first stage of labour is 1 hour shorter when women 
are stimulated to assume upright positions (standing, sitting, 
kneeling, walking, etc.) in comparison with a recumbent posi-
tion.2 Once the contractions are regular and powerful, resulting 
in cervical effacement, dilatation of 3 cm and more, the so-called 
active first phase of labour has been reached. The active phase 
of labour is more predictable in timing and is associated with 
increasingly powerful contractions. During this active phase, 
the cervix dilates at a rate of about 1 cm per hour but faster pro-
gression is common, especially in multiparous women. The sec-
ond stage of labour is from when the cervix is fully dilated until 
the baby is born. The third stage of labour ends with the delivery 
of the placenta.

Traditionally labour has three components (the three ‘Ps’); the 
passage (pelvis), the passenger (baby) and the powers (uterine 
contractions and maternal effort). Each of these can contribute to 
the labour and delivery, to deviate from the physiological situa-
tion, thereby causing a prolonged or obstructed labour (see later 
sections).

Cervical dilatation and other cardinal maternal and fetal 
parameters are recorded during labour using a composite graphi-
cal representation over time on a sheet of paper: the partogram 
(Figure  12.2). Relevant measurements might include statistics 
such as cervical dilatation, fetal heart rate (FHR), duration of 
labour, and vital signs. It is intended to provide an accurate record 
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of the progress in labour, so that any delay or deviation from 
normal may be detected quickly and treated accordingly. The 
use of a partogram in established labour is recommended by the 
Intrapartum Care guideline from the UK National Institute for 
Health and Care Excellence (NICE).3

Nowadays, intrapartum information including maternal 
parameters and partogram is available electronically in most units 
(Figure 12.2). During labour, the attendant midwifery or medical 
staff will evaluate the patient at regular intervals. This will include 
a vaginal examination during established labour to assess:
◆	 cervical dilatation, softening, effacement, and position (modi-

fied Bishop’s score)
◆	 presenting fetal part (cephalic, breech, other)
◆	 engagement and descent of the presenting parts in Hodge planes 

I, II, III, and IV (Figure 12.3)
◆	 position (occiput anterior, occiput posterior, occiput transverse) and 

flexion (occiput, vertex, brow, face) of the fetal head in the pelvis.

In case of inconclusive vaginal examination, ultrasound is increas-
ingly being utilized to evaluate the position of the fetus. Besides 
regular vaginal examination, the assessment of progress in labour 
depends on the assessment of effective contractions. The nature and 
timing of contractions can be evaluated clinically by abdominal 
palpation or can be recorded using a tocograph, usually in combina-
tion with FHR monitoring: cardiotocography (CTG) (Figure 12.4).

External tocodynamometry or tocography does not, however, 
provide detailed information on the strength of the contractions. 
In contrast, internal tocodynamometry using invasive intrauter-
ine pressure sensors is able to detect normal and abnormal intrau-
terine pressure levels. Monitoring of the frequency of contractions 
is important especially when intravenous (IV) oxytocin is used as 
excessive uterine activity (hyperstimulation or tachysystole) can 
cause fetal distress. As the insertion of an intrauterine catheter has 
higher costs and also potential risks for mother and child and no 
benefit was shown in a recent Cochrane review, the use of internal 
uterine pressure sensors is not advised in routine practice.4

The second stage of labour starts at full dilation of the cervix, 
includes the descent of the fetus in the birth canal, and ends with 
the birth of the newborn. Active pushing is best started when 
the parturient feels the urge to push due to the pressure of the 
descending fetal head on the cervix and on the rectum (Ferguson 
reflex). It is therefore advised to wait for approximately 1 hour, 
after full dilatation of the cervix is achieved, in order to allow for 
the spontaneous descent of the fetal head. The latter is especially 
advised in nulliparous women.1 In a patient with neuraxial anaes-
thesia in labour and a term, singleton fetus, the second stage can 
be prolonged by approximately 1 hour. Delayed pushing (waiting 
1–3 hours or until urge to push) is associated with higher inci-
dence of spontaneous vaginal delivery in these patients compared 
to pushing immediately upon entering the second stage.5

Women should be encouraged to give birth in the position they 
find most comfortable. Care should be taken when positioning a 
patient in supine or lithotomy positions to avoid maternal hypo-
tension and decreased uterine perfusion compression of the great 
vessels by the gravid uterus (‘aortocaval compression syndrome’). 
This is best achieved by slightly tilting the parturient towards the 
left lateral position.

As the fetus descends through the pelvis, initially with the sag-
ittal suture in the transverse direction, it will perform an internal 
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Figure 12.3  Hodge planes.
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rotation at the level of Hodge III, thereby turning the occiput to an 
anterior position. The reason for this rotation lies in the anatomy 
of the human female pelvis offering the largest transverse diam-
eter at the pelvic inlet, and the anteroposterior, vertical diameter 
at the outlet. As a result, after the delivery of the head, the head 
will reposition with an external rotational movement to enable the 
shoulders to pass through the pelvic outlet.1 There are no clear 
data on whether an episiotomy influences the fetal outcome.

After the fetal head descends, flexes, and rotates to the occiput 
anterior position, the labia minora will distend, and crowning will 
occur. At this time, an opening of approximately 3–4 cm will be 
seen at the introitus. Should episiotomy be deemed necessary, it 
should be performed at this stage. The use of episiotomy, however, 
remains controversial, as it does not appear to protect against 
sphincter damage in a systematic review by Hartmann et al.6 The 
routine use of episiotomy should therefore be avoided.

When the head is delivered, the birth attendant examines 
the neck of the newborn for the presence of a nuchal cord. If 
tightly entwined, the cord is cut by the obstetrician at that point. 
Subsequently, the head is gently pulled towards the sacrum, allow-
ing the anterior shoulder to be born. When moved upwards in the 
direction of the pubic symphysis, the posterior shoulder follows. 
In the so-called hands-on method, the perineum is supported by 
the hand of the birth attendant both during the passage of the 
head through the perineum, as well as during delivery of the pos-
terior shoulder. Although this method was developed to prevent 
severe (third- and fourth-degree) perineal tears (Table 12.1), this 
was not confirmed in comparative studies.7 In contrast, the use of 
warm compresses on the perineum is associated with a decreased 
occurrence of perineal trauma and should be offered to labouring 
women.8

The third stage of labour comprises the delivery of the pla-
centa. Although this happens spontaneously in most cases, an 
active management of the third stage of labour is advisable. This 
includes:9

◆	 prophylactic oxytocin (5–10 units intramuscular (IM) or slowly 
IV) at delivery of the anterior shoulder

◆	 uterine massage
◆	 controlled cord traction.

Active management of the third stage was shown to shorten the 
third stage, to reduce blood loss and PPH (>1000 mL), and there-
fore to reduce the incidence of maternal anaemia (haemoglobin  
<9 g/dL).9 Randomized trials also have examined the use of oxy-
tocin alone, ergometrine alone, misoprostol alone, and combi-
nations of oxytocin and ergometrine (syntometrine) in active 
management protocols compared with physiological management 
where a spontaneous delivery of the placenta is awaited. Trials 
have also compared the various uterotonics in active management 
protocols and this has been the subject of a meta-analysis in an 
extensive recent Cochrane review.9

These findings suggest that syntometrine may have a slight 
advantage in reducing PPH by 500 mL or more (relative risk (RR) 
0.74; 95% confidence interval (CI) 0.65–0.85) and possibly by 1000 
mL or more (RR 0.79; 95% CI 0.59–1.06), oxytocin alone is also 
very effective and does not have the adverse effect profile (nausea, 
vomiting, and hypertension) that is frequently associated with 
preparations containing ergot.

This review further demonstrates that increasing the IM dose 
of oxytocin from 5 IU to 10 IU raises the effectiveness of oxy-
tocin. However, no more than 5 IU of oxytocin as a single IV bolus 
should be given, although it may be repeated after an interval. All 
IV oxytocin boluses should be administered slowly over several 
minutes to avoid cardiovascular side effects.

Trials using oxytocin alone showed reduced rates of manual 
removal of the placenta, whereas those using ergot preparations 
demonstrated increased rates.

More recently, trials have been performed using a synthetic 
oxytocin analogue, carbetocin (Pabal®), which has a prolonged 
action. A review on the subject showed a decreased need for addi-
tional uterotonic drugs after a bolus of carbetocin.10 However, a 
Cochrane review concluded that carbetocin should not be used 
as a first-line agent compared to other proven uterotonic agents, 
in view of the reduced availability and increased costs associated 
with carbetocin.11

Misoprostol is a low-cost, heat-stable uterotonic drug in pill 
form and therefore potentially an excellent agent for prophylaxis 
in the third stage of labour. Unfortunately, randomized trials 
have shown it to be inferior to injectable uterotonics.12 Adverse 
effects, such as shivering and fever, are common and in regimens 
using higher doses, nausea, vomiting, and diarrhoea occur more 
frequently. The presence of prostaglandin-induced pyrexia and 
shivering in the postpartum period may lead to confusion in the 
diagnosis of septic complications.13

Cord clamping is best delayed (30–90 seconds, maximum 120 
seconds) in preterm neonates as it is associated with fewer neona-
tal transfusions, less hypotension, and less intraventricular haem-
orrhages.14 However, in term deliveries the advantages of delayed 
cord clamping are less clear. On one hand it results in a higher 
level of neonatal haemoglobin and iron levels, on the other hand 
it increases the incidence of jaundice. Therefore, delayed cord 
clamping in term infants, is not routinely advised and should be 
individualized.15

Normal and prolonged third stage
The length of the third stage itself is usually 5–15 minutes. 
However, the absolute time limit for delivery of the placenta, with-
out significant bleeding, remains unclear. Placental retention or 

Table 12.1  Degree of perineal tears

Degree of 
laceration

Description

First degree Superficial laceration limited to the perineal skin or vaginal 
mucosa

Second degree First-degree rupture with laceration of the perineal muscles 
and fascia, with intact anal sphincter

Third degree Second-degree rupture with laceration comprising the anal 
sphincter

  3a Laceration of the external anal sphincter < 50%

  3b Laceration of the external anal sphincter > 50%

  3c Laceration of the internal anal sphincter

Fourth degree Third-degree rupture with laceration comprising the rectal 
mucosa
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prolonged third stage is defined as a placenta that is not delivered 
30 minutes after the birth of the baby.1 The main complications 
associated with this condition are uterine atony, maternal PPH, 
and subsequent hypotension. PPH may cause anaemia and should 
be corrected with oral or IV iron or by transfusion if appropriate 
(see Chapter 35 and Chapter 48). The duration of hospitalization 
may be prolonged if the patient is anaemic, and the establishment 
of effective breastfeeding may be hampered.16

The pregnancy-related (direct) maternal mortality rate in the 
United States is approximately 7–10 women per 100,000 live births 
and it is estimated that 8% of these deaths are caused by PPH.17 
In the developing world, several countries have maternal mor-
tality rates in excess of 1000 women per 100,000 live births, and 
World Health Organization statistics suggest that 25% of maternal 
deaths are due to PPH. Therefore, an active management of the 
third stage is advised as discussed previously. Emptying the blad-
der and actively rubbing the uterus are an integral part of active 
management. If despite these measures the placenta is not deliv-
ered after 1 hour, additional uterotonic drugs (prostaglandins)18 
and operative manual removal of placenta and exploration of the 
uterine cavity needs to be considered. The clinical management in 
case of retained placenta is summarized in Box 12.1.

As mentioned earlier in this section, the most common defini-
tion for placental retention is non-delivery of the placenta for more 
than 30 minutes. This is an arbitrary definition, and management 
is greatly influenced by the clinical assessment of whether signifi-
cant bleeding is occurring. This bleeding may be visible or may 
manifest only by the increasing size of the uterus, filled with blood 
and clots. In the absence of any evidence of placental detachment, 

one should also consider the diagnosis of complete placenta 
accreta or a variant. This condition may present with bleeding if 
only a portion of the placenta is abnormally implanted.

Ensuring that the bladder is empty speeds up the delivery of 
the placenta and at least aids in the assessment and control of the 
uterus. Ideally, women should have an empty bladder at the start 
of the active second stage of labour. This usually occurs naturally 
because of pressure from the presenting part and maternal expul-
sive effort. Encouraging the woman to attempt to void late in the 
second stage or following delivery is not unreasonable, although 
this may be difficult. Alternatively, a single sterile catheterization 
can be performed. Emptying the bladder is mandatory before any 
attempt at assisted vaginal delivery.

A number of trials have evaluated the role of injection drugs and/
or fluids into the umbilical cord in the management of retained 
placenta. This procedure takes time and should only be attempted 
in women not experiencing significant bleeding. Tested injection 
fluids into the umbilical cord vein include isotonic sodium chlo-
ride solution (normal saline), oxytocin and saline, prostaglandin 
and saline, misoprostol and saline, and dextran-70. The studies 
comparing injection of oxytocin (commonly, 10 IU) and saline 
(commonly, 20 mL) with expectant management (odds ratio (OR) 
0.7; 95% CI 0.48–1.02) or saline injection alone (OR 0.59; 95% CI 
0.43–0.82 and number needed to treat 8; 95% CI 5–20) suggest 
that this practice indeed reduces the need for manual removal 
of the placenta. However, misoprostol (oral or rectal) could be at 
least as effective in this setting and the effect of injecting oxytocin 
in the umbilical vein showed little or no effect in the high-quality 
trials.19,20 This intervention seems therefore only reasonable in 
stable women with minimal bleeding while preparations for a 
manual removal are being made.

Manual removal of the placenta (Figure 12.5) is warranted if 
the above manoeuvers have failed to deliver the placenta or if sig-
nificant bleeding occurs. The retained or partially detached pla-
centa interferes with uterine contraction and retraction and leads 
to bleeding. The risk of significant PPH increases the longer the 
placenta remains in situ and is increased sixfold if the placenta 
remains undelivered after 30 minutes.

To safely perform a manual placental removal, it is manda-
tory to perform this in an operation theatre. The choice of type of 
anaesthesia (neuraxial or general) that is required should depend 
upon the clinical urgency of the situation and the presence of 

Box 12.1  Management summary for retained placenta

	 1.	Empty bladder and massage uterus

	 2.	Consider umbilical vein injection of oxytocin (10 IU in 
1–2 mL saline) in stable women

	 3.	Consider alternative uterotonics (sulprostone, Hemabate®, 
misoprostol)

	 4.	Insert IV line (2 large-bore cannula if bleeding actively) 
and take blood samples for haemoglobin, clotting and 
cross match)

	 5.	Provide adequate anaesthesia in theatre

	 6.	Attempt manual removal

	 7.	Check the uterine cavity using ultrasound to ascertain that 
all placenta and fetal membranes have been removed

	 8.	Palpate and massage uterus until firm, continue 
uterotonic drugs

	 9.	Proceed to curettage, preferably under direct ultrasound 
visualization if incomplete manual removal

	10.	Consider diagnosis of placenta accreta

	11.	Administer antibiotics

	12.	Quantify fetomaternal transfusion in Rhesus D-negative 
patients before anti-D administration

	13.	Monitor patient for increased risk of PPH. Figure 12.5  Manuel removal of the placenta (manoeuvre of Credé).
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contraindications to neuraxial anaesthesia such as hypovolaemia 
or coagulation abnormalities. If spinal anaesthesia is chosen, inex-
perienced anaesthetists often block too low, thinking that only 
uterine anaesthesia is required. The block should be high enough 
for the patient to tolerate the hand in the fundus (e.g. 2.4 mL  
0.5% bupivacaine). The cessation of an oxytocin infusion or the 
administration of uterine relaxants to promote uterine explora-
tion and manual removal is of questionable value and may lead 
to increased bleeding. Ultrasonography is useful in many cases 
in order to evaluate the uterine cavity, to instrument the uterus 
without the risk of perforation, and to assess the completeness of 
the removal after the procedure.

When possible, an elbow-length glove is worn and attention is 
paid to asepsis. Antibiotic prophylaxis (cefazolin 2 g IV) is best 
administered in the absence of contraindications. The perineum 
and vagina must be prepared and disinfected. The vaginal hand 
may be immersed in povidone-iodine solution (Proviodine®) or 
in a chlorhexidine crème (Hibitane®) to facilitate entry. The hand 
is passed into the vagina through the cervix and into the lower 
segment following the umbilical cord. Care is taken to minimize 
the profile of the hand as it enters, keeping the thumb and fingers 
together in the shape of a cone to avoid damage to the soft tissues, 
especially the cervix.

The non-vaginal hand is used to hold the uterus at its fundal 
part. If the placenta is encountered in the lower segment, it is 
removed. If the placenta is not encountered, the placental edge is 
sought. Once found, the fingers gently expand the space between 
the placenta and uterus and shear off the placenta. The placenta 
is pushed to the palmar aspect of the hand and wrist; and when 
it is entirely separated, the hand is withdrawn. Ensure that an 
oxytocin infusion (e.g. 40 IU/1 L Ringers’ lactate at 125 mL/unit) 
is running rapidly as the hand is withdrawn in order to encour-
age strong uterine contraction and subsequently perform uterine 
massage. Care must be taken to remove all the fetal membranes. 
Once uterine contraction is established, the placenta and mem-
branes are examined by the operator to determine whether fur-
ther exploration or curettage is necessary.

Obstructed labour and delivery
Obstructed labour is a first- or second-stage phenomenon in 
women whose labour is prolonged. A prolonged first stage exists 
when no progression in dilatation and descent occurs during 2–4 
hours.1 The reason why labour becomes prolonged or obstructed 
may be due to one of the ‘Ps’ referred to earlier—passenger, pas-
sage, and powers—and is summarized in Table 12.2:
◆	 Passenger: the fetus is the ‘passenger’ travelling down the birth 

canal. Prolonged labour may occur if the fetal head is too large 
to pass through the mother’s pelvis, or the fetal presentation is 
abnormal.

◆	 Passage: the birth canal is the ‘passage’, so labour may be pro-
longed if the mother’s pelvis is too small for the baby to pass 
through or if the pelvis has an abnormal shape, or in case there 
is a tumour (e.g. fibroids) or other physical obstruction in the 
pelvis.

◆	 Powers: inadequate ‘power’, due to poor or uncoordinated uter-
ine contractions, is a major cause of prolonged labour. Either the 
uterine contractions are not strong enough to efface and dilate 

the cervix in the first stage of labour, or the muscular effort of 
the uterus is insufficient to push the baby down the birth canal 
during the second stage. Another important component of the 
‘power’ is the active maternal ‘pushing’ effort during the active 
second stage. This can be reduced due to maternal exhaustion or 
interfering muscular, respiratory, or cardiovascular conditions.

A cardinal clinical sign for the diagnosis of obstructed labour is 
when the widest diameter of the fetal skull remains stationary 
above the pelvic brim because it is unable to descend. This can 
be clinically detected by careful palpation of the mother’s abdo-
men as the uterus relaxes and softens between contractions, but an 
internal examination is usually required to confirm the diagnosis 
and determine the cause of the arrest.

Uterine contractions are considered adequate when they 
occur every couple of minutes and last for at least 30 seconds. 
Insufficiently frequent or strong uterine contractions are more 
often seen in a patient with neuraxial analgesia containing opi-
oids.21 The contractions can then be optimized either by artifi-
cially rupturing the fetal membranes (AROM; see ‘Induction of 
Labour’) (Figure 12.6) if the membranes are still intact, or by 
exogenous administration of oxytocin according to local institu-
tional protocols.

Oxytocin (derived from the Greek word oxys tocos, meaning 
‘fast birth’) is a mammalian neuropituitary hormone that acts 
primarily as a neuromodulator in the brain but also plays roles in 
sexual reproduction, in particular during and after childbirth. It is 
released in large amounts after distention of the cervix and uterus 
during labour, facilitating birth, maternal bonding, and, after 
stimulation of the nipples, breastfeeding. Oxytocin effects are reg-
ulated by complex positive feedback mechanisms (Figure 12.7).22

Cephalo-pelvic disproportion (CPD) is present when there is a 
disproportion between the head of the fetus and the birth canal. 
CPD means it is difficult or impossible for the fetus to pass safely 
through the mother’s pelvis due either to a maternal pelvis that is 
too narrow for that fetal head, or due to a fetal head that is rela-
tively too large for the mother’s pelvis. Small (or contracted) pel-
vises are more frequent in developing countries, on one the hand 
due to malnutrition in childhood persisting into adult life, and 
on the other hand due to underage sex and marriage. CPD causes 

Table 12.2  Causes of prolonged or obstructed labour

Passenger Passage Powers

Large head 
(cephalopelvic 
disproportion):
◆	 Macrosomia
◆	 Macrocephaly
◆	 Hydrocephaly

Bony pelvis 
abnormalities:
◆	 Malnutrition
◆	 Deformation 

(trauma, 
poliomyelitis, 
etc.)

Inadequate contractions:
◆	 Regional anaesthesia
◆	 Induced labour 

(less effective 
contractions)

Malpresentation, 
malpositioning, multiple 
pregnancies:
◆	 Brow, face, shoulder
◆	 Persistent malposition
◆	 Locked twins
◆	 Conjoined twins

Soft tissue 
abnormalities:
◆	 Tumour (fibroids)
◆	 Infections
◆	 Scars (genital 

mutilation)

Insufficient/ineffective 
maternal effort:
◆	 Maternal exhaustion,
◆	 Maternal respiratory, 

neuromuscular 
or cardiovascular 
condition
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a prolonged first and second stage, which yields an increased 
risk for fetal and maternal complications. A longer second stage 
is accompanied by increased occurrence of fetal asphyxia, PPH, 
perineal laceration, infection of mother and fetus, and is a good 
predictor for shoulder dystocia (see ‘Shoulder Dystocia’).

Therefore, if despite adequate stimulation no progression in the 
partogram is obtained and labour is obstructed during the first 
stage, the safest management plan is to perform a caesarean deliv-
ery (CD). In case of arrest of labour during the second stage, the 
physician needs to evaluate the possibility of performing an oper-
ative or instrumental vaginal delivery as an alternative for CD.

Induction of labour
Overall, induction of labour should be restricted to medical con-
ditions in which the prolongation of pregnancy yields significant 

risks for mother or fetus (e.g. post-term pregnancies pursuing 
10 days beyond the due date). If induction of labour is performed 
solely for non-obstetric reasons (e.g. for the convenience of the 
patient or the caregiver) it will result in increased rates of failures, 
complications, and morbidity.

If the cervix is unfavourable, labour can be induced by exog-
enous administration of prostaglandin E2 (PGE2), the synthetic 
form of the natural hormone involved in the normal initiation of 
labour.

If, however, the cervix is already partially dilated (2–3  cm) 
and effaced, labour can be induced by membrane sweeping or 
amniotomy (Figure 12.6) alone. In many cases, contractions will 
follow AROM.

If contractions are poor or the cervix fails to dilate, IV oxytocin 
can augment the induced contractions. This is best preceded by 
AROM as the uterus responds poorly to exogenous oxytocin in 
the presence of intact membranes.23

There is currently insufficient evidence to assess how to best 
use oxytocin for augmentation of labour. Based mostly on physi-
ological studies, an oxytocin dilution of 10 mU/mL, initial dose 
of 2 mU/min (12 mL/h) with incremental increase of 2 mU/min  
(12 mL every 30–45 minutes until adequate labour) and maxi-
mum dose of 16 mU/min have been proposed.24

There is significant debate about the ideal setting and timing of 
induction of labour. Limited information is available on the safety 
of outpatient management of induction of labour, and larger con-
trolled studies are needed to establish an effective and safe dose 
and vehicle for PGE2 before use on an outpatient basis can be 
recommended.

Membrane sweeping
Membrane sweeping or ‘stripping’ is commonly practised 
to induce labour. According to the American College of 
Obstetricians and Gynecologists (ACOG), stripping membranes 
increases the likelihood of spontaneous labour within 48 hours 
and reduces the incidence of induction with other methods.25 
NICE notes that membrane sweeping should be regarded as an 
adjunct to induction of labour rather than an actual method of 
induction.26 It recommends membrane sweeping be offered to 
all women prior to formal induction of labour, to nulliparous 
women at 40 weeks of gestational age, and to all women at 41 
weeks of gestational age.

Amniotomy
Amniotomy (Figure 12.6) alone for labour induction is not rec-
ommended in most leading guidelines on the subject. According 
to ACOG, amniotomy used alone for inducing labour can be 
associated with unpredictable and sometimes long intervals 
before the onset of contractions.25 There is therefore insufficient 
evidence on the efficacy and safety of amniotomy alone for labour 
induction. Amniotomy combined with early oxytocin infusion 
compared with amniotomy alone reduces the induction-to-
delivery interval significantly. Amniotomy should be postponed 
if the baby’s head is high and the physician/midwife should pal-
pate for the umbilical cord and vasa previa and avoid dislodging 
the fetal head when performing amniotomy. If amniotomy has to 
be performed with a high fetal head, this is best done in theatre 
where there are all the facilities for immediate delivery if cord 
prolapse occurs.

Membranes

Artificial rupture

Figure 12.6  Artificial rupture of membranes (AROM).
Courtesy of S. De Bisschop.
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Figure 12.7  Positive feedback mechanism oxytocin.
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Induction in women with ruptured membranes
For women with premature rupture of membranes (PROM) at 
term, labour is usually induced at the time of presentation, or 
within 48 hours of presentation, to reduce the risk of chorio-
amnionitis. Oxytocin is the method of choice, especially if the 
Bishop score is favourable. Vaginal PGE2 is globally regarded as 
an appropriate, safe, and effective induction method for women 
with PROM. In a randomized study of labour induction in women 
with PROM at term, a single dose of intravaginal misoprostol was 
necessary for successful labour induction in 86% of the patients.27 
The same precautions should be exercised when prostaglandins 
are used for induction of labour with ruptured membranes as for 
intact membranes.

For women with preterm pre-labour rupture of membranes 
(PPROM), induction should not be carried out before 34 weeks 
unless there are additional obstetric indications (like infection 
or fetal compromise). After 34 weeks, the maternity team and 
mother should discuss risks to both woman and baby, as well 
as local availability of neonatal intensive care facilities, before a 
decision is made about whether to induce labour, using vaginal 
PGE2.25 (See also Chapter 33.)

Mechanical methods
Although they are debated in some countries like the United 
Kingdom,26 mechanical dilation methods are effective in ripen-
ing the cervix and include hygroscopic dilators, osmotic dila-
tors (Laminaria japonicum), Foley catheters, and double-balloon 
devices. In women undergoing induction with an unfavourable 
cervix, mechanical methods are associated with a decreased CD 
rate when compared with oxytocin alone. Multiple studies have 
demonstrated the efficacy of mechanical cervical dilators but 
there is insufficient evidence to assess how effective (vaginal deliv-
ery within 24 hours) mechanical methods are compared with 
prostaglandins. Potential advantages of a mechanical method like 
the Foley bladder catheter include low cost compared with prosta-
glandins, stability at room temperature, and reduced risk of uter-
ine hyperstimulation with or without FHR changes.25

Prostaglandins
Recommendations for pharmacological induction of labour with 
prostaglandins also differ. Both prostaglandin analogues (mis-
oprostol and dinoprostone) are regarded as effective for cervical 
ripening and induction of labour according to ACOG. ACOG 
states that there is extensive clinical experience with misopros-
tol and a large body of published reports supporting its safety 
and efficacy when used appropriately.25 The US Food and Drug 
Administration in 2002 approved a new label on the use of mis-
oprostol during pregnancy for cervical ripening and for the induc-
tion of labour. In contrast, the UK NICE, states that vaginal PGE2 
(dinoprostone) is the preferred method of induction of labour and 
that misoprostol should only be offered as a method of induction 
of labour to women who have intrauterine fetal death or in the 
context of a clinical trial. While, extensively used in clinical prac-
tice, Misoprostol is not officially licensed for use in pregnancy in 
the United Kingdom, because of marketing reasons.26

Intrapartum fetal monitoring
Monitoring of fetuses in labour aims to identify hypoxia before it is 
sufficient to lead to damaging acidosis and long-term neurological 

adverse outcome for the baby.1 The limitations of the different 
tests available mean that, in order to avoid significant hypoxia, 
interventions such as caesarean or instrumental vaginal delivery 
are undertaken when there is concern regarding the fetal condi-
tion. Fetal monitoring thus leads to higher rates of interventions. 
(For greater detail, refer to Chapter 6.)

The assessment of the fetus during labour therefore depends 
on a careful consideration of the antenatal course of the preg-
nancy, the liquor or amniotic fluid (meconium staining), and the 
heart rate changes of the fetus during labour (reassuring versus 
non-reassuring or abnormal). Typically, once a woman in labour 
presents herself at the delivery ward in established labour, the 
FHR and uterine contractions will be monitored by CTG for at 
least 30 minutes, and then intermittently. Most accepted lists of 
indications for continuous electronic fetal monitoring during 
labour include neuraxial analgesia and are listed in Table 12.3.27

A normal FHR at term should be between 110 and 150 
beats per minute (bpm). A reassuring FHR (Figure 12.4) trace 
shows normal variability and the presence of accelerations. 
Variability (Figure 12.8) is defined as a short term (‘beat-to-
beat’) change in FHR and should normally be between 5 and 25 
bpm.28 An acceleration (Figure 12.8) is defined as an increase 
of the FHR from baseline with 15 bpm lasting for at least 15 
seconds. A  deceleration is defined as a decrease of the FHR 
with 15 bpm during at least 15 seconds. A baseline greater than 
160 bpm during 10 minutes is defined as tachycardia (Figure 
12.9). A  baseline beneath 110 bpm during at least 5 minutes 
or a decline in FHR of 40 bpm, is defined as a bradycardia 
(Figure 12.10). Decreased variability and so-called late decel-
erations (Figure 12.11), with a nadir after the contraction has 
passed, have the strongest relationship with fetal acidosis and 

Table 12.3  Indications for continuous electronic fetal monitoring 
during labour

Risk factor Example

High-risk pregnancy 
identified before 
labour

Intrauterine growth restriction, preterm labour,  
post-term pregnancy (>42 weeks), poly/
oligohydramnios, multiple gestation, suspicion 
of (partial) abruption (more than average 
vaginal blood loss, sonographical presumption, 
non-reassuring intermittent auscultation)

Induced or 
augmented labour

Obstructed labour

Abnormal fetal 
presentation

Breech

Neuraxial analgesia Epidural, combined spinal–epidural analgesia

Significant maternal 
condition

Renal disease, diabetes, cardiovascular disease, 
pre-eclampsia, HELLP syndrome

Previous caesarean 
delivery

Threatened fetal 
condition

Non-reassuring intermittent auscultation, meconial 
amniotic fluid, increasing blood loss

Adapted with permission from G Justus Hofmeyr, A Metin Gülmezoglu, Cynthia Pileggi, 
Vaginal misoprostol for cervical ripening and induction of labour, Cochrane Database of 
Systematic Reviews, Copyright © 2010 John Wiley and Sons.
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hypoxia.28 In case there is no variability or reactivity left, the 
CTG has become pre-terminal and immediate delivery is man-
datory (Figure 12.12).

In case of non-reassuring CTG, fetal scalp sampling for deter-
mination of the fetal acid–base state, or more recently fetal elec-
trocardiography with ST analysis (STAN®) can help to identify 
compromised fetuses at risk for perinatal asphyxia. A normal ST 
waveform demonstrates a sufficient fetal oxygen supply. During 

hypoxia the T-wave amplitude of the ECG increases and the STAN® 
monitor displays an automatic ‘ST Event’ alert (Figure 12.13).

The STAN® method is a combination of standard CTG parame-
ters and ST analysis. If there is a significant change in the ST inter-
val and a ‘ST event’ alert is displayed, actions are recommended 
according to clinical guidelines. A recent Swedish meta-analysis 
comparing CTG plus ST analysis with CTG alone concluded that 
there is currently no evidence that STAN® reduces the incidence 

Figure 12.8  (Lower left) Beat-to-beat variability (5–25 bpm) and (lower right) acceleration.
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of metabolic acidosis (RR 0.96; 95% CI 0.49–1.88). Caesarean and 
instrumental vaginal deliveries due to fetal distress or other indi-
cations were also comparable in both groups but STAN® reduced 
the number of instances which require scalp blood sampling.29

Shoulder dystocia
Shoulder dystocia is a specific case of dystocia. It occurs when after 
delivery of the head, the anterior shoulder cannot pass or requires 
significant manipulation to pass below the pubic symphysis 

(Figure 12.14), prolonging the head-to-shoulder interval. It occurs 
in approximately 1% (range 0.6–1.4%) of deliveries.1 Clinically, 
shoulder dystocia is recognized by non-emergence of the anterior 
shoulder during a routine delivery and is sometimes preceded by the 
so-called turtle sign (the ‘bobbing’ or appearance and immediate 
retraction of the fetal head during maternal effort and expulsion).

In shoulder dystocia, it is the chin that presses against the 
walls of the perineum of the parturient due to the shoulder being 
impacted behind the pubic symphysis, causing the so-called turtle 
sign (Figure 12.14).
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Shoulder dystocia is an obstetric emergency, and fetal demise 
can occur if the infant is not delivered within minutes. Indeed, 
once the head is born, the umbilical cord is being compressed 
within the birth canal with almost complete cessation of blood 
flow. As a result, the cord blood pH declines by approximately 0.04 
units/min. On the one hand this means the obstetrician has time 
to resolve the dystocia, on the other hand it means that if the inter-
val is prolonged, severe damage to the fetus can occur as a result of 
decreased umbilical blood flow. Additional morbidity can be the 
result of inadvertent excessive pulling on the fetal head, or result 
from the manipulation and manoeuvers required to deliver the 
shoulder and complete the delivery (Box 12.2).

The major concern of shoulder dystocia is damage to the upper 
brachial plexus supplying the sensory and motor components of 

the shoulder, arm, and hands. The ventral roots (motor pathway) 
are most prone to injury, as they are in the plane of greatest ten-
sion (anterior, sensory nerves are somewhat protected due to the 
usual inward movement of the shoulder).

The major risk factors for shoulder dystocia are summarized 
in Table 12.4.30 Shoulder dystocia often (50%) occurs in the 
absence of any risk factor. Therefore, it is advised that all per-
sonnel assisting childbirth should be trained in managing cases 
of shoulder dystocia and that at least one clinician experienced 
in the management of shoulder dystocia is available at every 
delivery.

The most studied risk factors for shoulder dystocia are maternal 
diabetes and fetal macrosomia. If the birth weight of the infant 
was between 4250 and 4500 g, the frequency of shoulder dystocia 
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was 9.1% if the mother was not diabetic and 16.7% in diabetic 
mothers in a large Californian cohort.31

Many manoeuvers have been developed and modified to facili-
tate the delivery of the anterior shoulder in cases of shoulder dys-
tocia including:
◆	 Episiotomy: although the problem of shoulder dystocia is related 

to the bony pelvis and not the soft tissues, the space created 
with an episiotomy (Figure 12.15) may facilitate further inter-
nal manoeuvers. An episiotomy can be difficult to perform in 
these cases due to the impaction of the fetal head tightly to the 
perineum. In these cases, a scalpel may be helpful.

◆	 McRoberts’ manoeuver:  this manoeuver involves hyperflexion 
and exorotation of the maternal legs, placing the mother’s legs 
tightly to her abdomen with flexed knees (Figure 12.16). This 
manoeuver widens the pelvis, and flattens the spine in the lower 
back (lumbar spine level).32

◆	 Suprapubic pressure (or Rubin I  manoeuvre):  if McRoberts’ 
manoeuver does not succeed, an assistant applies pressure on 
the lower abdomen (Figure 12.17, external suprapubic pressure) 
while the delivered head is gently pulled. The pressure should 
be applied from the side of the fetal back to move the shoul-
der of the baby ventrally. The combination of McRoberts and 
suprapubic pressure are considered first-line manoeuvers in 

the management of shoulder dystocia and these will resolve the 
shoulder dystocia in more than 50% of cases.34,35

If not successful, it is advised to proceed to second-line 
manoeuvres:
◆	 Rubin II manoeuvre: in this manoeuvre (Figure 12.18) the oper-

ator will enter vaginally from the back of the delivered head and 
posterior pressure is applied on the anterior shoulder, which 
brings the fetus in an oblique position with the head somewhat 
towards the vagina.

◆	 Woods’ screw manoeuver: in this manoeuvre the operator enters 
and applies pressure to the dorsal part of the posterior shoulder, 
which leads to turning the anterior shoulder to the posterior 
and vice versa (somewhat the opposite of Rubin II manoeuvre).

◆	 Removal of the posterior arm (Jacquemier’s or Barnum’s manoeu-
vre): this manoeuvre implies delivery of the posterior shoulder 
first (Figure 12.19). This is realized by entering the operator’s 
hand and ventrally from the baby, identifying the forearm and 
hand in the birth canal and gently pulling the posterior arm 
ventrally over the face of the baby. Once the posterior shoulder 
is delivered, the anterior shoulder is usually disimpacted easily.

Head is delivered 

Anterior shoulder is impacted by the symphysis

Figure 12.14  Turtle sign.

Box 12.2  Complications associated with shoulder dystocia

◆	 Injury of the brachial plexus:  Erb’s palsy (affecting C5/6), 
Klumpke’s palsy (affecting C8/T1).

◆	 Fracture of the clavicle/humerus
◆	 Cerebral palsy
◆	 Fetal hypoxia
◆	 Fetal demise
◆	 Maternal vaginal lacerations
◆	 Postpartum haemorrhage.

Table 12.4  Risk factors for shoulder dystocia

Antepartum Intrapartum

History of shoulder dystocia Labour induction/augmentation

Prior macrosomic baby Dysfunctional labour

Excessive weight gain Prolonged first stage

Maternal obesity Prolonged second stage

Maternal diabetes Neuraxial analgesia

Fetal macrosomia Operative vaginal delivery

Reproduced with permission from ACOG Practice Bulletin No. 40: Shoulder Dystocia, 
Obstetrics & Gynecology, Volume 100, Issue 5, pp. 1045–50, Copyright © 2002 Wolters 
Kluwer Health, Inc.

(A)

(B)

Figure 12.15  Episiotomy. The dotted line indicates the possible routes of an 
episiotomy. (A) Mediolateral episiotomy (preferable). (B) Median episiotomy.
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◆	 Positioning on ‘all fours’ (Gaskin’s manoeuvre): this manoeuver 
is named after a midwife, Ina May Gaskin. It involves moving 
the mother to an all-fours position with the back arched, wid-
ening the pelvic outlet. The realization of this measure requires 
sufficient mobility of the patient and is not always feasible in 
most patients with neuraxial analgesia.

If the baby is still not delivered despite attempting the second-line 
manoeuvres described above and after considering repeating 
the prior steps, more aggressive third-line manoeuvers can be 
attempted:
◆	 Zavanelli’s manoeuver: this involves internal cephalic replace-

ment followed by CD. It is realized by flexing the fetal delivered 
head and correcting the external rotation. Uterine relaxation is 
usually required.36

◆	 Intentional fetal clavicular fracture:  this manoeuver involves 
applying pressure on the fetal anterior clavicle in order to 
fracture it. This reduces the diameter of the shoulder girdle, 
required for passage through the birth canal.37

◆	 Maternal symphysiotomy: this manoeuvre involves surgical or 
traumatic separation of the pubis symphysis which makes the 
opening of the birth canal laxer by breaking the connective tis-
sue between the two pubic bones and facilitates the disimpac-
tion of the fetal shoulders.

Figure 12.16  McRoberts manoeuver.
Reproduced From Jacquemyn Y. Procedureboek Verloskunde. Praktische richtlijnen bij 
verloskundige problemen. Leuven: Acco; 2007.

manual suprapubic pressure

Figure 12.17  Suprapubic pressure.
Reproduced From Jacquemyn Y. Procedureboek Verloskunde. Praktische richtlijnen bij 
verloskundige problemen. Leuven: Acco; 2007.

Figure 12.18  Rubin II manoeuver.
Reproduced From Jacquemyn Y. Procedureboek Verloskunde. Praktische richtlijnen bij 
verloskundige problemen. Leuven: Acco; 2007.

Figure 12.19  Jacquemier’s manoeuver.
Reproduced From Jacquemyn Y. Procedureboek Verloskunde. Praktische richtlijnen bij 
verloskundige problemen. Leuven: Acco; 2007.
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◆	 Abdominal rescue, described by O’Shaughnessy:38 this tech-
nique involves performing a hysterotomy to facilitate vaginal 
delivery of the impacted shoulder.

Different mnemonics (Table 12.5) have been developed to facili-
tate a systematic approach for training and management of shoul-
der dystocia. The advantage of proceeding in the order of a logical 
sequence of action like HELPERR (Advanced Life Support in 
Obstetrics®) is that it goes from least to most invasive, thereby 
reducing harm to the mother in the event that the infant delivers 
with one of the earlier manoeuvers. In case these manoeuvers are 
unsuccessful, a skilled obstetrician may attempt some of the addi-
tional third-line procedures listed above. Intentional clavicular 
fracture is a final attempt at non-operative vaginal delivery prior 
to Zavanelli’s manoeuver or symphysiotomy, both of which are 
considered extraordinary treatment measures. Finally, detailed 
and systematic notification of the order and duration of manipu-
lations reduces the risk for litigation, which is high in obstetric 
trauma. Specific checklist and forms are available in some units 
to facilitate this.

Operative vaginal delivery
Operative vaginal delivery or instrumental delivery refers to a 
vaginal delivery in which the operator uses a forceps or a vacuum 
device to assist the delivery of the baby.

Decisions regarding use of instrumental delivery are based pri-
marily upon the maternal/fetal/neonatal impact of these proce-
dures and are always weighed against the alternative options such 
as CD, expectant management (prolonging the second stage), and 
augmentation of contractions using oxytocin.1

In the United States, forceps deliveries account for 1% of vagi-
nal births and vacuum deliveries account for about 4% of vaginal 
births.39 In some countries, like the Scandinavian countries, the 
use of forceps has been largely abandoned at the expense of vac-
uum (ventouse) delivery.

There are three main indications for operative vaginal delivery:39

◆	 Prolonged second stage of labour: in nulliparous women, this is 
usually defined as lack of continuing progress for 3 hours with 
neuraxial analgesia or 2 hours without analgesia. In multipa-
rous women, it refers to lack of continuing progress for 2 hours 
with neuraxial analgesia or 1 hour without analgesia.

◆	 Non-reassuring fetal condition:  suspicion of immediate or 
potential fetal compromise (e.g. non-reassuring FHR pattern, 
abruption) is an indication for operative vaginal delivery. The 
condition to proceed to operative vaginal delivery is that expe-
ditious vaginal delivery can be readily accomplished. If this is 
not the case, CD may be the safer option.

◆	 Maternal indications to shorten the active phase: forceps or vac-
uum can be used to shorten the second stage of labour if the 
Valsalva manoeuvre is contraindicated because of maternal car-
diovascular or neurological disease, or if pushing is ineffective 
because of exhaustion or a history of maternal neurological or 
muscular disease.

To safely perform an instrumental delivery, the operator should be 
experienced in operative vaginal delivery and the following pre-
requisites should be present:39

◆	 The fetal position is cephalic, with the vertex presenting (excep-
tion: forceps delivery to assist in the delivery of an after-coming 
head in vaginal breech delivery (see ‘Breech Delivery’).

◆	 The cervix is fully dilated.
◆	 The fetal membranes are ruptured.
◆	 The head is engaged in the maternal pelvis, meaning that the 

largest diameter of the fetal head is below the level of the ischial 
spine (below Hodge II). With abdominal examination, no more 
than one-fifth of the fetal head should be palpable abdominally 
if the vertex is engaged.

◆	 The fetal size has been estimated at less than 4500 g and clinical 
pelvimetry shows adequate mid and outlet pelvic dimensions.

◆	 Maternal analgesia is satisfactory.
◆	 Maternal bladder is empty.
◆	 The patient consents to the procedure.
◆	 The option of performing an immediate CD should be available 

if complications arise.
◆	 The operator is experienced and ready to stop the procedure if a 

reasonable number of attempts are not successful.

If the fetal presentation or position is uncertain, intrapartum 
ultrasound examination should be performed, as it is more accu-
rate than digital examination in this setting. Studies have shown 
that digital examination incorrectly defined fetal head position in 
over 25% of cases about to undergo operative vaginal delivery.40

Factors associated with an increased risk of failed opera-
tive delivery include occiput posterior position (Figure 12.20), 
one-fifth of the head palpable abdominally, the presenting part 
only as far as the ischial spines, excessive moulding of the fetal 
head, protracted labour, maternal obesity, and macrosomia.

The choice of instrument is determined by level of training and 
experience, availability, and the specific clinical situation. Further 
factors that might influence this choice are the degree of maternal 
analgesia and knowledge of the risks and benefits associated with 
each instrument. Vacuum devices should not be used to assist 
delivery prior to 34 weeks of gestation because of the risk of fetal 
intraventricular haemorrhage. Prior fetal scalp blood sampling 
or multiple attempts at fetal scalp electrode placement are also 
relative contraindications to vacuum extraction since these pro-
cedures may increase the risk of cephalohaematoma or external 

Table 12.5  Mnemonics

HELPERR

Call for Help

Evaluate for Episiotomy

Legs

Suprapubic Pressure

Enter manoeuvres (internal rotation)

Remove the Posterior arm

Roll the patient

HELPERR © ALSO (Advanced Life Support in Obstetrics).
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bleeding from the scalp wound. Overall, vacuum delivery is prob-
ably safer than forceps for the mother, while forceps delivery is 
probably safer than vacuum for the fetus. Vacuum devices are eas-
ier to apply, place less force on the fetal head, require less mater-
nal analgesia, result in less maternal soft tissue trauma, and do 
not affect the diameter of the fetal head compared to forceps. By 
comparison, the advantages of forceps are that they are unlikely 
to detach from the head, can be used on premature fetuses, result 
in less cephalohaematoma and retinal haemorrhage, and do not 
aggravate bleeding from scalp lacerations (Table 12.6).39

There are many different designs for forceps, but all consist 
of two separate blades that each have the same four compo-
nents: blade, shank, lock, and handle (Figure 12.21).

There is insufficient evidence to compare different types of 
forceps.40 Specific types exist for rotational applications (e.g. 
Kielland) and forceps application in case of an after-coming head 
during a vaginal breech delivery (e.g. Piper).

Vacuum devices include soft (silicone, plastic, rubber) and 
rigid (metal, plastic) cups (Figure 12.22). Smaller disposable 
hand-pumped devices are also becoming widely available (e.g. 
Kiwi® omnicup; Figure 12.23).

A meta-analysis of eight trials involving 1076 women com-
pared soft (silicone, plastic, rubber) vacuum extractor cups to 
rigid (metal, plastic) showed that soft cups were more likely to 

fail in achieving vaginal delivery (OR 1.63; 95% CI 1.17–2.28).41 
However, there were fewer scalp injuries and cephalohaematomas 
with the soft cup and no differences between groups with regard 
to maternal injury.

Trials comparing conventional vacuum devices to the Kiwi 
Omnicup® showed a statistically significant higher failure rate 
with the Kiwi Omnicup® compared to conventional vacuum (30.1 
versus 19.2% (RR 1.58; 95% CI 1.10–2.24)).42 It was also associ-
ated with a greater number of cup detachments (mean 0.68 com-
pared with 0.28, with 44% compared with 18% having at least one 
detachment; P < 0.0001). There was no difference in the incidence 
of severe maternal trauma, and there were no cases of serious neo-
natal injury. Therefore, most obstetricians will only use the elegant 
but expensive Kiwi Omnicup® device for the ‘easier’ procedures.

There is paucity of data to assess the benefits and risks of episi-
otomy in operative vaginal delivery. A large observational study 
demonstrated that mediolateral episiotomy (Figure 12.15) signifi-
cantly protected against anal sphincter damage in both vacuum 
and forceps delivery.42 Long-term maternal sequelae from opera-
tive delivery are primarily related to potential disturbances in 
urinary and anal function, such as urinary incontinence, faecal 

Figure 12.20  Occiput posterior position.

Table 12.6  Advantages of forceps and vacuum delivery

Favours vacuum Favours forceps

Less third and fourth degree tears 
(7.5% vs 14%)

Can be used before 34 weeks

Less vaginal wall lacerations  
(8% vs 26%)

Less cephalohaematoma (5% vs 9%)

Less severe postoperative pain  
(9 vs 15%)

Less retinal bleeding 5% vs 8%)

Easier to apply, less training 
required, less anaesthesia required

Less likely to fail (9% vs 14%)

Less facial injury (0.2% vs 1.7%) Less maternal concern about the 
babies appearance (see above, 
cephalohaematoma)

Reproduced with permission from Goldberg J and Glazer AB, Operative vaginal delivery, 
pp. 116–119, In Berghella V (ed) Obstetric evidence based guidelines, Informa Healthcare, 
UK, Copyright © 2012.

Figure 12.21  Forceps.
Courtesy of Fransesca Ferrando.

Figure 12.22  Ventouse.
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incontinence, pelvic organ prolapse, and, occasionally, fistula 
formation.

If performed, vacuum application should begin with low suc-
tion and be slowly increased to 0.7–0.8 kg/cm2. Traction should 
only be in the direct line of the vaginal canal and the cup should 
be positioned correctly to the fetal occiput, at the so-called flex-
ion point. Ideally, vacuum application should not last longer 
than 5 minutes as the risk for cephalohaematomas increases with 
increasing duration of application of the vacuum.42

After delivery, the neonatal care provider should be informed 
that the birth was attempted or assisted by vacuum or forceps. 
Since a serious complication, such as a subgaleal haematoma, can 
occur within hours of delivery, it is important that the infant care 
providers be informed by either a reliable charting method or 
direct notification.

The short-term complications to the fetus from operative vag-
inal delivery are usually caused by head compression and trac-
tion on the fetal intracranial structures, face, and scalp. The most 
serious complication is intracranial haemorrhage. Virtually all of 
these complications can also occur in the course of a spontaneous 
vaginal delivery, but the incidence is lower than with instrumen-
tal delivery. The reported incidence of each complication varies 
widely and depends on a number of factors, such as the equip-
ment used (metal, plastic, vacuum, forceps), fetal station, and the 
experience of the operator. Developmental outcome appears to be 
equivalent for both forceps- and vacuum-assisted births.42

Recently, next to forceps and vacuum, a new alternative instru-
ment, the Odón device (Figure 12.24), was developed. It is a 
low-cost device that may be safer and easier to apply than forceps/
vacuum extractor for assisted deliveries in developing countries 
but needs extensive clinical evaluation first.43

Figure 12.23  Kiwi Omnicup® device.
Courtesy of Clinical Innovations LLC.

Figure 12.24  Odón device.
Adapted from World Health Organization Odon Device Research Group. Feasibility and 
safety study of a new device (Odón device) for assisted vaginal deliveries: study protocol. 
Reproductive Health, volume 10, issue 33. 2013. © 2013 The World Health Organization 
Odon Device Research Group. This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

http://creativecommons.org/licenses/by/2.0
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Breech delivery
Breech presentation complicates 3–4% of all pregnancies at term 
(>37 weeks). The problem with vaginal breech delivery is that the 
head, usually the biggest part of the fetus, has to pass through 
the pelvis after the body has delivered. The term breech trial44 
has resulted in a change in practice in most countries, and it is 
now largely recommended that a breech baby is delivered by CD. 
It is also advised that women presenting with a fetus in breech 
at 36–37 weeks of gestation should be offered the opportunity to 
have their baby turned to cephalic near term (external cephalic 
version).45 The management summary of breech presentation at 
term is presented in Box 12.3.

Despite this, vaginal breech deliveries will continue to occur, 
even in institutions with a policy of routine CDs for breech pres-
entation, because of situations such as precipitous delivery, out-of-
hospital delivery, severe fetal anomaly or fetal death, and mother’s 
preference for vaginal birth. Therefore, it is essential for clinicians 
to maintain the skills of breech delivery. (For greater detail see 
Chapter 33.)

Delivery in twins
Twin pregnancies, either monochorionic or dichorionic, are at 
increased risk of intrapartum complications compared to sin-
gletons.47 The most frequent problems encountered are FHR 
abnormalities and complications related to dystocia and mal-
presentation. The delivery of twins therefore requires properly 
trained staff and a multidisciplinary approach. Globally, the 
feeling is that twins should be delivered by CD if the presenting 
twin (twin I) does not have a cephalic presentation.48 If twin I is 
cephalic, in the small majority of cases twin II will also be cephalic 
but the head will be obliquely placed. In other cases, twin II will be 
breech or transverse. Generally, twin II is the smaller of the twins. 
Chorionicity is another important determinant of the perinatal 

risks in twins and should also be taken into account in the deci-
sion process of how and when to deliver twins.49 (See Chapter 33 
for more details of the management of twins.)

Caesarean delivery
A CD is a surgical operative procedure in which one or more inci-
sions are made through the mother’s abdomen (laparotomy) and 
uterus (hysterotomy) to deliver one or more babies, or to remove 
a dead fetus. The first modern CD was performed by German 
gynaecologist Ferdinand Adolf Kehrer in 1881.

Technique
A number of different techniques for CD have been described and 
compared to each other.

While most CDs are performed under neuraxial blockade, 
patients should be given a prophylactic histamine 2 receptor 
antagonist like ranitidine. In some units, oral sodium citrate is 
given as well. Prior to skin incision, antibiotic prophylaxis should 
routinely be administered in order to reduce the incidence of 
endometritis and wound infection (e.g. cefazolin 2 g IV).50

The skin incision can be transverse or vertical. In general, a 
transverse (e.g. Pfannenstiel or Joel–Cohen) incision of approxi-
mately 15 cm is preferred for CD. This type of incision results in 
less postoperative pain, greater wound strength, and better cos-
metic results than a vertical incision. On the other hand, verti-
cal incisions sometimes allow faster abdominal entry cause less 
bleeding and nerve injury, and can be more easily extended if 
more space is required for access in specific cases (fibroids, abnor-
mal placentation, etc.).

Incision and dissection is performed using the scalpel for sharp 
dissection or electrocautery device in accordance with the sur-
geon’s preference. The dissection of the subcutaneous tissue layer 
can be performed blunt (with fingers) of sharp (with knife, dissec-
tion scissors of electrocautery). Blunt dissection (Misgav–Ladach 
technique) is probably the method of choice as it has been asso-
ciated with shorter operative times and decreased risk of vessel 
injury.51

For the opening of the fascial layer, a small transverse incision 
is usually made medially with and then extended laterally using 
blunt digital dissection or surgically using scissors. The rectus 
muscles are preserved and separated bluntly. Most authors favour 
using the fingers to bluntly open the peritoneum to minimize the 
risk of inadvertent injury to bowel, bladder, or other organs that 
may be adherent to the underlying surface. The abdominal incision 
should be adequate to allow atraumatic delivery of the fetus. The 
surgeon and the assistant can manually stretch apart the opening 
at the angles of the incisions if necessary. Also, sharp additional 
dissection may be necessary at this point. A routine bladder flap is 
not required, but some obstetricians choose to perform a bladder 
flap when a difficult delivery is anticipated (e.g. deeply engaged or 
large head). In these cases, creation of the bladder flap may help to 
keep the bladder dome out of the surgical field. In some patients, 
such as those who are not in labour, it may not be possible to make 
an incision in the lower uterine segment without first creating a 
bladder flap. Prior to opening the uterus (hysterotomy), the sur-
geon should determine the location of the placenta and the fetal 
lie. A correct estimation of the position can usually be obtained 
by palpating the uterus. If not, ultrasound (sterile probe) can be 

Box 12.3  Management of breech presentation at term

◆	 Offer and encourage external cephalic version (ECV) at term.
◆	 There is no simple algorithm for predicting ECV success.
◆	 Tocolysis with a betamimetic drug appears to increase 

ECV rates.
◆	 If vaginal delivery of breech presentation is chosen, ensure 

involvement of adequate staff.
◆	 Assisted breech delivery or Bracht manoeuvre may be equally 

effective.
◆	 Ensure that drill for nuchal arm and entrapped head is 

in place.
◆	 Maintain competencies through practice at caesarean deliv-

ery for breech and through regular manikin training.
◆	 Audit uptake and success rates of ECV.

Adapted with permission from Kate Grady, Charlotte Howell and Charles 
Cox, Managing Obstetric Emergencies and Trauma: The MOET Course 
Manual, Second Edition, Cambridge University Press, Cambridge, UK, 
Copyright © 2007.
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useful if it is important to avoid lacerating the placenta. The size 
of the hysterotomy should be large enough to allow atraumatic 
delivery of the fetus. A  transverse lower uterine incision (i.e. 
Monroe–Kerr or Kerr incision) is generally performed but the 
type of incision (vertical or horizontal) may vary depending on 
the position and size of the fetus(es), the location of the placenta, 
presence of uterine anomalies (didelphys (Figure 12.25), myomata 
(Figure 12.26)), and the development of the lower uterine segment.

Compared with vertical incisions, transverse incisions result in 
less blood loss, less need for bladder dissection, easier approxima-
tion, and a lower risk of rupture in subsequent pregnancies.52 If 
extension of the transverse incision is required, a ‘J’ or inverted ‘T’ 

extension is used as lateral extension is not possible without the 
risk of laceration of large blood vessels.

A ‘classical’ incision is a vertical incision that extends into the 
upper uterine segment/fundus. This type of incision is only rarely 
performed at or near term because it is associated with more 
maternal morbidity. In subsequent pregnancies, it is also associ-
ated with a higher risk of uterine dehiscence or rupture (4–9%) 
compared with low vertical (1–7%) and low transverse (0.2–1.5%).

The uterus is opened with a scalpel and care should be taken at 
that point not to injure the baby or the umbilical cord. Various 
techniques have been described to perform this safely. The uter-
ine muscle is elevated and carefully thinned, separating the uter-
ine tissue from the fetal membranes or skin. If possible, the fetal 
membranes are left intact until complete extension of the incision. 
Once the uterine cavity is entered, the hysterotomy incision can 
be extended using scissors or blunt expansion with the surgeon’s 
fingers. The latter technique is faster, has less risk of inadvertent 
trauma to the fetus, and may reduce blood loss and extension of 
the incision. The use of absorbable staples is not advocated and 
should be restricted to specific situations (e.g. open fetal surgery 
and ex utero intrapartum treatment (EXIT) procedure).

As a result of impaired uteroplacental blood flow after incision 
of the uterus, the time lag between the uterine incision and the 
delivery of the baby influences the blood gases and Apgar scores 
of the baby and should be kept as short as possible. At the same 
time, the extraction should be atraumatic for both the mother and 
baby. Extraction of the baby at CD is usually uncomplicated, but 
may be made more difficult in cases of oligo- or anhydramnion, 
extreme prematurity, a deeply impacted or floating fetal head, or 
an abnormal lie (breech, transverse). For each of these situations, 
specific techniques have been described, that go beyond the scope 
of this chapter.

However, in certain circumstances to aid delivery, the obstetri-
cian may request that the anaesthetist relax the uterus. This can be 
achieved by increasing the volatile agent if a general anaesthetic 
has been administered. Alternatively, sublingual glyceryl trini-
trate two puffs or subcutaneous terbutaline 250 mcg can be given 
if the patient is awake.

Once the baby is born, the cord is clamped and the baby is 
handed to a paediatrician or appropriately trained clinician for 
initial evaluation and stabilization depending on the (expected) 
condition of the neonate. Especially in premature babies, delayed 
clamping of the cord could be beneficial.53

Once the baby is delivered, IV oxytocin is administered by the 
anaesthetist to promote uterine contraction. Different regimens 
have been proposed (Table 12.7), but in order to avoid maternal 
cardiovascular complications, a slow continuous rather than fast 
bolus is advocated (5 IU slow IV over 10 minutes).

Manual extraction of the placenta results in more maternal 
morbidity (bleeding, endometritis, and low haemoglobin) and 
should be avoided when possible. Instead, gentle cord traction 
together with massage of the uterus and the use of oxytocin to 
enhance the contractile expulsion should be used to deliver the 
placenta. The surgeon then inspects the placenta for abnormalities 
and completeness. Subsequently, the uterine cavity is explored to 
ensure that the entire placenta has been removed and no parts of 
placenta or membranes are left.

Recently, carbetocin (Pabal®) has become available. Its use after 
CD has been associated with lower need for additional uterotonics 

Figure 12.25  Uterus didelphys.

Figure 12.26  Example of a uterus myomatosus.
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but the higher costs and restricted availability have so far limited 
the use of this drug.54

Closure of the uterus can be performed with or without exte-
riorizing the uterus based on individual clinical circumstances 
and personal preference. However, communication between the 
obstetrician and anaesthetist is important before this manoeuvre 
is carried out as the peritoneal stretching during exteriorization 
can cause considerable discomfort if the CD is under epidural and 
the patient should be warned. Spinal anaesthesia is usually of suffi-
cient density that the patient will not experience painful sensation.

For closure of the uterine incision, a single- or double-layer 
continuous closure can be opted for. The suture material used is 
often an absorbable synthetic monofilament (e.g. Monocryl®) or 
braided (e.g. Vicryl®) suture with sharp or blunt tip needles. The 
latter type of needle results in less glove perforation incidents, but 
reduced operative performance. Full thickness suturing, involv-
ing the endometrial layer results in less wedge-type healing defects 
6 weeks postpartum and may be beneficial. There is significant 
debate on whether a single- or a double-layer closure of the uterine 
incision should be performed, and the literature contains conflict-
ing evidence. Single-layer closure results in decreased operation 
time, but may be associated with increased risk for uterine dehis-
cence or rupture during a subsequent pregnancy. In a recent sys-
tematic review, a locked single-layer closure was associated with 
a significantly increased risk for uterine rupture compared to a 
double-layer closure (OR 4.96; 95% CI 2.58–9.52), but the authors 
of the review suggest that further study in a well-designed rand-
omized trial is necessary on the risks of single-layer uterine clo-
sure, given the limitations of the studies in this meta-analysis.55 
There is good evidence for the benefit of non-closure of the vis-
ceral and parietal peritoneum (decreased operating time) without 
clear indications for increased risk for adhesion formation or any 
other associated complication.56

The technique of fascial closure is critical as this provides the 
majority of wound tensile strength during healing. Care should 
be taken to avoid too much tension as strangulation of the wound 
edges could result in more postoperative pain and reduced wound 
healing quality. For transverse fascial incisions, a continuous clo-
sure with slowly absorbable braided suture (e.g. #0 or #1 polyga-
lactin 910)  is a common approach among general surgeons and 
obstetricians also commonly use this technique.57 The subcutane-
ous adipose layer is closed with interrupted delayed-absorbable 

sutures if the layer is 2 cm or more in thickness to avoid the for-
mation of a wound seroma.58

Reapproximation of the skin edges may be performed with sta-
ples or subcuticular suture; available data from randomized tri-
als do not allow a strong recommendation for one method over 
the other both in terms of cosmetic result as well as postoperative 
complications.59

Indications for caesarean delivery
While most CDS were performed traditionally for situations in 
which a vaginal delivery would jeopardize the health of the baby, 
the mother, or both, today, an increasing number of women are 
requesting a CD without medical indication. This ‘caesarean on 
request’ procedure is at the centre of a heated debate amongst 
health professionals and patients. As a result, CD rates have risen 
all over the world, both in developed as well as in developing 
countries. In China, a record level of 46% was recorded and many 
Asian, European, and Latin American countries report levels of 
25% and above. In the United States, the rate has also increased 
significantly, from 21% in 1996 to 33% of all births in 2011. Also, in 
the United States the rate varied widely between hospitals in 2009 
(range 6.9–69.9% of births). In Europe, there are significant differ-
ences between countries with the highest figures found in south-
ern European countries: in Italy the CD rate is 40%, in Belgium, 
it is just below 20%, while in the Nordic countries it is around 
15%. Strict guidelines for non-medically indicated CD before 39 
weeks have been established60 (NICE guidelines, ACOG guide-
lines, Roshan guidelines), as these procedures increase the risk for 
neonatal morbidity, especially respiratory adaptive problems.

Table 12.7  Proposed oxytocin regimens after caesarean delivery

Bolus Infusion Combination

5 IU slow 
IV/10 
min

Initial dose: 80 IU 
in 500 mL 

Ringer’s lactate 
over 30 min

Subsequent 
dose: 20 IU in 1L 

Ringer’s lactate 
at 125 mL/h

Oxytocin + ergometrine (0.5 mg) 

No significant reduction in blood loss

Oxytocin + misoprostol (200–800 mcg 
rectal or sublingual). Reduces the need for 
additional uterotonics

Oxytocin + tranexamic acid (10 mg/kg) 
given before caesarean delivery. Reduces 
the need for additional uterotonics and the 
amount of blood loss

Table 12.8  Factors affecting the probability of a successful VBAC

Decreased probability Increased probability

Hispanic ethnicity, African 
American race

History of prior vaginal delivery

Increased maternal age History of prior VBAC

Single marital status Non-recurring indication for 
prior caesarean (malpresentation, 
non-reassuring fetal heart pattern, etc.)

<12 years of education Greater cervical dilation/effacement at 
admission or rupture of membranes

Obesity (BMI ≥ 30 kg/m2) Spontaneous labour

Maternal disease (e.g. 
hypertension, diabetes)

Delivery at a rural or private 
hospital

Gestational age > 40 weeks

Labour induction or 
augmentation

Estimated fetal weight 
> 4000 g

Data from Eden KB, McDonagh M, Denman MA, et al. New insights on vaginal birth after 
cesarean: can it be predicted? Obstet Gynecol 2010:116:967–981.
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Vaginal birth after caesarean delivery
A woman with a previous CD has two options for mode of delivery 
in the subsequent pregnancy: a planned CD or a trial of labour 
after caesarean in order to try to achieve a vaginal birth after cae-
sarean (VBAC). A trial of labour appears to be a reasonable option 
for most women with a single prior low transverse CD with no 
other contraindications to vaginal delivery. Contraindications for 
trial of labour after caesarean include:61

◆	 prior uterine rupture
◆	 classical (vertical) uterine scar or complete (from endometrium 

to serosa) uterine scar from other surgery (myomectomy, inter-
stitial pregnancy, etc.)

◆	 Medical or obstetrical complication precluding vaginal birth
◆	 inability to perform emergency CD
◆	 multiple uterine scars.

VBAC success rates vary in the general population from 60% to 
80%.60 Obese (body mass index (BMI) > 30) women, women with 
more than one CD in history and women with macrosomic fetuses 
(>4000 g) have lower success rates.62 Much research has been ded-
icated to the development of tools to predict the success rate for 
VBAC in an individual patient. Most screening tools are not sensi-
tive enough to be clinically useful. One available for clinical use 

can be accessed freely at www.bsc.gwu.edu/mfmu/vagbirth.html 
and is based on a large multicentric cohort.63 Factors affecting the 
probability of VBAC are listed in Table 12.8.64

Complications and safety of VBAC are especially related to the 
risk of uterine rupture. The overall risk of uterine rupture during 
trial of labour after CD at term is 0.7% after one previous low trans-
verse CD versus 0.026% with a planned repeat CD.65 This means 
that overall there are about five to six additional ruptures per 1000 
women undergoing trial of labour after caesarean. The lowest risk 
is present when labour occurs spontaneously (0.4%). Induction 
of labour without prior history of vaginal birth, especially when 
using prostaglandins for cervical ripening, strongly increases 
the risk for uterine rupture.66 Other factors associated with an 
increased risk for uterine rupture are listed in Table 12.9.62,66–72

Fetal loss occurs in about 6% of women with uterine rupture at 
term which translates to an overall risk of intrapartum fetal death 
rate of about 20/100.000 in women attempting VBAC.62

Conclusion
While the physical process of labour and subsequent delivery has 
largely remained unchanged over the last centuries, the circum-
stances and medical monitoring have evolved towards a safe envi-
ronment for both mother and child.

The role of the anaesthesiologist in the birth process has become 
crucial not only in providing pain relief when requested or medi-
cally indicated, but also in contributing to the multidisciplinary 
team approach to rare, but potentially fatal obstetrical emergencies.

We hope this chapter helped to familiarize readers with the normal 
and dysfunctional birth and to enthuse anaesthetists, obstetricians, 
midwives, and other caregivers to further improve collaboration and 
qualitative care for the sake of mothers and children.
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CHAPTER 13

Non-pharmacological methods  
of pain relief and systemic 
analgesia in labour
Grace McClune and David Hill

Introduction
Pain in labour is a nearly universal experience for childbearing 
women; for many it is the most severe pain they will feel during 
their lifetime.1 The management of labour pain, however severe, 
is one of the major goals of intrapartum care. The experience 
of labour pain is complex and individual. Women’s desires for 
and expectations of pain relief during labour and delivery differ 
widely. Fortunately there are many options, both pharmacologi-
cal and non-pharmacological, for the modification and relief of 
this pain. Epidural analgesia remains the most effective method of 
pain control and is a popular choice for many women, but it is not 
a universal solution.2 Many women wish to avoid the risks of this 
invasive procedure and opt for other pharmacological solutions 
to reduce pain. Others prefer to completely avoid the pharmaco-
logical approach if possible, instead opting for complementary 
approaches to the reduction of pain and suffering. Their choice 
may be influenced by many factors including availability, possible 
side effects on themselves, their baby, or both, and the potential 
influence their chosen mode of pain relief may have on the birth 
process itself.3

A 2008 systematic review of women’s expectations and expe-
riences of pain relief in labour demonstrated that women were 
inadequately prepared for the reality of labour pain. They were 
therefore unable to make informed choices about pain relief. 
Women need to be informed antenatally about the options for pain 
relief in labour and the risks and benefits of the choices available.4

As part of the delivery suite team, anaesthetists should appreci-
ate the need for labour analgesia and the merits and drawbacks 
of the varying options. This chapter will discuss the physiology 
behind labour pain, the history of analgesia in labour, the current 
non-pharmacological methods of pain relief available, and the use 
of systemic analgesia in labour.

Pain in labour
The International Association for the Study of Pain describes 
pain as ‘an unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage, or described in terms 
of such damage’.5 The ability of the body to detect potentially 
tissue-damaging stimuli is an important protective mechanism 

that involves multiple interacting peripheral and central mecha-
nisms. However, unlike other acute and chronic pain experiences, 
labour pain is not in most cases associated with pathology, but 
with the birth of a baby, one of the most basic and fundamental of 
life’s experiences.6

Historically, pain was considered by the medical profession to 
be an inevitable response to tissue damage. No consideration was 
given to the roles of emotion, past experience, anxiety, or expec-
tation. It would be a mistake to view pain simply as a sensory 
message of peripheral tissue trauma, coded in peripheral nerves, 
transmitted in central neural pathways, and decoded in the brain. 
If this were the only view taken then the management of pain in 
labour would concentrate on eradication of pain sensation through 
pharmacological means as the only relevant technique. Methods 
of decreasing the affective component of pain or of decreasing but 
not eliminating the sensory component may be dismissed as inef-
fective if a purely neurophysiological model is adopted.7

The gate control theory of pain, first proposed in 1965, sug-
gested that the transmission of pain signals from peripheral nerves 
through the spinal cord is regulated by other peripheral nerves and 
by interneurons in the spinal cord and central supraspinal centres. 
Local processes within the spinal cord either ‘open the gate’, and 
allow for transmission to higher centres, or ‘close the gate’, pre-
venting transmission of the signal. This emphasis on central neu-
ral mechanisms forced the medical and biological science worlds 
to accept the brain and spinal cord as active systems that filter, 
select, and modulate inputs. This hypothesis has been revised and 
expanded since its inception; the current theory describes pain 
as a neuromatrix that integrates multiple sensory and cognitive 
inputs to produce an output that is recognizable as the sensation 
of pain. This neuromatrix includes somatosensory, thalamocorti-
cal, and neurohumoral components that interact with the emo-
tional and cognitive components of the limbic system and higher 
cortical centres (Figure 13.1).8–10

Peripheral pain pathways in labour
The detection of noxious stimuli requires activation of periph-
eral nociceptors and signal transduction into action potentials 
for conduction to the central nervous system. Nociceptive affer-
ents are widely distributed throughout the body and comprise 
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both medium-diameter, lightly myelinated A-delta fibres and 
small-diameter, slow-conducting, unmyelinated C fibres. 
Polymodal C-fibre nociceptors, which respond to a broad range 
of physical and chemical stimuli, are responsible for the majority 
of labour pain.11

Pain originates from different sites as the process of labour 
progresses (Table 13.1). This process can be divided into three 
stages: the first stage from the onset of cervical change until 10 cm 
or full dilatation; the second stage from full cervical dilatation 
until delivery of the baby; and the third stage from delivery of the 

baby to expulsion of the placenta and membranes. Pain in the first 
and second stages is considered below.

First stage of labour
Pain in labour begins with diffuse, poorly localized, cramp-
ing visceral sensations. The pressure generated during contrac-
tions of the uterus and in stretching of the cervix stimulates 
high-threshold mechanoreceptors.12 At the same time, uterine 
chemoreceptors are activated by the release of bradykinin, hista-
mine, serotonin, acetylcholine, and potassium ions from uterine 
myocytes due to ischaemia of the tissues during contractions, and 
to aid cervical ripening and dilatation.13 Following stimulation 
of these mechano- and chemoreceptors, the pain signal is trans-
mitted through A-delta and C primary afferent nerve fibres from 
the uterus to the spinal cord. These fibres accompany sympathetic 
nerves through the inferior and superior hypogastric plexus, and 
the lumbar and lower thoracic sympathetic chains; they end in 
communication with the dorsal rami of T10–L1 (Figure 13.2).14

Similar to other types of visceral pain, labour pain may 
be referred to the abdominal wall, lumbosacral region, iliac 
crests, gluteal areas, and thighs.12 Many women experience 
contraction-related low back pain, for some this becomes contin-
uous between contractions. Some women experience very wide-
spread and diffuse pain sensations, whereas others may feel very 
localized pain in specific, well-defined areas.6

Second stage of labour
Towards the end of the first stage of labour and during the sec-
ond stage of labour, distension and traction on the pelvic struc-
tures, the pelvic floor, and the perineum results in predominately 
somatic pain. These stimuli are carried via mostly A-delta fibres 
passing in the parasympathetic bundle of the pudendal nerve to 
the dorsal rami of S2–4 and result in sharp well-localized pain.15 
In addition, the parturient experiences rectal pressure and an urge 
to ‘bear down’ as the presenting part of the fetus descends into the 
pelvic outlet (Figure 13.2).16
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Figure 13.1  Schematic representation of pain neuromatrix.
Data from Melzack R. From the gate to the neuromatrix, Pain, 1999; 6:S121–S126, Copyright 
© 1999 Elsevier.

Table 13.1  Peripheral pathways and mechanisms of labour pain

Site of 
stimulus

Mechanism of 
stimulus

Peripheral pathway Site of pain 
sensation

Uterus Pressure, 
distension, 
and ischaemia 
leading to release 
of inflammatory 
mediators

Visceral afferent 
fibres accompanying 
sympathetic nerves to 
dorsal rami of T10–L1

Abdomen 
(upper, mid, 
and lower)

Groin

Lower back

Cervix Pressure, 
dilatation, 
tearing of tissues, 
and release of 
inflammatory 
mediators

Visceral afferent 
fibres accompanying 
sympathetic fibres to 
dorsal rami of T10–L1

Groin

Lower back

Lumbosacral 
region

Pressure (fetal 
malposition)

Lumbosacral plexus 
L5–S1

Lower back

Thigh

Bladder Pressure Visceral afferent 
fibres accompanying 
sympathetic fibres to 
dorsal rami of T10–L1

Suprapubic

Vagina Distension and 
tearing of tissues

Somatic afferent 
fibres accompanying 
parasympathetic nerves 
to dorsal rami of S2–4

Vagina

Perineum Pressure and 
tearing of tissues

Pudendal nerve (S2–4) Perineum

T10–L1

S2–S4

Figure 13.2  Peripheral pain pathways in labour.
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Sensitization
The increasing intensity of pain commonly observed in labour may 
be partially attributable to a lowered activation threshold in the 
mechanoreceptors, and to chemoreceptor stimulation produced 
by the repeated uterine contractions. This process of sensitiza-
tion of peripheral nociceptors occurs by way of the inflammatory 
products released from uterine myocytes during labour and in the 
process of cervical dilatation. These substances (prostaglandins, 
cytokines, and growth factors) result in a change in dorsal root 
ganglion cell numbers, peptide expression and release, receptor, 
and ion channel expression. For example, inflammatory media-
tors alter the expression of sodium channels subtypes resulting in 
more rapid, repetitive firing capabilities and spontaneous afferent 
activity.8

Central pain pathways in labour
Labour pain transmission includes both the ascending and 
descending pathways of the central nervous system (Figure 13.3).

Ascending pathways
Primary afferent terminals in the spinal cord contain excitatory 
amino acids, peptides, and neurotrophic factors, which act as 
neurotransmitters and are released by different intensity stim-
uli.17 Most of the primary afferent neurons synapse initially in 
the substantia gelatinosa (the superficial laminae I and II) of the 
dorsal horn in the spinal cord. Locally projecting interneurons 
then synapse with the deeper wide dynamic range neurons of 
lamina V. Secondary neurons whose cell bodies lie in the dor-
sal grey matter of the spinal cord transmit the stimuli via the 
spinothalamic tract to the thalamus. There another synapse 
occurs before transmission reaches the brainstem and cerebel-
lum, where spatial and temporal analysis occurs, and the hypo-
thalamic and limbic systems, where emotional and autonomic 
responses originate.18

Descending pathways
At the level of the dorsal horn, motor and sympathetic reflex activ-
ity is stimulated. Modulation of nociceptive impulse transmission 
may occur through several complex inhibitory systems activated at 
many levels of the central nervous system. Inhibitory modulation 
within the dorsal horn and can be mediated by non-nociceptive 
peripheral inputs, local inhibitory interneurons, descending bul-
bospinal tracts, and higher-order brain functions.6,11

Psychological and environmental factors
Psychological factors that influence the experience of pain include 
attention, memory, or learning, thought processing, beliefs, 
mood, behavioural responses, and interactions with the environ-
ment. In comparison to the non-pregnant state there are a number 
of factors that can influence the perception of pain in pregnancy. 
Fear may be intense, particularly in nulliparous women, or in 
those with a previous bad experience. Generalized anxiety related 
to the pregnancy, its outcome, or its implications for the woman 
may enhance her perception of pain. Poor knowledge and/or mis-
information may exacerbate this situation. Certain cultures are 
more emotive and expressive than other, more stoic ones, lead-
ing possibly to differences in pain behaviours rather than in the 
extent of pain felt.19 Fatigue and general debility, common in late 
pregnancy, may also contribute to the experience of labour pain. 
Positive attitudes to pregnancy on the other hand, may increase 
tolerance to pain, with labour pain being seen as a positive force 
rather than a destructive one. For example, younger women have 
a physiological advantage in their tolerance to pain, but older or 
multiparous women may be more relaxed and less fearful, leading 
them to tolerate pain better.11

In summary, pain is a highly abstract and subjective experi-
ence, not simply the transmission of stimuli from nociceptors. 
Noxious or nociceptive stimuli are centrally received and inter-
preted through the interaction of a wide variety of emotional, 
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Figure 13.3  Central pain pathways in labour.
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motivational, social, cultural, and cognitive variables unique to 
the individual. It is this intensely personal interpretation of nox-
ious sensory stimuli transmitted during labour that determines a 
woman’s private experience of pain.6,12

Adverse consequences of labour pain
Pain is undesirable due to its unpleasant physical sensations and 
emotional effects but also because of a variety of potential adverse 
physiological and psychological consequences.

Hyperventilation
Hyperventilation in labour is common and can lead to hypocap-
nia and respiratory alkalosis. Profound hypocapnia may inhibit 
ventilatory drive between contractions leading to hypoxia, diz-
ziness, and loss of consciousness. Maternal alkalosis decreases 
placental blood flow due to uteroplacental vasoconstriction and 
impairs the transfer of oxygen to the fetal circulation due to an 
increased affinity for oxygen by maternal haemoglobin and there-
fore decreased off-loading to the fetus (a shift in the oxygen dis-
sociation curve to the left).16,20

Hypertension
Increases in cardiac output and blood pressure via sympathetic 
activity and increased venous return associated with uterine con-
tractions may cause hypertension, which can be problematic in 
cardiac disease and pre-eclampsia.11

Catecholamine release
The neuroendocrine responses to pain and stress (increased 
maternal catecholamine secretion) can cause vasoconstriction 
and reduced placental perfusion; reduced fetal oxygenation; fetal 
acidosis; and fetal bradycardia.16

Delayed gastric emptying
The effect of labour on gastric emptying and acidity is unclear; 
delayed emptying and increased acid secretion have been 
suggested.11

Psychological
Severe labour pain has been implicated in contributing to 
long-term emotional stress, with potential adverse consequences 
on maternal mental health and family relationships. Women who 
experience unrelieved pain during labour may be more likely to 
develop postpartum depression and it is a recognized risk factor 
for post-traumatic stress disorder.21,22

Non-pharmacological methods  
of pain relief in labour
There are a wide variety of non-pharmacological approaches to 
the relief of pain in labour, many of which are taught to women 
and their birthing partners at antenatal classes. Some methods 
reduce pain while others help women cope better with their pain 
by enhancing the psycho-emotional and spiritual components of 
care. Any technique that promotes mental and physical relaxation 
will decrease anxiety and catecholamine levels, and should pro-
mote increased uterine perfusion, more efficient and less painful 
uterine contractions, and less fetal distress. Some techniques are 
simple and can be performed by midwives or birthing partners 
with little training, others such as acupuncture require special-
ized accreditation and therefore have larger cost implications. 

Non-pharmacological forms of pain relief can be classified as 
techniques that reduce painful stimuli, techniques that acti-
vate peripheral sensory receptors, and techniques that enhance 
descending inhibitory neural pathways (Table 13.2).23 In most 
cases, there are few randomized control trials supporting the use 
of these techniques but maternal satisfaction is often high with 
almost half of women reporting the use of complementary thera-
pies in labour.24

The reduction of painful stimuli
Completely avoiding the painful stimuli that arise from uterine 
contractions or from pressure on maternal tissues by the fetus 
is not feasible without pharmacological intervention but tech-
niques to reduce the extent of this stimulation do exist. This is the 
purpose of practices such as variations in maternal positioning, 
movement, and counter-pressure.

Maternal movement and positioning
Labouring women find that they experience less pain in some 
positions than in others and consequently walk, move, and change 
positions spontaneously to make themselves more comfortable.25 
Pelvic dimensions vary with differences in maternal position and 
these changes may help to reduce labour pain. For example, pres-
sure of the fetal head on the sacroiliac joint may be relieved if the 
parturient moves from a lying down position to being on her hands 
and knees. Changes in position may also help to accelerate labour 
by increasing pelvic diameter and facilitating the rotation and 
engagement of the fetal head.26 The ‘birth ball’ is a large inflated 
exercise ball that has been adopted by many maternity units to 
aid movement of women in labour and help relaxation. The ball 
expands the number of positions women can use and offers sup-
port for movement, for example, bouncing during contractions.
Efficacy
Most trials of movement and positioning during the first stage of 
labour have compared various upright positions with horizontal 
positions for their effects on pain and labour progress. Women 
consistently find sitting or standing positions more comfortable 
than being supine, though they do favour lying on one side with 

Table 13.2  Non-pharmacological methods of pain relief in labour

Reduction of 
painful stimuli

Activation 
peripheral sensory 
receptors

Enhancement of descending 
inhibitory neural pathways

Movement and 
positioning

Temperature 
modulation

Childbirth education

Counter-pressure Hydrotherapy Attention focusing and 
distraction

Massage and 
reflexology

Relaxation, music, and 
audioanalgesia

Acupuncture and 
acupressure

Hypnosis

TENS Biofeedback

Sterile water 
injections

Aromatherapy
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advanced labour.27 Studies have also shown reduced pain scores 
in labour and at delivery in women who use birthing balls.28,28 
Despite anecdotal evidence, there is no trial confirmation that 
walking produces shorter labours.30 A  2012 systematic review 
evaluated the routine use of the supine position during the second 
stage of labour to other positions and found that women experi-
enced more severe pain in the supine position and had a prefer-
ence for other birthing positions.31

Limitations
Many labouring women are restricted to bed due to the need 
for fetal heart rate monitoring or intravenous (IV) fluid and 
drug administration. In addition, midwives often need to sug-
gest specific positions to accelerate labour or correct fetal or 
maternal problems (e.g. fetal heart rate decelerations or mater-
nal hypotension). A survey in 2005 found that more than 75% of 
women did not walk around while in labour. Aside from those 
who were receiving pharmacological analgesia restricting them 
to bed, the most common reason women gave for not walking 
was: being ‘connected to things’ (e.g. fetal heart rate monitor), 
or being ‘told not to walk around’. However, 60% of the women 
did report changing positions while in bed to relieve pain dur-
ing labour.32

Implications for practice
Evidence suggests that in the first stage of labour the use of upright 
positions, interspersed with other positions, is associated with less 
painful labour; one popular option for achieving this is the use of 
birthing balls. Where possible, delivery in a position other than 
supine produces less discomfort.

Counter-pressure
Counter-pressure consists of a steady strong pressure applied to 
the lower back or each side of the hips during contractions. This 
appears to alleviate back pain in some women particularly when 
pain is related to an occiput posterior position. There are currently 
no trials evaluating the effectiveness of this technique.

Activation of peripheral sensory receptors
The transmission of pain from the uterus, cervix, and pelvic joints 
is potentially inhibited by the stimulation of large, afferent sen-
sory nerve fibres, which carry impulses towards the central nerv-
ous system, and by the release of endorphins and encephalins, 
which mediate the experience of pain. There are a number of com-
plementary therapies that utilize this process.

Temperature modulation
Hot packs to the abdomen, back, or perineum or a warm blanket 
over the entire body in the second stage of labour have the poten-
tial to relieve the burning sensation of pain. Hot baths or showers 
produce a number of beneficial effects including relaxation and 
increased well-being. A reduction in pain perception occurs as a 
result of the stimulation of tactile and thermal receptors by warm 
water.23 For some women, the use of extreme cold may be simi-
larly useful in decreasing pain perception.
Implications for practice
The effects of temperature modulation have not been evaluated 
in controlled trials but observational evidence suggests that these 
techniques are effective. Provided care is taken not to cause burns 
to the skin, this practice is simple, inexpensive, and safe.33

Hydrotherapy
Women labour in warm water for mental and physical relaxa-
tion and pain relief. Immersion takes place in a pool, tub, or bath, 
which is larger than a normal domestic bath, and may be use for 
one or more stages of labour, and for any duration.
Maternal effects
There are many proposed advantage to hydrotherapy in labour. 
The buoyancy of water enables women to move more easily. The 
warmth of the water may induce muscle relaxation and reduce 
anxiety, decreasing release of catecholamines and stimulating 
the release of endorphins. Water immersion is associated with 
improved uterine perfusion, less painful contractions, and poten-
tially a shorter labour with fewer interventions.34–36 Hydrotherapy 
also has marked physiological effects on the cardiovascular 
system; shoulder-deep warm water immersion reduces blood 
pressure due to vasodilatation of the peripheral vessels and redis-
tribution of blood flow.37 Immersion during labour also increases 
maternal satisfaction and sense of control. Subsequently, if the 
mother is not fearful, oxytocin release is optimized, stimulating 
effective contractions. In addition, the ease of mobility that water 
immersion offers may optimize fetal position.38

A number of potential maternal adverse effects of water immer-
sion during labour have, however, also been proposed. There is 
the possibility that it may promote unrealistic expectations about 
labour, restrict choice of analgesia, reduce contraction effective-
ness, and increase perineal trauma, an increased risk to the mother 
of infection caused by water entering the uterus. Potentiation 
of bleeding after delivery of the placenta and an increase in the 
incidence of manual removal of the placenta is also a concern. 
Injuries to women may occur when attempting to get out of the 
bath quickly and emergency interventions may be delayed if it is 
difficult to get the mother out of the bath or if the water does not 
flow out quickly.39–41

Efficacy
A 2009 systematic review stated that most of the evidence on the 
use of water immersion is based on observational studies with 
few randomized controlled trials. These have nevertheless shown 
immersion in water to significantly reduce maternal pain, the use 
of epidural/spinal analgesia, and blood pressure as well as demon-
strating a decreased incidence in operative delivery and perineal 
trauma.42 Factors such as depth of water, size of the pool, and 
whether the water is still or aerated/whirlpool water have not been 
compared, as pool design and practice have tended to be based on 
local availability and customs. Although the use of additives to the 
water, such as essential oils, appears to be gaining popularity, to 
date no trial has generated reliable evidence to support or refute 
the use of any additive.
Neonatal effects
The fetus potentially benefits from hydrotherapy by way of a relaxed 
mother, as this maximizes placental oxygen perfusion.43 Concerns 
have been raised, however, in regard to neonatal respiratory dif-
ficulties, thermoregulation during labour, and infection. The div-
ing reflex (apnoea on expiration with a closed larynx) prevents a 
healthy baby born in water from drowning. This reflex is stimu-
lated via facial skin receptors triggered as the skin makes contact 
with the water. Fetal breathing is also inhibited by way of sensors in 
the oral pharynx, including free nerve endings/taste buds, which 
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prevents aspiration. Conversely, a compromised neonate born 
underwater has the potential to gasp before the nose and mouth are 
above the surface, inhaling bath water into the lungs. Inhalation of 
even a small quantity of fresh water can be absorbed quickly into 
the circulation causing appreciable haemodilution and fluid over-
load.44 There have been two reports of neonatal death following 
water-birth attended by a midwife.42 However, a direct causal link 
cannot be assumed on the limited evidence available in these cases.

The water temperature of a pool should not exceed the maternal 
body temperature, as immersing a woman in water above her nat-
ural core temperature will result in fetal hyperthermia. High tem-
peratures have been identified as a safety issue by several authors 
as being associated with fetal mortality and morbidity, based on 
individual case studies and/or theory.44–46 It has been suggested 
that neonatal infection may occur due to cross-contamination 
from the water and pool, and from the mother. However, a 
2009 systematic review concluded there was not a significantly 
increased risk of infection for the fetus/neonate.42

Implications for practice
Overall, the evidence indicates that hydrotherapy decreases 
maternal pain levels and reduces the uptake of pharmacological 
analgesia. There is little evidence to support the concerns over 
adverse neonatal effects. The UK Department of Health currently 
recommends that a pool facility should be an option available to 
women in all UK maternity units, and is promoting water immer-
sion during labour and water-birth as a means of empowering 
women and is consistent with the current agenda of normaliz-
ing birth.47,48 Hydrotherapy during the first stage of labour can 
be supported for women at low risk of complications. There is no 
clear evidence to support or discourage a woman’s decision to give 
birth in water.

Massage and reflexology
Massage involves manipulation of the body’s soft tissues. It is an 
ancient technique that has been widely employed during labour, 
to help relax tense muscles and to soothe and calm the individual. 
However, relatively little study has been undertaken examining its 
effects in the intrapartum period. Different massage techniques 
may suit different women: a woman who is experiencing backache 
during labour may find massage over the lumbosacral area sooth-
ing; others find light abdominal massage comforting. Women may 
vary in their response to massage. Some prefer to be massaged 
during contractions, which helps to ‘spread the pain’ while some 
prefer to be massaged after each contraction to relax and soothe 
tired muscles. Massage may help to relieve pain by relieving mus-
cle spasm, distracting from pain, providing a sense of relaxation 
and reducing anxiety, decreasing pain intensity by inhibiting sen-
sory transmission in the pain pathways, or by improving blood 
flow and oxygenation of tissues.49

Pressure applied to the feet has been shown to result in an anaes-
thetizing effect on other parts of the body. Reflexologists propose 
that these effects are due to reflex points on the feet corresponding 
to organs and structures of the body and that pain may be reduced 
by gentle manipulation or pressing certain parts of the foot.50 It is 
claimed that by applying pressure to ‘reflex zones’, energy blocks 
or disturbances such as calcium, lactate, or uric acid crystals are 
reabsorbed and later eliminated. This process is more commonly 
known as detoxification. Reflexology may also reduce stress and 
tension.51

Implications for practice
There are few trials evaluating the benefits of massage therapy in 
labour, those that do exist suggest that massage is a useful therapy 
in alleviating pain for some women in labour without the risk of 
adverse effects.52,53 There is only anecdotal evidence supporting 
the use of reflexology.54 Professional training programmes for 
massage and reflexology therapists vary from country to country 
and may be undertaken as part of a broader health professional 
training or as a profession in their own right.55

Acupuncture and acupressure
Acupuncture involves the insertion of fine needles into differ-
ent, specific parts of the body. Other related techniques include 
acupressure—applying pressure on the acupuncture point. It uses 
fingers or small beads instead of needles at the same points on 
the skin. These techniques are ancient healing arts, which are 
regarded as conventional medicine in the Far East. The aim is that 
by stimulating acupuncture points located on the hands, feet, and 
ears, labour pain is reduced. Several ideas have been presented 
to explain how acupuncture works. Traditionally acupuncturists 
believed that health was dependent on the correct flow of energy 
through the meridians (invisible tracts running through the 
body). The strength and clarity of these meridians govern the vital 
health of all the vital organs in the body. If the person is ill, then 
the energy flow is blocked or unbalanced. The aim is to stimulate 
the appropriate meridians by using needles, heat, electricity, and 
pressure at certain points. When these blocks are removed, energy 
can flow and the body can heal itself.

Since most acupuncture points are either connected to, or 
located near, neural structures, this suggests that acupuncture 
stimulates the nervous system, supporting the gate control theory 
of pain modulation.56,57

Efficacy
For labour pain, the ideal placement of needles depends on the 
degree and location of pain, the stage of labour and a variety of 
other factors such as anxiety and fatigue.56 The evidence for the 
use of acupuncture in labour is conflicting. Studies into its use 
have given conflicting results, with some concluding that it is inef-
fective, while others that it is a valuable analgesic technique. One 
reason for this may be the lack of standardization of acupunc-
ture points and methods used.58,59 Recent systematic reviews 
(2010, 2011, and 2012) of studies into complementary therapies 
for labour all concluded that acupuncture might play a role in 
increasing patient satisfaction with pain relief and in reducing 
the use of other analgesia; but it is unlikely to help reduce pain 
intensity. When asked, women receiving acupressure state that 
they experience less pain when compared with controls, but their 
use of pharmacological analgesia or satisfaction with this analge-
sia does not seem to be influenced. Acupuncture or acupressure 
may have different effects at different time-points and these effects 
may only be transient; increased maternal satisfaction with other 
methods of analgesia may be the real benefit.54,60,61

Implications for practice
The systematic reviews conclude that there is insufficient evidence 
on acupuncture to make firm clinical recommendations. This 
view is supported by the UK’s National Institute for Health and 
Care Excellence clinical guideline on intrapartum care, which 
state that ‘acupuncture, acupressure should not be provided (as 
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routine care), but women who wish to use these techniques should 
not be prevented from doing so’.62

Transcutaneous electrical nerve stimulation
A transcutaneous electrical nerve stimulator (TENS) is a device 
that emits low-voltage pulsatile electrical impulses, which vary in 
frequency and intensity. In labour, the electrodes from the TENS 
machine are attached to the lower back, placed about 2 cm over 
the T10–L1 dermatomes either side of the spinous processes to 
provide analgesia for the first stage of labour. A second set of elec-
trodes is placed over the S2–4 dermatomes for second-stage pain 
relief. Low-intensity, high-frequency (100–200 Hz) TENS stimu-
lates the A fibres at these dermatomes blocking pain transmission 
to the brain. Lower frequency stimulation at 40–60 Hz, causes the 
release of endorphins, which bind to opiate receptors, increasing 
pain tolerance.63,64 Women can alter the amount of current sup-
plied to the electrodes providing some degree of control through-
out their labour. TENS can also be applied to acupuncture points 
or directly to the head by trained staff.

TENS has minimal side effects and may be appropriate for 
women who have contraindications to other methods of pain 
relief or where other methods are not available. By reducing anxi-
ety, increasing a sense of control, and by providing distraction, 
TENS increases a woman’s sense of well-being and thereby also 
reduces pain in labour. TENS may also reduce the length of labour 
by suppressing the release of catecholamines, which can inhibit 
the contraction of the uterus and thereby, delay progress. It is con-
traindicated in patients with a cardiac pacemaker and is not advis-
able for use in patients with epilepsy and should be discontinued 
should any skin irritation occur on the electrode sites.56,65

Efficacy
A 1997 systematic review of the evidence for TENS in labour found 
little evidence for the use of TENS.66 One study, however, found 
that women reported moderate to good pain relief from TENS 
when surveyed post delivery, but that pain scores while in labour 
did not differ when compared to sham TENS. A significantly big-
ger proportion of women in the TENS treatment group claimed 
that they would chose to use TENS in future labours compared 
with those in the sham TENS control group. When considering 
the use of additional analgesia as a secondary measure of effec-
tiveness there was a small but demonstrable benefit to TENS in a 
number of studies.66,67

Implications for practice
The evidence from randomized trials for analgesic benefits from 
TENS during labour is not compelling but does hint towards an 
analgesic-sparing effect and a positive response from women with 
many choosing to use it again for future births. Experienced prac-
titioners state that TENS may be more effective if initiated in early 
labour, to allow for the build-up of endorphin production before 
the pain becomes severe.67

Sterile water injections
The incidence of low back pain in labour is estimated to be any-
thing up to 75%. Sterile water administered intradermally can 
be used to reduce this pain. Intracutaneous injections of sterile 
water are used at four sites in the lower back, approximately cor-
responding to the borders of the sacrum. A small bleb is produced 
by injection of approximately 0.1 mL of water between the der-
mal layers of the skin. Two are placed 3–4 cm either side of the 

lumbar-sacral spine, with the other two sites 2–3 cm below and 
1–2 cm medial to the original injection points. Injections may also 
be given subcutaneously. The exact location of injections does not 
appear to be critical to their success.68 The injections themselves 
are associated with acute somatic pain so they are usually given at 
the height of a contraction, either sequentially or simultaneously. 
The injection site pain lasts around 30 seconds and as it begins to 
subside, so does the referred pain from the viscera, with the anal-
gesic effect lasting for 2–3 hours.69

The mechanism of action of this therapy is not well understood. 
The injection of intradermal sterile water produces irritation in 
the skin; these changes may trigger the A-delta cutaneous afferent 
pain fibres leading to endorphin release similar to that seen with 
acupuncture. Alternatively, hyperstimulation of somatic nerves 
may overwhelm the visceral component; referred stimulation to 
relieve referred pain. Another explanation is that it may exert its 
effect through physiological distraction.70 Similar injections of 
normal saline are not associated with such intense pain but do not 
then produce the subsequent analgesia effects.
Efficacy
Several randomized control trials comparing the effects 
of intradermal water blocks to placebo or to an alternative 
non-pharmacological method for the treatment of low back pain 
in labour have reported that water blocks decrease low back pain 
in labour.71–76 However, the authors of a 2012 systematic review of 
all studies to date felt that the comparatively low total number of 
participants severely limited the applicability of the evidence to 
clinical practice.70

Implications for practice
Despite this rapidly becoming a popular form of analgesia, there 
is no robust evidence that it is effective for either intractable back 
pain in labour or the pain associated with uterine contractions.

Aromatherapy
Aromatherapy is the use of essential oils, highly concentrated 
aromatic substances extracted from plants by a process of distil-
lation or cold compression. The mechanism of action for aroma-
therapy is unclear: the oils are thought to increase the secretion of 
the body’s own sedative, stimulant, and relaxing neurotransmit-
ters (paracrine and endocrine) by activation of the limbic system. 
They may be massaged into the skin, or inhaled by using a steam 
infusion or burner.65

Efficacy
Studies (in areas outside of obstetrics) investigating psychologi-
cal and physiological effects of essential oils showed no change on 
physiological parameters such as blood pressure or heart rate but 
did indicate psychological improvement in mood and anxiety.77 
One large study looking at the use of aromatherapy in labour 
reported that half of the women found it ‘helpful’ in reducing fear 
anxiety and pain.78 A 2011 systematic review reported no differ-
ence in pain intensity or the use of pharmacological agents when 
using aromatherapy.79

Implications for practice
As aromatherapy is increasing in popularity among midwives and 
nurses, it is important to note that it may have undesirable side 
effects such as nausea and headache. Some experts have stated 
that ‘essential oils are as potent as pharmacological drugs and 
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are equally open to misuse or abuse, whether intended or not … 
and until more clinical research trials have been undertaken, it 
would be prudent for midwives to work cautiously with essential 
oils, using the lowest possible dose and on the least number of 
occasions’.80

Enhancement of descending inhibitory pathways
Techniques such as antenatal education, relaxation, music, and 
hypnotherapy aim to engage the brain’s inhibitory response to 
pain, either consciously or subconsciously, potentially reducing 
the severity of the sensations and helping the parturient to cope 
with the pain.

Childbirth education
Antenatal education consisting of individual or group classes is 
partly designed to inform pregnant women and their partners 
about the labour and birth process. Amongst other things this 
education covers analgesia options and ‘self-help’ measures. The 
content of these classes and other research done by expectant 
mothers can help them to identify and understand their own cop-
ing styles and preferences and develop their own coping strategies 
for labour. This influences expectations of labour pain and can 
therefore be beneficial in helping them to cope with the experi-
ence.56 In one trial, women who received education in the antena-
tal period were less likely to request epidural analgesia in labour 
but not less likely to request some form of systemic analgesia.81

Attention focusing and distraction
Many methods of coping with pain involve the conscious par-
ticipation of the individual in activities that are designed to take 
their mind off the pain. Attention focusing activates include ver-
bal coaching, visualization, concentration on visual, auditory, or 
tactile stimuli, and patterned breathing. Most antenatal classes 
advocate patterned breathing as a means of distraction and of 
increasing the sense of control women feel in labour.56 There are 
no studies that evaluate these techniques as independent variables 
but surveys would suggest that the majority of women do find 
them helpful.82

Relaxation, music, and audioanalgesia
Relaxation techniques are based on the practice of developing 
conscious awareness of muscular tension, releasing that tension, 
and then maintaining relaxation. Yoga, meditation, and music 
techniques may all have a calming effect and provide a distraction 
from pain and tension. Audioanalgesia is the use of music, white 
noise, or environmental sounds to decrease pain perception. 
Although there is no strong evidence that it significantly reduces 
pain intensity and analgesic requirements in labour, there are no 
adverse effects and it is a popular option for labouring women.56,83

Hypnosis
Hypnosis has been described as a state of narrow focused atten-
tion, reduced awareness of external stimuli, and an increased 
response to suggestions—positive statements used in order to 
achieve specific therapeutic goals.84 These suggestions may be ver-
bal or non-verbal and result in apparent spontaneous changes in 
perception, mood, or behaviour. These therapeutic communica-
tions are directed to the person’s subconscious and the responses 
are independent of any conscious effort or reasoning. Women can 
learn self-hypnosis, which can be used in labour to reduce pain 

from contractions. Common hypnotic pain relief techniques are 
‘glove anaesthesia’, in which the woman imagines that they have a 
numb hand that can be used to relieve pain in other areas, or ‘time 
distortion’, which allows the women to imagine the contractions 
becoming shorter and further apart.85 Recent advances in neuro-
imaging have led to increased understanding of the neurophysi-
ological changes occurring during hypnosis.86

Efficacy
A 2011 systematic review of trials using hypnosis found that the 
use of hypnosis was associated with a strong trend in the reduc-
tion of requests for pharmacological intervention. In comparison 
to education and counselling alone, several studies have shown 
hypnosis to be superior in reducing pain.56,85,87

Implications for practice
There is little or no risk to the use of self-hypnosis in labour in 
women without a history of psychosis but it requires antenatal 
training by a trained hypnotherapist.

Biofeedback
Biological feedback is a term that describes a therapeutic tech-
nique where individuals are trained to improve their health and 
well-being through signals coming from their own bodies, for 
example, temperature, heart rate, and muscular tension. The aim 
is that with the aid of electrical instruments to measure response, 
conscious changes in thoughts and emotions help the individual 
to gain control over physiological responses. Electromyography, 
measuring muscle tension, appears to have some positive effects in 
early labour but shows no benefit as labour progresses.56

Birthing partners and doula
Many women like to have a birthing partner with them during 
labour and delivery. They provide both physical support, for exam-
ple, massaging shoulders, help with positioning, support with 
breathing techniques; and emotional support, for example, reas-
surance, comfort, listening, and support with decision-making. 
Many different people can provide this help including fathers, 
other relations, and friends. Historically, women have been 
attended and supported by other women during labour. Some 
women therefore chose to employ the services of a doula, a pro-
fessional who is trained in childbirth and provides continuous 
support to a mother before, during, and just after birth. Doula 
comes from a Greek word that means ‘a woman who serves’ or 
‘handmaiden’.88,89

Efficacy
A 2012 Cochrane review on the use of continuous support in child-
birth evaluated evidence from 22 randomized controlled trials 
from 16 countries. Overall, women allocated to continuous sup-
port were more likely to have a spontaneous vaginal birth and less 
likely to have intrapartum analgesia or to report dissatisfaction. In 
addition, their labour was on average 40 minutes shorter and they 
were less likely to have a caesarean delivery or instrumental vagi-
nal birth, neuraxial analgesia, or a baby with a low 5-minute Apgar 
score. The subgroup analyses suggested that continuous support 
was most effective when provided by someone neither part of the 
hospital staff nor the woman’s social network, and in settings in 
which epidural analgesia was not routinely available. The review 
concluded that continuous support from a person who is present 
solely to provide support, is not a member of the woman’s social 
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network, is experienced in providing labour support, and has at 
least a modest amount of training, appears to be most beneficial.90

Non-pharmacological approaches to labour 
pain: summary of key points

◆	 May reduce the intensity of pain sensation but are unlikely to 
entirely relieve pain. There is limited evidence for their efficacy.

◆	 May help women maintain a sense of control in labour and sub-
sequently cope better with labour pain.

◆	 Have few serious side effects.
◆	 May be combined or used alongside systemic analgesia to 

increase effectiveness.

Systemic analgesia for labour
Systemic medications are the most common form of analgesia 
in labour. These medications are diverse in their mechanisms of 
action (Figure 13.4). Consequently they display varying efficacy 
and side effect profiles both for mother and baby.

Inhalational agents
Inhalation labour analgesia involves the intermittent use of suba-
naesthetic concentrations of nitrous oxide or other volatile agents. 
Pain can be relieved while maintaining maternal consciousness 
and avoiding regurgitation or aspiration of stomach contents. 
Inhalational agents readily cross the placenta and the concentra-
tion in fetal blood soon approaches that of the mother but, since 
these agents are excreted almost entirely through the lungs, they 
are readily excreted from the newborn. The efficacy of inhalational 
analgesia depends on the analgesic strength of the agent and on 
how quickly it reaches analgesic concentration after the start of 

inspiration. A  rapid offset with complete elimination between 
contractions would prevent accumulation completely. Nitrous 
oxide is the best match in current use.

Nitrous oxide
Intermittent inhaled nitrous oxide was first introduced to pro-
vide labour analgesia in the late nineteenth century and became 
routine in the 1930s. The precise mechanism of action for nitrous 
oxide analgesia remains uncertain but it appears to modulate 
pain stimuli by way of descending spinal cord nerve pathways.91 
Nitrous oxide has a low blood–gas partition coefficient (0.47) and 
so equilibrates rapidly with arterial concentration, thus the peak 
analgesic effect of nitrous oxide is at approximately 50 seconds. As 
the peak effect of uterine contractions is typically at 30 seconds 
the analgesic effects of nitrous oxide may be out of phase with the 
pain of contractions. Nitrous oxide can be used alone or to supple-
ment other methods of analgesia.

Worldwide the use of nitrous oxide is very variable. It is widely 
available in Europe, and in the United Kingdom 60% of parturi-
ents choose to use it. This largely results from the ease with which 
midwives in the United Kingdom can prescribe Entonox® (a 50:50 
blend with oxygen, in a pre-mixed cylinder) without involving 
a physician. Similarly, uptake in Australia and Canada is about 
50%. However, nitrous oxide is not routinely available in many 
European countries (it is only available in one centre in Belgium, 
for example) or in the United States where only 1% of parturients 
uses this method of analgesia.92–95 A reducing valve fitted to the 
nitrous oxide/oxygen cylinder or to a blender that mixes the two 
gases from separate cylinders connects to a breathing circuit that 
has a demand valve connected to a facemask or mouthpiece. This 
demand valve opens only when the parturient applies negative 
pressure by inspiring through the mouthpiece or a well-sealed 
mask covering her nose and mouth.

Brain

Volatile anaesthetic agents

GABA receptor antagonists:
Nitrous oxide
Barbiturates
Benzodiazepines

Mu opioid receptor agonists: 
Opioids
Agonist-antagonists
Nitrous oxide

NMDA receptor antagonists:
Ketamine
Nitrous oxide

Tissues

Prostaglandin synthesis 
inhibitors:
NSAIDs
Paracetamol

Spinal cord

GABA receptor antagonists:
Nitrous oxide
Barbiturates
Benzodiazepines

Mu opioid receptor agonists: 
Opioids
Agonist-antagonists
Nitrous oxide

NMDA receptor antagonists:
Ketamine
Nitrous oxide

Modulators of histaminergic 
and serotoninergic pathways:
Phenothiazines

Figure 13.4  Sites of action of systemic analgesia.
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Efficacy
Most efficacy studies of nitrous oxide have compared either its 
use to placebo (inhaled air), the analgesic benefit of increasing 
the inhaled concentration, or the effects of adding other volatile 
agents to the inhaled mixture. A 2002 systematic review of rand-
omized controlled trials looking at the efficacy of inhaled nitrous 
oxide as labour analgesia concluded that current published work 
does not provide clear quantitative objective evidence of its effi-
cacy.91 A consistent finding in studies and surveys of nitrous oxide 
has been that 30–40% of mothers find its use of no benefit. Studies 
report conflicting results with regard to any improvement in pain 
scores of parturients but even those with negative results about 
analgesia report that many subjects wished to continue to use 
nitrous oxide after the study period. The majority of women who 
do report significant benefit state that they would choose nitrous 
oxide as a form of pain relief for subsequent labours.91,92,96,97 This 
suggests that although it may not produce measurable analgesia 
for labour pain, nitrous oxide does have some benefits, though this 
may be in part a placebo effect.

Studies of non-pharmacological methods of pain relief suggest 
that the analgesia from TENS or sterile water injections may be 
similar to that associated with nitrous oxide use with compa-
rable levels of patient satisfaction. One study found that 90% of 
women reported similar levels of partial relief from either TENS 
or nitrous oxide.98–100 Reductions in pain with inhaled nitrous 
oxide use seem similar to that of systemic opioids, but inferior to 
those achieved with epidural analgesia.101–103 One study directly 
compared the efficacy of self-administered nitrous oxide to inter-
mittent patient-controlled administration of IV remifentanil. 
It found the analgesic benefit of nitrous oxide to be inferior to 
remifentanil.104

Maternal side effects
Inhaled nitrous oxide analgesia for labour displays good safety 
outcomes for both mother and baby. Some women experience sig-
nificant nausea with the use of nitrous oxide; however, in trials its 
use does not seem to appreciably affect the rates of maternal nau-
sea or vomiting. It may increase the rate of maternal oxygen desat-
uration in between labour contractions and maternal drowsiness 
increases in a dose-dependent fashion. Long-term use of nitrous 
oxide may result in bone marrow suppression.91,103,105,106

Fetal and neonatal effects
Nitrous oxide administration does not adversely affect uterine 
activity. Studies have failed to show significant neonatal respira-
tory depression, reduced Apgar scores, or fetal acidosis.107,108 
However, the full effects on human fetuses exposed to nitrous 
oxide or other anaesthetic agents in utero are unknown. Recently 
neurotoxic effects of anaesthetic agents have been demonstrated 
in the developing brains of rodents and primates. Nitrous oxide 
administration may have more risk for creating these changes 
than other agents.109–111

Effects on staff
The long-term effects of nitrous oxide on healthcare workers is 
unclear; however, studies have shown that midwives are regu-
larly exposed to levels of nitrous oxide higher than permitted 
by the Control of Substances Hazardous to Health (COSHH) 
regulations and may be at an increased risk of adverse reproduc-
tive outcomes. COSHH exposure limits mirror the Indicative 

Occupational Exposure Limit Values set out by the European 
Commission.112–114

Implications for practice
Despite a lack of clear evidence supporting the efficacy of nitrous 
oxide in providing adequate analgesia in labour, it remains in 
widespread use and a popular choice for many women.

Volatile anaesthetic agents
Although most inhalation anaesthetic agents have been stud-
ied for labour analgesia, they have not been adopted in recent 
years for widespread use. An anaesthetist must be present for 
their use, which undoubtedly reduces application. Halogenated 
hydrocarbons are slightly more effective than nitrous oxide for 
the reduction of pain and are less likely to precipitate nausea. 
The mechanism of action for these agents (e.g. trichloroethylene, 
methoxyflurane, cyclopropane, enflurane, isoflurane, and desflu-
rane) is not well understood. Evidence suggests that they act by 
binding to proteins and selectively targeting synaptic ion chan-
nels, resulting in central nervous system depression.

Ether was the first volatile to be used as an anaesthetic but is 
unsuitable for labour analgesia as it is a potent emetic with an 
unpleasant pungent odour, is irritating to the respiratory tract, 
and is explosive. Chloroform has a pleasant odour, is non-irritant, 
more potent and faster acting than ether, but has undesirable, 
dose-related side effects, such as arrhythmias and hepatic dam-
age. Methoxyflurane and trichloroethylene were used for anal-
gesia in labour in the past but have been withdrawn for other, 
non-obstetric, reasons.115

Isoflurane (0.25%), when added to Entonox® produces superior 
analgesia than Entonox® alone but does not produce more mater-
nal satisfaction. This concentration will not change uterine con-
tractility or responsiveness to oxytocin. Desflurane, while having 
the advantage of rapid onset and offset of action, produces simi-
lar analgesic results as Entonox®, causes amnesia in a significant 
proportion of women. Sevoflurane 0.8% (Sevox) produces better 
analgesia than Entonox® but higher doses only increase maternal 
sedation.116 The neonate is not affected by these analgesic con-
centrations of these inhalational agents. There is, however, a con-
cern over environmental pollution, maternal amnesia, and loss of 
protective airway reflexes. Larger studies are needed to assess the 
incidence of maternal compromise.117

Implications for practice
In comparison to other agents, volatile inhaled agents provide 
analgesia equal to or better than nitrous oxide either when admin-
istered alone, or when added to nitrous oxide. Because of its short 
onset and offset of action, sevoflurane appears to be the best-suited 
inhalational agent for labour analgesia and could potentially be 
administered as patient-controlled inhalation analgesia. Volatile 
agents produce increased maternal sedation and their use is lim-
ited by requirements for anaesthetic supervision and scavenging 
capabilities.91

Sedatives and non-opioid analgesia
Sedatives and non-opioid analgesics may be effective for mild to 
moderate pain or alternatively can be used in combination with 
opioid drugs to enhance pain relief. They act in a variety of differ-
ent ways and many have antipyretic or anti-inflammatory actions, 
as well as sedative or analgesic properties.
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Paracetamol
Paracetamol is a widely used and effective antipyretic and anal-
gesic medication with well-established tolerability. It has a 
favourable safety profile when compared with other analgesics, 
opioids, and non-steroidal anti-inflammatory drugs and when 
used in pregnancy has been reported not to be associated with an 
increased risk of congenital anomalies.118–120

Dosage
Paracetamol 1 g (if >50 kg) orally or IV, 4–6-hourly with a maxi-
mum of 4 g in 24 hours.
Efficacy
Oral administration of paracetamol in labour does not appear 
to confer significant analgesic benefit; however, the investigation 
of IV paracetamol in labour is relatively recent. One study found 
the effectiveness of IV paracetamol to be comparable to that of IV 
pethidine with duration of action of up to 2 hours. Paracetamol 
had fewer maternal adverse effects than pethidine. A further study 
is currently ongoing aiming to assess the efficacy of IV infusion of 
paracetamol in comparison with placebo.121,122

Implications for practice
Paracetamol appears to be safe to use, however, its place in provid-
ing analgesia in labour is not yet established.

Non-steroidal anti-inflammatory drugs
The primary mechanism of action of non-steroidal 
anti-inflammatory drugs (NSAIDs) is inhibition of prostaglan-
din formation. Blockade of the pro-inflammatory mediators by 
NSAIDs will reduce the inflammatory response and subsequent 
pain. Classically, their effect is anti-inflammatory, analgesic, and 
antipyretic.
Efficacy
A 2012 systematic review of non-opioid drugs for pain manage-
ment in labour reported on several trials comparing NSAIDs with 
other forms of labour analgesia. One trial comparing ketorolac 
(NSAID) to pethidine found that for all measures of efficacy, the 
patients in the ketorolac group consistently reported higher pain 
severity compared to pethidine. In another study, women in the 
NSAID group were less likely to express satisfaction with pain 
relief when compared with the opioid group.123

Maternal and neonatal effects
As inhibitors of cyclooxygenase, NSAIDs given during pregnancy 
have the potential to cause adverse maternal and fetal effects. 
Maternal effects include prolongation of labour, whereas constric-
tion of the ductus arteriosus, renal dysfunction, and haemostatic 
abnormalities can occur in the fetus and neonate.124

Implications for practice
NSAIDs may have a subsidiary role in the management of labour 
pain but they do not appear to be effective as sole agents.

Ketamine
Ketamine is a phencyclidine derivative which when administered 
in small doses produces a dissociative state of analgesia. Some 
clinicians have promoted it as a suitable analgesic for labour, but 
although it has a rapid onset of action (~30 seconds) its effects are 
of short duration, up to 5 minutes, meaning frequent repeated 
administration is necessary.

Dosage
Ketamine 10–20 mg IV or intramuscularly (IM) repeated at inter-
vals of 2–5 minutes. Maximum dose in 30 minutes should not 
exceed 1 mg/kg.
Maternal side effects
At higher doses (i.e. >1 mg/kg) ketamine can be used to induce 
general anaesthesia; it is therefore important that verbal contact 
must be maintained with the parturient at all times as excessive 
sedation may lead to airway compromise. At low doses, however, 
ketamine may still be the cause of maternal hallucinations and fre-
quently causes amnesia.125 It should be avoided in pre-eclampsia as 
it may exacerbate hypertension by stimulation of the sympathetic 
nervous system. Ketamine produces a dose-dependent increase in 
uterine tone, which at these doses is not clinically significant.126

Fetal and neonatal effects
High doses of ketamine have been associated with abnormal 
neonatal muscle tone but low doses do not result in neonatal 
depression.127

Implications for practice
The short duration of action of ketamine makes it unsuitable for 
analgesia during the first stage of labour but it may have a role 
immediately prior to delivery.

Barbiturates
Barbiturates such as phenobarbital have a primarily sedative effect 
on the central nervous system. They may be used in the early phase 
of labour to decrease anxiety but lack analgesic properties and 
may heighten the perception of pain when given in the absence 
of opioid analgesia. Their use in labour is minimal as barbiturates 
are lipid soluble so readily cross the placenta; most have long elim-
ination half-lives leading to prolonged neonatal depressive effects 
if given in repeated doses or close to the time of delivery.128

Phenothiazines
Phenothiazines, such as chlorpromazine, prochlorperazine, or 
promethazine, are a group of drugs used primarily as antipsychotic 
and sedative drugs. They also have antimuscarinic, antiemetic, 
antihistamine, antidopaminergic, and alpha-adrenoceptor antag-
onist properties. They are used in combination with opioids in 
some obstetric patients to provide sedation and decrease nausea. 
They rapidly cross the placenta and may result in decreased fetal 
heart rate variability but do not seem to cause neonatal respiratory 
depression.126

Benzodiazepines
Benzodiazepines may decrease opioid requirements during labour 
but at a cost of significant maternal sedation and neonatal respira-
tory depression, reduced tone, and impaired temperature control. 
They are not recommended for use as a sedative in labour.128

Systemic opioids
Obstetric anaesthesia has an uneasy relationship with systemic 
opioids. While they are the most widely used systemic analgesia in 
labour, the variable efficacy of these drugs combined with a broad 
range of maternal side effects and concerns over neonatal depres-
sion have limited their use.101,129 Until recently there has been lit-
tle evidence to suggest that one agent or mode of administration 
is intrinsically superior to the others; consequently the choice of 
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opioid analgesic in labour is dictated largely by institutional tradi-
tion and/or personal preference.

Opioid drugs act by binding to opioid receptors, which are found 
principally in the central and peripheral nervous system and the 
gastrointestinal tract. Maternal side effects of opioids include nau-
sea, vomiting, delayed gastric emptying, sedation, disorientation, 
pruritus, and respiratory depression. There is variable susceptibil-
ity amongst parturients towards these adverse effects, which are 
predominantly dose dependent rather than drug dependent.130

Opioids may affect the fetus directly by placental transfer or 
indirectly though effects on the mother, for example, by altered 
minute ventilation or uterine tone. As a group, opioid medications 
by virtue of their low molecular weight and high lipid solubil-
ity readily cross the placenta by diffusion.131 The amount of free 
drug delivered to the placenta depends on placental blood low and 
maternal protein binding, and the amount of drug available to 
the fetus depends on the degree of placental uptake, fetal metab-
olism, and clearance (Figure 13.5).132 The speed and amount of 
placental transfer and consequent umbilical vein to maternal 
artery concentration ratios vary with different drugs and modes 
of administration. Opioids are primarily associated with neonatal 
respiratory depression and decreased beat-to-beat fetal heart rate 
variability. However, subtle neurobehavioural changes may also 
be observed in the early neonatal period, for example, decreased 
alertness and a delay in effective feeding due to the inhibition of 
sucking reflexes. The long-term significance of these neurobehav-
ioural changes remains unclear.133 Maternal administration of an 
opioid antagonist during labour or immediately prior to delivery 
has not been shown to have any substantial neonatal benefit and 
only serves to reduce maternal analgesic benefit. Naloxone is best 
administered directly to the neonate if required (Figure 13.5).134

A link between opioids and an alteration in immune function 
is often referred to in the literature and extensive research has 
been directed at investigating the immunomodulatory effects of 
opioids. There appear to be differences amongst opioids in immu-
nomodulatory effects with several proposed mechanisms and sites 
of action including: the mu opioid receptors, a direct action on the 
immunocyte, modulation of the hypothalamic–pituitary–adrenal 
axis and modulation of sympathetic activity.135 The clinical 

significance of these effects, however, has not yet been fully estab-
lished but it would be sensible to consider the potential for immu-
nomodulation particularly in those already immunosuppressed.136

Modes of administration
Intermittent bolus
Opioid analgesia may be administered by any number of different 
routes: transdermal, buccal, oral, subcutaneous, IM, IV, epidural, 
or intrathecal. For the purposes of labour analgesia the IM, IV, and 
neuraxial routes are most common. Intermittent IM injections 
have the advantage of being midwife delivered and thus readily 
available but may be painful. There is variable drug absorption 
depending on the site of injection and an inevitable delay between 
time of injection and onset of action. The quality and duration 
of IM analgesia is inconsistent. By contrast, opioids given via IV 
injection have the advantage of quicker onset, the ability to titrate 
to effect, and more predictable quality and duration of analgesia 
(Table 13.3). In many institutions, however, IV administration 
of opioids requires the presence of a physician, so limiting ready 
availability.
Patient-controlled analgesia
The use of intermittent bolus or continuous IV infusion of opioids 
for postoperative pain has largely given way to patient-controlled 
(IV) analgesia (PCA). Good analgesia has been shown to be 
achievable with lower drug doses, thus reducing side effects and 
improving patient satisfaction. Patient satisfaction in childbirth is 
important and though the use of PCA does not lead to the complete 
absence of pain the benefit of a perceived sense of control during 

MATERNAL: 
pH = 7.4; 

albumin low; 
αA-glycoprotein high

DRUG: 
dose;
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degree of ionization
(pKa)

FETAL: 
pH = 7.2, 

albumin high; 
αA-glycoprotein low
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blood flow; 

uptake; 
metabolism; 

clearance

Fetal drug levels

Figure 13.5  Factors affecting fetal opioid levels after systemic administration.
Data from Ala-Kokko T, Vähäkangas K, Pelkonen O. Placental function and principles of drug 
transfer. Acta Anaesthesiologica Scandinavica 1993; 37 (s100):47–49, Copyright © 1993 John 
Wiley and Sons.

Table 13.3  Examples of intermittent IV/IM bolus opioid analgesia 
for labour

Drug Dose (IV/IM) Onset (IV/IM) Duration 
of action

Frequency of 
administration

Pethidine142 25–50 mg IV

50–100 mg 
IM

5–10 min IV

40–45 min IM

2–3 h 2–4-hourly

Codeine171 30–60 mg IM 10–30 min IM 3–4 h 4–6-hourly

Tramadol171 50–100 mg 
IV/IM

<60 min 3–4 h 4–6-hourly

Morphine142 2–5 mg IV

5–10 mg IM

2–3 min IV

20–40 min IM

3–4 h 4–6-hourly

Diamorphine142 1–2.5 mg IV

2.5–5 mg IM

2–3 min IV

5–10 min IM

3–4 h 4–6-hourly

Nalbuphine142 10–20 mg 
IV/IM

2–3 min IV

15 min IM

3–6 h 3–4-hourly

Butorphanol171 1–2 mg IV/IM 5–10 min IV

10–30 min IM

3–4 h 6–8-hourly

Pentazocine171 30–60 mg 
IV/IM

2–3 min IV

15–20 min IM

2–3 h 3–4-hourly

Fentanyl189 25–50 mcg IV

50–100 mcg 
IM

2–3 min IV

10 min IM

30–60 
min

>60 min

Data from various sources (see references).
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labour has been demonstrated in a number of studies.137–139 This 
advantage, along with a growing need to find an effective alter-
native to neuraxial analgesia for those who do not want, cannot 
have, or simply do not need an epidural, has led to the increasing 
use of PCA systems for analgesia in labour. Frequent smaller doses 
of opioid result in more uniform analgesia and, through a more 
steady plasma drug concentration, may result in reduced placen-
tal transfer when compared to intermittent bolus IV administra-
tion. Various opioids have been suggested for PCA use in labour 
(Table 13.4); however, due to the changing nature, frequency, and 
intensity of labour pain, rapid-onset and short-acting agents such 
as remifentanil are most suitable. An ideal IV opioid should have 
an onset and offset that can match the time course of uterine con-
tractions, so that the parturient experiences worthwhile analge-
sia. Uterine contractility and fetal heart rate variability should 
be preserved and there should be minimal respiratory depressive 
maternal and neonatal side effects so that administration can be 
continued up to and during delivery. Gastric emptying should not 
be delayed in case general anaesthesia is required.140

Pethidine
Pethidine (meperidine) is a synthetic opioid. It is a weakly basic 
phenylpiperidine derivative related to fentanyl and sufentanil. It 
is legally available for independent use by midwives in the United 
Kingdom, and worldwide is the most extensively used and inves-
tigated opioid analgesic in labour. A recent survey of units in the 
United Kingdom reported that 95% are using IM pethidine.141 It 
is approximately 28 times more lipid-soluble than morphine and 
90% metabolized by the liver to the active metabolite norpethidine.
Dosage
Pethidine is ten times less potent than morphine. The usual dose 
in labour is 50–100 mg or 1 mg/kg (maximum 200 mg) IM every 
2–4 hours with half the dose being administered if the IV route 
is preferred. IV administration gives more predictable blood 

concentrations and a faster onset of analgesia when compared 
with the IM route (5 vs 45 minutes).142

Efficacy
Studies on pethidine have consistently cast doubts on its effec-
tiveness as a labour analgesic and there are concerns about its 
maternal, fetal, and neonatal side effect profile.143,144 Maternal 
satisfaction with pethidine is historically poor with a UK National 
Birthday Trust survey in 1990 reporting only 16% of women rating 
it as helpful with 25% rating it as unhelpful. A 2002 randomized 
controlled trial comparing IV pethidine with placebo found that 
pethidine provided effective pain relief in only 23.8% of patients. 
Midwives rate the efficacy of pethidine better than the women 
receiving it though this may be attributable to misinterpretation 
of sedation for analgesia.101,116,145

Maternal side effects
Pethidine decreases gastric emptying in 70% of women by at 
least 5 hours and increases gastric volumes in labour. It causes 
dose-dependent respiratory depression with desaturation hav-
ing been shown to occur between contractions, particularly when 
used in combination with Entonox®. Neurological effects include 
confusion, loss of control, and sedation. Norpethidine, the active 
metabolite, has proconvulsant properties making pethidine 
potentially unsuitable for use in parturients at increased risk 
of seizure activity such as those with pre-eclampsia. Although 
research into the effects of pethidine on the duration of labour is 
limited there is a strong suggestion in the literature that the use of 
this drug is associated with a lengthening of labour and that this 
association is dose related.146

Fetal and neonatal effects
Both pethidine and norpethidine readily cross the placenta and 
equilibrium between the maternal and fetal compartments can 
be achieved in 6 minutes with an umbilical vein/maternal artery 
ratio of 0.61.147 The dosage and timing of maternal administra-
tion of pethidine are the most important determinants of effects 
on the fetus and neonate. The highest fetal plasma concentration 
of pethidine occurs 2–3 hours after maternal IM administration. 
Pethidine has been shown to significantly affect fetal heart rate 
variability during labour with reduced variability being seen 
approximately 25 minutes after IV administration and 40 minutes 
after IM administration. Variability of the fetal heart rate typi-
cally recovers within 60 minutes.148,149

The fetal circulation is more acidic than the maternal, so pethi-
dine is more ionized in this environment leading to accumulation. 
This phenomenon of ion trapping along with a greater free drug 
concentration caused by lower plasma protein concentrations 
and an immature respiratory centre make respiratory depression 
more likely in the neonate than in the mother.150 The neonatal 
effects of pethidine are compounded by the metabolism in the 
neonate of pethidine to norpethidine. The half-lives of pethidine 
and norpethidine are 4 and 20 hours, respectively, in the parturi-
ent but two to seven times longer in the neonate.147 The babies of 
women who have received pethidine in labour have been shown 
to be sleepier, less attentive, and less able to establish breastfeed-
ing, despite normal Apgar scores at birth.148,151 These neonatal 
effects are minimal if pethidine is given within 1 hour of deliv-
ery. Concerns over long-term risk of substance abuse in adult off-
spring after intrapartum pethidine were proven to be unfounded 
in a 2012 Dutch 20-year follow-up cohort study.152

Table 13.4  Examples of intravenous patient-controlled analgesia 
regimens for labour

Drug Patient-controlled dose Lockout time

Pethidine (bolus 
only)155

15 mg 10 min

Pethidine (loading dose 
with bolus)155

49.5 mg loading dose plus

5 mg bolus

10 min

Morphine169 1 mg 5 min

Diamorphine169 0.5 mg 5 min

Nalbuphine187 1 mg 6–10 min

Fentanyl193 50 mcg loading dose plus 20 
mcg bolus

5 min

Remifentanil (bolus 
dose by weight)210

0.25–0.5 mcg/kg 2–3 min

Remifentanil (fixed 
bolus dose)210

40 mcg 2 min

Remifentanil (infusion 
with bolus)219

0.025–0.1 mcg/kg/min infusion 
plus 0.25 mcg/kg bolus

5 min

Data from various sources (see references).
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Implications for practice
Pethidine has questionable efficacy and significant side effects. 
However, with easy of availability, familiarity, and low cost it 
has continued to be the opioid of choice in many institutions 
and the standard that other analgesic options are measured 
against. With the emergence of viable alternatives, however, it 
may be time to consider abandoning the use of pethidine in the 
developed world.
Patient-controlled analgesia
Pethidine has been used successfully for PCA in the postoperative 
setting; however, its use in labour has yielded unimpressive results 
with higher total doses of pethidine being administered compared 
to midwife-administered intermittent boluses and no significant 
change in the maternal or neonatal side effect profiles seen.153

Various different dosing regimens have been used, for example:
◆	 Pethidine 49.5 mg loading dose and 5 mg boluses with a lockout 

of 10-minute and a maximum overall dose limit of 200 mg.
◆	 Pethidine 15 mg bolus dose with 10-minute lockout.

Recent comparisons of pethidine PCA, with remifentanil and fen-
tanyl in labour have favoured these shorter-acting agents for both 
analgesic effect and side effect profile.154–156

Codeine
Codeine is a naturally occurring opioid with reduced potency 
and efficacy when compared to morphine. It can be administered 
orally or IM as a sole agent in doses of up to 60 mg 4–6-hourly. It 
is also available in combination with paracetamol. It is not com-
monly the opioid of choice in active labour due to an inability to 
achieve adequate analgesia yet still being associated with a risk of 
neonatal respiratory depression. If used long term during preg-
nancy, neonatal withdrawal symptoms may occur.157 The use 
of codeine in children under 12 years of age and in breastfeed-
ing mothers have recently been discouraged by the European 
Medicines Agency and Medicines and Healthcare products 
Regulatory Agency because of concerns over respiratory depres-
sion in individuals who have ultra-rapid metabolizer form of the 
enzyme CYP2D6.158 Although no new recommendations have as 
yet been made regarding its use in pregnancy, it would be sensible 
to consider this potential effect if prescribing codeine to a labour-
ing woman or breastfeeding mother.

Tramadol
Tramadol is a synthetic opioid that acts as a mu-receptor agonist 
while also inhibiting serotonin and noradrenaline reuptake.
Dosage
It has been used successfully in labour at doses of 50–100 mg, 
4-hourly, and can be administered orally, IM, or IV.
Efficacy
Studies comparing bolus tramadol with bolus pethidine for labour 
analgesia and have concluded that tramadol offers an analgesic 
effect similar to pethidine.159,160

Maternal side effects
Studies of the general adult population would suggest that trama-
dol does not exhibit the same level of respiratory depression or 
delay of gastric emptying as morphine or pethidine.161,162 However, 
other mu-receptor associated side effects such as dizziness, nausea 
and constipation do occur; tramadol is also a proconvulsant.

Fetal and neonatal effects
In comparison to pethidine, tramadol has less potential for res-
piratory depressive effect on the neonate.159,160

Patient-controlled analgesia
Like pethidine, tramadol PCA systems have been successfully 
used in non-obstetric situations. However, there is a paucity of 
published information regarding its use in labour with at pre-
sent just one study comparing tramadol PCA use with combined 
spinal–epidural (CSE) analgesia. This study reported significantly 
better pain scores in the CSE group and significantly worse neona-
tal Apgar scores in the tramadol group. Therefore, despite the abil-
ity of tramadol PCA to provide moderate analgesic effect while 
causing less maternal respiratory depression, its adverse effect on 
Apgar scores and proconvulsant properties make tramadol an 
unsuitable agent for labour analgesia in PCA form.163,164

Implications for practice
Tramadol does not appear to have significant benefits over pethi-
dine and therefore has not become commonly used in practice.

Morphine and diamorphine
Morphine is a mu-receptor agonist acting primarily in the cen-
tral nervous system. It is metabolized by the liver to an inactive 
metabolite, morphine-3-glucuronide and the active metabolite 
morphine-6-glucuronide and is rapidly cleared by the kidneys from 
the maternal circulation. Diamorphine is semi-synthetic opioid, the 
diacetylated analogue of morphine. It is a pro-drug and is converted 
the active components of acetylmorphine and morphine by ester-
ases in liver, plasma, and central nervous system. It is 1.5–2 times 
more potent than morphine and has a more rapid onset of action.

Dosage
Morphine is ten times more potent than pethidine; the dose for 
maternal analgesia is 2–5 mg IV or 5–10 mg IM. When given IV 
it has an onset time of 2–3 minutes with a peak effect at 10–20 
minutes, the onset of effect after IM injection is slower at 20–40 
minutes with a peak effect at 1–2 hours.154 Diamorphine is admin-
istered IM at a dose of 2.5–5 mg, half that of morphine.
Efficacy
A small randomized controlled study comparing the efficacy 
of morphine and pethidine in labour showed little difference 
between the two drugs. It found that neither agent reduced pain 
scores but both increased sedation with increasing dosage. It has 
therefore been argued that both pethidine and morphine merely 
provide sedation rather than analgesia in labour with the authors 
of one review going as far as to say that it seems ‘unethical and 
medically incorrect to meet parturients’ requests for pain relief by 
giving them sedation’.101,150

Diamorphine is used in over a third of institutions in the United 
Kingdom and is the most commonly used opioid for analgesia in 
labour in Scotland.165 The 1990 UK National Birthday Trust sur-
vey found that both midwives and parturients rated it as more 
effective than pethidine.116 A small trial comparing IM pethidine 
with diamorphine, showed diamorphine to have some benefits 
over pethidine when used for labour analgesia but the trial did not 
study the potential adverse effects of either opioid.166

Maternal side effects
The maternal side effects of morphine are dose related and similar 
to pethidine but its metabolites do not have proconvulsant effects. 
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Diamorphine has been reported to provide effective analgesia 
associated with euphoria and less maternal vomiting than tradi-
tionally associated with pethidine use.166

Fetal and neonatal effects
Morphine is primarily bound to albumin and although it readily 
crosses the placenta with an umbilical vein/maternal artery ratio 
of 0.96 at 5 minutes, rapid maternal elimination reduced the over-
all fetal drug load.167,168 The effect of drug transfer to the fetus 
depends on dose and gestational age with morphine metabolism 
being reduced in the immature fetal liver. As with pethidine, 
maternal administration of morphine may result in neonatal 
respiratory depression and decreased fetal heart rate variability. 
A 2010 Cochrane review found that diamorphine produces less 
neonatal respiratory depression than pethidine.144

Patient-controlled analgesia
The use of morphine and diamorphine in PCA for labour has 
not been shown to offer any significant advantages over IM 
administration.169

Implications for practice
Morphine does not display any real advantages over pethidine and 
therefore is not in common use. Diamorphine is widely used in 
some areas and a large randomized controlled trial to comparing 
IM diamorphine and pethidine in terms of their analgesic efficacy 
in labour and their side effects in mother, fetus, and neonate is 
current ongoing (2012). If this trial yields positive results, it may 
lead to more widespread use of diamorphine in clinical practice.170

Nalbuphine, butorphanol, and pentazocine
Nalbuphine, butorphanol, and pentazocine are synthetic opioid 
agonist/antagonists. They are partial agonists at kappa and sig-
moid opioid receptors but display antagonistic or partial agonist 
properties at mu opioid receptors. The hope that they would pro-
vide good analgesia without the same degree of adverse effects 
when compared to pure mu agonists initially prompted studies 
into their potential as labour analgesics.
Dosage and efficacy
When compared to morphine 10 mg, nalbuphine is less potent 
with a dose of 10–20 mg being required every 4–6 hours. The onset 
of analgesia is 2–3 minutes with IV administration and within 15 
minutes of IM injection. Nalbuphine has a plasma half-life of 5 
hours, and in clinical studies the duration of analgesic activity has 
been reported to range from 3 to 6 hours.142 Butorphanol is five 
times more potent than morphine with a typical dose of 1–2 mg 
given either IV or IM. It has a longer duration of action, of up to 10 
hours due to receptor binding.171 Pentazocine is less potent with a 
dose of 30–60 mg being required to achieve analgesic effects simi-
lar to that to morphine 10 mg. Peak analgesia occurs at 10 minutes 
after IV administration and within 60 minutes of IM injection.172 
The analgesic effects of nalbuphine and butorphanol are similar 
to pethidine in IM administration with pentazocine appearing to 
have inferior labour analgesic properties.173–176

Maternal side effects
Despite being mixed mu agonist/antagonists these opioids still 
exhibit many of the mu-associated side effects. When compared 
to morphine these opioids result in similar maternal respira-
tory depression at equivalent analgesic doses but a ceiling effect 
is noted with increased dose and repeated administration. In 

comparison to pethidine, they produce less nausea and vomit-
ing but more sedation and dizziness. One study comparing their 
use for labour analgesia determined that they caused significant 
maternal respiratory acidosis. These acidotic changes were most 
marked with pentazocine, moderate with nalbuphine, and mini-
mal with butorphanol.173,177,178 Pentazocine has limited popu-
larity in obstetrics due to unpleasant psychomimetic effects.179 
A 2011 pilot study suggested that nalbuphine reduced duration of 
the labour regardless of oxytocin infusion and was without sig-
nificant risks.180

Fetal and neonatal effects
Placental transfer of nalbuphine occurs rapidly. Measurements of 
umbilical cord blood of nalbuphine levels demonstrate that new-
born concentrations vary substantially, ranging from one-third 
to six times the simultaneous maternal concentration.173 When 
comparing nalbuphine with pethidine, studies give some con-
flicting results regarding adverse effects on the fetus. Some cite 
nalbuphine as being associated with a decrease in Apgar scores, 
fetal acidosis, increase in incidences of fetal bradycardia and neo-
natal hypoxia requiring supplemental oxygen therapy, and even 
mechanical ventilation, while others do not demonstrate a sig-
nificant difference in these factors.181–184 One advantage of nal-
buphine over pethidine is the absence of active metabolites, thus, 
the adverse effects on the neonate are much shorter in duration 
with nalbuphine than seen with pethidine. Butorphanol also 
undergoes rapid placental transfer but has a less pronounced aci-
dotic effect on fetal blood gases when compared to nalbuphine 
and pentazocine. When compared to pethidine, no significant 
differences in fetal heart rate variability, Apgar scores or neurobe-
havioural effects have been shown.174,175,178,185 Pentazocine has 
similar neonatal depressive effects as pethidine after a single-dose 
administration, but repeated doses do not have a similar cumula-
tive effect.186

Patient-controlled analgesia
In contrast to IV or IM bolus administration, a study compar-
ing nalbuphine PCA, at a dose of 1 mg bolus with 6–10-minute 
lockout, against IV bolus nalbuphine found that while both meth-
ods produced effective pain relief, more satisfactory analgesia 
was obtained with PCA delivery.187 When nalbuphine PCA is 
compared to pethidine PCA, nalbuphine provides more effective 
maternal analgesia without adverse fetal/neonatal effects.183 There 
do not appear to be any studies considering butorphanol or penta-
zocine PCA for labour analgesia.
Implications for practice
The use of synthetic opioid agonist/antagonists in labour is lim-
ited, despite the analgesic effects of nalbuphine and butorphanol 
being similar to pethidine in IM administration.173–176 Overall, 
their side effect profiles do not confer a benefit when compared 
with pethidine.

Fentanyl
Fentanyl is a phenylpiperidine derivative and is highly protein 
bound to albumin. It is about 50 times more lipid-soluble than 
morphine with potency 75–100 times that of morphine and 800 
times that of pethidine. Its advantages include rapid onset with a 
peak effect after 3–4 minutes and lack of active metabolites but its 
terminal half-life of about 8 hours is longer than that of morphine 
or pethidine.116
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Dosage and efficacy
Studies into the use of intermittent bolus fentanyl in labour have 
typically given parturients 25–50 mcg IV as frequently as every 
hour with cumulative doses reaching 600 mcg. Parturients expe-
rienced worthwhile but transient analgesia, with peak effect at 
3–4 minutes and effects lasting up to 45 minutes.188–190 In one 
study the effects of fentanyl were rated equivalent to those of 
pethidine.191

Maternal side effects
Maternal nausea, vomiting, and prolonged sedation occur less fre-
quently with fentanyl when compared to pethidine.191

Fetal and neonatal effects
Fentanyl crosses the placenta rapidly, with peak fetal concentra-
tions at 5 minutes and an umbilical vein/maternal artery ratio of 
0.31.192 It produces a reduction in baseline fetal heart rate and in 
beat-to-beat variation lasting for up to 30 minutes and has a tem-
porary respiratory depressant effect on the fetus, particularly with 
regard to breathing movements, which are abolished at 10 minutes 
after administration, but return to baseline by 20 minutes.188,189 
However, neonatal assessment of Apgar scores and incidence 
of respiratory depression show no difference between infants 
exposed to fentanyl and those with no opioid exposure. Neonates 
who have been exposed to fentanyl are less likely to require nalox-
one administration than those exposed to pethidine.189,191

Implications for practice
Intermittent bolus fentanyl is not widely used in labour due pri-
marily to its short duration of action.
Patient-controlled analgesia
Fentanyl PCA first was reported in a case report in 1992 for a par-
turient with thrombocytopenia in which neuraxial blockade was 
contraindicated. Using a regimen of a fentanyl PCA bolus of 25 
mcg with a 10-minute lockout and a background IV infusion of 
fentanyl at 25 mcg per hour effective analgesia was achieved over 
almost 12 hours of labour reporting Apgar scores of 9 at 1 and 5 
minutes and no adverse effects on the neonate.192

Dosage
A dose-finding study for the use of fentanyl PCA as an analge-
sic option for induced second-trimester termination of preg-
nancy (TOP) determined that a fentanyl 50 mcg demand bolus 
with a 6-minute lockout provided satisfactory analgesia for 
second-trimester labour. This obviously did not assess effects of 
fentanyl PCA on the fetus and could not be applied directly to 
normal live birth labour analgesia.193 A  suggested regimen for 
fentanyl PCA for normal live births consists of a 50 mcg loading 
dose, 20 mcg bolus, and a lockout period of 5 minutes, although 
no formal trials for a dose-finding study for fentanyl have been 
undertaken and published.
Efficacy
An initial study into the use of fentanyl PCA assessed its useful-
ness for labour analgesia and safety for the newborn when com-
pared with epidural analgesia. In one study, epidural analgesia 
was found to be significantly more effective with a 30% conver-
sion rate from the PCA fentanyl group to the epidural group due 
to unsatisfactory pain relief. However, the overall satisfaction 
between the two groups did not differ.194 A study comparing fen-
tanyl PCA, with a 10 mch/h continuous infusion and a 10 mcg 

bolus with 12-minute lockout, with intermittent fentanyl boluses 
of 50–100 mcg/h, found analgesia, sedation levels, and neonatal 
to be equivalent for the two groups.195 In a recent study, despite 
parturients receiving fentanyl PCA showing significantly longer 
labour and more need of oxytocin augmentation, compared to 
controls women expressed their satisfaction with fentanyl PCA 
use.196

Maternal, fetal, and neonatal effects
Fentanyl PCA did not produce any serious maternal side effects 
and no significant differences in cardiotocography (CTG) abnor-
malities, Apgar scores, or fetal pH were reported in a 1997 study. 
However, during 12-hour postpartum monitoring of the neonates 
a significant number recorded lower SpO2 levels after fentanyl 
PCA compared to epidural analgesia.194 Two further retrospec-
tive studies have shown conflicting neonatal outcomes; one found 
there to be a 44% increase in ‘moderately depressed’ neonates 
with neurobehavioral effects lasting up to 7 days post delivery. 
The total maternal dose of fentanyl in this study was significantly 
higher for neonates who required naloxone administration. The 
second study reported no neonatal complications of fentanyl 
PCA use despite comparable fentanyl doses. The authors of the 
second study theorized that the major factor behind this differ-
ence was the last dose to delivery interval, which was increased 
from approximately 30 minutes in the first study to 82 minutes in 
the second.197,198

Implications for practice
Fentanyl PCA has a role in clinical practice but it needs to be 
appreciated that the neonatal effects of fentanyl may persist for 
a significant period after delivery. If used, the fetus and neonate 
must be appropriately monitored and naloxone and oxygen should 
be available if neonatal distress occurs.

Alfentanil and sufentanil
Alfentanil and sufentanil, like fentanyl, are phenylpiperidine 
derivatives. Alfentanil is highly bound to α1-glycoprotein and is 
less lipophilic than fentanyl. Due to its low volume of distribu-
tion it has a rapid onset of action, approximately 1 minute, and a 
shorter duration of action than fentanyl.199 Theoretically, it there-
fore should be ideal for labour pain where there is a short period of 
intense pain easing off over several minutes. However, alfentanil 
performs disappointingly when tested clinically. Comparison of 
equipotent doses of alfentanil PCA and fentanyl PCA for labour 
analgesia found that fentanyl provided more effective analgesia in 
the first stage of labour than alfentanil PCA with no significant dif-
ferences in side effects to the parturient or to the fetus/neonate.200

Sufentanil is more potent and lipophilic than fentanyl with 
a shorter duration of action. It has been studied extensively for 
epidural and intrathecal administration for labour analgesia but 
its potency limits systemic use in labour. One study comparing 
its effect for labour analgesia when delivered via intrathecal, epi-
dural, and IV routes concluded that epidural and IV sufentanil 
did not provide evidence of satisfactory labour analgesia.201

Implications for practice
Alfentanil and sufentanil offer less of an analgesic effect than 
pethidine with no benefit in maternal or neonatal safety profile 
and in fact alfentanil results in lower neonatal neurobehavioral 
scores than those parturients who received pethidine.202 They are 
therefore not a viable alternative in clinical practice.
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Remifentanil
Remifentanil is an ultra-short-acting synthetic phenylpiperidine 
and a pure mu agonist. It is a derivative of fentanyl with similar 
potency, but a more rapid onset and offset of action. It exhibits 
onset of effect at around 1 minute, rapid metabolism by tissue and 
plasma esterase to inactive metabolites, and has a context-sensitive 
half-life of 3 minutes. Consequently, there is no accumulation, 
even after prolonged administration, giving this agent an advan-
tage over other opioids for labour PCA. These properties predict 
that IV remifentanil could be suitable for the cyclical pain of uter-
ine contractions. Because of this its introduction in the early 1990s 
heralded a growing interest among obstetric anaesthetists.203

Suitability for labour analgesia
At the outset, computerized simulations of the effect site con-
centrations of remifentanil predicted that the half time for blood 
effect site equilibration was 1.3–1.6 minutes.204 A study recording 
effects on ventilation in volunteers following a 0.5 mcg/kg bolus 
over 5 seconds reported onset of effect at 30 seconds and peak effect 
at 2.5 minutes.205 This suggested that it would be difficult, if not 
impossible, to coincide peak effect with each uterine contraction 
with the peak effect being more likely to coincide with the second 
or subsequent contraction. This may explain why the first pub-
lished attempt to use remifentanil for labour analgesia fell short of 
expectations.206 However, in this study a third party administered 
the bolus doses of remifentanil, which inevitably lead to a delay in 
dosing. Though the investigators concluded that remifentanil was 
ineffective, it is likely that the peak effect occurred in the period 
between contractions.

Subsequent case reports207–209 and studies155,210–214 employing 
PCA IV devices were more successful. With tutoring, the partu-
rients were able to learn to anticipate the next contraction and to 
make an early effective demand.215,216

Dosage
The efficacy of remifentanil depends on both the dose and the 
manner in which it is administered. Two feasibility/dose-finding 
studies have been carried out regarding remifentanil PCA use. In 
the feasibility study, a bolus dose range of 0.25 to 0.5 mcg/kg pro-
duced a median reduction in pain score of 30 mm compared with 
baseline.210 The dose-finding study reported a median reduction 
in pain scores of 42 mm with a median dose of 0.4 mcg/kg.211 
There is, however, no consensus on the optimal dosing regimen 
for remifentanil with each subsequent study using its own dos-
ing schedule with bolus doses ranging from 0.2 to 0.93 mcg/kg 
(Table 13.5). The most popular dose by weight used in clinical 
practice is 0.5 mcg/kg, or for a fixed dose regimen of 40 mcg. 
Some investigators have commented on the wide individual vari-
ation of bolus dose required to achieve effective analgesia. This 
would suggest a fixed-dose regimen could under-dose and lead to 
failure of analgesia or could overdose and lead to maternal oxy-
gen desaturation.

Variable dosing regimens may improve matters, particularly dur-
ing the second stage when reported pain scores are high. However, 
this would require physician attendance to ensure appropriate 
monitoring. Two recent randomized crossover studies compared a 
set bolus dose and infusion rate regimen with a variable dose and 
infusion rate as it is not only the dose but also the bolus infusion rate 
and delivery time that are important for efficient pain relief for the 
developing contraction. They both found that the variable dose and 

infusion rate regimen was better titrated to individuals’ remifen-
tanil requirement, as shown by a lower rate of analgesic requests 
within the lockout period on the PCA pump.217,218 The introduc-
tion of a background infusion has also been studied. In the feasibil-
ity study, which recommended a PCA bolus dose of 0.25–0.5 mcg/
kg, the introduction of a background infusion of remifentanil did 
not improve analgesia, but caused excessive maternal sedation and 
oxygen desaturation.210 In contrast, a Canadian study has recom-
mended a PCA bolus of 0.25 mcg/kg with a background infusion 
of 0.025 to 0.1 mcg/kg/min.219

Reported lockout times have also varied, some described lock-
out times of 2 minutes while others describe a bolus dose delivered 
over 1 minute with a 1-minute lockout time. With an average uter-
ine contraction time of 70 seconds, it would seem prudent to allow 
a dose every 2 minutes220 but a recent editorial recommended a 
minimum 3-minute lockout time to prevent the administration 
of additional doses before the peak analgesic effects of a bolus has 
occurred.221

Efficacy
Initial case reports involving women who could not have an epi-
dural for one reason or another reported ineffective analgesia and 
doubts were raised concerning the effectiveness of IV remifentanil 
for labour pain.222 In addition to the dose-finding studies there 
are three published observational studies regarding the efficacy 
remifentanil PCA in labour. The dosing regimen in these studies 
varied, with investigation of a fixed dose of 0.5 mcg/kg; a fixed 
background infusion dose and an escalating PCA bolus dose; a 
fixed bolus dose and an escalating background infusion dose and 
an escalating bolus dose. All of the observational studies reported 
analgesia with remifentanil with a reduction in significant pain 
scores from baseline (Table 13.5).213,219,223

A number of studies have evaluated remifentanil PCA to IM or 
IV pethidine, pethidine PCA and fentanyl PCA.154,155,212,224–225 
A recent meta-analysis evaluating randomized controlled trials 
investigating efficacy and safety of remifentanil administered via 
a PCA compared with any other analgesic technique for labour 
pain concluded that remifentanil PCA provided superior analge-
sia and higher patient satisfaction compared with pethidine with a 
comparable degree of adverse events.226 In the most relevant stud-
ies where both drugs were administered by PCA, similar mean 
pain scores were reported with both drugs.

The analgesia provided by IV remifentanil PCA is not complete. 
In comparison to epidural anaesthesia, randomized control tri-
als have confirmed that epidural analgesia provides superior pain 
relief, but remifentanil does achieve a reduction in pain scores 
particularly during the first stage of labour. Despite incomplete 
analgesia a common theme among all the studies was high mater-
nal satisfaction with remifentanil.227–231 Further studies are 
ongoing.232

Opioid analgesia in labour, originally introduced as an alterna-
tive to inhalational analgesia, does not provide complete analgesia. 
As a result, Entonox® and opioid analgesia together has become 
popular when neuraxial analgesia is not used. If remifentanil could 
provide worthwhile analgesia without the need for Entonox®, 
this would be a considerable advantage. There is evidence that 
remifentanil can provide superior analgesia to Entonox® alone.104 
However, it appears that, if given the choice, women would opt to 
use Entonox® concomitantly despite using remifentanil.155
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Maternal effects, safety, supervision, and monitoring
Like with other opioid analgesics the major concern is the poten-
tial for maternal sedation, respiratory depression, and oxygen 
desaturation. Virtually all studies report episodes of maternal 
oxygen desaturation yet comment that they were transient and 
easily corrected with nasal oxygen or reduction in dose.233 The 
comparative studies found that remifentanil PCA caused inci-
dences of maternal oxygen desaturation similar to that for pethi-
dine PCA and slightly higher than that of fentanyl PCA. An 
appraisal of the literature suggests that 32% of patients in the 
published studies had some degree of ventilatory depression.234 
Although these findings are comparable to a study that included 
women with no analgesia where episodes of oxygen desaturation 

in labour occurred in 46% of women for between 30 seconds to 6 
minutes per hour in the second stage of labour, both the timing 
and the mechanisms are clearly different.218 A 2013 study compar-
ing the efficacy and respiratory effects of remifentanil PCA with 
epidural analgesia showed evidence of apnoeic episodes in women 
without concurrent desaturation. This led the authors to suggest 
the use of capnography to identify respiratory depression in addi-
tion to saturation monitoring.231 Sedation is also widely reported 
during remifentanil administration with one study in particular 
reporting an excessively sedated woman who subsequently desat-
urated223 (Table 13.6). Nausea and vomiting is variously reported 
though as it is endemic in childbirth it is difficult to distinguish 
a true opioid effect. The highest incidence reported was 48%.211

Table 13.5  Remifentanil studies for labour analgesia

Study Remifentanil PCA 
dose

Background 
remifentanil 
infusion

Lockout 
interval 
(min)

Comparison group Nitrous 
oxide used

Median or reduction 
in pain scores with 
remifentanil

Conversion 
to neuraxial 
analgesia

Volmanen 
et al.104

0.4 mcg/kg None 1 Nitrous Oxide No Reduction of 15 mm Not reported

Douma 
et al.154

40 mcg No 2 PCA pethidine

PCA fentanyl

No Reduction of 32 mm Not reported

Blair et al.155 40 mcg None 2 PCA pethidine Yes Median 64 mm 2 of 20

Blair et al.210 0.25–0.5 mcg/kg 0.025–0.05 mcg/
kg/min

2 None No Reduction of 30 mm 4 of 21

Volmanen 
et al.211

0.2–0.8 mcg/kg None 1 None No Reduction of 42 mm Not reported

Thurlow 
et al.212

0.2 mcg/kg None 3 IM pethidine Yes Median 48 mm 7 of 18

Volikas et al.213 0.5 mcg/kg None 2 None No Reduction of 23 mm 7 of 50

Evron et al.214 0.27–0.93 mcg/kg None 3 Pethidine infusion No Median 35 mm 4 of 43

Buehner 
et al.217

0.5–1 mcg/kg None 1–2 None No 94% rated analgesia as 
good—excellent

9 of 153

Jost et al.218 20–55 mcg 50 mcg/hour 1 None No Reduction of 25 mm Not reported

Balki et al.219 0.25–1 mcg/kg 0.025 mcg/kg/
min (fixed)

2 0.25 mcg/kg  
+ 0.025–0.1 mcg/kg/min 
(variable)

No Reduction of 56 mm 
versus 41 mm in 2 groups

1 of 20

Tveit et al.223 0.15–1.05 mcg/kg None 2 None No Reduction of 47 mm 3 of 41

Ng et al.224 25–30 mcg None 4 IM pethidine No Reduction of 19 mm Not reported

Volikas 
et al.225

0.5 mcg/kg None 2 PCA pethidine Yes Reduction of 25 mm 1 of 9

Stourac 
et al.227

20 mcg None 2 Epidural No Reduction of 59 mm None

Douma 
et al.228

40 mcg None 2 Epidural No Reduction of 38 mm None

Volmanen 
et al.229

0.3–0.7 mcg/kg None 1 Epidural No Reduction of 25 mm Not reported

Marwah 
et al.230

0.25 mcg/kg None 2 PCA fentanyl No Reduction of 45 mm 3 of 47

Stocki et al.231 20–60 mcg/kg None 2 Epidural No Reduction of 45 mm Not reported

Data from various sources (see references).
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As the use of remifentanil for labour analgesia has become more 
widespread there have been increasing questions asked about 
its safety profile with some calling for its use to be discontin-
ued.235–236 The incidence of maternal desaturation shown in the 
various studies highlights the need for appropriate monitoring, 
supervision, and training for the caregiver to manage potential 
adverse events. A recent survey of all UK delivery suites showed 
that 11% of respondents reported critical incidents related to the 
use of remifentanil, mostly respiratory depression.237 Remifentanil 
is a potent agent and there is the potential for significant harm. 
To date there have been four case reports describing respiratory 
arrests with remifentanil PCA.238–241 While each has their own 
set of circumstances and potentially confounding factors, their 
existence cannot and should not be ignored.

In contrast, with appropriate monitoring there is a reasonable 
volume of study and audit data to support the safe use of remifen-
tanil PCA in labour,242–243 but high standards must be main-
tained. There is potentially a temptation to view remifentanil as 
a cheap and therefore attractive option for labouring women but 
the appropriate resources and staffing must be available to ensure 

safety. As one 2013 article put it ‘Remifentanil should be viewed as 
a complimentary method to the more potent neuraxial techniques 
and not as a “poor man’s epidural” ’.244 The view expressed in a 
2013 editorial that if appropriate monitoring and supervision of 
patients cannot be guaranteed at all times then units should not 
offer remifentanil as an option for labouring women, is a good 
one.221 Units choosing to use remifentanil should have stringent 
guidelines in place to ensure appropriate safeguards for women 
and regular audit processes to ensure compliance. Women receiv-
ing remifentanil PCA must have continuous one-to-one nursing 
or midwifery care from appropriately trained staff, routine oxygen 
saturation monitoring, and oxygen supplementation if needed to 
treat maternal desaturation.233

Fetal and neonatal effects
Fundamental to the use of remifentanil in obstetrics were data 
published in 1998 and 2001. The first study reported placental 
transfer of an IV remifentanil infusion during caesarean deliv-
ery under epidural anaesthesia. Remifentanil readily crossed the 
placenta with an umbilical vein/maternal artery ratio of 0.82 and,  

Table 13.6  Maternal and neonatal effects of remifentanil

Study Remifentanil bolus PCA dose Maternal desaturation Maternal sedation Apgar scores at 1 and 
5 minutes

Volmanen et al.104 0.4 mcg/kg None SaO2 < 93%

All given supplemental O2

Increased sedation scores 
versus N2O

9, 9

Douma et al.154 40 mcg 37 of 50 (SaO2 < 95%)

6 of 50 supplemental O2

Mild to moderate sedation 9, 10

Blair et al.155 40 mcg Similar to pethidine Similar to pethidine 8, 9

Blair et al.210 0.25–0.5 mcg/kg 4 of 21 (SaO2 < 90%) 2 of 21 8, 9

Volmanen et al.211 0.2–0.8 mcg/kg 10 of 17 (SaO2 < 94%) Mild sedation 8, 10

Thurlow et al.212 0.2 mcg/kg 7 of 18 (SaO2 < 94%) Not reported Not reported

Volikas et al.213 0.5 mcg/kg None SaO2 < 93% Mild sedation 9, 9

Evron et al.214 0.27–0.93 mcg/kg None SaO2 < 94% None reported None < 7

Buehner et al.217 0.5–1 mcg/kg 16% (SaO2 < 90%) Mild to moderate sedation 9, 10

Jost et al.218 20–55 mcg None SaO2 < 93% Moderate sedation Not reported

Balki et al.219 0.25–1 mcg/kg 6 of 10 Mild sedation in all >7

Tveit et al.223 0.15–1.05 mcg/kg None SaO2 < 91%

11 of 19 supplemental O2

9 of 19 sedation score > 2 9, 9

Ng et al.224 25–30 mcg None reported None reported 8, 9

Volikas et al.225 0.5 mcg/kg Not reported Not reported 9, 10

Stourac et al.227 20 mcg Not reported Mild sedation 9, 9

Douma et al.228 40 mcg None SaO2 < 92% Minimal sedation 8, 9

Volmanen et al.229 0.3–0.7 mcg/kg 13 of 24 (SaO2 < 94%) 13 of 24 9, 9

Marwah et al.230 0.25 mcg/kg 6 of 47 (SaO2 < 90%)

15 of 47 supplemental O2

4 of 47 9, 9

Stocki et al.231 20–60 mcg/kg 13 of 19 (SaO2 < 94%)

All given supplemental O2

Evidence of apnoea without desaturation

6 of 19 sedation at 1 hour 9, 10

Data from various sources (see references).
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if administered close to the delivery of the neonate, the umbilical 
artery/vein ratio was 0.29, suggesting rapid metabolism and redis-
tribution in the neonate.245 The second study reported the phar-
macokinetics of remifentanil when used for postoperative pain 
relief in neonates. The pharmacokinetics was found to be similar 
to those for older children and adults.243

Studies have to date reported reassuring neonatal outcomes. No 
studies have identified an excess of non-reassuring CTG traces 
with remifentanil. No association has been found between com-
mencement of PCA and deterioration in the CTG requiring inter-
vention or fetal blood gas sampling. Apgar scores and cord blood 
gases, where reported, did not show any unexpected deviations 
from normal practice (Table 13.6). The comparative study of PCA 
remifentanil with PCA pethidine found fewer non-reassuring 
CTGs and better neurobehavioral scores in the remifentanil 
group, and in comparison to fentanyl PCA less neonatal resus-
citation was required.212,214,246 These results seem to confirm 
remifentanil’s rapid metabolism and redistribution in the neonate 
following placental transfer.
Off-label use
Remifentanil is not licensed for use in obstetric patients. However, 
the administration of drugs outside their product licence is com-
mon in obstetric anaesthesia.247 Opioids by the spinal and epidural 
route, as well as all self-prepared mixtures of drugs, are not licensed. 
Propofol and doses above 250 mg of thiopentone are not licensed 
either. However, most obstetric anaesthetists are content to use 
drugs outside the product licence with almost all of the 169 mem-
bers of the Obstetric Anaesthetists’ Association surveyed in 1997 
admitting to using drugs outside the product licence in obstetric 
anaesthesia.91 It is unlikely that the manufacturers of remifentanil 
will invest in the cost of obtaining a licence for obstetric use. The 
onus remains on each clinician to assess the risk:benefit ratio.
Practical experience and implications for practice
In the authors’ institution, IV remifentanil PCA is offered for rou-
tine use as a labour analgesic. The dosing regimen is a fixed bolus 
of 40 mcg delivered over 20 seconds with a 2-minute lockout. 
Supervision is by trained midwives who give one-to-one care with 
a protocol that includes continuous oxygen saturation monitor-
ing, the constant presence of a midwife, regular documentation 
of pain scores, respiratory rate, and sedation level, and use of a 
dedicated cannula with an anti-syphon valve. As with all areas 
where strong parenteral opioids are administered, full resuscita-
tion equipment is immediately available, with supplemental oxy-
gen and ‘bag-valve-mask’ apparatus in the room. Other aspects 
of antepartum care are normal, with intermittent monitoring of 
CTG unless otherwise indicated. Our continuous audit process 
has also demonstrated high levels of satisfaction with remifentanil 
PCA, with many women returning to the unit and choosing the 
same method of analgesia for subsequent labours. Remifentanil 
PCA is now the analgesic choice in almost 30% of our deliver-
ies, and since its introduction, the epidural rate in our unit has 
dropped by one-third.248 The safety aspects of our institution’s 
guidelines for the administration of remifentanil for labour anal-
gesia are summarized in Table 13.7.

Currently evidence would suggest that remifentanil is more 
suited than any other systemic opioid to obstetric anaesthesia. 
It is currently available in over a third of units in the United 
Kingdom.238 Time will tell whether its use will become routine 

elsewhere. Particular care must be taken when other opioids have 
previously been administered in labour. Continued appraisal and 
study of administration techniques is needed, particularly in rela-
tion to safety, and adverse event reporting should be encouraged. 
Remifentanil is a potent opioid and its side effect profile demands 
guidelines and strict adherence to them to ensure maternal and 
neonatal safety. The risks and benefits of its use should therefore 
be jointly considered.

Systemic analgesia for labour: summary  
of  key points

◆	 Systemic analgesic drugs have variable efficacy and side effect 
profiles. None produce complete analgesia.

◆	 Inhaled nitrous oxide provides modest analgesic effects for 
some parturients and may be used either alone or in combina-
tion with other forms of analgesia.

◆	 Simple non-opioid analgesics have a place in obstetric analgesia 
but are likely to be ineffective if used in isolation.

◆	 Sedative drugs have limited application in early labour but are 
inappropriate as a substitute for analgesia; ketamine may have a 
role at the time of delivery but is unsuitable for use throughout 
the course of labour.

◆	 All opioid analgesics readily cross the placenta and therefore all 
have the potential to cause fetal effects such as reduced heart 

Table 13.7  Guidelines for the safe administration of remifentanil 
patient-controlled intravenous analgesia

Criteria

Prescription and 
training

◆	 Prescribed by an anaesthetist
◆	 Only nurses/midwives who have undergone a period 

of supervised practice and have been deemed 
competent may administer this infusion

Eligibility ◆	 36 weeks’ gestation
◆	 In established labour
◆	 Informed consent

Contraindications ◆	 Other opioid use in preceding 4 hours
◆	 Allergy to opioids
◆	 Multiple pregnancy
◆	 Pre-eclampsia

Supervision and 
monitoring

◆	 Continuous one-to-one nursing/midwifery 
supervision

◆	 Continuous SaO2 pulse-oximetry established prior to 
first administration

◆	 30-minute observations: respiratory rate, sedation 
score, pain score

Equipment ◆	 Dedicated IV cannula
◆	 Dedicated PCA administration pump
◆	 Unidirectional anti-syphon valve on administration set

Indications 
for contacting 
anaesthetist

◆	 Excessive sedation score (not rousable to voice)
◆	 Respiratory rate < 8 breaths per minute
◆	 SaO2 < 90% despite oxygen via nasal specs

Data from D. Hill & E. Madden, Guideline: Remifentanil controlled analgesia for labour, 
Ulster Community & Hospitals Trust, Women & Child Health Directorate. 2005.
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rate variability, neonatal respiratory depression, sedation, and 
neurobehavioural effects.

◆	 Intermittent bolus delivery of opioids such as pethidine has tra-
ditionally been the mostly commonly used mode of administra-
tion of systemic opioids in labour.

◆	 PCA with short-acting agents such as remifentanil is becoming 
increasingly popular and offers the parturient more effective 
analgesia with a greater sense of control in labour.

◆	 PCA in the setting of on-to-one midwifery care is becom-
ing a safe and viable alternative to neuraxial analgesia in for 
women provided that appropriate monitoring and resources are 
available and used to safeguard against the risk of respiratory 
depression.
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CHAPTER 14

Initiation of neuraxial 
labour analgesia
Eva Roofthooft, Sarah Devroe, and Marc Van de Velde

Introduction
Labour, although a natural process, can be very painful and lengthy. 
Many parturients will request some form of analgesia. Labour 
analgesia can be non-pharmacological (see Chapter 13) or phar-
macological. Pharmacological options include inhalational anal-
gesia with nitrous oxide and/or volatile anaesthetics (Chapter 13), 
parenteral opioids (pethidine, fentanyl, alfentanil, sufentanil, 
morphine, diamorphine, or remifentanil—see Chapter  13) or 
central neuraxial techniques (epidural, spinal or combined 
spinal–epidural (CSE)—see Chapters  14–19). Neuraxial labour 
analgesia has been extensively researched and debated in the 
recent decades. Arguably, neuraxial analgesia is the most effective 
strategy to manage labour pain in contemporary clinical obstetric 
practice.1–3 It is the only method that can block both the impulses 
from the first stage of labour entering the spinal cord at T10–L1 
and the impulses of the second stage of labour entering the spinal 
cord via sacral roots S2–S4 (see Chapter 13). Effective analgesia 
has significant maternal and fetal/neonatal advantages in terms 
of reducing the negative effects of stress. However, neuraxial anal-
gesia is also associated with side effects which impact on mother, 
fetus, neonate, and the process of labour.2–4

When anaesthetists plan for a central neuraxial analgesic strat-
egy, several vital choices have to be made (Figure 14.1):
◆	 How should analgesia be initiated?
◆	 How should analgesia be maintained (see Chapter 15)?
◆	 What is the dose and concentration of the local anaesthetic that 

is used (see Chapter 16)?
◆	 Which local anaesthetic agent (see Chapter 16) and which adju-

vant drugs (see Chapter 17) should be used for initiation and 
maintenance of analgesia?

In this chapter we will discuss the various options of labour anal-
gesia initiation.

Most commonly neuraxial analgesia is initiated using a conven-
tional epidural approach in which an epidural catheter is threaded 
into the epidural space and used for initiation and maintenance. 
In the last 25 years, CSE analgesia has gained widespread accept-
ance and popularity. With a spinal injection, analgesia is rapidly 
achieved and the epidural catheter is used only for maintenance. 
Initiating analgesia using a single-shot spinal injection is less 
common and is usually reserved for very specific indications (such 
as full cervical dilatation). Also, continuous spinal analgesia using 

intrathecally inserted catheters has been used for labour analge-
sia, but is only recommended in very specific high-risk patients or 
following an accidental dural puncture.

Preparation for initiation  
of neuraxial analgesia
Indications and contraindications
Whenever women in labour experience pain, analgesia should be 
offered. Neuraxial blockade is one of the options available and 
modern clinical guidelines clearly state that no women in labour, 
when requesting neuraxial analgesia, should be denied receiving 
it. In 2007, the National Institute of Clinical Excellence (now the 
National Institute of Health and Care Excellence (NICE)) first 
published its guideline on Intrapartum Care:  Care of Healthy 
Women and their Babies during Childbirth and stated ‘Women 
in labour who desire regional analgesia should not be denied it, 
including women in severe pain in the latent first stage of labour’.5 
The American College of Obstetricians and Gynecologists 
(ACOG) in 2006 and the American Society of Anesthesiologists 
in 2007 stated that in the absence of contraindications, a maternal 
request for analgesia is a sufficient enough reason to receive it and 
that neuraxial analgesia is an appropriate method of labour pain 
relief.6,7 It used to be thought that initiating labour analgesia early 

Central Neuraxial Analgesia

Initiation of Analgesia:
- Conventional epidural
- Combined spinal epidural
- Continuous spinal
- Single shot spinal
- Caudal

Local Anaesthetic Drug:
- Bupivacaine
- Ropivacaine
- Levobupivacaine
- Lidocaine
- Etc.

Adjuvant Drug Selection:
- Opioid
- Clonidine
- Neostigmine
- Epinephrine
- Etc.

Maintenance of Analgesia:
- Intermittent top-up
- Continuous epidural infusion
- Patient-controlled epidural analgesia (PCEA)
- Programmed intermittent epidural bolus
- Computer-integrated PCEA

Dose and Concentration of Local
Anaesthetic:
- High volume versus Low volume
- High concentration versus low 
 concentration

Figure 14.1  When central neuraxial analgesia is performed to alleviate labour 
pain, anaesthetists need to make several decisions and have several choices: how 
is analgesia initiated? Which local anaesthetic and adjuvant drug is used? How is 
analgesia maintained? Which dose and concentration of local anaesthetic is used?
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would have a detrimental effect on the course of labour. However, 
severe pain early in labour is an independent indicator of dystocia 
or difficult, prolonged labour, often resulting in an instrumental 
delivery (Figure 14.2).8 It has also been clearly demonstrated that 
neuraxial labour analgesia initiated during early labour, does not 
impact on labour outcome (Figure 14.3).9,10

Although many contraindications exist for neuraxial anaesthe-
sia, several contraindications are relative and an individualized 
risk/benefit analysis, especially in obstetric patients, should be 
considered. Absolute and relative contraindications are listed in 
Box 14.1. However, in most instances experienced obstetric anaes-
thetists will, based on an individualized risk assessment, initiate 
neuraxial analgesia.

Preoperative assessment
Ideally every parturient undergoing peripartum neuraxial anal-
gesia should be screened preoperatively for informed consent 
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Figure 14.2  Relationship between pain intensity in latent, early labour and 
speed of cervical dilatation. Severe pain in early labour also resulted in more 
instrumental deliveries and hence is an indicator of dystocia.
Reproduced with permission from Wuitchik M, Bakal D, Lipshitz J., The clinical significance of 
pain and cognitive activity in latent labor, Obstetrics & Gynecology, Volume 73, Issue 1,  
pp. 35–42, Copyright © 1989 Wolters Kluwer Health, Inc.

A

B

Figure 14.3  Rates of instrumental vaginal delivery (A) and caesarean delivery (B) for each of the studies with odds ratios (ORs) and 95% confidence intervals (CI). The 
diamond represents the point estimate of the pooled OR, and the length of the diamond is proportional to the CI. Neuraxial analgesia on patient request did not 
increase the chance of an instrumental vaginal delivery or caesarean delivery. Please refer to original paper for references.
n = number of events in treatment or control group; N = total number of patients in treatment or control group; NA = neuraxial analgesia.
Reproduced with permission from Marucci M, Cinnella G, Perchiazzi G, Brienza N, Fiore T., Patient-requested neuraxial analgesia for labor: impact on rates of cesarean and instrumental vaginal 
delivery, Anesthesiology, Volume 106, Issue 5, pp. 1035–1045, Copyright © 2007 Wolters Kluwer Health, Inc.
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and to identify risks. In some countries, every parturient is seen 
antenatally prior to delivery. However, in everyday routine clini-
cal practice in many regions, parturients are first seen by the 
anaesthetist on the day of labour. A  focused history and short 
clinical examination should be made as well as a review of the 
patient’s obstetric history.11–13 According to the American Society 
of Anesthesiologists guidelines, the short clinical examination 
should include a baseline blood pressure measurement and air-
way, heart, lung, and back examinations. In healthy parturients, 
no laboratory investigations are required (also a routine plate-
let count is not necessary), but these may become necessary in 
selected patients.11,12,14 All guidelines agree that close communi-
cation between obstetricians, midwives, and anaesthetists must 
be maintained, focusing on adequate handovers and early labour 
ward rounds to identify parturients at high risk for complica-
tions or operative delivery. Pre-anaesthetic assessment of fetal 
well-being by recording the fetal heart rate by a qualified indi-
vidual is recommended.

Informed consent
To inform parturients about neuraxial analgesia risks and ben-
efits, structured information should be available in every unit 
that offers neuraxial analgesia (patient information sessions or 
antenatal classes, printed leaflets, possibility for an individual-
ized pre-delivery consult, etc.). However, as already mentioned, 
patients will often not have received information about analgesia 
before entering the labour process. Information of risks should 
be given as well as advantages.15 Several authors have questioned 
the women’s capacity, especially when being distressed and in 

pain, to fully understand the information provided and to give 
consent.16,17 However, anaesthetists act in the best interest of the 
patient and this should be made clear to the patient and her part-
ner. For further information we refer to Chapter 29.

Intravenous lines and fluids
All parturients undergoing neuraxial analgesia should have an 
intravenous (IV) line established. Most guidelines do not rec-
ommend a fixed amount of fluid, especially in circumstances 
when low-dose CSE or epidural analgesia is used.5,7,12 However, 
many practitioners will prehydrate the patient with 500–1000 mL 
crystalloid solution. A bolus of glucose-containing fluids is best 
avoided.

Necessary equipment and safety precautions
Equipment to resuscitate a patient and airway equipment should 
be readily available. Drugs to induce general anaesthesia (propofol, 
thiopental, ketamine, midazolam), opioid reversal (naloxone), car-
diovascular support (ephedrine, phenylephrine, atropine, epineph-
rine, calcium) and treatment of local anaesthetic systemic toxicity 
(LAST; Intralipid® 20%) should be available in the labour and deliv-
ery area.18,19 Cardiotocographic monitors should be available to 
monitor uterine activity and fetal heart rate immediately after ini-
tiation of analgesia. During initiation, fetal heart rate monitoring is 
not absolutely mandatory provided the pregnant patient is healthy 
and the fetal status was reassuring prior to initiation. However in 
some countries or regions, local guidelines may request cardioto-
cographic monitoring during neuraxial analgesia initiation. Non-
invasive maternal blood pressure and heart rate monitoring should 
be instituted during neuraxial analgesia initiation.

Patient positioning
Patient and anaesthetist preference should guide the best position 
to perform the neuraxial procedure. Both the lateral decubitus 
and the sitting position are widespread. However, both positions 
have advantages and disadvantages (Box 14.2). Immediately fol-
lowing the procedure the patient can be placed in the left lateral 

Box 14.1  Absolute and relative contraindications to neuraxial 
anaesthesia/analgesia in the parturient

Of note: experienced anaesthesiologists will often insert, based 
on an individualized risk/benefit assessment, neuraxial anaes-
thesia in patients with relative contraindications.

Absolute contraindications

◆	 Overt coagulopathy
◆	 Infection at puncture site
◆	 Acutely raised intracranial pressure
◆	 Uncorrected, severe hypovolaemia
◆	 Patient refusal
◆	 Patient inability to cooperate.

Relative contraindications

◆	 Mild or single-factor coagulopathy
◆	 Chronic raised intracranial pressure
◆	 Corrected hypovolaemia
◆	 Systemic infection
◆	 Stenotic valvular lesions
◆	 Pulmonary hypertension (Eisenmenger type)
◆	 Pre-existing neurological disease.

Box 14.2  Advantages of the lateral decubitus or sitting position 
to perform neuraxial analgesia in labour

Advantages of lateral position

◆	 Less hypotension
◆	 Increased parturient comfort
◆	 Better continuous fetal heart rate monitoring
◆	 Less venous cannulation by the epidural catheter.

Advantages of sitting position

◆	 Better and more reliable identification of Tuffier’s line.
◆	 Better anatomical landmark identification in ‘difficult back’ 

patients (obesity, back surgery, scoliosis)
◆	 Improved respiratory mechanics
◆	 Better and more reliable identification of Tuffier’s line.
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position or wedged supine position. Careful attention is required 
to avoid aortocaval compression, essential to maintain cardiac 
output and uteroplacental perfusion.20 The wedged supine posi-
tion is often preferred with conventional epidural analgesia to 
enhance bilateral local anaesthetic spread. With CSE, spread of 
the intrathecal dose is excellent and bilateral irrespective of the 
position employed, therefore maintaining the left lateral position 
might be preferred.

Aseptic technique
Before initiating neuraxial analgesia and placing spinals or 
epidurals, careful disinfection of the skin is required using 
either povidone-iodine or chlorhexidine 0.5% in alcohol. 
Checketts et al. showed that chlorhexidine is more effective then 
povidone-iodine.21 However, it must be remembered that these 
substances are potentially neurotoxic and recently catastrophic 
cases of inadvertent administration of disinfectant into the epi-
dural and spinal space have been reported, resulting in progressive 
quadriplegia.22,23 Therefore, care must be taken not to contami-
nate needles with disinfectant so as not to introduce the disinfect-
ant into the epidural or subarachnoid space. Hence the neuraxial 
analgesia procedure should only be started when the disinfectant 
has dried onto the skin, thus minimizing the risk of inadvertent 
transfer of disinfectant into the epidural or spinal space.

Different options of neuraxial analgesia initiation
Several options to initiate analgesia exist with conventional epi-
dural analgesia being the most popular and most widely employed 
technique (Boxes 14.3 and 14.4). Since the early 1990s, the CSE 

technique for labour analgesia has gained worldwide acceptance 
and is an established method of labour pain relief.24,25 In certain 
institutions and countries, it is even as popular as an epidural.26 
Rarely used methods to initiate labour analgesia are the caudal, 
continuous spinal, and single-shot spinal technique. We refer to 
other textbooks for extensive information regarding the technical 
aspects of the different neuraxial techniques.

To perform safe neuraxial analgesia or anaesthesia, a thor-
ough understanding of the anatomy of the vertebral column, 
the spinal canal, and epidural space is required. Seven cervical, 
12 thoracic, 5 lumbar, 5 fused sacral, and 3–5 (most commonly 
4) fused coccygeal vertebrae comprise the vertebral column. The 
spinal cord comes down from the brainstem and terminates as 
the conus medullaris at the lower border of the L1 vertebral body 
(and even lower in at least 5% of individuals).27 The lower lum-
bar and sacral nerve roots run down to the coccyx as the cauda 
equina. Three membranes surround the spinal cord within the 
vertebral column:  the pia mater, the arachnoid mater, and the 
dura mater. In between the pia mater and the arachnoid mater 
lies the subarachnoid space containing cerebrospinal fluid (CSF) 
which runs down to the level of S2. Spinal anaesthesia is per-
formed by injecting anaesthetics in this space. Between the 
arachnoid mater and the dura mater, lies a potential space called 
the subdural space, which can be created by traumatic punc-
tures and this may explain patchy or failed epidural blocks with 
higher than expected cephalad spread.28,29 The epidural space 
surrounds the dura mater circumferentially and extends from 
the foramen magnum, where the dura mater and periosteum 
fuse, to the sacrococcygeal ligament. The space contains adipose 
tissue, blood vessels, nerve roots, and loose connective tissue in a 
non-uniform distribution. The ligamentum flavum is the poste-
rior boundary of the epidural space. Epidural anaesthesia/anal-
gesia is performed by inserting a catheter and/or injecting drugs 
into the epidural space.

Initiation using conventional epidural 
analgesia
Epidural anaesthesia technique
To identify the epidural space, special equipment is required, 
including an epidural needle, an epidural catheter, and a loss 
of resistance (LOR) syringe. The epidural needle is usually a 16 
G to 18 G needle with an end opening and Huber tip (Tuohy 

Box 14.3  Possible procedure to initiate epidural analgesia

	 1.	Site IV line and administer crystalloid IV fluid load 
(500 mL).

	 2.	Position patient sitting or full left lateral.

	 3.	Have assistant disinfect the skin (with chlorhexidine solu-
tion). No disinfectant should be on the epidural tray. Only 
initiate neuraxial anesthesia when skin is dry.

	 4.	Prepare epidural set and prepare necessary drugs in a sterile 
fashion.

	 5.	Site epidural catheter.

	 6.	Administer test dose (note:  this is questioned by many 
practitioners).

	 7.	Fixate epidural catheter.

	 8.	Position parturient supine with left lateral tilt.

	 9.	Administer low-concentration local anaesthetic solution 
with adjuvant (usually opioid) in a volume of 10–20 mL in 
incremental doses.

	10.	Have maternal vital signs and fetal heart rate monitored for 
at least 30–45 minutes.

	11.	Assess efficacy of epidural analgesia and initiate appropriate 
measures if pain relief is not achieved after 30 minutes.

	12.	Start maintenance analgesia (see Chapter 15).

Box 14.4  The ideal drug or drug combination for labour analgesia

◆	 Rapid onset of analgesia
◆	 Large sensory–motor separation thus avoiding motor block
◆	 Long-acting drug
◆	 Low risk of local anaesthetic systemic toxicity (LAST)
◆	 No effect on uterine activity
◆	 No effect on uteroplacental perfusion
◆	 Limited transplacental passage
◆	 No direct effects on the fetus.
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needle). The epidural catheter is made out of plastic and 
depending on the type and manufacturer has varying degrees 
of stiffness. Another difference between various epidural cath-
eters is that they can be single-orifice catheters or multi-orifice 
catheters. Advantages of multi-orifice catheters include better 
spread of local anaesthetic and the ability to aspirate blood or 
CSF to identify inappropriate location of the catheter. The epi-
dural space is usually identified using the LOR technique. The 
medium used for LOR is either saline or air. Several investi-
gators have suggested that the LOR to air technique should no 
longer be used because of a higher incidence of accidental dural 
puncture,30,31 more postdural puncture headache (PDPH),32 
more pneumocephalus, more risk for patchy analgesia,31 and 
more paraesthesias. However, in experienced hands, LOR to air 
is a safe technique.33

The epidural needle is advanced into the interspinous ligament 
and gradually advanced by the operator’s non-dominant hand 
while the thumb of the operator’s dominant hand applies constant 
or intermittent pressure to the LOR syringe. Upon entering the 
epidural space, the content of the LOR syringe flows easily into 
the epidural space. Then a catheter is advanced into the epidural 
space, and the needle pulled back, after which the catheter is pulled 
back until the catheter remains 3–5 cm in the epidural space. In 
many institutions, micropore filters are used in between the epi-
dural catheter and the infusion fluid to protect against infection. 
However, there is no evidence that they actually do have a protec-
tive effect.34 It must be emphasized that filters may hamper the 
aspiration of CSF or blood, hence aspiration, using a 2 mL syringe 
needs to be performed without a filter. Following fixation of the epi-
dural catheter, the patient is positioned supine with left lateral tilt.

Test dose
Following insertion of an epidural catheter, the catheter can 
accidentally have been placed intrathecally or intravascularly. 
Intravascular cannulation of the epidural catheter occurs in up 
to 9% of obstetric patients.35,36 Especially when high doses of 
local anaesthetic are administered, the risk of LAST or high/total 
spinal anaesthesia is significant and potentially life-threatening. 
Therefore, identification of catheter misplacement is crucial. For 
this purpose a so-called test dose is administered (Box 14.5). 
Ideally a test dose should have a high specificity (low false-positive 
rate) and high sensitivity (low false-negative rate). Unfortunately 
no test dose is 100% full proof. A negative response to a test dose 
decreases the chance of catheter malpositioning, but does not 
exclude it. Also throughout the course of labour, epidural catheter 
migration has been described.37,38 Hence a catheter tested follow-
ing placement, should always be re-tested when high doses of local 

anaesthetic are administered as a bolus (e.g. when topping up a 
labour epidural for caesarean delivery).

When dilute epidural analgesic solutions are used, several 
obstetric anaesthetists question the need to use a formal test 
dose. They argue that the risk of LAST or high spinal block is 
virtually non-existent when low-concentration epidural solu-
tions are given and incremental dosing is used when top-ups 
are given. The first dose then serves as a test dose. Moreover, 
an epinephrine-containing test dose may increase the risk of 
motor block in the parturient39 and detrimentally affects uter-
oplacental perfusion,40 while lidocaine 40–60 mg intrathecally 
will produce some degree of motor block which is undesirable 
in labour.41 Furthermore, during CSE analgesia, because of the 
immediate effect of the spinal component, a test dose to assess 
intrathecal placement of the epidural catheter is not useful. 
Finally, in labouring patients, test doses that rely on a tachy-
cardic response to evaluate intravascular catheter placement 
are found to be difficult to interpret, because of significant 
maternal heart rate variability during labour. Additionally, 
when multi-orifice catheters are used, careful aspiration of the 
catheter (without a micropore filter) will in many instances 
allow identification of misplacement since CSF or blood will be 
aspirated. Therefore, many practitioners will not give a formal 
test dose when low-concentration epidural solutions are used 
for labour pain relief.42 They will aspirate the catheter and give 
the first therapeutic dose fractionated and consider this the 
test dose.

However, when large doses are given, a test dose is necessary. 
Table 14.1 gives an overview of the various testing modalities of 
an epidural catheter and the expected response when the catheter 
is intravascular or intrathecal.

Choice of local anaesthetic: drug, concentration, 
and dose
We refer to more detailed information in Chapter 16. Although 
theoretically all local anaesthetics can be used for epidural labour 
analgesia, in clinical practice the choice is limited to one of four 
local anaesthetics:  lidocaine, bupivacaine, levobupivacaine, and 
ropivacaine. In contemporary obstetric anaesthesia practice, lido-
caine is rarely used for neuraxial labour pain relief because of 
its short duration and concerns about neonatal neurobehavioral 
scores.43–47

Bupivacaine is probably the most popular local anaesthetic 
worldwide for neuraxial labour analgesia. The advantages of 
high-volume, low-concentration solutions to initiate epidural 
analgesia have been clearly demonstrated. Less motor block and 
better labour outcome of lower epidural local anaesthetic concen-
trations were well demonstrated by the Comparative Obstetric 
Mobile Epidural Trial (COMET) trial.48 Christiaens et  al. and 
Lyons et  al. in two methodologically different studies elegantly 
showed that high-volume analgesia results in better quality anal-
gesia with less local anaesthetic consumption probably due to bet-
ter epidural sacral spread.49,50

It has been shown, using the up-and-down sequential alloca-
tion methodology, that ropivacaine and levobupivacaine are 
less potent then bupivacaine at the effective dose in 50% of sub-
jects (ED50).51–53 However, more recent work by Ngan Kee et al. 
showed that at the ED95 this difference was much smaller and not 
statistically significant54 (Figure 14.4). Theoretically ropivacaine 

Box 14.5  Disadvantages of a formal test dose to evaluate 
intravascular or intrathecal placement of the epidural catheter

◆	 Low specificity: large heart rate variability in labour resulting 
in a false-positive test dose

◆	 Effects of epinephrine on uteroplacental perfusion
◆	 Effects of lidocaine and epinephrine on motor function
◆	 Difficulty testing the catheter when placed as part of a CSE.
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and levobupivacaine produce less systemic toxicity and have the 
potential for reduced motor block, which is especially important 
in labouring patients.

All local anaesthetics can produce systemic toxicity by direct 
and indirect mechanisms that derive from their mode of action, 
that is, inhibition of voltage-gated ion channels.55–57 Furthermore, 
local anaesthetics also interfere with mitochondrial respiration 
by impeding oxidative phosphorylation, thus depleting the cell’s 
energy reserve. Ropivacaine and levobupivacaine both have lower 
systemic toxicity then bupivacaine.55–57 Evidence from in vitro 
studies, ex vivo whole-organ studies, animal studies, studies in 
volunteers, and case reports shows that ropivacaine is the least 
toxic, levobupivacaine has intermediate toxicity, and bupivacaine 
is the most toxic.58 Reduced systemic toxicity has also been dem-
onstrated in pregnant animals.59

Halpern and Walsh performed a meta-analysis of 23 rand-
omized trials that compared ropivacaine and bupivacaine during 
labour analgesia.60 Onset, duration, and quality of analgesia were 
similar between the two local anaesthetics. No differences in mode 
of delivery or other outcome parameters were identified, except 
for a more frequent incidence of motor block with bupivacaine. 
Several individual studies using low concentrations of local anaes-
thetic (≤0.125%) did demonstrate differences in motor block with 
ropivacaine producing less motor block then bupivacaine.61–69 
This difference in motor block especially becomes apparent when 

analgesia is required for more than 4–5 hours as Gautier et al. and 
Halpern et al. clearly demonstrated (Figure 14.5).63,69 In the study 
by Gautier et al.,63 this difference persisted even if lower concen-
trations of epidural bupivacaine were used to provide analgesia. 
Table 14.2 gives an overview of motor block reported in several 
studies that compared low and similar concentrations of ropiv-
acaine and bupivacaine during labour analgesia. However, for 
completeness, most studies were not powered to evaluate motor 
block effects.

This has been confirmed using the minimum local anaes-
thetic concentration (MLAC) methodology. Lacassie et al. deter-
mined the motor block MLAC concentration of ropivacaine,  
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Table 14.1  Epidural catheter testing modalities

Testing modality Result when IV 
catheter

Result when IT 
catheter

Lidocaine 1.5% with 
epinephrine 5 mcg/mL 
(1:200,000) 3–4 mL

An increase in heart 
rate of 20 bpm within 
60 seconds

Motor blockade 
(reduced hip flexion) 
within 5 minutes

Bupivacaine 0.25% with 
epinephrine 5 mcg/mL 
(1:200,000) 3–4 mL

Increase in heart rate 
of 20 bpm within 
60 seconds

Motor blockade 
(reduced hip flexion) 
within 5 minutes

Lidocaine 100 mg Tinnitus, circumoral 
paraesthesia

Motor blockade 
(reduced hip flexion) 
within 5 minutes

Ropivacaine 25 mg Tinnitus, circumoral 
paraesthesia

Motor blockade 
(reduced hip flexion) 
within 5 minutes

Fentanyl 100 mcg Dizziness, sleepy 
feeling

No effect

Air 1 mL Doppler heart sound 
changes

Lidocaine 40–60 mg No effect Motor blockade 
(reduced hip flexion) 
within 5 minutes

Bupivacaine 7.5 mg No effect Motor blockade 
(reduced hip flexion) 
within 5 minutes

Aspiration of catheter Blood Cerebrospinal fluid

Note that an epidural catheter can migrate and re-testing is required whenever a large 
bolus dose is administered.

bpm, beats per minute; IT, intrathecal, IV, intravascular.
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levobupivacaine, and bupivacaine using a model of up-and-down 
sequential allocation.70,71 The authors noted that at equianalgesic 
doses, if motor block with racemic bupivacaine was 1.0, motor 
block with ropivacaine was 0.66 and with levobupivacaine was 0.87.

Choice of adjuvant drug in epidural solutions
Opioids
Opioids used for labour pain relief act through mechanisms in the 
dorsal horn. Activation of μ, δ, and κ-receptors induces presynap-
tic inhibition of neurotransmitter release and produces postsyn-
aptic neuronal membrane hyperpolarization. Pure epidural opioid 
analgesia is feasible in the early stages of labour. Capogna et al. 
determined the ED50 of epidural fentanyl and sufentanil using the 
MLAC methodology.72 To produce analgesia in 50% of patients 
a dose of 124 mcg fentanyl and 21 mcg sufentanil was required, 
establishing a potency ratio of 5.9 between sufentanil and fentanyl. 
However, usually opioids are combined with local anaesthetics. It 
has been repeatedly shown that opioids have a synergistic effect 
with various local anaesthetic agents. Opioids reduce the ED50 
of different local anaesthetics.73 Buyse et al. showed that sufenta-
nil reduced local anaesthetic consumption fourfold.74 In clinical 
practice, the addition of opioids reduces the onset of analgesia, 
prolongs the duration of initial epidural analgesia, reduces local 
anaesthetic consumption, and decreases the incidence of patients 
with insufficient analgesia.75 The incidence of troublesome motor 
block is reduced and the rate of spontaneous vaginal delivery is 
increased.75 Unfortunately, more patients experience pruritus.75

Clonidine
Clonidine, an α2-receptor agonist, acts through α2-receptors 
located in the dorsal horn to produce labour analgesia. Presynaptic 
stimulation of α2-receptors inhibits neurotransmitter release 
and postsynaptic stimulation prevents neuronal transmission 
through hyperpolarization. Animal safety studies established 
that clonidine was not neurotoxic and did not affect spinal cord 
blood flow.76,77 Several clinical trials have studied various doses 

(30–150  mcg) of epidural clonidine during labour.78–81 Doses 
above 100 mcg induce maternal hypotension, bradycardia, 
and sedation and in some trials also new-onset fetal heart rate 
changes.79 Based on work by Landau et al. the optimal epidural 
dose of clonidine is probably 75 mcg.81 Prolonged analgesia, 
reduced local anaesthetic consumption, and less epidural top-ups 
for breakthrough pain without an increase in side effects were 
noted. However, Nakamura et al. reported worse neonatal adap-
tive capacity scores when clonidine 75 mcg was added to an epi-
dural ropivacaine mixture.82

Epinephrine
Epinephrine also acts through α2-receptors. However, vascu-
lar effects, especially with epidural administration, might also 
be involved. Epidurally administered epinephrine significantly 
reduces the MLAC concentration of bupivacaine in labouring 
patients and improves the quality of analgesia.83 Unfortunately, 
epinephrine also induces an increased incidence of maternal 
motor deficit.84,85 Epidural epinephrine might also prolong labour 
duration by β-agonist effects, especially when higher doses are 
infused in the epidural space.86–88 Furthermore, adding epineph-
rine to pharmacist pre-prepared solutions complicates storage 
and significantly increases the price of handling and preparation. 
Thus, this author has abandoned the addition of epinephrine from 
the local anaesthetic solution used for spinal and epidural admin-
istration when used for labour analgesia.

Neostigmine
Acetylcholine is an important neurotransmitter in the dorsal 
horn of the spinal cord for the descending inhibitory pathways. 
Neostigmine, a cholinesterase inhibitor, increases the concentra-
tion of acetylcholine in the synapses and this produces analgesia 
by stimulating acetylcholine-mediated mechanisms. Naguib and 
Yaksh demonstrated that the analgesic effects of neostigmine and 
clonidine are synergistic.89 Following reassuring safety studies, in 
which no neurotoxic effects and no detrimental effects on spinal 
cord perfusion were identified, neostigmine has been evaluated 
for labour pain relief.90,91 Although not a potent analgesic as a sin-
gle drug, it does have analgesic effects when combined with other 
drugs such as opioids, clonidine, and local anaesthetics.92–94

Van de Velde et al. evaluated the combination of clonidine 75 mcg 
with neostigmine 500 mcg given epidurally following the spinal 
component of a CSE.95 They noted a local anaesthetic-sparing 
effect, increased duration of initial spinal analgesia, and fewer 
problems with breakthrough pain. Ross et al. noted that adding 
neostigmine to the patient-controlled epidural analgesia (PCEA) 
mixture reduced bupivacaine consumption during labour.96 
Eisenach, along with Paech and Pan, concluded that neostigmine 
is a promising adjuvant drug to assist in managing labour pain but 
that further research is required.97,98

Initiation using combined 
spinal–epidural analgesia
Technique
The CSE technique combines the advantages of a conventional 
epidural technique with the advantages of single-shot spinal 
(SSS) technique. Most practitioners use the single interspace 
needle-through-needle CSE technique. Following identification of 

Table 14.2  Number of parturients developing any degree of motor 
block throughout labour with epidural analgesia using similar and 
low concentration (0.125% or less) local anaesthetic solutions with or 
without opioid

Study Bupivacaine (n) Ropivacaine (n) Number of patients 
in total in the study

Campbell et al.61 5 0a 40

Meister et al.62 18 8a 50

Gautier et al.63 15 3a 90

Lee et al.64 21 10 346

Owen et al.65 12 8 50

Gogarten et al.66 11 4 109

Chua et al.67 5 3 32

Fischer et al.68 19 10 189

Halpern et al.69 47 29a 186

Total 153 75 1092

Data from various sources (see references).
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the epidural space, a longer spinal needle is advanced through the 
epidural needle into the subarachnoid space. An initial dose of drug 
is administered. The spinal needle is removed and an epidural cath-
eter advanced as in a conventional epidural technique. Alternatively, 
but currently rarely used, is the double-space CSE technique in 
which a SSS is performed followed by an epidural at a different inter-
space. The double-space technique has advantages (time to redo the 
epidural if required and easier testing of the epidural catheter) and 
disadvantages (two punctures; higher chance of damaging the conus 
if a lower interspace cannot be used for the spinal).

Testing the epidural catheter following CSE
Since epidural catheters can inadvertently be misplaced in either 
the CSF or in an epidural vein, anaesthetists have been using test 
doses to verify the correct position of the catheter. Unfortunately, 
test doses are neither sensitive nor specific99,100 (Table 14.1). 
Furthermore epinephrine-containing test doses can induce motor 
impairment and thus reduce ambulation during labour. Some 
authors also suggested that an epinephrine-containing test dose 
has potential adverse effects on uteroplacental perfusion. As a 
result, several authors have abandoned routine testing of the epi-
dural catheter and look for signs of IV or intrathecal injection 
with each bolus given through the catheter.101

With CSE, analgesia occurs rapidly and testing the functionality 
of the epidural catheter is not possible until the initial spinal dose 
wears off. Many anaesthetists consider the fact that the reliability of 
the epidural catheter is uncertain during this period as a major dis-
advantage. Their concern is related to the possibility that the cath-
eter may be dysfunctional when an emergency caesarean section 
is required. Especially in high-risk pregnancies this is considered 
a major drawback. However, it is important to note that even with 
a well-tested epidural catheter, it can never be absolutely sure that 
several hours later the catheter remains correctly positioned.37,38 
Even with conventional epidural catheters, fractionated dosing or 
a de novo test dose are required the moment the catheter is used for 
the injection of high doses of local anaesthetics.

A second concern involves the fact that some anaesthetists do 
not want to initiate epidural analgesia immediately after the spinal 
dose. Only once the spinal dose has worn off, the epidural catheter 
is formally tested and used throughout labour. As a result most 
patients will experience breakthrough pain until the epidural 
dose is effective. However, several authors initiate an epidural 
infusion immediately following the initial spinal dose.102 With 
low-volume, low-dose techniques, the risk of total spinal anaes-
thesia or toxic side effects is minimal. However, if continuous epi-
dural infusion or patient-controlled epidural analgesia does not 
produce adequate analgesia, one must consider an intravascular 
position of the catheter and resite the catheter.

Choice of intrathecal drug combinations
Plain intrathecal opioids are successful in producing labour anal-
gesia. Palmer et al. established that fentanyl 25 mcg, used alone, 
was the optimal intrathecal dose.103 Increasing the dose above 
25 mcg did not improve the duration or quality of analgesia, but 
increased the incidence of side effects. For sufentanil, an ED95 of 
8.9 mcg was established.104 However, certainly in Europe, most 
anaesthetists prefer the intrathecal combination of local anaes-
thetics and opioids, often pre-mixed solutions, prepared by the 
hospital pharmacy.105 Adding opioids to the spinal mixture, 

reduces the ED50 of the local anaesthetic agent and prolongs in a 
dose-dependent manner the duration of initial spinal analgesia.106 
Respiratory depression following intrathecal opioids has been 
described. This occurred usually in short-stature patients receiving 
high doses of opioids following initial parenteral opioid analgesia. 
Respiratory depression occurred within 30 minutes from injection. 
Vigilance following the intrathecal injection of opioids is therefore 
required. During labour analgesia, intrathecal opioids have been 
associated with new-onset fetal heart rate changes.107,108 Usually 
these changes were related to uterine hyperactivity and not mater-
nal hypotension. Several authors postulated that an imbalance 
between maternal catecholamines following rapid spinal analgesia 
produces uterine hypertonicity. It remains unclear why this only 
occurs following high-dose intrathecal opioids and not following 
the combination of lower doses of opioids and local anaesthetics.109

Chiari et  al. studied the use of pure spinal clonidine labour 
analgesia.110 This is not feasible since doses producing adequate 
analgesia also induce unacceptable hypotension. Adding lower 
doses of clonidine (15–45 mcg) to spinal analgesics does improve 
the duration and quality of initial spinal analgesia, but hypoten-
sion remains problematic.111,112

Nelson et al. investigated the analgesic potential and side effect 
profile of 5, 10, or 20 mcg intrathecal neostigmine alone.113 Ten 
mcg was considered the optimal dose to be added to intrathe-
cal sufentanil. The ED50 of spinal sufentanil with and without 
neostigmine was determined. Neostigmine successfully reduced 
the ED50 of spinal sufentanil. In a further step, they compared 
twice the ED50 of spinal sufentanil with neostigmine to twice the 
ED50 of plain spinal sufentanil. A synergistic effect on duration of 
analgesia of neostigmine was observed. D’Angelo et al., however, 
reported no increase in analgesic duration with neostigmine as 
part of a multidrug combination (local anaesthetic, opioid, cloni-
dine, and neostigmine).114 Furthermore, several authors reported 
a very high incidence of severe nausea and vomiting.115

Currently bupivacaine is mostly used for intrathecal labour 
analgesia, usually in combination with opioids. Also levobupiv-
acaine and ropivacaine have been used successfully during labour 
analgesia. Lim et al. compared 2.5 mg bupivacaine with 2.5 mg 
ropivacaine and 2.5 mg levobupivacaine.116 Bupivacaine produced 
the longest duration of analgesia but with the highest incidence of 
motor block. These results were not confirmed by Sah et al. who 
found no difference between levobupivacaine and bupivacaine.117 
Camorcia and co-workers described the minimum local analgesic 
doses of all three local anaesthetics and suggested a potency hier-
archy of spinal bupivacaine > levobupivacaine > ropivacaine.118 
Whitty et al. described the ED95 of spinal bupivacaine combined 
with fentanyl.119 Van de Velde et al. were the first to construct the 
full dose–response relationship of spinal ropivacaine, levobupiv-
acaine, and bupivacaine combined with opioids for labour analge-
sia.120 They noted that bupivacaine was significantly more potent 
than both the other local anaesthetics, but that ropivacaine and 
levobupivacaine were of similar analgesic potency (Figure 14.6).120

Initiation using single-shot spinal, 
continuous spinal, or caudal analgesia
Single-shot spinal
SSS anaesthesia is a simple and highly effective technique using a 
spinal needle which can be cutting (e.g. Quincke) or non-cutting 
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(e.g. Whitacre/pencil-point). Cutting needles produce a high inci-
dence of PDPH especially in obstetric patients and are currently 
rarely used in obstetric anaesthesia. Spinal needles also vary in 
size between 24 and 29 G needles. SSS is rarely used for labour 
analgesia and usually only in situations where brief analgesia is 
required shortly before anticipated delivery or when patients have 
difficulty in remaining immobile during neuraxial insertion.

Continuous spinal
In rare situations, continuous spinal anaesthesia can be used. 
A  spinal needle punctures the dura and a catheter is threaded 
into the subarachnoid space. This can be done using the Tuohy 
epidural needle and the epidural catheter following accidental 
dural puncture or by using specifically designed spinal catheter 
sets. However, especially in obstetric patients, a very high inci-
dence of PDPH occurs following continuous spinal analgesia.121 
Additional risks include technical difficulties inserting the cath-
eters, unreliability of the catheters, and injecting an accidental 
epidural dose intrathecally. Therefore this technique is reserved 
for high-risk patients in which pure opioid analgesia is useful.122

Choosing between combined 
spinal–epidural and conventional 
epidural analgesia
Obstetric anaesthetists are divided when questioned on the place 
of CSE in labour analgesia. In a 2012 Cochrane review, it was 
concluded that CSE offers little benefit as compared to conven-
tional epidural analgesia.123 However, it was acknowledged that 
CSE produces faster analgesia. Side effects on mother, infant, 
and labour were similar between techniques, apart from a slight 
increase in the incidence of pruritus with CSE. However, because 
of this ongoing discussion, we feel that a more detailed overview 
of the available literature is required. Also perhaps this more 
detailed discussion might aid clinicians in choosing one over the 
other technique for individual patients and situations.

Onset Time of Analgesia
Arguably the most obvious advantage of the CSE technique is 
the rapid onset of effective analgesia.123 Consistently, effective 
labour analgesia is accomplished within 4–8 minutes following 
the intrathecal injection of drugs.123–139 Following conventional 
epidural analgesia, initial analgesia is usually achieved within 10 
to 25 minutes133,134 (Figure 14.7).

It is important to note, however, that although the onset time of 
epidural analgesia might be reasonable, a wide interpatient vari-
ability exists depending on parity, stage of labour and other rel-
evant obstetric and non-obstetric factors. Especially during late 
or active labour, analgesia following an epidural is often delayed 
and always requires local anaesthetics. With CSE, onset time is 
short in all patients irrespective of the stage of labour and can be 
achieved using pure opioid analgesia. Importantly, in many stud-
ies, epidural mixtures used relatively high concentrations of local 
anaesthetic (>0.2%).

Quality of pain relief: visual analogue scale scores, 
satisfaction, and anaesthetist intervention rate
Several trials demonstrated lower visual analogue scale (VAS) 
scores for labour pain during the first hours after initiation with 
CSE,140–143 whilst other comparative trials could not demonstrate 
a difference in VAS scores.144,145 No trials report higher VAS scores 
with CSE. A recent trial by Gambling et al. demonstrated better 
first-stage analgesia with CSE, despite fewer epidural top-ups.146

Less unilateral analgesia with CSE was reported as compared 
to conventional epidural analgesia.138 Interestingly, Hess et  al. 
found that patients treated with conventional epidural analgesia 
experienced more recurrent breakthrough pain as compared to 
CSE-treated women.147 Goodman et al., however, failed to cor-
roborate these findings.142

The presence of a dural puncture may facilitate the passage of 
epidurally administered drugs during maintenance of analgesia 
to the CSF; at least in animals, such an effect has been reported.148 
In patients, Leighton et al. also reported that epidural bupivacaine 
blocked more dermatomes when administered following an ini-
tial dural puncture as compared to epidural bupivacaine adminis-
tered without prior dural puncture.149 Cappiello et al. perforated 
the dura with a 25 G Whitacre needle without administration of 
spinal drugs.150 The control group had no dural puncture. In both 
groups, analgesia was initiated with an epidural local anaesthetic/
opioid mixture. Patients treated with a dural puncture had better 
sacral spread, shorter onset of analgesia, and better quality pain 
relief. In a similar study using a 27 G Whitacre needle, no differ-
ence between patients treated with or without a dural puncture 
could be identified.151

Local anaesthetic consumption
Local anaesthetic requirements are significantly reduced with 
CSE as compared to low-dose epidural techniques.133,137,138,141,143 
Discussion is ongoing as to whether this is the result of the omis-
sion of the initial epidural bolus or that also during labour a 
dose-sparing effect persists (as a result of the dural hole).

However, a recent trial by Patel et al., using the MLAC method-
ology, determined that with CSE local anaesthetic requirements 
might be increased for the second epidural injection as compared 
to conventional epidural analgesia.152 However, it must be noted 
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that the effect was marginal and that the methodology of the study 
does not reflect clinical practice in which the epidural mainte-
nance strategy is started immediately following the initial dose 
and not when the patient has pain once again.

Duration of initial analgesia
Spinal analgesia typically lasts for 90–150 minutes, but a wide 
variety exists depending on administered spinal drugs and 
pain-modulating factors such as parity, stage of labour, type of 
labour, frequency, and strength of contractions. The initial dura-
tion of the spinal dose is similar to an initial epidural bolus.153–163 
In ideal circumstances using multidrug combinations, spinal 
analgesia can last more than 4 hours.156,160 Many authors con-
tinue the search for long-lasting spinal analgesia, hoping that SSS 
analgesia will ultimately be achieved. Despite extensive research, 
disappointingly, no more (and often less) than 50% of patients 
deliver during initial spinal analgesia.

Epidural catheter reliability
Following the initial spinal injection, due to bilateral analge-
sia and sensory changes, testing of the epidural catheter can be 
difficult and one is unsure if the epidural is in the correct space. 
Furthermore, the reliability of the catheter to achieve bilateral 
analgesia once the spinal dose has worn off has not been proven 
until used. However, various investigators noted that the reliabil-
ity of epidural catheters following CSE was similar or increased 
as compared to stand-alone epidural catheters.138,150,164–170 
There was less need for epidural catheter replacement and there 

was less unilateral analgesia requiring catheter manipulation. 
Unfortunately many of these studies are retrospective or have 
catheter reliability as a secondary outcome factor.

When using a CSE technique, a perfect midline approach is 
required to identify the subarachnoid space and consequently 
more epidural catheters are positioned reliably into the epidural 
space. Interestingly, Thomas et al. noted that when no CSF was 
obtained following attempted CSE, subsequently much more epi-
dural catheters required replacement as compared to those cath-
eters placed when CSF was noted.151

Failed spinal component
Failure to identify the spinal space and produce good spinal analge-
sia is reported in 0–18% of patients.151 As with every technique, fail-
ure may occur, but in these instances the epidural catheter can still 
be used to provide analgesia. Failure of the spinal component indi-
cates that the epidural needle is not perfectly situated on the mid-
line and is a risk factor for subsequent epidural catheter failure.151

Side effects of neuraxial analgesia initiation
Pruritus
This is the most common side effect of neuraxial opioids, occur-
ring in almost all patients. In the most recent Cochrane review, 
pruritus was more frequent following CSE and was reported to be 
the only complication occurring more frequently with CSE.123 It 
usually develops shortly after analgesia. It is mild and hardly ever 
requires antipruritic therapy.
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Nausea
Nausea and vomiting are very rare complications during CSE 
and conventional epidural analgesia. No differences in the inci-
dence of nausea have between reported when comparing the two 
techniques, except in the retrospective trial by Miro et al. who 
reported more nausea and vomiting in patients treated with epi-
dural analgesia.166 We must remember that nausea is a part of the 
birth process especially during induced labour.

Hypotension
As with any neuraxial technique, hypotension can occur follow-
ing labour analgesia. Both CSE and conventional epidural anal-
gesia have been associated with usually mild hypotension, which 
is easily treated.133 Hypotension following the spinal injection is 
transient and occurs within the first 30 minutes following initia-
tion of analgesia. In clinical, routine practice it is important to 
avoid the supine position. Although opioids do not produce sym-
patholysis, hypotension is observed with pure intrathecal opioid 
analgesia.171 When local anaesthetics are combined, hypoten-
sion seems to be more pronounced, but clinically is usually easily 
treated. Intrathecal clonidine, however, is often associated with 
severe hypotension and this author cannot recommend its routine 
use based on his personal experience with this drug. Hypotension 
can be severe and is often protracted requiring prolonged sup-
portive vasopressor therapy.172

Respiratory depression
Several case reports have demonstrated that lipid-soluble opioids 
may induce respiratory depression.173 In some, but not all, cases 
respiratory arrest occurred in relatively short-stature women who 
had received parenteral or epidural opioids prior to the spinal 
injection. Fortunately, respiratory depression occurred typically 
within the first 30 minutes and was easily treated and reversed 
using naloxone. In one patient, chest compressions and resusci-
tation were required.173 Ferrouz et al. performed a retrospective 
chart analysis and reported one respiratory arrest in over 5000 
CSEs performed with 10 mcg spinal sufentanil.174 As this compli-
cation is rare, most authors advocate vigilance and advise using 
lower doses of intrathecal opioids than those initially used on 
empirical grounds.

Other complications related to excessive rostral spread of 
opioids and local anaesthetics have been described and include 
aphonia, aphagia, dysphagia, altered levels of consciousness, 
high sensory block, and transient swallowing difficulties. Sudden 
hypoglycaemia has also been described.175

Motor block
For many years, strategies to reduce the incidence and sever-
ity of motor block, associated with epidural analgesia, have 
been designed. Lower concentrations of local anaesthetics, the 
addition of opioids and other adjuvant drugs, the introduction 
of patient-controlled epidural analgesia, and the use of newer 
local anaesthetics have been instrumental in reducing problem-
atic motor block. Low-dose epidurals are successfully used to 
allow labouring women to maintain mobility whilst being com-
pletely pain free.137 With CSE it is easier to provide effective 
analgesia with no or very minute doses of local anaesthetics. As 
already described, CSE decreases both the total local anaesthetic 

consumption133,137 and the occurrence of motor block compared 
to standard epidural techniques.133,137

Some have questioned the safety of walking during labour and 
neuraxial analgesia.176 However, several authors demonstrated 
that with CSE and epidurals motor function and balance remained 
intact, similar to pregnant patients without neuraxial analgesia.177

Although reduced motor block and ambulation during neu-
raxial analgesia are certainly feasible, controversy concerning 
the benefits of ambulation remains. Several trials demonstrated 
that ambulation during labour does not affect the outcome of 
labour,178 whilst others did note a beneficial effect of ambulation. 
In patients without epidural analgesia, ambulation halved the 
operative delivery rate.179 Ambulation also reduced the length of 
the second stage of labour.180 In the COMET trial, mobile tech-
niques for labour analgesia were associated with an improved 
labour outcome.137,164

Fetal heart rate changes
Abnormal fetal heart rate recordings and fetal bradycardia are 
worrying side effects that may follow any type of effective labour 
analgesia. Wong et al. reported more abnormal cardiotocographic 
readings following CSE as compared to systemic analgesia.9 Some 
authors reported that this complication could be more common 
following intrathecal opioids than following conventional epidural 
analgesia.107,108 Clarke et al. were the first to describe in detail the 
association between intrathecal opioids, uterine hyperactivity, 
and fetal bradycardia in the absence of maternal hypotension.107

Mardirossof et  al. performed a meta-analysis of several pro-
spective trials comparing intrathecal opioid analgesia with 
non-intrathecal opioid analgesia with respect to fetal bradycar-
dia (Figure 14.8).181 It was concluded that intrathecal opioids 
were associated with significantly more fetal heart rate abnor-
malities. Vercauteren et al. suggested that the incidence of fetal 
bradycardia depended on the dose of the intrathecal opioid.182 
Van de Velde et  al. performed a prospective, randomized trial 
specifically designed to evaluate the effects of intrathecal opioids 
on the incidence of non-reassuring fetal heart rate changes.109 
These authors concluded that high doses of intrathecal opioids 
increased the incidence of fetal heart rate abnormalities despite 
a reduced incidence of hypotension. The presumed mechanism of 
opioid-induced non-reassuring fetal heart rate tracings is uterine 
hyperactivity caused by rapid analgesia and, as a result, a rapid 
decrease in maternal circulating catecholamines.

Recently, Patel et al. compared CSE and conventional epidural 
analgesia and found that both techniques influenced the fetal 
heart rate, but that there was no difference between the two tech-
niques with respect to inducing non-reassuring fetal heart rate 
changes.183

Postdural puncture headache
Since CSE includes a dural puncture, there is a theoretical risk of 
PDPH. This is a devastating complication in an otherwise healthy 
mother, keen on taking care for her newborn child. However 
the use of small-gauge atraumatic spinal needles (26–29 G) has 
dramatically decreased the problem. From the available litera-
ture it seems that PDPH due to neuraxial analgesia occurs in 
no more than 1% of patients. Furthermore, the incidence is not 
increased as compared to conventional epidural analgesia.132,184 
Norris et al. reported that unintended dural puncture with the 
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epidural needle occurs much more frequently when using con-
ventional epidural analgesia as compared to CSE.184 Rarely the 
spinal needle itself is responsible for PDPH. Usually a dural tap 
with either the Tuohy needle or the epidural catheter causes pos-
tural headache. It is also worthwhile to mention several reports 
advising the insertion of the epidural catheter in the subarach-
noid space following an accidental dural tap. The incidence of 
PDPH and blood patching seems reduced when the epidural 
catheter is threaded intrathecally, although the evidence is 
conflicting.185–187

Neurological deficit
With any central neuraxial technique permanent neurological 
deficit is a rare but devastating possibility. If a CSE is inserted at a 
level higher then L3–4 interspace, direct trauma to the conus med-
ullaris is possible by the spinal needle. Reynolds published a series 
of seven obstetric patients who had damage to the conus following 
a CSE performed at a much higher interspace.188 Anaesthetists are 
notoriously poor in identifying the correct interspace using land-
marks and usually miss the correct interspace by one or more seg-
ments cranially.189 Hence caution when determining the correct 
interspace is absolutely mandatory.

In 2009, the 3rd National Audit Project of the Royal College of 
Anaesthetists was published.190 The report gathered data from 
hospitals in the United Kingdom over a 2-week period and extrap-
olated it for 1 year. It looked at major complications following cen-
tral neuraxial blocks in the United Kingdom, both in obstetric 
and non-obstetric patients. The report indicated that CSE might 
carry a higher risk of permanent injury as compared to epidural 
anaesthesia as it was used in less than 6% of cases but resulted in 
13–14% of major complications.

Meningitis
Several case reports have been published in which meningi-
tis developed after CSE.191–194 In at least some of these cases an 
inappropriate aseptic technique was possibly involved. However 
breaching of the dura carries a theoretically higher risk of infec-
tion than when the dura is not perforated. Infectious complica-
tions have also been described with epidural techniques. Therefore 
it must be emphasized that with both CSEs and epidurals a scru-
pulous aseptic technique is mandatory.

Conclusion
Epidural analgesia is the most popular method to initiate neu-
raxial analgesia for labour. However, CSE analgesia is also a very 
popular technique for labour pain relief and in some parts of 
Europe (e.g. Belgium) is as common as standard epidurals for ini-
tiation of labour analgesia. Epidural analgesia is reliable, relatively 
simple, and with modern approaches (e.g. drugs, adjuvants, and 
maintenance strategies) has limited effects on the labour process. 
However, its onset is relatively slow and a high percentage of epi-
dural catheter failures have been described. A recent Cochrane 
review suggests that CSE produces much faster analgesia then 
conventional epidural analgesia. Although various authors limit 
the use of the technique to specific indications, a wide variety of 
indications have been described by different authors (Box 14.6). 
CSE analgesia provides rapid, highly effective analgesia with 
minimal motor block and low local anaesthetic consumption. 
Maternal satisfaction is improved. A possible important advan-
tage of the CSE technique is enhanced epidural catheter reliabil-
ity, but this needs further study and confirmation. PDPH and 
infections do not occur more frequently than with conventional 
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epidural analgesia. However, non-reassuring fetal heart rate trac-
ings occur significantly more frequently following high doses of 
intrathecal opioids in CSE and occasionally, respiratory depres-
sion, also following high doses of opioids intrathecally, can occur.
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CHAPTER 15

Maintenance of neuraxial 
labour analgesia
Alex Tiong Heng Sia, Ban Leong Sng, and Serene Leo

Introduction
Labour pain is one of the most painful experiences a woman can 
undergo;1 physical and psychological factors have been shown 
to influence the extent and severity of pain suffering.2 Although 
neuraxial analgesia is relatively invasive, with years of medical 
research and improved safety, epidural analgesia is now consid-
ered the gold standard of labour pain relief. It is the only method 
that provides excellent analgesia without significant maternal 
and fetal sedation. Understanding the dynamic and multifaceted 
nature of labour pain is essential to providing the optimal regi-
men in the maintenance of analgesia.

Apart from providing the desired degree of pain relief, the other 
objectives of maintaining an effective neuraxial block would give 
the mother the ability to titrate the most satisfactory level of pain 
relief and minimal side effects such as motor blockade. With the 
introduction of patient-controlled epidural analgesia (PCEA) 
by Gambling et al. in 1988, parturient ‘self-titration’ of epidural 
analgesia was made possible.3 In spite of that, some women may 
still require rescue epidural supplementation from ‘breakthrough’ 
pain due to a multitude of factors, including misplaced epidural 
catheters producing inadequate blockade as well as dysfunctional 
labour and cephalopelvic disproportion that may predispose 
women to increased pain during labour. The effectiveness of the 
maintenance of neuraxial blocks is dependent on a variety of fac-
tors. The effective and correct placement of the epidural catheter 
in the epidural space, the use of an appropriate epidural mainte-
nance analgesic drug solution, and the utilization of newer drug 
delivery systems and technology will contribute to the effective-
ness and the ability to individualize therapy.

The initiation of neuraxial block
An effective induction of labour analgesia is critical to allow a 
successful continued maintenance of epidural analgesia (see also 
Chapter  14). There has been an ongoing debate regarding the 
advantages and disadvantages of epidural labour analgesia versus 
the newer combined spinal–epidural (CSE) technique. Indeed, the 
induction of labour analgesia using the CSE technique has gained 
much popularity in recent years. The advantages of a CSE include 
a rapid onset of uniform analgesia and minimal motor blockade 
with the judicious use of small analgesic doses of local anaes-
thetic and opioid. Consequently, CSE is able to achieve a reliable 
block of sacral nerve roots with minimal maternal and umbili-
cal cord blood concentrations of analgesics.4–6 The CSE technique 

employing the ‘needle-through-needle’ technique has also been 
thought to improve the chances of the placement of a properly 
functioning epidural catheter by prior verification of the suba-
rachnoid space with the spinal needle.6–8 In addition, the dural 
puncture created during the CSE technique is thought to allow 
some subarachnoid transfer of epidurally administered drugs and 
thus improve the quality of epidural analgesia.9

There is also evidence to suggest that blocks initiated by CSE 
could potentially reduce the risk of breakthrough pain during the 
subsequent maintenance of epidural analgesia.10 In a randomized 
controlled trial of 100 women, Goodman et al.10 compared initia-
tion of neuraxial analgesia with epidural analgesia (3 mL of epi-
dural bupivacaine 2.5 mg/mL, followed by 10 mL of bupivacaine 
1.25 mg/mL with 50 mcg fentanyl) to CSE (intrathecal bupivacaine 
2.5 mg with 25 mcg fentanyl). Both groups received epidural infu-
sions of bupivacaine 0.625 mg/mL with 2 mcg/mL fentanyl at 12 
mL/h. The visual analogue scale scores for pain were lower in the 
CSE group at 10 minutes and 30 minutes after initiation of neu-
raxial analgesia, although subsequent analgesia was comparable.

The potential benefits of CSE are also supported by a retrospec-
tive observational study of 6497 parturients; the authors con-
cluded that though comparable in terms of safety, the quality of 
analgesia was better in patients who received CSE when compared 
to conventional epidural analgesia.11 While the current literature 
supports a faster onset time to effective analgesia when the CSE 
technique is used for initiation of labour analgesia as compared 
with epidural analgesia, it is still equivocal with regard to the 
impact of CSE on overall maternal satisfaction with analgesia.12,13

The latest Cochrane systematic review by Simmons et al. has 
shown that CSE confers no advantage over epidural analgesia in 
terms of maternal satisfaction scores or the percentage of patients 
requiring physician-administered top-up doses14 for break-
through pain. Moreover, there were no differences in the incidence 
of maternal side effects such as motor block, hypotension, post-
dural puncture headache, or adverse effects on the neonate.10,12

CSE may be associated with a greater incidence of pruritus 
compared to epidural analgesia owing to the administration of 
intrathecal opioids.5,11,12 There were earlier concerns of the effects 
of the spinal component of CSE on fetal heart rate abnormali-
ties. Van de Velde et al. showed that the use of intrathecal opioids 
could be related to a higher incidence of non-reassuring fetal heart 
rate patterns, particularly in those who had received an analge-
sic mixture that contained a relatively higher dose of intrathecal 
opioids, that is, sufentanil 7.5 mcg versus 1.5 mcg.15 This could be 
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attributed to the rapid onset of pain relief associated with a higher 
dose of intrathecal opioids leading to a more sudden decrease in 
plasma epinephrine and beta-endorphins; this imbalance causes 
an unopposed action of oxytocin and norepinephrine, with the 
resultant uterine hypertonus and reduced blood flow, respectively. 
A smaller dose of intrathecal opioid may reduce the risk of uterine 
hypertonus. A meta-analysis by Mardirosoff et al. concluded that 
only 28 women need to receive intrathecal opiates for one fetal 
bradycardia to occur.16

However, Skupski et al.17 found that there were no differences 
between epidural and CSE analgesia with similar outcomes in the 
rate of caesarean delivery and presence of prolonged decelerations 
in a randomized non-blinded trial. More recently, Patel et al. con-
ducted a double-blinded randomized controlled trial comparing 
CSE with epidural analgesia.18 CSE analgesia during the first stage 
of labour did not increase fetal heart rate abnormalities or have an 
adverse effect on neonatal or obstetric outcomes when compared 
to epidural analgesia. However, these authors admitted that only 
two of the studies in the Mardirosoff meta-analysis were directly 
comparable with their study, which could explain the different 
conclusions.

The role of drugs used for epidural  
analgesic solutions
When the effect of the induction dose of neuraxial blocks wears 
off, the maintenance of labour epidural analgesia largely depends 
on the mode of administration of drugs through the indwelling 
epidural catheter. Over the past decade, labour epidural research 
has been focused on maintaining effective pain relief through-
out labour while minimizing the undesirable effects of mater-
nal motor blockade to preserve maternal comfort and retaining 
the option of ambulation. Reducing motor blockade also retains 
perineal muscle power to perform expulsive efforts at the time of 
delivery.

The choice of drugs for labour epidural analgesia should be 
safe for mother and fetus, and ideally not affect the progression 
of labour.19 Historically, undiluted plain bupivacaine (0.5%) was 
used for the maintenance of epidural analgesia and resulted in 
dense motor blockade. The addition of a short-acting opioid (e.g. 
fentanyl) to the local anaesthetic solution permitted a significant 
reduction in the effective concentration of bupivacaine, so alle-
viating the problem of dense motor blockade. Chestnut and col-
leagues20 reported effective analgesia with concentrations as low as 
0.0625% bupivacaine when combined in a solution with 2 mg/mL  
fentanyl. In the Comparative Obstetric Mobile Epidural Trial 
(COMET)19 conducted in the United Kingdom, traditional epi-
dural labour analgesia (using 0.25% bupivacaine) was compared 
with low-dose CSE and a low-dose epidural infusion (using 0.1% 
bupivacaine and 2 mg/mL fentanyl). The investigators randomly 
assigned 1054 nulliparous women requesting epidural pain relief 
to traditional epidural (n = 353), low-dose CSE (n = 351), or low-
dose infusion epidural (n = 350). The authors found that the use 
of a low-dose maintenance infusion after the induction of labour 
analgesia with either CSE or plain epidural led to higher rates of 
spontaneous vaginal delivery. The spontaneous vaginal delivery 
rate was 35.1% in the traditional epidural group, 42.7% in the 
low-dose CSE group (odds ratio (OR) 1.38; 95% confidence inter-
val (CI) 1.01–1.89; P = 0.04) and 42.9% in the low-dose epidural 

group (OR 1.39; 95% CI 1.01–1.90; P = 0.04). These differences 
were accounted for by a reduced incidence of instrumental vaginal 
delivery in the low-dose groups, most likely due to better preser-
vation of motor function during labour and delivery. Analgesic 
efficacy was similar in all three groups and there was no difference 
in the rates of caesarean delivery. In current obstetric anaesthetic 
practice, continued routine use of traditional epidurals using con-
centrated solutions of local anaesthetics cannot be justified, and 
the use of low-dose epidurals for labour analgesia maintenance 
has since gained popularity.

A combination of a low-dose local anaesthetic with a lipid-soluble 
opioid is commonly administered as the spinal component of the 
CSE technique. A recent review has found that the dose of 2.5 mg 
intrathecally of bupivacaine, ropivacaine, and levobupivacaine 
used for CSE labour analgesia, with or without lipophilic opioids, 
should provide adequate analgesia5 (Table 15.1). Bupivacaine, in 
concentrations from 0.0625% to 0.125%, is a very commonly used 
local anaesthetic for epidural analgesia. It is often used in combi-
nation with fentanyl (1.5–3.0 mcg/mL) and sufentanil (0.2–0.33 
mcg/mL) for the maintenance of epidural and CSE analgesia. 
Levobupivacaine is the S enantiomer of bupivacaine with compa-
rable potency. However, levobupivacaine may have the advantage 
of being potentially less cardiotoxic, even though this may not be 
clinically relevant since low concentrations are typically used in 
modern labour epidurals.

Ropivacaine is another popular local anaesthetic that confers a 
lower potential for cardiotoxicity and less motor blockade when 
compared to bupivacaine. Although early studies on ropivacaine 
have suggested that its potency is 60% of bupivacaine, recent evi-
dence concluded that ropivacaine is equipotent with bupivacaine 
to produce sensory blockade at clinically relevant doses.21 The 
maintenance epidural concentration with ropivacaine is recom-
mended to be 0.08% and 0.2%.22 Ropivacaine has limited transfer 
across the placenta, reducing fetal exposure similar to bupiv-
acaine, possibly due to its high protein binding limiting uteropla-
cental transfer.23 There could be an increased incidence of motor 
blockade in parturients receiving bupivacaine compared to ropi-
vacaine, although this difference may not be clinically signifi-
cant during a relatively short labour.24–28 However, in prolonged 
labour, bupivacaine may result in a significantly higher incidence 
of motor blockade.29

Typically, the combination of local anaesthetic with lipid-soluble 
opioids such as fentanyl or sufentanil allows the use of lower doses 
of both agents and minimizes the adverse effects such as motor 
blockade and other risks due to systemic absorption. The use of 
opioids in combination with local anaesthetics is common prac-
tice and confers a synergistic effect.30 Both fentanyl and sufentanil 
are suitable when used with epidural local anaesthetics for neu-
raxial analgesia.31 The doses of epidural fentanyl (commonly about 
2 mcg/mL) and epidural sufentanil (commonly up to 1 mcg/mL)  
used in labour analgesia are safe and effective for both mother and 
neonate.32,33 For instance, a continuous epidural infusion (CEI) 
with 0.125% bupivacaine with 2 mcg/mL fentanyl at a rate of 10 
mL/h showed a constant maternal and neonatal drug concen-
tration with no fetal accumulation; the umbilical gas values and 
neurobehavioural scores were within normal limits with no sig-
nificant neonatal adverse effects.32

Epidural clonidine (an alpha-2-receptor agonist that modulates 
pain perception at the spinal level) has shown some promise in 
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recent research as an adjuvant for labour epidural analgesia; the 
addition of clonidine to a bupivacaine–adrenaline–sufentanil mix-
ture improved the quality and duration of analgesia as compared 
with solutions not containing clonidine.34 Epidural clonidine 2 
mcg/mL when added to levobupivacaine 0.0625% with sufentanil 
0.25 mcg/mL using PCEA has been shown to improve labour anal-
gesia, reduce manual supplementation for rescue analgesia, and 
reduce pruritus.35 However, there was no improvement in mater-
nal satisfaction using this regimen. Furthermore, blood pressure 
was found to be lower in the clonidine group but without adverse 
clinical consequences. Epidural clonidine (75 mcg) when given 
with neostigmine 500 mcg after intrathecal ropivacaine and sufen-
tanil via a CSE technique resulted in significantly prolonged initial 
analgesia 114 (105–163) minutes compared to placebo 95 (70–120) 
minutes.36 There was also a reduced hourly ropivacaine consump-
tion. Therefore, epidural clonidine may have distinct advantages 
to improve the quality of labour neuraxial analgesia, although its 
routine use is generally not recommended due to the potential risk 
of hypotension and sedation.

Spinal clonidine has been investigated also for its efficacy and 
safety during initiation of neuraxial analgesia.37 Spinal clonidine 
50 mcg has been shown to prolong analgesia when added to sufen-
tanil 7.5 mcg and bupivacaine 2.5 mg early in the first stage of 
labour. This was achieved with similar pain scores and side effects, 
including motor block, sedation, and hypotension. However, 

there is more evidence to suggest that spinal clonidine may not 
be recommended for routine use.38 There is an increased risk of 
hypotension and abnormal fetal heart tracing patterns with the 
use of low-dose spinal clonidine.38 Other studies have suggested 
that spinal clonidine may not increase the duration or quality of 
analgesia when used for initiation of labour neuraxial analgesia.39

Similarly, a continuous epidural administration of neostigmine 
has been shown to result in a bupivacaine-sparing effect.40 The 
addition of epidural neostigmine 4 mcg/mL reduces the hourly 
consumption of bupivacaine by 19–25% with PCEA during 
labour. There was no increased risk of nausea, uterine hyperto-
nus, or fetal heart rate abnormalities. However, mild sedation was 
present. Despite studies reporting the advantages of using epi-
dural clonidine and neostigmine for epidural labour analgesia, 
safety concerns have been raised on their use for neuraxial labour 
analgesia.41,42

The role of epidural drug delivery 
systems: patient-controlled  
epidural analgesia
The earliest method of maintaining labour epidural analgesia 
was via manually administered epidural boluses, a practice that 
is certainly labour intensive and cumbersome.43 With the advent 
of automated infusion pumps, it became possible to administer 

Table 15.1  Trials determining the ED95 for spinal local anaesthetics administered as part of combined spinal epidural regimen for labour analgesia

Reference N Groups; drugs ED95 (mg) Definition 
of efficacy

Comments

Sia et al. [A]‌ 100 N=50; “L”

N=50; “R”

1.61 (CI95:1.37–2.14)

2.12 (CI95:1.81–2.81)

VAPS ≤ 10 at 
10 min. PI

No block failure in patient who received 2.5 mg or more of 
both LA

Whitty 
et al. [B]‌

40 N=40; “B”+“F” 15 μg 1.66 (CI95:1.50–482.5) VAPS ≤ 10 at 
10 min. PI

100 % success with 1.75 mg

No motor block

Van de Velde 
et al. [C]‌

433 N=145; “B”+“S” 1.5 μg

N=142; “R”+“S” 1.5 μg

N=146; “L”+“S” 1.5 μg

3.3 (CI95:2.9–4.1)

4.8 (CI95:4.0–6.7)

5.0 (CI95:4.1–7.0)

VAPS < 25 
at 15 min. PI 
and for 45 
min. PI

The ED95 was extrapolated from probit regression after the 
patients were randomly allocated to receive one of 6 doses (1, 1.5, 
2, 2.5, 3 or 3.5 mg) of the respective LA

 Analgesic potency ratio at ED95: *

“L”:“R” = 1.0 (CI95:0.7–1.4)

“B”:“R” = 0.71 (CI95: NA)

“B”:“L” = 0.67 (CI95: NA)

Duration of analgesia determined by the dose used, not the drug.

Onset of analgesia faster with “B” than with “R” and “L”

Parpaglioni 
et al. [D]‌

70 N=35; “L”, spontaneous 
labour

N=35; “L”, induced labour

1.56 (CI95:±0.25)

2.27 (CI95=±0.33)

VAPS ≤ 10 at 
20 min. PI

Data expressed as ED95 in 10 mL: for spontaneous labour, MLAC 
was 0.0156% and for induced labour, MLAC was 0.0227%

ED95 extrapolated from MLAC ? Statistical methodology not clear

“B” = bupivacaine: “L” = Levobupivacaine: “R” = Ropivacaine: “F” = Fentanyl: “S” = Sufentanil; ED95 = Effective dose in 95% of the population; VAPS = Visual analogue pain score; 
CI95 = 95% confidence interval; LA = Local anaesthetic; PI = Post-spinal injection; NA= Not available.

*The analgesic potency ratio is determined by dividing the MLAD of one LA by the other. The smaller the ratio, the greater the analgesic potency of the first LA compared to the 
second. A ratio of 1 indicates equal potencies.

Reproduced with permission from Loubert C, Hinova A, Fernando R., Update on modern neuraxial analgesia in labour: a review of the literature of the last 5 years, Anaesthesia,  
Volume 66, Issue 3,  pp. 191–212, Copyright © 2011 John Wiley and Sons. Data from Sia AT, Goy RW, Lim Y, Ocampo CE. A comparison of median effective doses of intrathecal 
levobupivacaine and ropivacaine for labor analgesia. Anesthesiology 2005 Mar;102(3):651–6; Whitty R, Goldszmidt E, Parkes RK, Carvalho JC. Determination of the ED95 for intrathecal 
plain bupivacaine combined with fentanyl in active labor. Int J Obstet Anesth 2007 Oct;16(4):341–5; Van de Velde M, Dreelinck R, Dubois J, Kumar A, Deprest J, Lewi L, Vandermeersch 
E. Determination of the full dose-response relation of intrathecal bupivacaine, levobupivacaine, and ropivacaine, combined with sufentanil, for labor analgesia. Anesthesiology 2007 
Jan;106(1):149–56; Parpaglioni R, Frigo MG, Sebastiani M, Lemma A, Barbati G, Celleno D. High volume of subarachnoid levobupivacaine decreases drug requirement in first stage labor 
analgesia. Minerva Anestesiol 2004 Dec;70(12):809–21.
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a continuous infusion of an analgesic solution via an indwelling 
epidural catheter. Recently, due to increasing awareness of the 
benefits of providing parturients greater autonomy over their own 
labour analgesic regimens, more interactive and flexible analgesic 
modalities have been developed.

PCEA is a mode of epidural drug delivery that allows the par-
turient to administer intermittent boluses of epidural solution 
herself. This provides flexibility to accommodate her escalating 
analgesic requirements as labour progresses or as labour augmen-
tation regimens are started. PCEA programme settings such as 
demand bolus, lockout interval, background infusion rate, and 
hourly maximum dose limits are usually decided upon by the 
attending anaesthetist.

The earliest study comparing PCEA with CEI was published 
in 1988 by Gambling et al.3 Since then, there have been numer-
ous studies confirming the various advantages of PCEA over CEI 
as a mode of labour epidural drug delivery. The use of PCEA has 
been shown to reduce the total volume of local anaesthetic solu-
tion used without compromising quality of analgesia, resulting in 
a lower incidence of side effects and greater maternal satisfaction 
with labour analgesia.43

An earlier meta-analysis by Van der Vyver et  al.44 reviewed 
nine studies involving a total of 640 parturients, which compared 
demand-only PCEA (without background infusion) with CEI. The 
authors found that parturients in the PCEA group required lower 
total doses of local anaesthetic solution, had less lower limb motor 
blockade, and were less likely to require epidural rescue medica-
tion than parturients in the CEI group. D’Angelo45 conducted 
another review of 19 PCEA studies, which demonstrated that 
PCEA had several advantages over CEI and intermittent epidural 
boluses. These include reduced consumption of local anaesthetics, 
reduced motor blockade, reduced pain scores, reduced clinician 
and midwife workload, and increased maternal satisfaction.

Although PCEA for labour analgesia has gained widespread 
acceptance, research to optimize the PCEA programme settings 
are still ongoing. The need for a basal infusion, in particular, had 
been a topic of much debate. Some studies found that a back-
ground infusion helped to reduce the incidence of breakthrough 
pain requiring clinician supplementation and reduce pain scores 
without any increase in local anaesthetic consumption.46–48 On 
the other hand, other studies found that a background infusion 
led to an increase in local anaesthetic consumption without any 
improvement in analgesic efficacy.49–51

Common PCEA parameters include a background infusion 
of 5–8 mL/h, a bolus dose of 5–10 mL, and a lock-out interval 
of between 10 to 20 minutes.22 A review by Halpern et al. also 
suggested that administration of approximately one-third of the 
hourly dose via a continuous infusion may minimize the risk of 
breakthrough pain, whilst optimizing dose titration for the par-
turient.52 Furthermore, a meta-analysis reported in the American 
Society of Anesthesiologists practice guidelines for obstetric 
anaesthesia suggested that a background infusion as part of a 
PCEA regimen does provide better analgesia (OR 3.33; 95% CI 
1.87–5.92).13 Although many of studies report a decrease in con-
sumption of local anaesthetic without the basal infusion, there are 
no reports of toxicity or excessive motor block associated with the 
use of a basal infusion.

This conclusion was shared by Loubert et al. who in a review, 
reported that most studies seem to recommend a moderate basal 

infusion (around 4–6 mL/h) for benefits of reduced pain scores 
and reduced incidence of breakthrough pain without increas-
ing the risk of side effects or overall local anaesthetic consump-
tion.5 However, increasing background infusion rates may lead to 
greater local anaesthetic consumption. To find a balance between 
fewer physician interventions and reducing local anaesthetic use, 
Smiley and Stephenson have suggested a strategy that consists 
of administering about a third of the expected local anaesthetic 
hourly demand as a background infusion.53

Unfortunately, the ideal bolus dose and lockout interval for 
PCEA remain unknown. Stratmann et  al. compared a 5- ver-
sus 15-minute lock-out interval and concluded that the shorter 
lock-out interval resulted in a better bolus-delivered-to-bolus-
attempted ratio, which is thought to be an index of PCEA effi-
ciency. However, there was no demonstrable improvement in 
any other outcomes such as pain scores, physician intervention, 
or maternal satisfaction.54 Halpern and Carvalho compared six 
studies with various PCEA settings to determine the ideal bolus 
volume and lock-out interval.52 They suggested that larger boluses 
(with a corresponding longer lock-out interval) may improve 
spread of the local anaesthetic solution in the epidural space with 
a potential for better analgesia. However, there were no significant 
improvements in outcomes such as analgesic efficacy, maternal 
satisfaction, or physician top-up requirements. They concluded 
that there was no ideal bolus dose or lock-out interval setting for 
labour PCEA. Loubert and colleagues shared a similar opinion, 
concluding that there is no strong evidence to favour one regimen 
over another.5

The role of automated mandatory boluses
After PCEA gained popularity and became established, inter-
est was shown in administering epidural solutions as automated 
mandatory boluses or programmed intermittent boluses instead 
of a slow continuous infusion. In a laboratory experiment, Kaynar 
et al. found that a bolus injection, administered at greater injec-
tion pressures, allowed drug exit from all holes of a multi-orifice 
catheter, whereas a slow continuous infusion, given at lower injec-
tion pressures, caused the drug to exit almost exclusively from 
the most proximal hole.55 Based on his study in human cadavers, 
Hogan also suggested that the use of intermittent boluses could 
produce a more uniform epidural block due to an increased injec-
tate pressure compared to a continuous infusion.56

The above experimental evidence has been explored in a clinical 
setting in several trials. Fettes et al. recruited 40 primigravidae who 
after initiation of epidural analgesia were randomized to receive 
either an infusion of 0.2% ropivacaine with fentanyl 2 mg/mL  
at 10 mL/h, or hourly boluses of 10 mL of the same solution.57 
Their results showed that regular intermittent epidural injections 
were associated with a reduced need for epidural rescue medica-
tion, less epidural drug use, and a longer time to first rescue bolus, 
while providing equivalent pain relief, than continuous infusion 
of the same solution of ropivacaine and fentanyl. Chua and Sia 
randomized 42 nulliparous parturients who initially received CSE 
analgesia, to receive either automated intermittent boluses of 0.1% 
ropivacaine with fentanyl 2 mcg/mL at 5 mL every hour, or a con-
tinuous infusion of the same solution at 5 mL/h.58 Their results 
showed that parturients in the intermittent bolus group had a 
longer duration of analgesia after CSE, reported lower pain scores, 
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and achieved a higher sensory block than those in the continuous 
infusion group.

Lim et  al. went on to investigate the effect of administering 
automated mandatory boluses in a smaller volume.59 The authors 
randomized 50 parturients after induction of analgesia with a CSE 
technique to receive either automated intermittent boluses of 2.5 
mL every 15 minutes or a continuous infusion of 10 mL/h. In both 
groups, the epidural solution consisted of 0.1% ropivacaine with 
fentanyl 2 mcg/mL. The results showed that there were no signifi-
cant differences between the two groups in terms of breakthrough 
pain and that the low-volume bolus did not appear to improve 
analgesic efficacy compared to a continuous epidural infusion.

Attempts were soon made to incorporate background auto-
mated mandatory boluses into a PCEA programme. Wong et al. 
investigated 158 multiparous women scheduled for induction of 
labour at cervical dilation between 2 and 5 cm to receive CSE 
analgesia. The two groups received either boluses of 6 mL every 30 
minutes in conjunction with PCEA or continuous basal infusion 
of 12 mL/h with PCEA, using a dual pump system.60 The epidural 
solution used for the basal infusion was bupivacaine 0.0625% and 
fentanyl 2 mcg/mL. The bolus group had less bupivacaine con-
sumption, similar analgesic efficacy, and higher patient satisfac-
tion scores compared to those in the infusion group.

Sia et  al. devised a computer program that allowed a single 
infusion pump to function as a PCEA pump with the ability to 
deliver either background intermittent boluses or a basal infu-
sion in addition to patient-demand boluses.61,62 This was achieved 
by uploading pre-programmed PCEA algorithms into a personal 
digital assistant that was connected to a normal infusion pump. 
Their initial study was done on 42 parturients whom after suc-
cessful induction of CSE analgesia, were randomized to receive 
either a PCEA with a continuous basal infusion of 5 mL/h or 
PCEA with automated boluses of 5 mL every 60 minute.61 They 
found that the automated bolus group had a reduced overall con-
sumption of ropivacaine, longer duration of analgesia before the 
first PCEA self-bolus, as well as a smaller proportion of patients 
who self-administered PCEA boluses compared to the infusion 
group. There was, however, no difference in the need for clini-
cian interventions between both groups. A follow-up study using 
a modified version of the original algorithm demonstrated very 
similar results to the first study, suggesting that further refine-
ment of the automated bolus PCEA regimen was needed in order 
to reduce the incidence of breakthrough pain requiring clinician 
intervention.62

Capogna et  al. performed a double-blind randomized con-
trolled trial in which 145 women in labour, after initiation of 
epidural analgesia, were randomly assigned to receive 10 mL 
boluses of levobupivacaine 0.0625% with sufentanil 0.5 mcg/
mL every hour or a continuous epidural infusion of 10 mL/h.63 
A second pump functioning as a PCEA pump containing lev-
obupivacaine 0.125% was used to treat breakthrough pain. The 
outcome of interest was the degree of maternal motor blockade as 
assessed in both lower extremities using the modified Bromage 
score. The authors found that motor block was reported in 37% 
of patients in the infusion group and in 2.7% in the intermittent 
bolus group (P < 0.001; OR 21.2; 95% CI 4.9–129.3). Also, motor 
block occurred earlier and was more frequent at full cervical 
dilation in the infusion group. The incidence of instrumental 
delivery was 20% for the infusion group and 7% for the bolus 

group (P <0.03). Total levobupivacaine consumption, number of 
patients requiring additional PCEA boluses, and mean number 
of PCEA boluses per patient were lower in the bolus group. There 
were no observed differences in pain scores. The authors con-
cluded that maintenance of epidural analgesia with intermittent 
boluses compared with a continuous infusion resulted in a lower 
incidence of maternal motor block and instrumental vaginal 
delivery.

Attempts have also been made to study the effects of manip-
ulating the programmed intermittent bolus time interval and 
injection volume on total drug use for labour analgesia. Wong 
et al. randomized 190 nulliparous patients in labour to a PCEA 
regimen along with either one of the three bolus dose regimens 
for maintenance of labour analgesia: 2.5 mL every 15 minutes, 5 
mL every 30 minutes, or 10 mL every 60 minutes.64 They found 
that the total bupivacaine consumption decreased significantly 
when the bolus time interval and bolus volumes were increased. 
However, there was no difference in pain scores, PCEA demands 
or administrations, incidence of breakthrough pain requiring 
physician top-ups, time to first PCEA self-bolus, and patient satis-
faction in all three groups.

The studies discussed in the previous paragraphs have inves-
tigated fixed doses of automated boluses in combination with a 
PCEA program for labour analgesia. However, it is known that 
labour pain intensifies with progressive cervical dilatation and 
hence the parturient’s analgesic needs may escalate as her labour 
progresses or as augmentation regimens are started. Hence, a 
variable frequency of background automated boluses that is 
responsive to the patient’s needs may provide more efficacious 
analgesia65 (Figure 15.1). Novel software enables a PCEA pump 
to determine the patient’s analgesic usage over the past hour 
and deliver 5 mL machine boluses once, twice, three, or four 
times per hour depending on the patient’s most recent analgesic 
usage (hence the term variable frequency). The trial included 
102 nulliparous women in labour who were randomized to 
receive either a PCEA with variable frequency automated man-
datory boluses or a PCEA with a basal infusion of 5 mL/h fol-
lowing initiation of labour analgesia with a CSE technique. The 
epidural solution was ropivacaine 0.1% with fentanyl 2 mcg/mL. 
Patients in the automated bolus group were found to have a sig-
nificantly lower incidence of breakthrough pain requiring cli-
nician intervention (5.9% vs 23.5%; P = 0.023) as well as higher 
maternal satisfaction scores. There were no differences in mean 
hourly consumption of ropivacaine, mean hourly pain scores or 
sensory levels, maternal side effects, mode of delivery, or neo-
natal outcomes.

George, et al. performed a systematic review and meta-anal-
ysis comparing the automated mandatory bolus technique with 
the use of basal infusion during maintenance of epidural anal-
gesia for labour pain.66 The review did not find any statistical 
difference in the rate of caesarean delivery (OR 0.87; 95% CI 
0.56–1.35), duration of labour (mean difference (MD), −17 min-
utes; 95% CI −42 to 7), or the need for anaesthetic intervention 
(OR 0.56; 95% CI 0.29–1.06). However, the bolus group did result 
in a small but statistically significant reduction in local anaes-
thetic usage (MD −1.2 mg bupivacaine equivalent per hour; 95% 
CI −2.2 to −0.3). Maternal satisfaction score (100 mm visual ana-
logue scale) was higher with the bolus technique (MD 7.0 mm; 
95% CI 6.2−7.8).
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Computer integrated patient-controlled 
epidural analgesia
Despite having patient feedback on analgesic demands on the 
PCEA, the conventional PCEA still lacks the flexibility to vary its 
basal infusion rate. The role of a basal infusion is likely to become 
increasingly important as pain intensifies with labour progresses 
or when labour oxytocin augmentation is instituted.

The novel clinical algorithm using smart pump technology was 
devised in 2005. This converts an ordinary continuous infusion 
pump into a computer-integrated PCEA (CIPCEA) that is more 
responsive to the parturient’s needs. The CIPCEA hardware uti-
lizes a laptop computer with a programmed algorithm to run a 
standard epidural infusion pump for research (Figure 15.2). This 
interactive program records the history of the patient’s analgesic 
requirements over the past hour and increases the magnitude of 
its basal infusion proportionally to the number of demand boluses 
made. The CIPCEA algorithm adjusts the background infusion to 
5, 10, or 15 mL/h if the patient required one, two, or three demand 
boluses respectively in the last hour and decreases the background 

infusion by decrements of 5 mL/h if there were no bolus demands 
in the preceding hour67 (Figure 15.3). The algorithm is designed to 
respond to the patient’s analgesic requirement to improve analge-
sic efficacy whilst minimizing increases in local anaesthetic use-
associated background infusions.68

The feasibility of the CIPCEA was assessed in a pilot study by 
Sia et al. involving 40 parturients in early labour who were rand-
omized to receive either CEI of ropivacaine 0.1% with 2 mcg/mL 
with a continuous infusion of 10 mL/h or the CIPCEA regimen 
following successful induction with CSE analgesia.69 The CIPCEA 
regimen was associated with a significant reduction in the inci-
dence of breakthrough pain without increasing local anaesthetic 
consumption or incidence of side effects.

In a follow-up study, Lim et al. compared the CIPCEA pump 
with a conventional demand-only PCEA pump, looking specifi-
cally at epidural drug consumption.67 There was no difference 
in the time-weighted consumption of local anaesthetic between 
the two groups. The incidence of breakthrough pain requiring 
unscheduled anaesthetist supplementation was 35% in the con-
ventional PCEA group and 15% in the CIPCEA group, although 
this difference did not reach statistical significance. The CIPCEA 
group had significantly higher maternal satisfaction scores.

Sng et  al. investigated the administration of CIPCEA versus 
PCEA with a moderate fixed 5 mL/h basal infusion.68 The results 
showed a higher maternal satisfaction with the CIPCEA regi-
men. Local anaesthetic consumption, visual analogue pain scale 
scores, and incidence of breakthrough pain were similar in the 
two groups. The CIPCEA group had a higher basal infusion rate 
during the second stage of labour, compared with PCEA with 
moderate fixed basal infusion. This may support earlier findings 
by Capogna et al. who showed an increased epidural local anaes-
thetic requirement as labour progresses.70

From the studies, the CIPCEA program appears to reduce the 
incidence of breakthrough pain during maintenance of labour 
epidural analgesia and increases the maternal satisfaction. There 
was no increased local anaesthetic consumption or side effects.

CSE (time 0)

Ast patient bolus

3rd patient bolus (within 1 h)

2nd patient bolus (within 1 h)

4th patient bolus (within 1 h)

Automated bolus of 5 ml every 60 min,
to begin 60 min from time 0

Automated bolus of 5 ml every 60 mins
(automated bolus rate 5 ml.h–1)

Automated bolus of 5 ml every 30 mins
(automated bolus rate 10 ml.h–1)

No demand in 1 h

No demand in 1 h

No demand in 1 h

Automated bolus of 5 ml every 20 mins
(automated bolus rate 15 ml.h–1)

Automated bolus of 5 ml every 15 mins
(automated bolus rate 20 ml.h–1)

Figure 15.1  Flowchart of variable frequency automated mandatory bolus 
regimen.
Reproduced with permission from Sia AT, Leo S, Ocampo CE., A randomised comparison 
of variable-frequency automated mandatory boluses with a basal infusion for 
patient-controlled epidural analgesia during labour and delivery, Anaesthesia, Volume 68, 
Issue 3, pp. 267–75, Copyright © 2013 John Wiley and Sons.

Figure 15.2  Computer integrated patient-controlled epidural analgesia pump.
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Pump technology has progressed and improved to enable 
novel algorithms to deliver smart interactive systems such as the 
CIPCEA and variable frequency automated mandatory bolus reg-
imens. Commercially available systems delivering programmed 
intermittent epidural boluses incorporating programmed boluses 
and patient boluses are also available (Figure 15.4).

Conclusion
Labour pain is an extremely subjective and constantly evolving 
experience. It would be simplistic to apply one epidural regi-
men to suit all parturients. Instead, individualization of therapy 
is imperative in providing effective labour analgesia. There have 
been recent advances in clinical research and medical technology 
which could aid clinicians in administering the seamless labour 
epidural analgesia that will hopefully enable every parturient to 
have a relatively pain-free birthing experience.
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CHAPTER 16

Labour analgesia: choice 
of local anaesthetics
Giorgio Capogna

Introduction
Local anaesthetics were the mainstay of epidural labour analge-
sia in the past. The ideal local anaesthetic agent would provide a 
rapid onset of effective analgesia, with minimal motor block, risk 
of maternal toxicity, placental transfer, and effects on labour and 
the fetus, as well as a long duration of action. Traditionally, for 
many years racemic bupivacaine (hereafter referred to as ‘bupiv-
acaine’) has been, and is still, the most widely used local anaes-
thetic for labour analgesia. Bupivacaine provides effective epidural 
analgesia but produces dose-dependent motor block and has a 
poor safety profile, causing life-threatening cardiovascular and 
neurological sequelae if given in overdose. In order to overcome 
these two problems, opioids were introduced to be added to local 
anaesthetics because they interact synergistically to provide anal-
gesia. An opioid combination allows for a decreased concentration 
of local anaesthetic, and so reduces motor block.1 Nowadays with 
the widespread use of ultralow-dose epidural infusions of bupiv-
acaine and opioid and in some units, with the use of the combined 
spinal–epidural (CSE) technique, it is very unlikely that systemic 
toxicity will be a problem during labour epidural analgesia.2 
Concerns about bupivacaine cardiac toxicity and the intensity of 
its motor block have also led to the investigation of other agents. 
The two new local anaesthetics, levobupivacaine and ropivacaine, 
have been compared to bupivacaine and have been proposed as 
alternatives, to provide satisfactory labour analgesia with a possible 
reduced incidence of motor blockade and decreased cardiotoxicity.

Unfortunately the research into local anaesthetic dosing 
requirements and the effects of other analgesics such as opioids 
initially took the form of ‘recipe’ designs or methodology contain-
ing comparisons of fixed combinations of drugs.3–5 These early 
studies assumed that the new local anaesthetics (ropivacaine and 
levobupivacaine) were equipotent with bupivacaine. In addition, 
all too frequently, comparative studies using protocols with com-
binations of drugs have been carried out without fully understand-
ing the relative potencies or the dose–response curves of the drugs 
under examination. In these studies,3–5 any differences in potency 
may have been imperceptible owing to the use of local anaesthet-
ics at relatively high concentrations, above the 95th centile for effi-
cacy, and therefore clinically effective in almost all cases.

It is now clear that although bupivacaine and levobupivacaine 
may be equipotent,10 this may not be the case with ropivacaine.7,8 
It has therefore been argued that the modest motor-sparing prop-
erties and even the reduced systemic toxicity of ropivacaine shown 

in some initial studies may merely reflect the potency difference 
(i.e. ropivacaine is a less potent drug), and should be re-evaluated.

The dose-varying methodologies would obviously be more 
informative than the fixed-dose alternative allowing for the cal-
culation of any type of effect. The introduction of the minimum 
local analgesic concentration (MLAC) model9–10 designed for a 
clinical setting, for example, epidural analgesia in the first stage of 
labour, has allowed the evaluation of the concentration–response 
relationship of local anaesthetic drugs.

The analgesic level
Local anaesthetics have been shown to be active in the dorsal horn 
of the cord, but the main action is actually the conduction block-
ade of the nerve root. A band of analgesia with definable upper 
and lower limits can be achieved through epidural administra-
tion. Experimenting with different doses of lidocaine, the pioneers 
of epidural anaesthesia, Bromage and Covino,11 discovered that, 
in terms of dermatomes, the size of the dermatomal area was pro-
portional to the mass of local anaesthetic administered. However, 
this original idea of dermatomal spread being only dependent on 
the dose was later re-evaluated. Columb et al.12 gave a fixed dose 
of chloroprocaine in different dilutions to parturients and found 
that the analgesia no longer proved effective when the concentra-
tion was below 0.5%. This indicates that a desired analgesic effect 
can be obtained by considering not only the local anaesthetic dose 
but also the concentration to be given.

Differential block
The impulse conduction block by local anaesthetics is a complex 
and dynamic process. In non-myelinated axons, the nerve impulse 
is propagated slowly by the progressive spread of the depolariza-
tion front along the membrane. In myelinated axons, the insu-
lating properties of myelin allow the impulse to travel rapidly by 
jumping from (Ranvier) node to node (saltatory conduction). The 
block of at least three nodes of Ranvier is necessary to obtain an 
almost complete conduction block.

Ideally if all the axons in a nerve bundle (such as spinal roots) 
are exposed to a concentration of local anaesthetic greater than 
the minimum blocking concentration (the lowest concentration of 
local anaesthetic that blocks impulse conduction within a specified 
time) and to a sufficient volume to affect three or more successive 
nodes of Ranvier, the nerve is completely blocked. The innervated 
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parts are anaesthetized and the muscles are paralysed.13 In 
non-myelinated axons, the impulse is propagated slowly by pro-
gressive spread of the depolarization front along the membrane.

Effects of the local anaesthetic depends on where and what kind 
of nerve fibres are involved. Differential block occurs when an 
impulse in one nerve fibre is completely blocked while in another 
fibre it continues wholly or in part resulting, for example, in 
the occurrence of analgesia without motor block. This differen-
tial block may be due to differences in nerve properties or to a 
non-uniform local anaesthetic distribution, where a fibre totally 
immersed by local anaesthetic may be blocked while a simi-
lar fibre lying deeper may remain unblocked. Differential block 
may also be achieved by lowering the concentration of the local 
anaesthetic solution in order to mainly block the small fibres 
(pain sensation) rather than the larger ones (motor function). In 
fact, sensory inputs related to pain are carried by two separate 
conduction systems: one relaying signals rapidly via myelinated, 
small A-delta fibres and the other conveyed via slowly conducting, 
non-myelinated, very small C-fibres. Motor function is supported 
by the myelinated, large, and fast A fibres, in particular by A-alpha 
and A-beta fibres.

Ideally the best solution in labour would be to block all the 
nociceptive afferent transmission while at the same time sparing 
all non-nociceptive fibres. This may be accomplished, in clinical 
practice, by using very dilute local anaesthetic solutions with or 
without the addition of opioids

The visceral pain experienced in the first stage of labour might 
be C-fibre mediated, while the A fibres may play a larger role in the 
somatic pain of the second stage. Capogna et al.5 demonstrated 
that more local anaesthetic is needed as labour progresses. This 
may be the result of increasing A-fibre recruitment as the fetal 
head descends. This is confirmed by the observation that intrathe-
cal or epidural opioids, which typically affect the C fibres, work 
well in the first stage, where the pain is mostly mediated by C 
fibres, but not in the second stage of labour where the A fibres are 
much more involved.15

Addition of opioids
Opioids are usually added to the analgesic mixture to allow for the 
use of a very diluted concentration of local anaesthetic, so reduc-
ing the occurrence of motor block.

Adding an opioid to bupivacaine when bupivacaine is used at 
a concentration equal to or higher than 0.125% is of no benefit 
since this concentration corresponds approximately to the EC95 
of bupivacaine, that is, the concentration at which 95% of mothers 
are pain free.16 Conversely when using a bupivacaine concentra-
tion lower than 0.125%, an opioid must be added to provide sat-
isfactory and reliable analgesia.16 The addition of epidural opioids 
to epidural local anaesthetic solution also reduces the amount 
of local anaesthetic needed to produce analgesia and so, in turn, 
reduces motor block and the likelihood of operative delivery.17

Role of volume
One of the least researched areas of epidural dosing is the need 
for epidural drugs to be administered in liquid form in order to 
effect an adequate spread to the nerve roots. Often the dose creates 
more problems than volume. Anaesthetists, for example, may give 
10 mL of 0.25% bupivacaine more readily to treat a suboptimal 
labour analgesic block instead of giving a larger volume of a more 

dilute solution. However, bupivacaine 0.125% when compared 
with 0.25% produced equivalent analgesia at an increased volume 
but with a reduced total drug dose.18 Certainly reducing the dose 
of local anaesthetic with no loss of analgesic efficacy can only be 
beneficial. It must be remembered that any dose reduction, with-
out loss of efficacy, reduces the risk of toxicity, improves safety, 
and may also reduce the likelihood of motor block. With the use 
of a dilute local anaesthetic solution the mother can ambulate and 
this is also commonly perceived as leading to a reduced risk of 
perineal motor block, so favouring a spontaneous vaginal delivery.

The dose/concentration–response curve
To identify the best analgesic solution for labour analgesia, sev-
eral comparative studies have been performed, but unfortunately 
many of them were clinically of little value because of the inability 
to identify equivalent analgesia between differing combinations of 
local anaesthetic and opioid or other analgesic adjuvants.

In effect, in the past, there has been a scarcity of pharmacody-
namic information about the analgesic dose–response relationship 
of epidural local anaesthetics in labour. This has led to a clinical 
model being developed which determines the MLAC based on an 
up–down sequential allocation method.9

The up-down method was originally developed for explosives 
research in the 1940s and has subsequently been applied to many 
fields of research including engineering, psychology, poisons, and 
volatile anaesthetics (minimum alveolar concentration (MAC)). 
This methodology has been extensively described by Dixon and 
Massey.10

This model has been applied to local anaesthetic drugs, similarly 
to that which was in routine use for inhalation anaesthetics, the 
MAC. Before this, much of the clinical research into local anaes-
thetic drugs involved comparisons of fixed doses or combinations 
with other adjuvants. Most of these studies used supramaximal 
doses with the resulting conclusions of similar efficacy being dif-
ficult to interpret correctly.3–5

The MLAC model uses ‘up-and-down’ sequential allocation to 
identify the median effective concentration (EC50) or dose (ED50) 
of local anaesthetic in a given clinical scenario. This is an experi-
mental design in which the dose received by a subject is deter-
mined by the response of the previous subject. For the model 
to apply, the response being measured must be ‘all-or-none’ in 
nature, for example, yes or no, effective or ineffective. If a sub-
ject’s response to a given dose level is above threshold (an effective 
outcome), there is a step-by-step reduction in the dose given to 
the subsequent subject. A below-threshold response (an ineffec-
tive outcome) leads to an increase by the same amount. Using this 
approach, testing is eventually centred on the median threshold 
(EC50 or ED50) for the response, above which 50% of subjects will 
respond and below which 50% will not (Figure 16.1).

The ED50 is the point at which the pharmacological strength/
potency is defined, so it is here that the dose–response relationship 
is established with the greatest accuracy Comparisons between 
different ED50s should therefore permit:
◆	 the comparison between the potency ratio of two different local 

anaesthetics
◆	 the local anaesthetic-sparing effect of other adjuvant drugs
◆	 the calculation of the effects on requirements due to 

non-pharmacological or obstetric factors.
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The concept was initially created to study epidural drugs but 
can now also be used in a similar way for intrathecal local 
anaesthetics.

Box 16.1 lists the main findings using the MLAC method.

EC50 and the relative potency of epidural bupivacaine, 
ropivacaine, and levobupivacaine
There has been an interesting controversy around the studies which 
address the epidural analgesic potency issue of bupivacaine, ropiv-
acaine, and levobupivacaine. The potency ratio between bupivacaine 
and ropivacaine for analgesia given in the first stage of labour was 
found to be 0.60 in two MLAC studies carried out in 1999 in both 
Italy and the United States.7,8 The studies therefore showed that ropi-
vacaine was approximately 40% less potent than bupivacaine.

Another study compared the effectiveness of the pain relief 
in the first stage of labour, by examining the epidural analgesia 
potency of both levobupivacaine and bupivacaine and found the 
potency ratio to be 0.98.19

Taking into consideration the two MLAC studies which com-
pared the potency ratio between the three local anaesthetics, the 
results showed that bupivacaine is considerably more potent than 
ropivacaine and slightly more potent than levobupivacaine so per-
mitting the conclusion that levobupivacaine is more potent than 
ropivacaine (Table 16.1).6,20

This potency hierarchy, confirmed by additional clinical stud-
ies,21–25 is no more evident where the three local anaesthetics are 
compared at equipotent concentration.23,24

Differential blockade
It is widely understood that the differential blockade of sensory 
and motor fibres can be brought about by the three local anaes-
thetics, bupivacaine, ropivacaine and levobupivacaine, all mem-
bers of the chemical family of the pipecoloxylidines.

As previously indicated, early traditional studies3–5 showed 
that racemic bupivacaine demonstrated a worse clinical profile 
than ropivacaine or levobupivacaine as it seemed to produce more 
motor block. Lacassie et al.26,27 set out in two studies to specifi-
cally assess the epidural motor blocking potency of the three local 
anaesthetics and their relative potency ratio for motor block using 
a modification of the MLAC design.

When investigating relative potencies, one intuitively assumes 
that motor block will be less affected by obstetric variables such 
as the progression of labour, which can in turn affect analgesia, 
which is the end point of the potency ratio studies.

The motor block potency ratios shown in Table 16.126,27 are 
very similar to the analgesic potency ratios in the previous MLAC 
studies.6–8,19,20 Once again it is because ropivacaine is less potent 
in that it causes less motor block of the lower limbs compared to 
bupivacaine and levobupivacaine. It can therefore be concluded 
that when traditional comparative studies reported less motor 
block for ropivacaine and levobupivacaine it could only have been 
due to differences in analgesic potency and not to some intrinsic 
drug property (pharmacological effects).

ED50 and relative potency of spinal bupivacaine, 
ropivacaine, and levobupivacaine
The pharmacodynamics of intrathecal local anaesthetics and their 
relative potency ratio have also been investigated by a modified 
up–down technique. Since the pharmacodynamics for intrathecal 
drugs depend on dose rather than on the concentration, the most 
suitable term to use is the minimum local analgesic dose (MLAD) 
rather than concentration (MLAC).

The intrathecal MLAD studies observed a potency hierarchy 
between the three local anaesthetics, which has been confirmed 
for both analgesia and motor block28,29 as shown in Table 16.2.

The intrathecal MLAD studies show that the hierarchy between 
intrathecal bupivacaine levobupivacaine and ropivacaine in terms 
of the potency ratio values for analgesia and those for motor block 
are approximately the same as those found for epidural use.

Epidural and spinal sensory motor separation
Bupivacaine, levobupivacaine, and ropivacaine have a wide 
sensory–motor separation when given epidurally, and this means 
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Figure 16.1  The up–down sequential allocation study design.

Box 16.1  The main findings obtained by using the MLAC method

◆	 EC50 and relative potency of epidural bupivacaine, ropiv-
acaine, and levobupivacaine

◆	 Differential blockade
◆	 ED50 and relative potency of spinal bupivacaine, ropivacaine, 

and levobupivacaine
◆	 ED50 of opioids and sparing effect on local anaesthetic 

requirement
◆	 MLAC and obstetric variables:

•	 Progression of labour

•	 Dystocia

•	 Induced labour.

Table 16.1  Relative potencies for analgesia and for motor block 
of epidural bupivacaine, levobupivacaine and ropivacaine

Relative potencies (95% CI) Reference

Analgesia

Bupivacaine: ropivacaine 0.60 (0.47–0.75) 7,8

Bupivacaine: levobupivacaine 0.98 (0.67–1.41) 19

Motor block

Bupivacaine: ropivacaine 0.66 (0.52–0.82) 26

Bupivacaine: levobupivacaine 0.87 (0.77–0.98) 27

CI, confidence interval.

Data from various sources (see references).
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that there will rarely be motor block when these local anaesthet-
ics are administered for labour epidural analgesia at ultralow con-
centrations. However the sensory–motor separation advantages 
observed with epidural administration are considerably less with 
the intrathecal administration.

The opioid-sparing effect on local anaesthetic 
requirement and the ED50 of opioids
Previous traditional studies were not able to show differences in anal-
gesic efficacy between a full analgesic supramaximal dose of local 
anaesthetic and the addition of a single opioid.30,31 Furthermore these 
studies used local anaesthetics at high concentrations, such as bupiv-
acaine 0.25% or 0.125%, which appear at the top of the dose–response 
curve and need no additional drugs to provide effective analgesia. 
After examining a number of different adjuvants the results show 
that only opioids have significant local anaesthetic-sparing effects 
that can be used in routine clinical practice.

This sparing effect was seen using both fentanyl and sufentanil, 
in fact up to a 90% reduction in the EC50 with both epidural and 
intrathecal local anaesthetics.32–38 A reduction in EC50 for fenta-
nyl and sufentanil also indicated a clear dose–dependent sparing 
effect (Figure 16.2).16,38

The potency ratio between two single opioids without adding 
any local anaesthetic can also be determined by using the MLAC 
method and Capogna et  al.39 observed that the potency ratio 
between epidural sufentanil and fentanyl for labour analgesia is 5.9.

MLAC and obstetric variables
Because the standardization of labour pain is difficult, being a 
subjective and dynamic process, it is not surprising to find differ-
ences in MLAC estimates and relative potencies.14,40 This is also 
true in most areas of research, including human toxicity studies.

Parity and cervical dilation at the moment of epidural insertion 
plus other obstetric variables should be considered. The compari-
son of drugs should be undertaken using parturients at similar 
points of their labour as the analgesic effectiveness of a drug is 
often related to the progress in labour when it is administered. 
A reasonable approach would therefore be to standardize the pro-
gression of labour using only parturients with a comparable dila-
tion and fetal head descent and excluding those with scores less 
than 30 (0–100 mm) on a visual analogue pain scale.

Several obstetric variables may have an effect on the level of 
labour pain and the subsequent local anaesthetic requirement. 
The MLAC method has also been used to investigate these vari-
ables, which can include the occurrence of dystocia, the progres-
sion of labour, and its induction.

One MLAC study examined the effect of a cervical dilation (less 
or greater than 5 cm) on the EC50 of epidural bupivacaine.14 The 
results indicated that three times more bupivacaine is needed as 
the cervix dilates and labour progresses (Figure 16.3).14

The need for local anaesthetic has been shown to be significantly 
higher in dystocic labours. When comparing women who eventu-
ally delivered by caesarean as a result of dystocia with those who 
delivered spontaneously, an interesting MLAC study40 showed 
that the EC50 of bupivacaine was higher in parturients with dys-
tocia where the labour was more painful (Figure 16.4). A possible 
inference from these results may be that the local anaesthetic con-
sumption could be a possible indicator for dystocia.

Capogna et al.41 have also shown that there is a significantly 
higher analgesic requirement in induced parturients when com-
pared to women who deliver spontaneously. Induced labour was 
therefore found to be more painful, with patients needing a higher 
ED50 of epidural sufentanil.

MLAC and other issues
Second epidural dose
Utilizing the MLAC method it has been possible to determine if 
subsequent epidural requirements are reduced by using an initial 
epidural bolus for establishing labour analgesia compared to an 
initial spinal bolus using a CSE technique. Patel et al.42 compared 
the MLAC of epidural bupivacaine given after first administering 

Table 16.2  Relative potencies for analgesia and for motor block 
of spinal bupivacaine, levobupivacaine and ropivacaine

Relative potencies (95% CI) Reference

Analgesia

Bupivacaine: ropivacaine 0.59 (0.42–0.82) 28

Bupivacaine: levobupivacaine 0.71 (0.51–0.98) 28

Levobupivacaine: ropivacaine 0.83 (0.64–1.09) 28

Motor block

Bupivacaine: ropivacaine 0.65 (0.56–0.76) 29

Bupivacaine: levobupivacaine 0.81 (0.69–0.94) 29

Levobupivacaine: ropivacaine 0.80 (0.70–0.92) 29

CI, confidence interval.

Data from various sources (see references).
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Figure 16.2  Dose-dependent sparing effect of opioids on EC50 of bupivacaine.
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local analgesic concentration of bupivacaine by sufentanil for epidural analgesia in labor. 
Anesthesiology, volume 89, pp. 626–632, Copyright © 1998 Wolters Kluwer.
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an intrathecal (bupivacaine 2.5 mg and fentanyl 5 mcg) or epi-
dural (bupivacaine 20 mg and fentanyl 40 mcg) injection. The 
MLAC method was used to assess the bupivacaine requirements 
for the second (epidural) injection. The results showed that when 
compared with epidural analgesia, the requirements increased 
after intrathecal analgesia by a factor of 1.45. This was surprising 
and although interesting statistically, these results will probably 
not be clinically important as the doses used in routine clinical 
practice are on the upper flat portion of the dose–response curve 
so the above-noted effect will probably not be realized. It does, 
however, indicate that any differences seen by clinicians between 
CSE and epidural analgesia are not the result of a reduction in 
drug requirement in the maintenance period of epidural analgesia.

Dose, volume, and concentration in the intrathecal space
Traditionally dose has always been thought to be the most important 
factor affecting the characteristics of the intrathecal block.43 One 
study conducted by Camorcia et al.44 has, however, shown that the 
characteristics of the block may also be affected by the concentra-
tion of local anaesthetic when administered in the intrathecal space.
This study demonstrated that the ED50 of intrathecal 0.1% ropi-
vacaine caused 50% less motor block when compared to the 1% 
solution suggesting that considerably less motor block is caused 
by a more diluted local anaesthetic solution in the subarachnoid 
space. This might be very useful information when using the CSE 
technique to reduce motor block.

Effect of gender on local anaesthetic requirement
Studies show that females show a higher sensitivity to noxious 
stimuli than males, and that there are also different responses 
to non-opioid drugs between the sexes.45 Anaesthetic require-
ments, particularly for morphine, may also importantly depend 
on gender.46 It has been found that female patients also need more 
propofol for general anaesthesia than men.46

Camorcia et  al. investigated how the intrathecal bupivacaine 
requirement changes with gender and pregnancy.47 The study 
results showed that the ED50 needed to achieve motor block in 
term pregnancy was considerably reduced and it was also greater 
(30%) in males than in females (Figure 16.5).47 Another study48 
confirmed these findings, their results indicating that the ropiv-
acaine MLAC for caudal anaesthesia in male patients was 31% less 
than in female patients. Physical differences of weight and height 
must of course have an effect on the MLAC of local anaesthetics 
and further studies should investigate the different responses of 
men and women to local anaesthetics given for both neuraxial and 
peripheral nerve blocks.

Pharmacogenetics
The focal point of many genetic studies has been the mu-opioid 
receptor (μOR), encoded by the gene OPRM1 because a large 
number of endogenous opioid peptides, among which are 
beta-endorphin and encephalin, have this receptor as their main 
point of action. It is also the principal target for opioid analgesics.49

Landau et al.50 used two distinct methodologies in two different 
groups to calculate the ED50 and showed that labouring women 
carrying the 304G allele of OPRM1 responded much more sen-
sitively to the analgesia provided by intrathecal fentanyl. In this 
study, women were genotyped in late pregnancy, and this allowed 
the researchers to enrol patients in two separate groups according 
to their genotype at the time of the labour analgesia request. They 
reported that 304A homozygous women needed much more fen-
tanyl to achieve labour analgesia and this result was similar to that 
obtained in another study51 where there was a pharmacogenetic 
effect of μOR on ED50 of epidural sufentanil.

The analgesic response to neuraxial opioids can be consider-
ably influenced not only by the complexity of different labour and 
obstetric considerations but also by the labour pain itself and the 
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Figure 16.3  MLAC of epidural bupivacaine and progression of labour.
Data from Capogna G, Celleno D, Lyons G, et al. Minimum local analgesic concentration of 
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diversity found in labour management. It is therefore difficult to 
judge what part this polymorphism or any genetic variant plays in 
the clinical efficacy of opioids.

Caucasian parturients show a high incidence of genetic poly-
morphism for opioid receptors52 but whether this is clinically 
important or if it influences the dose of opioid administered 
epidurally or intrathecally to the subset of women carrying the 
genetic variant must still be proven.

Caesarean delivery
The dose of the intrathecal local anaesthetic for caesarean deliv-
ery has been calculated using a MLAC design.53–56 These studies 
consider a dose to be effective when it gives satisfactory sensory 
dermatomal anaesthesia to a definite dermatomal level with no 
additional need for other analgesic medications during surgery, 
which must continue unimpeded for a definite length of time after 
the intrathecal injection.

It should, however, be said that using the MLAC design in these 
kinds of studies in a surgical setting, may create ethical problems 
if patients are exposed to intraoperative pain during their caesar-
ean delivery but these can be overcome by using a CSE technique 
where the epidural can be used if the intrathecal component is 
insufficient.

Criticism of minimum local analgesic 
concentration studies
MLAC studies have shown that there are potency differences 
among local anaesthetics, but the real significance of these dif-
ferences as demonstrated by the up–down studies is unclear. 
Until this uncertainty is answered, prospective randomized 
(dose–response) clinical studies should not be replaced by data 
arising from up–down studies.

One of the major criticisms of MLAC studies is that the function 
of MLAC, EC50, and ED50 is to simply describe pharmacologically 
the measurement of the median of a dose–response distribu-
tion.57–59 As such, they are in essence mathematically comparable 
to the means or medians used in almost every other study design. 
An example of this are local anaesthetic toxicity studies which are 
really ED50 estimates as they compare the mean or median toler-
ated doses, although they are never specifically described as such. 
However, even if the EC50 or ED50 are very useful and precise to 
estimate the potency ratios and therefore to evaluate differences in 
potency between two drugs, they may not be so precise in estimat-
ing the ED95 or EC95 which is approximately the therapeutic dose.

New study designs are needed and their results validated by 
further trials.60,61,62 Until this time care should be taken when 
taking information from up–down studies and applying it to 
clinical situations. These studies should, however, be used to help 
determine clinical practice. Their information should be the first 
step in designing good clinical trials that examine the relationship 
between drugs and anaesthetic or obstetric outcomes.

Conclusion
Local anaesthetics vary in their potency and motor–sensory separa-
tion and knowledge of these are important for clinicians to achieve 
the type of analgesia and anaesthesia they require. The MLAC model 
has enabled clinical comparisons of local anaesthetics at equipotent 
concentrations. It has quantified what contribution opioids make 

to the overall effectiveness of the analgesic mixture and provided a 
means of optimizing combinations of local anaesthetic–opioid solu-
tions. MLAC has also demonstrated the effect of inter-individual 
and obstetric variables on local anaesthetic potency and provided 
a pharmacological-based rationale for analgesia solutions used 
for labour analgesia. Importantly, MLAC studies confirm that the 
intensity and nature of labour pain is always changing, as labour 
progresses, and therefore the analgesic approach should be equally 
dynamic. Although various controversial issues still exist with the 
MLAC methodology, it has firmly become established in determin-
ing local anaesthetic dosing in clinical practice.
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CHAPTER 17

Adjuvant drugs in neuraxial 
anaesthesia
Catherine Cromey and Susan Catling

Introduction
An adjuvant is defined as a substance that enhances the activity of 
another substance.1 In obstetrics, neuraxial (spinal and epidural) 
local anaesthetics provide effective analgesia and anaesthesia 
when used alone as single agents, but can cause dose-related unde-
sirable side effects such as maternal hypotension2,3 and motor 
blockade, with its associated higher risk of instrumental delivery.4 
An alternative to single-agent therapy is the use of adjuvants from 
different pharmacological classes.

When two or more drugs are administered together their effects 
may be:
◆	 additive (the sum of the effects produced by each agent alone)
◆	 subadditive (i.e. less than the sum of effects from each 

agent alone)
◆	 supra-additive (i.e. synergistic; greater than the sum of the 

effects of each agent alone).5

By combining drugs with additive or synergistic effects, maximal 
efficacy can be obtained whilst simultaneously limiting the dose 
of each individual drug to minimize side effects.

Neuraxial adjuvants in the context of local anaesthetics reduce 
the amount of drug required, so lessening side effects (e.g. motor 
block and hypotension), or provide better analgesia by increasing 
the efficacy of the technique

Neuraxial adjuvants can be classified as opioid and 
non-opioid drugs:
◆	 Opioid:

•	 morphine

•	 fentanyl

•	 sufentanil

•	 alfentanil

•	 pethidine

•	 diamorphine

Many of the opioid neuraxial adjuvants have a long established role 
in anaesthetic obstetric practice with well-defined safety profiles

◆	 Non-opioid—this is a diverse group of substances including:

•	 simple chemicals (e.g. bicarbonate, magnesium)

•	 alpha-adrenergic agonists (e.g. clonidine, epinephrine, 
droperidol)

•	 cholinesterase inhibitor (e.g. neostigmine)

•	 gamma-aminobutyric acid (GABA) receptor agonists (e.g. 
midazolam)

•	 N-methyl-D-aspartate (NMDA) receptor antagonists (e.g. 
ketamine)

•	 steroids (e.g. dexamethasone)

Many of these non-opioid agents remain largely theoretical 
or experimental, or have an unacceptable or undefined safety 
profile.

Most neuraxial adjuvants are not licensed and each agent has side 
effects. Preservative-free agents must be used to minimize the 
risks of neurotoxicity. This chapter will discuss the mechanism of 
action, efficacy, safety, and practical uses of each adjuvant.

Adjuvants: mechanisms of action  
and routes of administration
Several mechanisms to explain antinociceptive interactions 
between drugs in the spinal cord6–8 have been suggested:
◆	 Pharmacokinetic mechanisms—addition of the adjuvant 

drug can change the physical properties of the injectate9,10 by 
affecting:

•	 density—for example, changed by hypertonic dextrose, 
which is used therapeutically to make ‘heavy’ bupivacaine. 
It has also been demonstrated that the addition of fentanyl 
reduces the density of plain 0.5% bupivacaine in vitro suf-
ficiently to alter its movement in simulated cerebrospinal 
fluid (CSF)9

•	 ionization—for example, changed by addition of bicarbonate 
to alter pH

•	 vascular absorption—epidurally administered drugs must 
first diffuse through the dura to gain access to the intrathecal 
space and hence their site of action in the spinal cord, and this 
is affected by local vasoconstriction, for example, by addition 
of epinephrine to the injectate.

These pharmacokinetic effects of the adjuvant will change the 
concentrations of injected local anaesthetic at the spinal effector 
sites, thus increasing or prolonging antinociception.9 The effec-
tive dose, speed of onset, duration of action, and side effect pro-
file of the local anaesthetic can be changed to produce a more 
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intense, reliable sensory block to permit instrumental deliv-
ery or surgery with smaller doses of local anaesthetic.11 These 
mechanisms are discussed in detail for each individual agent 
later in this chapter.

◆	 Pharmacodynamic mechanisms—a pool of second-messenger 
molecules are coupled to a single class of ion channels.5 Different 
opioid (and α2-adrenoceptor) receptor subtypes activate these 
second-messenger molecules leading to the same outcome via 
different activity causing multiplication of effect. These exist 
together on individual neurons and share second-messenger 
mechanisms.12,13 For example, clonidine appears to act syner-
gistically with opioids at the delta (δ)-opioid receptor5 but not 
mu (μ)- or kappa (κ)-opioid receptors. There is also synergism 
between μ-opioid and δ-opioid receptor agonists, due to allos-
teric change in the receptor binding site, which leads to greater 
binding affinity of the next agonist.5

◆	 There may be interaction from different drugs inhibiting spi-
nal nociceptive processing at different sites leading to a multi-
plied effect. For example, presynaptic (inhibition of transmitter 
release) and postsynaptic (hyperpolarization of rostral trans-
mission neurons) sites of action have been identified for opioids 
and α2-adrenoceptor agonists in the spinal cord.14

Clinical uses of various adjuvants
So far, non-opioid intrathecal adjuncts have shown limited clini-
cal application and are not in general use in most delivery suites, 
whereas opioids increase duration and quality of spinal block 
without delaying recovery and have become ‘standard practice’ 
in most maternity units. In 2010, Wahlen and colleagues investi-
gated ‘standard practice’ in Germany and Austria using an online 
survey of 39 university hospitals (Table 17.1).15,17,18

This is in contrast to practice in the United Kingdom, where 
sufentanil is unlicensed and therefore not used. In 2011, 
Jagannatha showed in an electronic survey that fentanyl (78.8%) 
and diamorphine (79.1%) were the more commonly used adju-
vants for neuraxial block in the United Kingdom, with morphine 
used in 14.9%.16 The commonly used doses of fentanyl, diamor-
phine, and morphine were 15–25 mcg, 200–300 mcg, and 100–200 
mcg respectively. Most of the patients with spinal opioids includ-
ing morphine were sent straight back to the ward postoperatively, 
but the lack of a high dependency unit prevented the use of opioids 
in epidurals in 46%. Interestingly, this survey showed that more 
than 70% of anaesthetists were unsure about the licence for the 
use of neuraxial opioids.

This differing pattern of opioid use in Germany and the United 
Kingdom has remained constant over the last decade. In Germany 
in 1996, Stamer and colleagues showed that 62% of units added an 
intrathecal opioid adjuvant for caesarean delivery (CD), of these, 
56.5% were sufentanil, 5% fentanyl and 1.3% morphine, and these 
figures have hardly changed.17 The pattern of neuraxial opioid use 
seems to vary significantly between and within European countries. 
Rawal and Allvin conducted an electronic survey of 105 European 
hospitals and found that in 1 year, 55,117 patients (7% of all surgical 
patients) received neuraxial opioid analgesia.18 The most common 
spinal opioid was morphine, followed by fentanyl but 12 different 
opioids and 8 non-opioids were mentioned. Epidural opioid admin-
istration was far more common than intrathecal (89% vs 11%). By 
contrast, two surveys in 1996 in the United Kingdom showed that 
fentanyl was the lipophilic opioid most often used for labour epidur-
als, with alfentanil and diamorphine used infrequently.19,20 In the 
nearly 20 years since this survey, the use of alfentanil and diamor-
phine in labour epidurals has declined even further and they can be 
regarded as obsolete in this context.

Opioid adjuvants
Opioid receptors
Opioid receptors span the membrane seven times and are linked 
to inhibitory G-proteins.21 Specific opioid receptors are classi-
cally grouped according to their agonists—mu (μ), kappa (κ), and 
delta (δ)—and the non-classical (nociception, opioid receptor-like 
1)  receptor. New terminology has renamed them according to 
their receptor type as MOPr (μ), DOPr (δ), KOPr (κ), and NOPr 
(ORL1). When an opioid agonist stimulates the receptor, voltage 
sensitive calcium channels are closed and potassium flows out of 
the cell causing hyperpolarization and reduced cAMP. This leads 
to inhibition of neurotransmitter release.

μ-receptors are found throughout the central nervous system 
(CNS) and are responsible for most of the analgesic effects of 
opioids. In the spinal cord, they are located presynaptically on 
primary afferent neurons within the dorsal horn.22 Apart from 
analgesia, μ-receptor stimulation produces respiratory depression 
(by reducing chemoreceptor sensitivity to carbon dioxide), consti-
pation (by reducing secretions and peristalsis), and cardiovascular 
depression.

KOP or κ-receptor stimulation produces analgesia at the spi-
nal level but may cause sedation, dysphoria, and hallucinations. 
κ-receptor agonists have the advantage that they do not cause res-
piratory depression but their action as antagonists at μ-receptors 
limits their usefulness.

The δ-receptor is spread widely throughout the CNS, and when 
stimulated causes inhibition of neurotransmitter release. It may 
be involved in regulating mood and movement but its stimulation 
may be proconvulsant.23

Opioid receptor mechanisms in the spinal cord
Opioids injected intrathecally access opioid receptors in three 
different areas:

1.	 The major site is direct interaction with presynaptic pri-
mary afferent nerve terminals in the substantia gelatinosa of 
the dorsal horn of the spinal cord inhibiting neurotransmit-
ter release.14 This reduces signalling between primary and 

Table 17.1  Neuraxial opioid adjuvant use in Germany/Austria 201015–18

Drug Spinal for CD Epidural for CD Epidural for labour

Sufentanil 63 51 84.3

Fentanyl 12 3 3.1

Morphine 3 0 0

No adjuvant 22 46 12.5

Data refers to the % of each opioid used as a total of all opioid adjuvants used.

Data from various sources (see references).
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secondary afferent neurons, thereby inhibiting transmission of 
nociceptive impulses through the dorsal horn and suppressing 
nociceptive spinal reflexes. There is also postsynaptic binding 
to receptors on the secondary afferent neurons, causing hyper-
polarization and decreasing excitability. Opioids vary in their 
receptor specificity and in their efficacy at the different types 
of receptor,24 so that some opioids can be agonists or partial 
agonists on one type of receptor, and antagonists or partial 
agonists at another. Intrathecal opioids preferentially modu-
late transmission in C- and A-fibres, with little effect on dorsal 
root axons, and different opioid agonists can act synergistically 
when co-administered.25 Opioids (with the exception of pethi-
dine (meperidine)) have no effect on nerve conduction.

2.	 CSF flow causes cephalad movement of intrathecally injected 
opioids, which then act supraspinally on descending inhibitory 
pathways. Endogenous opioid peptides may be released both at 
supraspinal and spinal sites, and at the spinal level analgesia 
also results from the release of serotonin (5-HT) from descend-
ing inhibitory fibres.22

3.	 A  minimal amount will diffuse into the epidural space and 
be absorbed systemically through the epidural venous plexus, 
causing centrally mediated analgesia. Epidural administration 
of sufentanil, fentanyl, and morphine produces plasma levels 
equivalent to intramuscular injection of similar doses.14

Neuraxial opioids: clinical uses
Numerous trials have shown that the addition of opioids to local 
anaesthetic solutions significantly improves pain relief, per-
mits smaller doses of local anaesthetic with subsequent reduced 
motor block and hypotension, reduces postoperative analgesic 
requirements, and reduces the frequency of patchy block.26,27 
Individual opioids vary in their potency, lipophilicity, and side 
effect profile—these are discussed later, but some general princi-
ples apply. The dose of epidural opioid is usually about five to ten 
times that needed for intrathecal use.14 See Table 17.2.28–43

Side effects/disadvantages of opioid adjuvants
The addition of opioid adjuvants to neuraxial solutions has several 
disadvantages. Extra time will be required to draw up, mix, and 
administer controlled drugs and their use must be properly docu-
mented. The use of multiple drugs increases the chance of drug 
errors and cautious rechecking of drug ampoules must occur.

The other disadvantage of using opioids as neuraxial adjuvants 
are the side effects that their addition brings. All complications 
of opioids, such as nausea, vomiting, pruritus, and respiratory 
depression, are dose dependent44 and each is discussed in detail 
in the following sections. High opioid doses may also lead to 
decreased fetal heart rate (FHR) variability.45

Pruritus
This is seen in up to 70% of patients receiving neuraxial morphine, 
and is less common (10%) with lipophilic opioids such as fenta-
nyl.14 Onset is variable and is usually localized to the face, neck, 
and chest areas. It is thought to be due to cephalad spread of opioid 
to receptor sites in the trigeminal nucleus. Although the pruritus 
is not mediated by histamine release, histamine-1 receptor antag-
onists (e.g. chlorpheniramine) can be helpful, but cause seda-
tion. Small doses of opioid receptor antagonists such as naloxone  

(<2 mcg/kg/h) and naltrexone (6–9 mg) are the most effective at 
reversing pruritus without reversing analgesia.46

A high concentration of 5-HT3 receptors is found in the dor-
sal horn of the spinal cord and the spinal tract of the trigeminal 
nerve in the medulla, and it has been suggested that an interaction 
between opioids and 5-HT3 receptors may play a role in the gen-
eration of neuraxial opioid-induced pruritus. Prophylactic treat-
ment with a single intravenous (IV) bolus of 4–8 mg of the 5-HT3 
receptor antagonist ondansetron provides a significant decrease 
in the incidence and the intensity score of pruritus after neuraxial 
opioid administration, particularly when morphine is used.47

Nausea and vomiting
This occurs in 20–50% of patients receiving neuraxial opioids, 
and is commoner in females and with intrathecal morphine. It is 
thought to be due to cephalad spread of the opioid to the area pos-
trema where it acts as a partial dopamine-2 receptor agonist in the 
chemoreceptor trigger zone.22,23

Urinary retention
This occurs in approximately 30–40% of cases of neuraxial opi-
oid use14 and is more common with spinal morphine. Stimulation 
of opioid receptors in the sacral spinal cord causes inhibition of 
sacral parasympathetic outflow. Ureteric and bladder sphincter 
tone is increased and detrusor relaxation is inhibited.23

Table 17.2  Equivalent spinal and epidural doses of commonly used 
neuraxial opioids28–43

Drug Clinical intrathecal dose 
range

Clinical epidural dose range

Fentanyl 10–25 mcg

Labour (sole agent) 
ED95 17.4 mcg (95% CI 
13.8–27.1 mcg)28

Labour (with bupivacaine) 
10–15 mcg29

CD (with bupivacaine) 
10–25 mcg30

50–100 mcg (1 mcg/kg)

33–92 mcg36 (‘optimal’ 
50–100 mcg)

Labour (sole agent): ED50 
124 mcg37

Labour (with 
bupivacaine): ED95 50 mcg38

C.D ED95 92 mcg36

Sufentanil 2.5–20 mcg

Labour ED95 8–10 mcg28,31

Labour (with bupivacaine) 
‘optimal’ 1.5–2 mcg32

CD (with bupivacaine) 
2.5–20 mcg ‘Optimal’ 5 
mcg33

25–60 mcg

Labour: ED50 (alone) 21 mcg37

Labour: ED95 (with 
bupivacaine) 8 mcg28

CD: (with bupivacaine) 10–20 
mcg39,36

Morphine 50–500 mcg34

(CD with bupivacaine)

3.75–5.0 mg

‘Optimal’ 3.75 mg (postop 
CD)40

Diamorphine 0.3–0.4 mg35

(CD with bupivacaine)

2.0–5.0 mg41

(CD with bupivacaine)

Labour (with bupivacaine) 
250–500 mg/h42.43

CD, caesarean delivery; ED50, effective dose required for desired effect in 50% of people 
receiving the drug; ED95, effective dose required for desired effect in 95% of people 
receiving the drug.

Data from various sources (see references).
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Respiratory depression
The incidence of respiratory depression with neuraxial opioids is 
similar to that found with parenterally administered opioids.48 
This is a μ-receptor response causing reduced sensitivity of the 
chemosensitive neurons in the respiratory centre in the medulla 
to carbon dioxide. The normal compensatory increase in minute 
ventilation when arterial carbon dioxide rises fails to occur, but 
the response to hypoxia is less affected. In theory, if the hypoxic 
stimulus is also removed by supplementary oxygen, then respira-
tory depression may be potentiated. Medullary generation of the 
respiratory rhythm is also inhibited at the pre-Botzinger complex, 
causing a decreased respiratory rate.23 Respiratory depression can 
occur early or late with neuraxial opiate administration.

Early respiratory depression, occurring within 2 hours, is due to 
systemic absorption of opioid and is therefore less common after 
intrathecal administration and after administration of hydrophilic 
opioids such as morphine, but commoner after epidural adminis-
tration of lipophilic opioids (e.g. sufentanil and fentanyl).49

Delayed respiratory depression occurring at 6–12 hours is seen 
after intrathecal administration of hydrophilic opioids such as 
morphine and is caused by cephalad spread of the opioid in the 
CSF to the respiratory centre. Delayed respiratory depression is 
uncommon with lipophilic opioids as they bind rapidly to spinal 
opioid receptors, removing most of the drug from the CSF before 
significant cephalad spread can occur.

Respiratory depression is a potentially life-threatening compli-
cation of neuraxial opioids and appropriate monitoring is manda-
tory (Table 17.3).14,26,28,41,48,49,53,61,69,77,78,80,96,98

The American Society of Anesthesiologists published guide-
lines in 200950 which recommend the following:
1.	 Patient identification

All patients should have a focused history and examination to 
identify risk factors for increased susceptibility to respiratory 
depression (including sleep apnoea, diabetes, obesity, current 
medications) before administering neuraxial opioids.

2.	 Drug selection

The duration of monitoring should be appropriate to the drug, 
whether delivered by single injection or continuous epidural. 
Lipophilic opioids such as fentanyl and sufentanil are safer 
than hydrophilic drugs such as morphine. Diamorphine is 
rarely available outside the United Kingdom.

3.	 Dose selection

Administer the lowest effective dose of neuraxial opioids. 
Simultaneous administration parenteral opioids, sedatives, 
hypnotics, magnesium requires increased intensity and dura-
tion of monitoring.

4.	 Detection of respiratory depression

Monitoring of patients receiving neuraxial opioids should 
include depth of respiration, oxygenation (with pulse oximetry 
when appropriate), and level of consciousness. These obser-
vations can be assessed in the sleeping patient, unless there 
are any concerning signs in which case the patient should be 
woken to allow evaluation of level of consciousness.

Individual groups of agents require specific recommendations:

1.	 Neuraxial lipophilic opioids via single injection (e.g. fentanyl):

•	 Monitor for a minimum of 2 hours following injection.

•	 Repeated monitoring should be performed for the first 20 
minutes after administration, followed by monitoring at 
least every hour until 2 hours have passed.

•	 Once 2 hours have passed, the clinical condition of the 
patients will dictate the frequency of monitoring.

2.	 Neuraxial lipophilic opioids via continuous infusion or 
patient-controlled epidural analgesia (PCEA):

•	 Perform monitoring for the duration of the infusion.

•	 Continual monitoring should occur for the first 20 minutes 
after the infusion has begun, and continued at least every 
hour until 12 hours have passed.

•	 During the period of 12–24 hours of infusion, the monitor-
ing should be repeated at least every 2 hours.

•	 After 24 hours, repeat monitoring at least once every 4 hours.

•	 Once the infusion or PCEA of lipophilic opioids has finished 
the frequency of monitoring will be dictated by the patient’s 
condition and other medications.

3.	 Neuraxial hydrophilic opioids (e.g. morphine, not including 
sustained- or extended-release epidural morphine) via single 
injection:

•	 Monitor the patient for at least 24 hours after administration.

•	 Patient monitoring should be repeated at least hourly for 
the first 12 hours and then at least every 2 hours for the 
12–24-hour period.

•	 Once 24 hours have passed, the patient’s clinical condi-
tion and other medications should dictate the frequency of 
monitoring.

4.	 Continuous infusion or PCEA with neuraxial hydrophilic 
opioids:

•	 The patient should be monitored throughout the duration of 
the infusion.

•	 The frequency of monitoring should be hourly for the first 12 
hours and then at least every other hour for the next 12 hours.

•	 Once 24 hours have passed, repeat the monitoring at least 
every 4 hours.

Table 17.3  Lipophilicity of neuraxial opioids and  
time of peak respiratory depression risk  
(clinically observed ranges)14, 26, 28, 41, 48, 49, 53, 61, 69, 77, 78, 80, 96, 98

Intrathecal 
opioid

Onset of 
analgesia 
(minutes)

Duration of 
analgesia 
(hours)

Maximum risk of 
respiratory depression 
(hours)

Morphine 
(hydrophilic)

60–120 15–24 5–12

Fentanyl/
sufentanil 
(lipophilic)

10 1–5 <0.5

Diamorphine 
(lipophilic)

5–10 11–14 8–12

Data from various sources (see references).
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•	 Once the infusion or PCEA has stopped, the patient’s condi-
tion and administration of other medications should dictate 
the frequency of monitoring.

5.	 Respiratory depression—management and treatment:

•	 If patients have altered level of consciousness, respiratory 
depression, or hypoxaemia, administer supplemental oxygen 
and continue until the situation has resolved.

•	 Supplemental oxygen should not be used routinely as it may 
increase the duration of apnoeic episodes, or limit the detec-
tion of transient apnoea and hypoventilation.

•	 If respiratory depression persists or recurs, IV access should 
remain.

•	 All patients with any degree of respiratory depression fol-
lowing the neuraxial administration of opioids should have 
reversal agents readily available.

•	 If severe respiratory depression occurs, resuscitation should 
be initiated rapidly and effectively.

In theory, a drug which acts on the κ-opioid receptor should pro-
vide analgesia without respiratory depression, and butorphanol 
has been studied as a likely candidate. Butorphanol is a μ-receptor 
antagonist and κ-receptor agonist and therefore could be pre-
dicted to reduce the side effects of epidural opioids without lessen-
ing the analgesic effect.51,52 However, clinical studies comparing 
postsurgical pain found that the addition of epidural butorpha-
nol to a bupivacaine/fentanyl mix did not result in additional 
analgesia or reduce side effects. Studies in obstetric patients for 
labour analgesia and CD found no significant reduction in pain 
scores but less pruritus, nausea, and vomiting (reduced μ-receptor 
effect, as predicted). However, there was an increased incidence of 
somnolence51–53 (an unwanted κ-receptor agonist effect) associ-
ated with the butorphanol group. The role of this type of agent 
remains unclear.

Opioid adjuvants: individual agents
For a summary of opioid adjuvants see Table 17.4.58,62,63,67,74

Morphine
Pharmacology
Morphine is a naturally occurring, hydrophilic phenanthrene 
derivative. It was the first opioid administered neuraxially for 
labour analgesia54 and is the most widely studied adjuvant. Early 
studies showed significant analgesic synergy55,56 between mor-
phine and local anaesthetic, with the local anaesthetic potenti-
ating the antinociceptive effects of morphine by enhancing the 
morphine binding to the κ-opioid receptor.

Morphine is a weak base (pKa 8.0). Its half-life is 3–4 hours with 
up to 70% metabolized in the liver to morphine-3-glucuronide, 
(which affects arousal and is possibly a μ-receptor antagonist) 
and to morphine 6-glucuronide, which is 13 times more potent 
than morphine and has a similar duration of action. Both these 
metabolites are excreted in the urine and accumulate in renal 
failure.22,23

Lipophilicity and binding: onset and duration
Because morphine is poorly lipid-soluble (lipophobic), it is slow 
to bind to the dorsal horn receptors, taking 15 minutes to work 

intrathecally and 30 minutes epidurally. However, its longer dura-
tion of action, (~12–24 hours), means that a single dose of epidural 
or spinal morphine will improve the quality of pain relief for the 
first stage of labour and is more effective than a single dose of fen-
tanyl at providing postoperative pain relief.14

Doses: intrathecal/epidural
Both intrathecal and epidural morphine have a ceiling analge-
sic effect; at doses greater than 100 mcg (intrathecal) and 3.75 
mg (epidural) there is minimal additional analgesic benefit, but 
increased incidence of adverse effects, particularly pruritus.57

Side effects
Intrathecal and epidural morphine are associated with a high inci-
dence of dose-related nausea, vomiting, pruritus, urinary reten-
tion, sedation, and delayed respiratory depression when compared 
to fentanyl. These effects can occur even at very low doses.58

Sustained- or extended-release epidural morphine
Extended-release epidural morphine (EREM) by single bolus 
injection can extend effective postoperative analgesia for up to 48 
hours and was approved by the US Food and Drug Administration 
(FDA) in 2004.

In a randomized controlled trial (RCT) of 70 women for elective 
CD using a combined spinal–epidural (CSE) technique, patients 
received an intrathecal injection of bupivacaine 12 mg and fen-
tanyl 10 mcg and a single-dose epidural bolus of either conven-
tional morphine 4 mg or EREM 10 mg. Significantly improved 
pain scores at rest and during activity were found in those women 
receiving EREM, with a decrease in supplemental opioid medi-
cation usage for 48 hours post CD. (In milligram-morphine 
equivalents, median and interquartile range from 17 (22) to 10 
(17) mg with EREM compared to conventional epidural morphine 
(P = 0.037).59)

In 2009, Hartrick and Hartrick compared the adverse effects of 
EREM (N = 801) to IV opioids and standard epidural morphine.60 
EREM doses of 15 mg or greater were associated with a trend 
towards a higher incidence of hypoventilation (odds ratio 0.48; 95% 
confidence interval (CI) 0.21–1.09; P = 0.081; number-needed-to-
treat (NNT)  =  14) compared with placebo. The incidence of 
pruritus was significantly higher for all EREM doses compared 
with both placebo (P = 0.004) and standard epidural morphine 
(P = 0.03). Vomiting was also increased with EREM doses of 15 
mg or greater compared with placebo (odds ratio 0.40; 95% CI 
0.18–0.89; P = 0.02; NNT = 5). For these reasons, EREM has not 
been widely embraced by the obstetric anaesthetic community.

If EREM is used, then monitoring at least once every hour 
should be performed during the first 12 hours after administra-
tion, and at least once every 2 hours for the next 12 hours (i.e. from 
12 to 24 hours).50

After 24 hours, monitoring should be performed at least once 
every 4 hours for a minimum of 48 hours.50

Fentanyl
The profiles of fentanyl and sufentanil are very similar except for 
their relative potency.

Pharmacology
Fentanyl is a phenylpiperidine derivative. It is a lipophilic opi-
oid, which acts as an adjunct to local anaesthetics to increase 

 

 

 

 

 

 

 

 

 

 

 



Table 17.4  Summary of opioid adjuvants58, 62, 63, 67, 74

Opioid Epidural clinical dose 
range and optimal 
doses

Intrathecal dose Epidural onset 
(mean, minutes)

Intrathecal onset 
(mean, minutes)

Epidural 
duration 
(mean, hours)

Intrathecal 
duration 
(mean, hours)

Advantages Disadvantages

Sustained-release 
morphine

10 mg–15 mg

(‘optimal’10 mg)

N/A 5 N/A 48 N/A Longest 
duration

Increased pruritus 
compared to standard 
morphine, more 
hypoventilation and 
vomiting at doses  
>15 mg

Diamorphine 2.5–5 mg 0.25–0.4 mg

(minimum dose to prevent 
supplementation at CD 
0.4 mg)

10 5 12–20 12–20 Long duration Rapid onset

Long duration

Morphine 3–5 mg

(‘optimal ‘3.75 mg)

50–500 mcg

(‘optimal’ 100 mcg)

30 15 12–24 12–24 Long duration Nausea, vomiting, 
pruritus, sedation, late 
respiratory depression

Fentanyl 33–124 mcg

(‘optimal’ 50–100 mcg)

Labour: ED50 124 mcg 
(alone)

Labour: ED95 50 mcg 
(with Bupivacaine)

CD ED95 92 mcg

10–25 mcg

Labour: ED95 (alone) 
17.4 mcg

Labour: (with bupivacaine) 
10–15 mcg

CD: (with bupivacaine) 
25 mcg

10 5 2–4 2–4 Rapid onset Short duration

pruritus, early respiratory 
depression

Sufentanil 25–60 mcg

Labour: ED50 
(alone) 21 mcg

Labour: ED95 (with 
bupivacaine) 8 mcg

CD: (with bupivacaine) 
10–20 mcg

2.5–20 mcg

Labour: ED95 8–10 mcg

Labour: (with bupivacaine) 
‘optimal’ 1.5–2 mcg

CD: (with bupivacaine) 
2.5–20 mcg ‘optimal’ 5 mcg

2–3 4–6 1–3 1–3 Very rapid 
onset

Short duration

Pethidine 
(Meperidine)

10–20 mg 25–50 mg 10 5 4–8 4–8 Rapid onset Minimal postoperative 
analgesia

Nausea and vomiting

CD, caesarean delivery; ED50, effective dose required for desired effect in 50% of people receiving the drug; ED95, effective dose required for desired effect in 95% of people receiving the drug.

Data from various sources (see references).
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the duration and intensity of spinal anaesthesia54,61–64 without 
intensifying motor and sympathetic block65,66 or prolonging 
recovery.67,68

Lipophilicity/binding: onset and duration
Fentanyl has a pKa of 8.4 and is approximately 800 times more 
lipid-soluble than morphine. It binds rapidly to dorsal horn recep-
tors in the spinal cord and has a corresponding rapid onset of 
action (5 minutes intrathecally, 10 minutes epidurally). This is 
advantageous for labour analgesia and emergency CD and also 
means that cephalad spread and delayed respiratory depression 
are rare. Its duration of action is short (2–4 hours intrathecally 
and epidurally) due to redistribution and systemic absorption, so 
it does not provide clinically useful postoperative analgesia.14

Doses
For labour analgesia, intrathecal fentanyl is effective as a sole agent, 
in which context it has been shown to have a median effective dose 
of 14 mcg (95% CI 13–15 mcg), and a ceiling effect at 25 mcg.69

The effective epidural dose is 100 mcg, which can be used to 
improve an inadequate block without prolonging recovery 
time,67,68 but larger doses do not prolong the duration of analgesia 
in any clinically significant way.57

Side effects: intrathecal/epidural
Intrathecal fentanyl has been shown to decrease intraopera-
tive nausea and vomiting,61–64 and while respiratory depression 
has been described, it is unlikely with doses less than 25 mcg. 
Intrathecal fentanyl produces a dose-dependent incidence of pru-
ritus in approximately 50% of patients.67 Urinary retention is far 
less common with lipophilic opioid use than with morphine, and 
the incidence of urinary retention is not increased by the addition 
of intrathecal fentanyl to hyperbaric bupivacaine.65,70

As an adjuvant to low-dose local anaesthetic epidural solutions 
for labour, fentanyl can potentiate analgesia, but epidural bolus 
doses may result in early respiratory depression due to systemic 
absorption. There has been considerable controversy in the litera-
ture about the site of action of epidurally administered lipophilic 
opioids, with conflicting evidence suggesting that the analgesic 
action of epidural fentanyl may be entirely due to its action in the 
brain following systemic absorption rather than at spinal recep-
tors. Ginosar et al. clarified the situation in 2003 by comparing a 
continuous infusion of epidural fentanyl given as a sole agent with 
bolus epidural fentanyl administration.71 This human volunteer 
study showed that after a 100 mcg fentanyl epidural bolus, fen-
tanyl plasma levels reached a maximum of 0.47 ng/mL (standard 
deviation (SD) ± 0.39 ng/mL) at 45 minutes after injection and this 
was accompanied by segmental analgesia, suggesting relevant opi-
oid binding in the spinal cord. When fentanyl was administered 
by infusion at a rate of 100 mcg/h the maximum plasma concen-
tration was 0.80 ng/mL (SD ± 0.24 ng/mL) at 180 minutes after 
injection, and this was accompanied by non-segmental analgesia, 
suggesting relevant opioid binding in the brain.

The authors speculated that administration of the bolus dose 
of fentanyl might create a large concentration gradient of drug 
between the epidural space and CSF, thereby enabling a higher 
concentration of drug to access the spinal sites, which might not be 
achieved with the lower concentration gradient at infusion doses.

The same authors have shown that in labouring women, the 
required dose of epidural bupivacaine can be reduced by a factor of 

three when co-administered with an epidural fentanyl infusion as 
compared with an IV fentanyl infusion.72 This is accounted for by 
the supra-additive, or synergistic, effect of the two drugs; an oth-
erwise insignificant analgesic effect by a spinal mechanism may 
become predominant if epidural fentanyl is infused jointly with 
a local anaesthetic. This study used a technique known as ‘mini-
mum local anaesthetic concentration’ (MLAC), whereby the effi-
cacy of an adjuvant, and the reduction in dose of local anaesthetic 
that can be achieved can be measured.73 This technique involves 
systematic evaluation of dose–response pharmacodynamics and 
allows the median effective concentration (EC50) and median 
effective dose (ED50) to be established for local anaesthetics. This 
is analogous to the minimum alveolar concentration (MAC) for 
inhalational anaesthetics and is an accurate way of quantifying 
the local anaesthetic-sparing properties of adjuvants. It has been 
used widely in the clinical context of epidurals in labour.

Using this tool, Lyons and co-workers demonstrated that the 
MLAC of epidural bupivacaine can be reduced by 31–72% in a 
linear, dose-dependent manner by the addition of 2–4 mcg of fen-
tanyl per mL of local anaesthetic solution.74 The first woman in 
each fentanyl group received an arbitrarily chosen concentration 
of bupivacaine based on estimations of MLAC from preceding 
studies. If this produced an effective outcome (using a 100 mm 
visual analogue pain score (VAPS) where VAPS was <10  mm 
within 30 minutes), the next patient in the series received a pre-
defined reduction of 0.01% weight/volume concentration of local 
anaesthetic but at the same volume and with the same dose of 
fentanyl. An ineffective response (VAPS ≥ 10 mm within 30 min) 
resulted in the next patient in the series receiving an increase in 
concentration of local anaesthetic by the same predefined inter-
val. This process of sequential allocation of local anaesthetic dose 
continued until the concentration administered was the EC50 
or MLAC.

Sufentanil
Pharmacology
Like fentanyl, sufentanil is a synthetic phenylpiperidine deriva-
tive. It is five to seven times more potent than fentanyl. Sufentanil 
has a terminal elimination half-life of 150 minutes, so accumula-
tion is unlikely.

Lipophilicity/binding: onset and duration
Sufentanil is 1600 times more lipid-soluble than morphine14 with 
a consequent very fast onset time of 2–3 minutes intrathecally, 
and 4–6 minutes epidurally. Its short duration of action (1–3 hours 
intrathecally and epidurally) means it has no useful clinical post-
operative analgesic effect, and its main indication is to improve 
the quality of pain relief during the second stage of labour via 
administration as an epidural bolus or in combination with local 
anaesthetic agents intrathecally for CD. The use of sufentanil has 
been shown to be an independent significant predictor of effective 
analgesia in labour when used as an adjunct with epidural bupi-
vacaine, levobupivacaine, and ropivacaine75 and MLAC studies 
show that the EC50 of bupivacaine is reduced by 91% by the addi-
tion of sufentanil 1.5 mcg/mL.76

Doses: intrathecal/epidural
Doses of 2.5–5 mcg are recommended for intrathecal use and 
25–50 mcg for epidural bolus use.39
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Side effects: intrathecal/epidural
Its rapid onset time means there is a corresponding increased risk 
of early respiratory depression after an epidural bolus because of 
systemic absorption, but with a low risk of cephalad spread lead-
ing to less delayed respiratory depression. There are case reports 
of rapid-onset life-threatening respiratory depression occur-
ring 5–15 minutes after intrathecal sufentanil 10–15 mcg26,77–79 
including during intrathecal use for labour analgesia.79 However, 
during CD significant sedation or respiratory depression has not 
been reported.53,61–63 Neurotoxicity has not been reported with 
clinical doses of 1.5 mcg/kg of intrathecal sufentanil, but animal 
studies have noted histopathological changes with doses of 7.5 
mg/kg.81

Alfentanil
Pharmacology
Alfentanil is a lipid-soluble, synthetic phenylpiperidine derivative 
and a μ-receptor agonist.

Lipophilicity/binding: onset and duration
It has a pKa of 6.5 so at a pH of 7.4, 89% is present in the unionized 
form and able to cross lipid membranes.23 This is why it has a faster 
onset of action than fentanyl, despite having lower lipid-solubility.

Dose
It is rarely used in obstetrics because of its short duration of action. 
Intrathecal alfentanil alone provides analgesia for 40 minutes.82 
In an epidural infusion study used at 30 mcg/kg/h, analgesia was 
inadequate for late first stage and second stage of labour in 30% of 
patients.83

Side effects
Neonatal hypotonia following delivery has been reported.84

Pethidine (meperidine)
Pharmacology
Pethidine is a lipophilic phenylpiperidine derivative, which is a 
combined μ-receptor and κ-receptor agonist.85 Pethidine is the 
only opioid that has local anaesthetic actions, and it also has 
anticholinergic and stimulant effects,22,23 which in high concen-
trations may cause seizures and hallucinations.86

Lipophilicity/binding: onset and duration
Pethidine is ten times more lipid-soluble than morphine and 
therefore has a faster onset (5 minutes intrathecally, 10 minutes 
epidurally) and shorter duration (4–8 hours intrathecally and epi-
durally) of action than morphine.87 Its active metabolite norpeth-
idine is less lipid-soluble and can accumulate in the fetus.

Doses: Intrathecal/epidural
When used as a single agent, intrathecal pethidine 10–20 mg pro-
duces analgesia in 2–12 minutes, which can last for up to 3 hours87 
and 1 mg/kg produces surgical anaesthesia.86,88

When used as an adjunct to local anaesthetics for CD, the 
addition of 25 mg pethidine intrathecally provides better blood 
pressure stability and a lower incidence of side effects than 5 mg 
bupivacaine alone, with rapid motor recovery and prolonged post-
operative analgesia.4,89 When given via the epidural route as a sole 
agent in labour, pethidine 25 mg provides analgesia for 50–160 
minutes,27 but opioid side effects restrict its clinical use. Doses 

of 50 mg given via the epidural route to non-labouring parturi-
ents resulted in no maternal haemodynamic change, but did show 
some local anaesthetic effects.90

Side effects: intrathecal/epidural
Intrathecal pethidine has a narrow therapeutic window. 
Respiratory depression, nausea and vomiting,91 pruritus, brady-
cardia, and urinary retention can occur with doses as low as 
0.5 mg/kg.92 The incidence of nausea and vomiting was as high as 
76% in one study,86 so its use is not recommended. Epidural pethi-
dine 10 mg reduces the shivering side effect of epidural analgesia, 
probably by agonist action at the κ-receptor.85,89,93,94

Diamorphine
Pharmacology
Diamorphine is a diacetylated semisynthetic morphine deriva-
tive with no affinity for opioid receptors.23 It is a pro-drug, which, 
when administered intrathecally, diffuses across the dura more 
easily than morphine but more slowly than fentanyl, leading to 
relatively rapid clearance from the CSF. Its low pKa (7.6) means 
that only 37% is in its unionized form and able to diffuse onto 
the opioid receptors on the dorsal horn at physiological pH. 
Esterase metabolism in the spinal cord converts diamorphine to 
metabolites (6-momoacetyl morphine and morphine), which are 
water-soluble μ-receptor agonists with their own pharmacological 
effects.

Lipophilicity/binding: onset and duration
Diamorphine is 280 times more lipid-soluble than morphine and 
therefore has a rapid onset (<10 minutes) of analgesia and is less 
likely to cause delayed respiratory depression.

Doses: intrathecal/epidural
Diamorphine 0.3–0.4 mg intrathecally or 2.5–5.0 mg epidur-
ally both effectively reduce the need for supplemental analgesia 
after CD.

A RCT comparing diamorphine 0.25 mg intrathecally with 5 
mg epidurally as an adjunct to intrathecal bupivacaine 10 mg in 50 
patients for CD using a CSE technique showed that the quality and 
duration of postoperative analgesia was similar in both groups 
(mean of 14 hours) but that the intrathecal route had significantly 
less nausea and vomiting than the epidural route (24% vs 4%;  
P < 0.05).41 This is due to systemic absorption of diamorphine 
from the epidural space into the bloodstream and transporta-
tion to the chemoreceptor trigger zone. The degree of pruritus 
was 80–88% in both groups. The addition of 5 mg of diamorphine 
to epidural bupivacaine 0.25% significantly improves analge-
sia and reduces motor block in labour compared to bupivacaine 
alone.95 For postoperative pain after CD, epidural diamorphine 
3 mg provides significantly longer analgesia than 10 mg intra-
muscular morphine (mean 11 vs 6.5 hours), but more patients in 
the diamorphine group required catheterization and had nausea 
and vomiting. There was no evidence of respiratory depression on 
overnight pulse oximetry.96

Side effects
The National Institute of Health and Care Excellence (NICE) 2011 
guidelines for CD97 recommend diamorphine (0.3–0.4 mg intrath-
ecally, or 2.5–5 mg epidurally). Both morphine and diamorphine 
are effective adjuvants for intra- and postoperative analgesia for 
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CD by the intrathecal and epidural route, but diamorphine has 
fewer side effects, particularly delayed respiratory depression and 
nausea and vomiting98 and is therefore recommended.

The availability and use of diamorphine is limited outside the 
United Kingdom.

Non-opioid adjuvants
In addition to opioids, drugs from other pharmacological classes 
may produce spinal analgesia and have been used as adjuvants in 
neuraxial analgesia.

These include vasoconstrictors, agonists at the α-adrenergic, 
serotonergic, cholinergic, and GABA receptors, and antagonists 
at the NMDA receptor.

Epinephrine
Pharmacology/mechanism of action
Epinephrine works as an adjuvant to neuraxial local anaesthet-
ics by two mechanisms, local vasoconstriction, and as a direct α2 
adrenoceptor agonist with a specific spinal analgesic action.

Vasoconstriction of epidural veins reduces vascular absorption 
of local anaesthetic and maintains a higher concentration at the 
nerve roots for a longer period, which prolongs the duration of 
blockade and reduces the risk of toxicity.

The efficacy of epinephrine as a vasoconstrictor adjunct 
depends upon the lipid solubility of the local anaesthetic used. The 
addition of epinephrine to epidural lidocaine decreases systemic 
absorption by approximately 30%.81,82 Bupivacaine has higher 
lipid solubility than lidocaine, so there is less systemic absorption 
from the epidural space in the first instance. Consequently the 
addition of epinephrine to epidural bupivacaine only decreases 
systemic absorption by around 10–20%,99,100 and it is less effec-
tive at prolonging the duration of blockade when compared to 
lidocaine.

Epidural/intrathecal use
In labouring patients, the addition of epinephrine increases the 
duration of epidural bupivacaine analgesia and decreases the local 
anaesthetic requirement,101–104 and can be specifically shown 
to reduce the MLAC of epidural bupivacaine.105 The addition of 
1:300,000 epinephrine to spinal bupivacaine and sufentanil pro-
longs the duration of analgesia from 100 min to 140 min.106

Despite these advantages, the use of epinephrine for labour 
analgesia is now uncommon, partly because of the potential toc-
olytic effects due to β2 adrenergic actions on the myometrium, 
which can lead to prolonged labour.107

There is also a theoretical concern that neuraxial adrenaline/
epinephrine could cause spinal artery vasoconstriction but there 
is no conclusive evidence for this. If used, the dose should be kept 
to a minimum of 1–1.25 mcg/mL.

Systemic side effects
Epinephrine is detected in plasma after neuraxial administration 
and may cause dose-related sympathomimetic effects. Tachycardia 
and hypertension could be clinically significant in cardiac 
patients, pre-eclamptic patients, or patients taking tricyclic anti-
depressants and monoamine oxidase inhibitors. The addition of 
epinephrine also prolongs the time until voiding of urine,70,108,109 
and increases the incidence of nausea and vomiting.63

Special circumstances/specific uses of epinephrine
‘Test dose’
Historically, an epidural test dose 45 mg of lidocaine with 15 mcg 
of epinephrine was advocated to identify accidental intravascular 
injection by the occurrence of tachycardia and palpitations if the 
catheter had been placed or migrated intravascularly.110 A review 
article in 2006 examined the efficacy of test doses and concluded 
that, in the pregnant population, the injection of epinephrine had 
low sensitivity for the clinical detection of intravascular injection. 
It included studies that looked at the injection of 10–15 mcg of epi-
nephrine alone and the injection of a combination of bupivacaine 
12.5 mg + epinephrine 12.5 mcg and found that both had low sen-
sitivity for the clinical detection of intravascular injection (95% 
CI for sensitivity 78–100 for epinephrine alone) and (95% CI for 
sensitivity 75–100 for bupivacaine and epinephrine combined).111

For the detection of intravascular catheter misplacement in 
pregnant women, the injection of epinephrine has a low posi-
tive predictive value (<80)  and may also have significant side 
effects (e.g. decreased uteroplacental blood flow after epidural or 
IV injection). The injection of epinephrine in labour is therefore 
unjustified, but could be considered if the epidural is performed 
for CD where a larger dose of local anaesthetic is anticipated.
‘Rapid top-up for operative delivery’
In practice, the main use of epinephrine on the delivery suite is as 
an additive to local anaesthetics in order to rapidly top-up a labour 
epidural for emergency CD. A  2011 meta-analysis of 11 RCTs 
including 779 parturients has confirmed that lidocaine 2% with 
epinephrine ± fentanyl gives the most rapid onset of block.112 In 
one RCT, the combination of lidocaine–bicarbonate–epinephrine 
(concentrations 1.8%, 0.76%, and 1:200,000) reduced the median 
time to extend a labour epidural block for CD (sensory block to 
T4 for cold, T5 for touch) to 7 minutes, compared with 14 minutes 
for levobupivacaine 0.5% alone.113 In all the trials included in the 
meta-analysis by Hillyard et  al., solutions containing lidocaine 
and epinephrine, with or without fentanyl, showed median onset 
times of under 15 minutes, making epidural top-up for CD a real-
istic option in all but the most urgent emergency situations.

Neostigmine
Pharmacology/mechanism of action
Neostigmine is a quaternary amine, which acts by inhibiting 
acetylcholinesterase. This prevents the breakdown of acetylcho-
line so that more is available at the neuromuscular junction.14 
Neostigmine does not cross the blood–brain barrier.22 It is a cho-
linesterase inhibitor which produces analgesia by increasing the 
concentration of acetylcholine adjacent to the muscarinic and 
nicotinic receptors in the superficial layers of the dorsal horn of 
the spinal cord.58 This mechanism of analgesia does not produce 
motor or sympathetic blockade.114 Although it has been shown to 
produce analgesia on its own,114 it is most useful as an adjuvant 
rather than a sole agent.

Intrathecal neostigmine
Both animal and human studies show that intrathecal neostig-
mine does not affect spinal cord blood flow and does not induce 
any significant toxic effect in the spinal cord.115–117 In animal 
studies it reduces the risk of hypotension induced by spinal local 
anaesthetic.118,119
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Intrathecal neostigmine increases the analgesia from sys-
temically administered opioids and neuraxial administered 
α2-adrenoceptor agonists. However, with doses larger than 200 
mcg, there are significant systemic effects ranging from severe 
nausea and vomiting to motor blockade, sedation, and hyperten-
sion.120 This high incidence of nausea and vomiting precludes 
intrathecal use clinically.14

Epidural neostigmine
When administered epidurally neostigmine also enhances the 
duration and intensity of analgesia from systemic and neuraxial 
α2-adrenoceptor agonists, opioids and local anaesthetics. Unlike 
intrathecal neostigmine, epidural neostigmine is not associated 
with an increased risk of nausea and vomiting.

The effective epidural dose for postoperative pain is 50–100 
mcg, but the reduction in pain scores and opioid consump-
tion is equivalent to that achieved by administration of simple 
analgesics (e.g. oral non-steroidal anti-inflammatory drugs).121 
Low-concentration epidural neostigmine given continuously in 
non-obstetric patients has a local anaesthetic-sparing effect simi-
lar to opioids, but without nausea and vomiting.122

For reliable analgesia via the epidural route in early labour, at 
least 300–500 mcg of neostigmine is required, and then only in 
combination with other drugs (sufentanil, clonidine, local anaes-
thetic). When used in this way, neostigmine may have a local 
anaesthetic-sparing effect similar to fentanyl and sufentanil106 
and also an opioid-sparing effect.123,124

Doses greater than 100 mcg have been associated with seda-
tion14 but neostigmine does not cause respiratory depression 
or pruritus either alone or increase the risk of these side effects 
when used in combination with neuraxial opioids. In an edito-
rial in 2009, Eisenach considered the case for replacing epidural 
lipid-soluble opioids with neostigmine in view of its lack of respir-
atory depression and pruritus.121 However, the safety and efficacy 
of epidural neostigmine in the postoperative period has not been 
widely studied, and there are some unusual drug interactions (e.g. 
the combination of systemic opioid and intrathecal neostigmine 
is additive for analgesia but synergistic for nausea122). While it 
is assumed that epidural neostigmine enhances analgesia from 
epidural or systemic drugs by its cholinergic action in the spinal 
cord, there are no studies with systemically administered controls 
to specifically test this assumption121.

There are also theoretical concerns about the effect of neostig-
mine on the fetus. Stimulation of spinal cholinergic receptors 
can increase sympathetic nervous system activity124, which 
may decrease the perfusion to the uteroplacental unit. Also, 
systemic absorption of neostigmine could result in stimula-
tion of myometrial activity124 or if enough is transferred to the 
fetus, fetal bradycardia.125 However, a small observational study 
of 12 women showed that a neostigmine epidural bolus of 40–80 
mcg did not induce contractions, alter FHR or cause nausea in 
non-labouring women.124 In the same study, 40 healthy labour-
ing women were randomized to receive bupivacaine 1.25 mg/
mL alone or with neostigmine 4 mcg/mL by PCEA. Epidural 
neostigmine infusion reduced bupivacaine requirement by 19% 
in all patients and 25% in those with greater than 4 hours of 
treatment (P < 0.05 for both) but might have contributed to 
the incidence of mild sedation. Mode of delivery, incidence of 
maternal nausea, incidence of FHR abnormality, and Apgar 

scores were similar between groups. Larger studies are required 
to provide more information before neostigmine can be recom-
mended for clinical use.

Clonidine
Pharmacology/mechanism of action
Clonidine hydrochloride, an imidazoline derivative126 is a cen-
trally acting partial α2-adrenoceptor agonist with an affinity for 
α2 receptors 200 times that for α1 receptors.14

Clonidine binds to postsynaptic G-protein coupled inhibitory 
α2 receptors, in the laminae of the dorsal horn of the spinal cord 
thereby inhibiting adenylate cyclase and reducing intracellular 
cAMP formation.127 This reduces excitation via sodium and potas-
sium channels and inhibits calcium channels. Within the spinal 
cord, α2 receptor stimulation augments endogenous opioid release 
and modulates descending noradrenergic pathways involved in 
spinal nociceptive processing. This produces a dose-dependent 
analgesia not antagonized by opioid antagonists which is limited 
to the body regions innervated by the spinal segments where anal-
gesic concentrations of clonidine are present.126

In mice, nociceptive responses induced by intrathecal substance 
P are inhibited in a dose-dependent manner by intrathecal cloni-
dine,5 indicating a synergistic effect of clonidine at the δ-opioid 
receptor, but not μ- or κ-opioid receptors.

Within the brainstem, α2-receptor stimulation in the lateral 
reticular nucleus reduces central sympathetic outflow and causes 
a decrease in peripheral resistance, renal vascular resistance, heart 
rate, and blood pressure. It also stimulates α2 receptors in the locus 
coeruleus,128 which is responsible for vigilance and sympathetic 
tone,129,130 producing sedation and ventilatory abnormalities 
that are usually mild126 and have only been reported with bolus 
doses that are significantly larger than those used in the obstetric 
population.

When used via the subarachnoid or epidural route, clonidine 
provides prolonged analgesia without causing respiratory depres-
sion or sensory–motor blockade and exhibits synergism with con-
currently administered neuraxial opioids.23

Intrathecal clonidine
For CD with spinal anaesthesia, intrathecal clonidine 30–60 mcg 
increases the duration of sensory block by 30%, delays the onset 
of postoperative pain, and reduces overall postoperative opioid 
requirements.57

Epidural clonidine
Epidural clonidine 75 mcg has been shown to prolong labour 
analgesia, reduce local anaesthetic requirements, and reduce the 
number of top-ups for breakthrough pain without an increase in 
side effects when used in combination with either bupivacaine or 
ropivacaine.131 Clonidine has been shown to reduce the MLAC of 
epidural bupivacaine.105 However, there remains serious concern 
regarding unacceptable levels of hypotension.

Side effects
At epidural doses above 100 mcg, there is evidence of maternal 
hypotension, bradycardia, sedation, and FHR abnormalities. This 
is thought to be due to vascular absorption of clonidine via the epi-
dural veins. Systemic concentrations of 0.5–2.0 ng/mL are readily 
achieved, and these are associated with a hypotensive effect medi-
ated by the CNS.126 These cardiovascular effects are usually seen 
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within 15–30 minutes of epidural administration and last for up 
to 3 hours.

It has been suggested that clonidine may mask the increase in 
heart rate associated with hypovolaemia.132 Consequently, in the 
United States, an FDA ‘black box warning’ recommends that the 
neuraxial administration of clonidine is avoided in the obstetric 
population because of this risk of hypotension and bradycardia.126 
The FDA states that ‘there are no adequate controlled clinical trials 
evaluating the safety, efficacy, and dosing of clonidine in obstetric 
settings. Because maternal perfusion of the placenta is critically 
dependent on blood pressure, use of clonidine as an analgesic dur-
ing labour and delivery is not indicated’. In the presence of such 
a warning, clonidine should be used with caution and only when 
other methods of rescuing the epidural have failed.

Neostigmine and clonidine combinations
The situation with neostigmine and clonidine is further com-
plicated by a trial in 2009, which studied the use of both agents 
together.133 This was a RCT during labour in which initial intrath-
ecal analgesia with ropivacaine and sufentanil was supplemented 
15 minutes later by an epidural bolus containing clonidine 500 
mcg and neostigmine 75 mcg Compared with placebo, this com-
bination resulted in a longer initial duration of pain relief and a 
lower subsequent local anaesthetic requirement for maintenance 
of labour analgesia. There was no clinically significant hypoten-
sion and no sedation using this combination, which is difficult to 
achieve when using clonidine or neostigmine as single adjuvants. 
This study was the subject of an editorial by Paech134 in which 
the risk:benefit ratio of the use of multiple neuraxial drugs was 
questioned, with emphasis on the dose limitations of clonidine 
and the limited safety data of neostigmine. Paech cautions that ‘in 
addition to safety and efficacy, data on more definitive outcome 
measures are required to define the potential benefits, before these 
adjuvants are accepted for routine use in obstetric anaesthesia and 
analgesia’.

Ketamine
Pharmacology/mechanism of action
Ketamine is a phencyclidine derivative, which acts as a 
non-competitive NMDA receptor antagonist.22 NMDA receptors 
are activated by glutamate, which is the major excitatory neuro-
transmitter in the CNS. Ketamine blocks activation of the ligand 
gated channel and reduces NMDA receptor-mediated responses23 
leading to inhibition of excitatory pathways. The channels con-
trolled by NMDA receptors are highly permeable to Ca2+ and are 
blocked by Mg2+. Ketamine is lipid-soluble and freely crosses the 
blood–brain barrier.

When used neuraxially, ketamine blocks NMDA receptors 
located on secondary afferent neurons in the dorsal horn of the 
spinal cord, reducing the transmission of nociceptive information 
in the spinal pathways.135 In high doses it may have additional 
minor analgesic effects by binding opioid μ-receptors and modu-
lating descending inhibitory pathways through inhibition of reup-
take of neurotransmitters14.

Intrathecal ketamine
Early animal studies suggested that intrathecal ketamine has local 
anaesthetic properties136–138 and might provide anaesthesia with-
out hypotension. However, when the animals were killed, their 

spinal cords showed vacuoles indicating neural death, so human 
studies on intrathecal ketamine have rarely been undertaken. 
The finding that ketamine can induce apoptosis when used in 
high doses or for prolonged periods in animal studies has caused 
concern from the FDA and National Institutes of Health about 
potential human neurotoxicity.139 Even with the availability of a 
preservative-free formulation for 20 years, these concerns remain.

Previous studies have shown ketamine to be a useful neuraxial 
adjunct for surgery. Bion demonstrated that intrathecal ketamine 
in doses above 50 mg provided satisfactory rapid onset (1.7 min-
utes) surgical anaesthesia lasting 45–90 minutes for lower limb 
surgery in war field conditions.140 For ethical reasons, such a 
study could probably not have been conducted other than in the 
setting of war conditions.

There are no studies of intrathecal ketamine in obstetrics.

Epidural ketamine
In a small prospective RCT of non-obstetric abdominal surgical 
cases, epidural ketamine 1 mg/kg plus morphine 50 mcg/kg pro-
duced more rapid postoperative analgesia (median 11 vs 25 min-
utes) and more prolonged analgesia (median 19 vs 12 hours) than 
the group which received only morphine.141 The ketamine group 
had higher sedation scores in the first 2 hours, there was no respir-
atory depression or hallucinations, and the incidence of pruritus, 
nausea, and vomiting was the same in both groups. There are no 
studies of epidural ketamine in obstetrics.

Due to unresolved safety concerns, the use of neuraxial keta-
mine cannot be recommended, despite early hopes that it would 
provide anaesthesia without hypotension.

Midazolam
Pharmacology/mechanism of action
Midazolam is a benzodiazepine, which acts by enhancing pre-
synaptic inhibition through benzodiazepine binding sites in the 
GABAA receptor in the spinal cord.142 GABAA receptors are 
ligand-gated receptors located throughout the CNS, but the sub-
stantia gelatinosa of the dorsal horn of the spinal cord contains a 
particularly high density of GABAA receptors. GABA is the major 
inhibitory neurotransmitter of the CNS. GABA binding results in 
a change of receptor configuration, opening chloride ion chan-
nels and resulting in hyperpolarization of the neuron and reduced 
action potential propagation. Benzodiazepines have their own 
binding site on the GABAA receptor and the effect of binding 
is to increase the frequency of chloride channel opening, which 
enhances the effects of GABA.

There are limited studies assessing the clinical safety of neurax-
ial midazolam.14 The most serious side effect reported in animal 
studies is neurotoxicity, but this has been attributed to the effects 
of injection of an acidic solution.142,143 Midazolam has a pH of 3.5 
and its structure depends on the surrounding pH. At pH 3.5 its 
di-asinine ring is open, resulting in an ionized molecule, which is 
water-soluble.23 When the surrounding pH is greater than 4, the 
ring structure closes so that it is no longer ionized and therefore 
becomes lipid-soluble. Its pKa is 6.5 so that at physiological pH 
89% is present in an unionized form and available to cross lipid 
membranes. The pH of CSF does not decrease below 7.0 when add-
ing midazolam in the amounts used in clinical practice and no 
adverse reactions have been reported when using epidural144 or 
intrathecally administered midazolam.145
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Intrathecal midazolam
Midazolam in intrathecal doses up to 2 mg has not been shown 
to cause any neurological deficit in humans. In a study of 100 
patients scheduled for elective non-obstetric surgery, the addition 
of preservative-free midazolam 2 mg to bupivacaine intrathecally 
resulted in prolonged sensory block (mean 90 vs 115 minutes) 
without prolongation of motor block, while effective analgesia was 
prolonged from mean 121 to 221 minutes.145 Sedation scores were 
the same for both groups.

To resolve the conflicting evidence from animal studies, Tucker 
followed up 574 non-obstetric patients for a month after intrathe-
cal midazolam, evaluating 18 risk factors for neurotoxicity.146 This 
large cohort study compared two groups of patients who received 
intrathecal anaesthesia with or without intrathecal midazolam, 
evaluating the presence of neurological symptoms in the period 
following intrathecal administration. They showed that intrathe-
cal midazolam in doses up to 2 mg did not increase the occurrence 
of neurological or urological symptoms, whereas age greater than 
70 years and accidental venous puncture involve relative risks of 
8.72 and 8.07 respectively.

In a prospective RCT of 124 patients for elective CD, Prakash 
and colleagues compared 1 mg and 2 mg intrathecal midazolam 
as an adjunct to subarachnoid block with 10 mg intrathecal bupi-
vacaine.147 Postoperative analgesia was significantly prolonged 
(mean 6.1 ± 1 hours vs 3.8 ± 0.5 hours; P = 0.001) and supplemen-
tal diclofenac analgesic requirements were significantly decreased 
(mean 93 ± 29 mg vs 145 ± 12 mg) by the addition of 2 mg mida-
zolam compared to bupivacaine alone, but not by 1 mg. Both 1 
mg and 2 mg doses significantly reduced the incidence of postop-
erative nausea and vomiting. No significant difference in sedation 
score was seen between groups, and no neurological complica-
tions were noted.

Intrathecal midazolam 2 mg therefore appears to prolong spinal 
anaesthesia, decrease postoperative analgesia requirements, and 
reduce the incidence of nausea and vomiting, although more evi-
dence is required to ensure that there are no short- or long-term 
neurological side effects.

Epidural midazolam
Nishiyama compared postoperative thoracic epidural bupivacaine 
as a 6 mL 0.25% bolus with the same solution containing 0.05 mg/
kg midazolam in 30 non-obstetric cases.148 The area of analge-
sia was significantly larger in the midazolam group 10 and 30 
minutes after administration and involved the entire spinal area 
and the head and face 10 minutes after administration. Sedation 
and amnesia were significantly greater in the midazolam group. 
Sedation and amnesia are probably due to the action of mida-
zolam on benzodiazepine-GABAA receptors in the CNS, as the 
dose used resulted in a high enough systemic midazolam concen-
tration to induce these effects.149

When midazolam is given as part of a continuous epidural 
infusion for postoperative pain after gastrectomy, those patients 
receiving 10 mg or 20 mg of midazolam, as part of a 40 mL infu-
sion of epidural bupivacaine over 12 hours, had better analgesia as 
measured by the frequency of rescue analgesia compared to those 
receiving plain bupivacaine.150 The midazolam groups also had 
increased early sedation (mean 120 minutes) and amnesia com-
pared to the plain bupivacaine groups.

There are no studies of epidural midazolam use in obstetrics.

Droperidol
Pharmacology/mechanism of action
Droperidol is an antiemetic drug, which acts as an α2 adrenore-
ceptor agonist, dopamine receptor antagonist, and 5-HT3 recep-
tor antagonist.5 Theoretically, a drug active at these receptors 
could reduce the required dose of neuraxial opioids and improve 
the quality regional analgesia and anaesthesia.

Intrathecal droperidol
The only intrathecal use appears to be in chronic pain patients 
with intractable nausea, in which intrathecal droperidol 5–300 
mcg/day was a safe and effective antiemetic to use along with opi-
oid analgesics,151 but there is no experience of its use in obstetrics.

Epidural droperidol
Naji studied 40 patients for hip replacement receiving 4 mg epi-
dural morphine with or without 2.5 mg droperidol for postop-
erative analgesia. The droperidol group had significantly less 
pruritus, nausea and vomiting, and hypotension, but there was no 
difference in mean pain scores over 24 hours.152

An RCT in obstetric patients compared the addition of epidural 
or IV droperidol 2.5 mg to epidural morphine 5 mg for postopera-
tive pain after CD.153 This study found no difference between the 
groups with respect to pain, pruritus, or satisfaction, but the inci-
dence and severity of nausea and vomiting was significantly lower 
in the group that received IV droperidol, as would be expected 
for an antiemetic drug. This effect was not seen in the epidural 
droperidol group.

The addition of epidural droperidol 2.5 mg to epidural sufen-
tanil for postoperative pain has been studied in a RCT of 40 
orthopaedic patients.154 The incidence of nausea, vomiting, and 
pruritus associated with epidural sufentanil was significantly 
decreased by epidural droperidol, but sedation was increased and 
the duration of analgesia after sufentanil and droperidol was sig-
nificantly shorter than after sufentanil and placebo. The addition 
of epidural droperidol therefore appeared to significantly reduce 
the side effects of epidural sufentanil while diminishing the dura-
tion of analgesia, which would limit its clinical usefulness.

Dexamethasone
Pharmacology/mechanism of action
Dexamethasone is a potent steroid with anti-inflammatory, 
immunosuppressive, and antiemetic actions.

Intrathecal dexamethasone
In an RCT involving 120 women, 8 mg intrathecal dexametha-
sone significantly decreased postoperative nausea and vomiting 
and improved patient satisfaction after CD compared to intrath-
ecal morphine alone155 This trial did not however, compare the 
antiemesis achieved with intrathecal dexamethasone to that 
achieved with IV dexamethasone.

Epidural dexamethasone
An RCT in non-obstetric patients showed that the epidural 
administration of dexamethasone 5 mg has opioid-sparing effects 
with lower VAPS scores after laparoscopic cholecystectomy com-
pared with epidural bupivacaine alone or epidural bupivacaine 
with IV dexamethasone. This would suggest a specific neuraxial 
analgesic effect of the dexamethasone, the mechanism for which 
is unknown.156
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A similar small trial in non-obstetric abdominal surgical cases 
showed that the addition of 4 mg of epidural dexamethasone to 
10 mL 0.25% bupivacaine significantly improved postoperative 
analgesia, as measured by VAPS scores and a reduction in anal-
gesic consumption, as well as providing significant antiemesis.157 
The analgesia produced was equivalent to the addition of 50 mcg 
fentanyl to the bupivacaine, again suggesting a specific analgesic 
effect of dexamethasone.

Maternal pyrexia has been reported in association with labour 
epidurals, and may be due to altered maternal thermoregula-
tion and production of inflammatory mediators.158–161 Maternal 
pyrexia may be an independent risk factor for adverse neonatal 
outcomes.162,163 Following vaginal delivery, a history of epidural 
analgesia may be associated with a higher maternal interleukin 
(IL)-6 level.164 In an RCT of 60 parturients, those receiving epi-
dural dexamethasone 0.2 mg/mL in addition to epidural bupiv-
acaine/fentanyl had similar pain scores and block levels to those 
receiving bupivacaine/fentanyl PCEA alone. The patients in the 
dexamethasone group did not have a rise in temperature or IL-6 
levels which did occur in the control group.164

Side effects
Epidural dexamethasone may be associated with increased blood 
glucose levels, adhesive arachnoiditis, and a reduced threshold for 
infections including epidural abscess and meningitis.165

More information regarding the incidence of side effects is 
required before neuraxial dexamethasone can be recommended 
for routine clinical use.

Magnesium sulphate
Pharmacology/mechanism of action
Magnesium is a non-competitive NMDA receptor antagonist. It 
produces voltage-dependent membrane receptor block, prevent-
ing calcium influx. This interferes with the gating of calcium chan-
nels, transmembrane ion flux, and regulation of adenyl cyclase 
and will therefore affect neuronal activity, neurotransmitter 
release, and modulation of pain.135,166 This can prevent induction 
of central sensitization due to peripheral nociceptive stimulation, 
abolish hypersensitivity, and may prevent post-injury pain.167,168

Older studies of neuraxial magnesium investigated 50 mg either 
as an intrathecal or epidural dose with variable results,169,170 but 
two more recent prospective RCTs in obstetric patients have con-
firmed the analgesic effects of adding 500 mg epidural magne-
sium to both epidural bupivacaine with morphine170 and with 
fentanyl.171

Intrathecal magnesium
In a recent systematic review involving 1145 patients, Albrecht 
et al. examined 18 trials of neuraxial magnesium published since 
2002 in an attempt to define its analgesic efficacy and safety.172 
Five of the included trials examined intrathecal use in obstetric 
patients.167,173–176 The meta-analysis shows that the time to first 
analgesic request increased by 11.1% after intrathecal magnesium 
administration. Although this confirms a modest improvement in 
pain relief for these patients, Albrecht warns that the risk of neu-
rotoxicity has not been well defined.

Epidural magnesium
In Albrecht et  al.’s systematic review,172 only one of the trials 
examined epidural use in obstetric patients.171 The review showed 

that overall, the time to first analgesic request increased by 72.2% 
after epidural magnesium administration with doses of between 
50 and 100 mg.

In an RCT which was not included in the systematic review, 
Sun et al. demonstrated in 200 parturients that the addition of 
magnesium sulphate 500 mg to 0.1% epidural bupivacaine 10 mL 
and morphine 1.5 mg for postoperative pain relief after CD pro-
duced significantly (P < 0.001) lower VAPS scores at rest and on 
movement, increased time to first analgesia request, increased 
satisfaction (P < 0.001), and less shivering (P < 0.02) compared to 
bupivacaine alone or bupivacaine with just morphine at 6, 24 and 
36 hours postoperatively.170

Similarly, in a prospective RCT of 90 parturients undergoing 
elective CD under CSE, Yousef showed that the addition of 500 
mg MgSO4 to 10 mL 0.25% epidural bupivacaine with 100 mcg of 
fentanyl following a spinal dose of 2 mL intrathecal 0.5% bupiv-
acaine resulted in significantly later onset of postoperative pain 
and reduced postoperative analgesic requirement (P < 0.05) com-
pared to the control group which received 10 mL N saline instead 
of magnesium.171 The magnesium group had greater motor block 
and muscle relaxation (P < 0.05) and less shivering. There was no 
significant difference in the incidence of hypotension, nausea and 
vomiting, and duration of motor blockade between the groups.

Side effects
Animal studies have reported clinical and histological evidence of 
neurological complications with similar weight-adjusted doses,177 
and two case reports have described patients suffering from diso-
rientation and continuous periumbilical burning pain following 
the injection of magnesium into the neuraxis.178,179

Surprisingly, only four of the 18 trials reviewed by Albrecht 
et al. appear to have been monitored for signs of temporary (head-
aches, back and leg pain, temporary nerve injury) or permanent 
(paraplegia, quadriplegia, peripheral nerve injuries) neurologi-
cal complications, and only one of the six that involved obstetric 
patients (and which used 50 mg intrathecal magnesium) records 
having done so.176 This corresponds to just 140 patients, and of 
these, only one case of a 4-day persistent headache was recorded, 
which was treated conservatively.

In the RCT by Sun et al.,170 which was not included in Albrecht 
et al.’s systematic review, although 200 patients were studied, the 
authors state that the trial was not designed or powered to look for 
neurotoxicity.

The safety of neuraxial magnesium remains undefined.

Sodium bicarbonate
Pharmacology/mechanism of action
Sodium bicarbonate can be used to speed up the onset of action 
of epidural lidocaine. Unlike every other adjuvant drug, sodium 
bicarbonate has no intrinsic analgesic activity, and it acts by rais-
ing the pH of the injectate. Lidocaine is a weak base, pKa 7.9, and in 
solution the ionized and unionized fractions exist in equilibrium 
depending on the pH, the more alkaline the solution, the greater 
the unionized fraction. Although it is the ionized form which 
blocks the membrane sodium channel, only the unionized form is 
lipid-soluble and able to diffuse from the epidural space across the 
lipid neural membrane to the receptor site. The speed of onset of 
epidural lidocaine block is therefore determined by the pH of the 
injected drug solution and alkalinization by the addition of 1 mL 
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of 8.4% NaHCO3 per 10 mL of lidocaine results in a more rapid 
onset of neural blockade.14 This is useful when rapid epidural top 
up for urgent CD is required.

Spinals work so quickly that there is no justification for using 
intrathecal bicarbonate.

Epidural bicarbonate
As previously mentioned, in a prospective double-blinded RCT, 
Allam et al. showed using a sequential analysis technique that a 
lidocaine–bicarbonate–adrenaline mixture (final concentrations 
1.8%, 0.76%, and 1:200,000, respectively) halved the time taken 
to top up the epidural to T5 to touch and T4 for cold for urgent 
CD from a mean of 14 minutes with plain levobupivacaine to 7 
minutes with the mixture. Intraoperative maternal sedation was 
greater with lidocaine–bicarbonate–adrenaline but this difference 
was not statistically significant (P = 0.07).113

New agents
Several drugs are currently under evaluation as potential neu-
raxial adjuvants, including adenosine, calcium channel blockers, 
non-steroidal anti-inflammatory agents, calcitonin, and cannabi-
noid receptor agonists.14 There is as yet no information regarding 
their efficacy or safety.

Conclusion
A variety of chemical compounds and drugs from several classes 
have been considered as neuraxial adjuvants in order to improve 
analgesia and anaesthesia in obstetrics. Robust data for safety is 
still lacking with many of these agents, and obstetric anaesthe-
tists are rightly cautious in adopting new theoretical interventions 
until safety for both mother and fetus is well established by good 
evidence. In worldwide practice, opioid adjuvants are universally 
accepted as beneficial, and well-established monitoring regimens 
are in place to ensure safety. All other agents, with the exceptions 
of epinephrine and bicarbonate, although interesting, remain 
controversial and cannot be recommended for use in routine 
obstetric clinical practice.
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CHAPTER 18

Alternative neural blocks 
for labour analgesia
Outi Palomäki and Petri Volmanen

Introduction
Although neuraxial analgesia, either epidural or spinal, is the 
most effective,1 widely examined, and most often used method 
for pain relief during labour, alternatives are necessary due to the 
variety of parturients’ wishes, unavailability of the anaesthetist, 
or rapidity of required delivery. Globally, the majority of labour-
ing women in the world do not have the choice of epidural anal-
gesia.2 Some parturients may also prefer less invasive methods 
of analgesia as well as wishing to stay mobile and in an upright 
position for as long as possible. In situations where neuraxial 
analgesia is contraindicated, due, for example, to a low platelet 
count, it is possible to block the distal parts of the pain pathways 
transvaginally.

This chapter deals with four alternative regional analgesia 
techniques. The paracervical and pudendal blocks are usually 
administered by an obstetrician, and the two others, the sym-
pathetic and paravertebral blocks, may be administered by an 
anaesthetist.

Paracervical block
Although epidural, spinal, and/or a combination of these forms 
of analgesia are the most effective and most widely used pain 
relief methods during labour, the paracervical block (PCB) has 
remained as an alternative method used by obstetricians.

Labour pain has both visceral and somatic components. In the 
first stage of labour, visceral pain predominates, arising from the 
uterine contractions, mechanical distension of the lower uterine 
segment, and from cervical dilatation. Stretching and disten-
tion of the lower segments of the uterus and the cervix stimulate 
mechanoreceptors, with uterine contractions causing myometrial 
ischaemia. Pain impulses from this area are transmitted by affer-
ent nerves to the dorsal root ganglia in the spinal cord from T10 
through L1. The object of the PCB is to block pain transmission 
at the paracervical ganglion, which lies posterior and lateral to 
the cervicouterine junction. Later in labour, at the end of the first 
stage and during the second stage, the descent of the presenting 
fetal part produces distension and traction on pelvic structures. 
The transmission of these painful perineal stimuli are conducted 
via the pudendal nerve though the anterior rami of S2 through S4, 
and cannot be blocked by PCB.3–5

The pathways of labour pain, the injection sites of PCB, as well 
as pudendal block (PB) are shown in Figure 18.1.

Paracervical block technique
PCB is administered transvaginally by an obstetrician when the 
presenting part has descended well into the pelvis, the cervix is 
in the active phase of dilatation, and the contractions are frequent 
and painful. During injection the mother lies supine with her 
knees flexed and hips fully abducted. To avoid aortocaval com-
pression, left lateral tilt is recommended. After giving the injec-
tion on one side, the mother turns to a lateral position for the next 
one or two contractions. At the end of this, the same procedure is 
repeated on the other side. Continuous cardiotocography (CTG) 
monitoring during the procedure is recommended.

The obstetrician palpates the cervix and then inserts her/his 
index and middle fingers to the lateral vaginal fornix, and the 
needle is placed along the fingers into contact with the vaginal 
epithelium. The injecting needle should be kept strictly tangential 
to the presenting fetal part.6 The injection technique is shown in 
Figure 18.2.

Figure 18.1  Paracervical and pudendal blocks (sagittal view).
PCB, paracervical block (transvaginal); PB, pudendal block (transvaginal); arrow, site of 
injection; dotted line, pain pathway; solid line, effect site.
With permission from Dr Anne Jyrkiäinen.

 

 

 

 

 



Chapter 18  alternative neural blocks for labour analgesia 279

The instrument used for the procedure, a Kobak needle, was 
originally introduced in 1960 by Kobak and Sadove.7 It has a 
round-tipped sheath that can be introduced to the injection site 
safely and without injury to the mother or fetus. After placement 
of the rounded tip at the injection site, the needle is advanced in 
the sheath, from which it is possible to control and limit the depth 
of needle penetration. In the original instrument this limit was 
15–20 mm, but with the modern version of the needle used in 
obstetric practice, the injection depth has been limited to 3 mm 
for safety reasons.8 With a Kobak needle it is possible to pene-
trate the endopelvic fascia just under the vaginal epithelium and 
to inject the analgesic drug into the base of the broad ligament, 
thereby blocking the afferent nerves and visceral pain.8,9 After 
careful aspiration the analgesic agent is injected at two different 
points—3 and 9 o’clock or 4 and 8 o’clock—with the operator fac-
ing the patient who is the lithotomy position. Another possibility 
is to inject a quarter of the total drug volume at each of these four 
sites. In some studies, four-site administration has been shown 
to be more effective and reliable than two-site injection.10 In any 
method, it is essential to aspirate at every injection site. It has 
been shown in X-ray studies, that both 3 and 9 o’clock and 4 and 
8 o’clock positions are equal in effectiveness as drug dispersion 
is identical in the base of the broad ligament space.9 When car-
rying out the block to the patient’s left-sided fornix, the opera-
tor sits on the parturient’s right side, and palpates the fornix with 
the right hand while aspirating and injecting with the left hand. 
While waiting for the next contraction, the operator moves to the 
left side of the patient and changes hands. With this technique, the 
needle’s course is naturally tangential to the fetal head.

Excluding the oldest studies which were performed using deep 
injection techniques and high doses of local anaesthetic agent, the 
most widely used and studied drug in PCB, especially in European 
delivery units, is 0.25% racemic bupivacaine, 10 mL11–20 but even 
a 0.125% solution of bupivacaine 10 mL has been showed to be 
effective.17

There are two studies in which racemic bupivacaine and 
levobupivacaine, the S (-)-enantiomer of racemic bupivacaine, 
were used.21,22 No differences were observed in safety profiles 
as examined with incidence of CTG—pathology or neonatal 
outcome—and the analgesic effect was equal with both drugs 
using similar doses of drug. In a few studies, amino amides other 
than bupivacaine, such as mepivacaine,23–25 lidocaine,25,26 or 
prilocaine,25 have been used for PCB at total doses of 200–300 mg, 
100–200 mg, and 200 mg, respectively. In the United States, some 

early studies with the amino ester 1–2% 2-chloroprocaine have 
been published.27–29 The main problem with this local anaesthetic 
is the short duration of pain relief. In two studies comparing 
chloroprocaine to bupivacaine,30,31 bupivacaine was determined 
to be the drug of choice for PCB due to its longer-lasting analgesia 
(mean ± standard deviation (SD); 66.8 ± 28.7 minutes vs 35.4 ± 
10.2 minutes).31

The analgesic effect of paracervical block
Paracervical block compared to other pain relief methods
PCB has been compared to other pain relief methods, such as epi-
dural analgesia, single-shot spinal analgesia, and intramuscular 
meperidine in a few small series.

In a study of 62 women, parturients were offered a choice between 
PCB and epidural analgesia. Thirty-nine women chose PCB for 
pain relief while 23 chose epidural analgesia.12 Bupivacaine was 
the drug of choice for both pain relief methods with a total dose of 
25 mg (10 mL of 0.25% solution) for PCB and 30 mg (6 mL of 0.5% 
solution) for epidural block. PCB was given by an obstetrician 
using two 5 mL injections, and epidural analgesia was adminis-
tered by an anaesthetist using an initial bolus of 4 mL followed 
by a further 2 mL, 10 minutes later. Pain intensity was assessed 
on a linear scale of 0–10. Pain score values decreased significantly 
within 5 minutes in the PCB group and within 30 minutes in the 
epidural group. Although PCB had a rapid onset of pain relief, 
the analgesic effect at 30, 45, and 60 minutes after analgesia was 
significantly better in the epidural group. In another study, the 
pain relief method was randomized for 44 parturients using simi-
lar doses of bupivacaine as in the study above.19 The main objec-
tive in that study was to compare the haemodynamic effects of 
PCB and epidural analgesia, but a maternal overall assessment on 
the efficacy of pain relief was also estimated on a 4-point scale. 
Excellent or good pain relief was achieved in 87% of cases in the 
epidural group and in 67% of cases in the PCB group (not signifi-
cant, P = 0.14). Two parturients in the PCB group and none in the 
epidural group graded the pain relief as poor.

In a study by Junttila et al., among 104 multiparous women who 
were randomized to receive either PCB (with 10 mL of 0.25% race-
mic bupivacaine) or a single-shot spinal anaesthetic (with 2.5 mg  
hyperbaric racemic bupivacaine +2.5 mcg sufentanil), median 
pain scores were found to decrease from the baseline significantly 
in both groups, but the decrease was greater in the spinal group. 
The need for subsequent analgesia was more common in the PCB 
group, whereas shivering and pruritus occurred more often in 
the spinal group. There were no differences between the groups 
with regards to progress of labour, CTG findings, or neonatal 
outcome.20

In a double-blind, randomized study, PCB with 12 mL 0.25% 
racemic bupivacaine was compared with a 75 mg intramuscular 
injection of meperidine. Pain score data was available from 99 
patients out of a total of 117 study patients. The analgesic effect 
was estimated by the parturient and recorded by the midwife 
every 20 minutes for up to 2 hours. A 4-point scale was used (full/
acceptable/slight/no pain relief). The pain relief during the first 
hour after administration of the analgesia was rated as full or 
acceptable in 78% of the parturients in the PCB group and 31% in 
the meperidine group. The average pain relief in the PCB group 
stayed significantly higher than in the meperidine group for up 
to 60 minutes after administration of the drugs. The difference 
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Figure 18.2  Injection technique of paracervical block (frontal view).
With permission from Dr Anne Jyrkiäinen.
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between groups was no longer statistically significant at 80 min-
utes after administration, although 50% of women in the PCB 
group and 20% in the meperidine group still experienced the 
pain relief as being either full or acceptable. During the study 
period, there was a learning curve for the five doctors involved in 
the study, with pain relief being complete or acceptable in 68% of 
women during the first half of the study compared to 85% in the 
latter half.32

Rating the effect of paracervical block
Verbal rating scores (VRS) and visual analogue scales (VAS) 
have been used as pain rating methods in studies on PCB only. 
Table 18.1 summarizes pain relief results by rating method.

Among the studies using a VRS, the study by Jägerhorn stands 
out with better rates (excellent or good in 94% of 204 PCBs) than 
the others. In this study, all PCBs were administered by the same 
obstetrician.6

The pain relief effect from a PCB has been statistically signifi-
cant compared to baseline up to the beginning of the second stage 
of labour,16 for up to 120 minutes in another study,17 or for 90 
minutes after PCB in a third study.22 In a study by Jensen et al., 
the pain relief effect was full or acceptable in 62% of parturients 
60 minutes after PCB, while 50%, 30%, and 26% found the pain 
relief to be full or acceptable at 80, 100, and 120 minutes after 
PCB respectively.32 Since the median of the length of the delivery 
has found to be about 2 hours after PCB including the second 
stage,12,14,15,32 it seems probable that a single PCB is sufficient for 
many parturients until the end of the first stage, but some women 
will need a second injection or another method of pain relief 
method to get them through the second stage of labour.

In a study of 341 women receiving PCB in the first stage of 
labour, pain relief was reported to be good if the VAS score had 

dropped by more than 50% from the baseline 30 minutes after 
PCB. Parturients who had delivered before the 30-minute time 
limit or who were already fully dilated were excluded from the 
analysis. Among these patients, good pain relief was achieved in 
47% of the cases. In 23% of cases, the pain score had dropped to 
less than 20% from the baseline. Twelve per cent of parturients 
needed a subsequent epidural or spinal analgesia. Primiparity, 
a high pain score before PCB, and PCB given by a special-
ist obstetrician compared to a trainee obstetrician were found 
to be associated with better pain relief in a logistic regression 
analysis.22

Summarizing the findings from the above studies and from our 
own clinical experience, it appears that the effect of PCB is, on 
average, moderate and more variable than the effect of neuraxial 
analgesia. The findings that a single obstetrician or specialized 
obstetrician administering the block had a greater chance of suc-
cess in terms of PCB and achieved lower pain scores demonstrates 
the importance of educational aspects. Patient selection also plays 
an important role. In clinical practice, it appears that the pri-
miparae whose labour progresses rapidly, benefit from PCB the 
most. In other cases in which poor pain relief is achieved after 
a PCB, the next step is to administer a more efficient analgesic 
method straight away, neuraxial analgesia being the most com-
mon alternative.

Safety of paracervical block
Safety studies during labour
In the oldest studies on PCB from the 1960s and early 1970s, 
20 mL mepivacaine (1–1.5%), lidocaine (1–1.5%), or bupivacaine 
(0.25–0.5%) was used, and the depth of the needle injection was 
up to 20 mm.33 In these initial studies, major complications such 
as a high prevalence of fetal bradycardia and even fetal death were 
reported.33–35 On the other hand, a study with 500 PCBs and a 
1.2% incidence of transient fetal bradycardia was also published 
during the same decade.10

In 1975, Jägerhorn studied the spread of the anaesthetic agent 
in paracervical tissue. He used serial X-rays in a case study of 20 
women undergoing termination of pregnancy between 14 and 19 
weeks’ gestation. He also introduced an improved technique, in 
which an injection depth of no more than 3 mm together with a 
low dose and concentration of local anaesthetic was used. With 
this lower injection depth of 2–3 mm no intravenous spread of 
contrast medium was noticed in X-rays of any patient. There is 
also practically no risk for injection directly into the nerve plex-
uses of the pelvic wall, lower uterine segment, or fetal head. In 
a clinical series including the parturients presented in the same 
article, maternal side effects were also absent.6

Table 18.2 is a meta-analysis of PCB studies with a relevant 
sample size (N > 50), in which a superficial puncture technique 
and low-dose administration of analgesic agent were used. CTG 
analysis of the study patients, criteria for fetal bradycardia, as well 
as fetal outcome are clearly described. Among 1566 PCBs, the 
bradycardia frequency was 2.8%. Among these cases, there was 
no need for interventions, and neonatal outcome was good. The 
frequency of fetal bradycardia after intrathecal analgesia has been 
quoted as being 5–7.3%, is transient, and does not result in the 
need for caesarean delivery.36,37 One theory, which could explain 
the appearance of fetal bradycardia in some subjects after different 
pain relief methods, proposes that the onset of pain relief rapidly 

Table 18.1  Studies on the analgesic effect of paracervical block 
with 25 mg bupivacaine

Verbal rating 
score (VRS)

N Excellent/  
good (%)

Moderate 
(%)

Poor  
(%)

Jägerhorn6 204 94 NRa 6

Puolakka et al.11 38 76 12 12

Ranta et al.16 248 62 25 13

Manninen et al.19 21 67 5 2

Visual analogue 
scale (VAS)

N VAS
before

VAS
at 15/30 
min

VAS
at 
60 min

VAS
at 90/ 
120min

VAS
until 
2nd 
stage

Ranta et al.16 248 8.0 NR/5.0b NR NR 6.0c

Nieminen and 
Puolakka17

52 8.7 NR/4.7c 5.2c 5.8c/7.1d NR

Palomäki et al.22 341 8.0 3.4c/4.3c 5.3c 7.1c NR

aNR = not reported.
bP < 0.0001.
cP < 0.001.
dP < 0.01.

Data from various sources (see references).
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attenuates maternal catecholamines. When the plasma concen-
tration of circulating beta-adrenergic agonists decrease, there is 
a predominance of alpha activity leading to an intensification in 
uterine contractions inducing fetal heart rate deceleration.38

The exact cause of fetal bradycardia is not clear; vasoconstric-
tion of the uterine arteries, increased uterine activity, a direct 
effect on the fetal myocardium via circulation, or a combination 
of these have all been proposed as explanations.11,13,15

Neonatal safety studies
Fetal oxygenation measured by fetal oximetry was studied in a 
prospective study in which 20 healthy parturients were enrolled 
in PCB or epidural groups according to their own preferences 
and clinical situation. No change was seen in maternal oxygen 
saturation between groups. In the PCB group, fetal oxygen satura-
tion was slightly elevated compared to the baseline, while in the 
epidural group fetal oxygen saturation values remained at base-
line or slightly below. This difference was statistically significant 
(P = 0.009), but the finding was not thought to be clinically impor-
tant by the authors.18

Levy et al.26 prospectively studied the effect of PCB on neonatal 
umbilical artery pH values using linear regression analysis. They 
found no statistically significant association between PCB use and 
umbilical artery pH at birth. Comparing PCB to any other pain 
relief method, Carlsson et al.13 found that 469 PCB cases had sig-
nificantly fewer low Apgar scores than 1013 other cases who deliv-
ered vaginally following other methods of analgesia or indeed no 
analgesia at all. The incidence of 1-minute Apgar scores of 7 or less 
was 1.7% and 8.4% in PCB and other vaginal deliveries groups, 
respectively, and 0.6% and 2.0% for 5-minute Apgar scores. Meis 
et al. reported similar findings in a smaller study comparing neo-
nates after PCB to those who did not receive any form of regional 
analgesia. The PCB group showed slightly, but statistically signifi-
cant higher 1-minute Apgar scores and umbilical artery and vein 
pH values.39 In a study comparing PCB to intramuscular opioid 

(meperidine), signs of asphyxia (pH ≤ 7.15, 1-minute Apgar score 
≤ 7) were significantly more frequent in the opioid group than 
in the PCB group.32 In two studies comparing PCB and epidural 
analgesia, no statistical difference in umbilical artery pH levels or 
Apgar scores were found.12,18

In most studies on PCB, chronic maternal illness such as dia-
betes or hypertensive disorders, pre- or postmaturity, signs of 
fetal distress before pain relief, intrauterine growth restric-
tion, or meconium-stained amniotic fluid are exclusion crite-
ria, therefore the method cannot be recommended for high-risk 
patients.6,13,16,17,21,32,39 In one study, however, 785 risk patients 
were allowed to receive PCB. Among these parturients, prema-
turity, postmaturity, cigarette use, pre-eclampsia, or oxytocin use 
combined with PCB were not associated with low 5-minute Apgar 
scores.25

Neurobehavioural responses have been studied in a few series 
including neonates born after PCB and those without any neurax-
ial analgesia. The groups were compared in terms of neurobehav-
ioural responses from 0–3 hours up to 1–5 days after birth, with 
the investigators blinded as to the analgesic method during labour. 
No statistically significant differences were found in neurobehav-
ioural scores after delivery between the groups of neonates.14,39,40

Haemodynamic effects of paracervical block
One study from the 1980s used radiolabelled xenon washout to 
measure intervillous blood flow before and after PCB. The blood 
flow was shown to have stayed constant, even in three cases of 
post-PCB bradycardia where the flow changes were minimal.11

In later studies, the haemodynamic effects of PCB have been 
examined in three small studies using Doppler ultrasonography. 
Fetal and maternal blood flow was measured before and after PCB. 
In two studies, both with 12 patients, the maternal uterine artery 
pulsatility indices (PIs) did not change,15,21 whereas in one study, 
which randomized 44 primiparous parturients to receive either 

Table 18.2  Rate, duration. and associated interventions of post-PCB bradycardia

Study PCBs
N

Rate of bradycardia Duration of 
bradycardia (min)

Intervention due 
to bradycardia

Depth of 
injection (mm)

N              %

Jägerhorn6a 204 2 1.0 Transientd No 3

Meis et al.39a 53 0 0 – – 3

Jensen et al.32a 55 2 3.6 6–9e No 3

Carlsson et al.13b 469 9 1.9 6.5 ± 1.7f No 3

Ranta et al.16a 248 5 2.0 4–12e No 3

Nieminen and Puolakka17b 97 12 12.4 Mild, transientd No 3–4

Palomäki et al.21c 440 14 3.2 2–8e No 3–4

All 1566 44 2.8

aPCB with 0.25% bupivacaine.
bPCB with 0.25% or 0.125% bupivacaine.
cPCB with 0.25% bupivacaine or 0.25% levobupivacaine.
dOnly verbal description.
eRange.
fMedian ± SD.

Data from various sources (see references).
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PCB or epidural labour analgesia, the maternal uterine artery PI 
increased after PCB while they remained unchanged after epi-
dural analgesia.19

In two studies, no differences in fetal umbilical circulation were 
found after PCB in a total of 60 cases.19,21 In a third study, the PI 
values in the umbilical artery were not affected if the CTG stayed 
normal after PCB. However, in two cases, in which post-PCB 
bradycardia developed, a marked increase in the PI of the umbili-
cal artery was seen. The velocity waveforms of blood flow retuned 
to baseline when the CTG pattern normalized.15

Uterine activity after paracervical block
In some clinical PCB trials, the contractility of the uterus has been 
measured using an intrauterine pressure catheter. In one study 
with high-dose administration of local anaesthetic, a significant 
correlation between post PCB fetal bradycardia and uterine activ-
ity was found. In 11 out of 14 cases of bradycardia, an increase of 
uterine contractility of 100 Montevideo units was found, and in 
three cases there was no change in uterine activity.41 In another 
study, intrauterine measurement was used in 52 cases, and a mean 
increase of 29 Montevideo units was found among parturients.21 
In a third study with 51 parturients, no statistically significant 
change in uterine activity was found.42 In all these studies, bupiv-
acaine was used as the analgesic agent.

Impact on the method of delivery
In some studies, PCB has been compared to other pain relief meth-
ods. The rate of spontaneous vaginal delivery has been higher in a 
group receiving PCB compared to intramuscular opioid32 or epi-
dural analgesia.20 In the study by Carlsson et al. the incidence of 
normal vaginal birth was significantly higher in the PCB group 
compared to the group with any other pain relief method (88.7% 
vs 76.5%, P < 0.001).13

In the two biggest studies examining PCB alone, the spontane-
ous delivery rates have been as high as 91% and 96% and the cae-
sarean delivery rate 4% and 0.25% respectively, with none of the 
indications for operative delivery being due to any complication 
of PCB.16,21 Once again, this probably reflects patient selection for 
this type of pain relief (i.e. parturients with a rapid progression of 
labour).

Maternal complications
Maternal complications after PCB are rare. In all the studies 
referred to above, there were no maternal complications. A the-
oretical risk for systemic toxicity of an anaesthetic agent could 
occur if aspiration is not performed properly and the injection is 
intravascular. Insertion of the needle too deeply could result in 
nerve plexus trauma. Haematomas in the paracervical or para-
metrial area and laceration at the injection site are also possible 
maternal complications. In the studies reviewed above, with a 
total study material of 2995 PCBs, there were no maternal com-
plications reported.

Conclusion
PCB provides an alternative pain relief method for parturients 
without some of the disadvantages typical of neuraxial analge-
sia, such as an increased risk for assisted vaginal birth, longer 
second stage of labour, occiput posterior presentation of fetus 
at delivery, hypotension, fever, postdural puncture headache, or 

pruritus.1,43–49 PCB is easily available in the labour room with a 
minimal need for preparation or cost, its effect is rapid, and it does 
not interfere with the normal progress of labour or spontaneous 
delivery.13,16,21 It can be used as an option for term parturients 
with uncomplicated pregnancy by experienced obstetricians with 
knowledge of the appropriate anatomy, correct technique, and 
clinical skills.

Pudendal block
PB is another method of providing labour analgesia, which is usu-
ally performed by an obstetrician. It is used for pain relief during 
the second stage of labour for spontaneous or vacuum deliver-
ies and during repair of perineal tears. It can be combined with 
first-stage PCB analgesia and is especially helpful for multiparas 
with severe perineal pain during the final stage of delivery.7

Technique of pudendal block
Labour pain during the second stage and delivery is transmit-
ted to the central nervous system via the pudendal nerve and the 
sacral spinal nerve roots S2–4.50 The nerve block procedure is 
conducted with the mother adopting a similar position to that 
used for PCB with a similar Kobak needle.51 The landmark for 
the site of injection, however, is the ischial spine, which can be 
palpated on each side of the birth canal. Two different injection 
techniques have been described:  in the first, after injecting an 
initial dose into the mucosa over the tip of the ischial spine, the 
remainder of the dose is injected behind the ligament. Careful 
aspiration before injection is essential. The other technique aims 
to block the nerve at two different levels—on the dorsal and ante-
rior sides of the ischial spine. If 1% lidocaine is used, the first 1 mL 
is injected into the mucosa, and the next 3 mL is infiltrated into 
the sacrospinous ligament. Then the tip of the needle is advanced 
behind the ligament until a decrease of resistance is felt when a 
further 3 mL is injected in this area. After drawing the needle 
back into the introducer, it is turned to the anterior side of the 
ischial spine, and the final 3 mL of drug is injected here under the 
mucosa to block the more distal part of the pudendal nerve.52 The 
procedure is repeated on the other side to achieve bilateral anal-
gesia. The palpating and injecting hands can be changed at this 
stage, if the operator is comfortable interchanging hands. When 
this form of analgesia is given for an episiotomy and its repair, a 
unilateral injection is sufficient. The injection site of PB is shown 
in Figure 18.3.

Doses of 7–10 mL of solution containing 1.0% lidocaine with-
out epinephrine to each side gives a fast block onset.53,54 If a PB 
is given for episiotomy repair, bupivacaine, ropivacaine, or lev-
obupivacaine in equivalent doses should be used because of their 
longer-lasting pain relief effects and the decreased need for addi-
tional analgesics.55

PB has traditionally been administered with a Kobak needle, 
palpating the injection site using the fingers. The technique can 
benefit from other methods, however, such as nerve stimula-
tion or ultrasound. A motor response to a 0.5–0.6 mA electronic 
nerve stimulator in the anal sphincter, vulva constrictor muscle, 
or movement of the clitoris should confirm close contact between 
the pudendal nerve or the right tissue plain in which the three 
tributaries of the nerve lie.55 Ultrasound-assisted techniques for 
PB has been reported for non-obstetric indications.56
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Analgesic effect of pudendal block
Wilds used a spinal needle and 10 mL of 1–2% procaine or 1% 
hexylcaine for each side with a transvaginal technique noting an 
84% success rate for analgesia.50 One failure out of 24 blocks has 
been reported in testing the perineal anaesthesia by pinpricking 10 
minutes after injection using a transvaginal technique with lido-
caine.54 Up to 50% uni- or bilateral failures have been reported, 
however, making it understandable that a perineal infiltration 
with local anaesthetic may often be needed along with the PB.57,58

The transperineal technique has been employed when PB is 
used to provide anaesthesia for suturing lacerations and episiot-
omy wounds. This block has been noted to provide analgesia and 
reduce the need for pain medications for up to 48 hours when 15 
mL of 0.5% bupivacaine is injected unilaterally after delivery.55

Complications of pudendal block
Some complications for PB have been described as case reports 
in the literature; these are haematoma, infection, and fetal local 
anaesthetic toxicity.59–61 Nerve injury is another potential compli-
cation. In clinical use, these complications are rare. Occasionally 
the nerve block extends to include the sciatic nerve with a subse-
quent transient motor block in the lower extremity.

Paravertebral techniques for labour 
analgesia
Afferent pain impulses from the uterine cervix travel via the lum-
bar sympathetic ganglia at L2–3 and enter the dorsal root of the 
spine at T10–L1 through the rami communicantes lying adjacent 
to the vertebral discs. The use of the paravertebral techniques for 
the treatment of labour pain began after Cleland’s experiments 
showing that uterine pain impulses could be blocked paraver-
tebrally were first published in 1933.62 By the end of the 1950s a 
number of large case series showing the analgesic effect of lum-
bar sympathetic block (LSB) were published. With the increasing 
popularity of epidural analgesia, LSB has disappeared from use 
as a method of labour analgesia in most places. Thoracic para-
vertebral block (PVB) for labour analgesia has been increasingly 
used in Petrozavodsk and Arkhangelsk in Russia.63 Paravertebral 
techniques are still frequently used, however, in the treatment of 
chronic pain and for anaesthesia and analgesia, for example, in 
thoracic surgery.64,65

Technique of sympathetic and paravertebral blocks
The LSB provides the opportunity to block pain impulses at the 
sympathetic trunk. The intended location for local anaesthetic is 
in the retroperitoneum anterolateral to the vertebra and separated 
by the psoas muscle and fascia from the lumbar plexus. According 
to the classical blind technique suggested by Bonica, the lumbar 
sympathetic trunk is accessed with a needle sited 8 cm laterally 
from the top of the L3 spinous process at a right angle to the lon-
gitudinal axis and is directed medially at a 60° angle to the plane 
of the back with the parturient in a sitting position. The needle 
is advanced to 7 cm, at which point the stylet is removed and a 
loss-of-resistance (LOR) syringe attached. A LOR at 9–12 cm dis-
tance should signal that the anterior border of the psoas muscle 
has been reached.66 Datta and Pai noted, however, that the LOR 
technique gives a position anterior to the ganglion. They advo-
cated an extraforaminal paradiscal technique in order to avoid 
injury to the nerve as well as contact with the lumbar vessels.67 
This method requires fluoroscopy, however, making it impractical 
in the delivery suite.

Visualization of the lumbar paravertebral anatomy has been 
noted as being feasible utilizing an ultrasound technique with 
curved-array transducers operating at low frequencies (3.5–5 
MHz). It has been reported for needle placement in the lumbar 
sympathetic chain in treating chronic pain syndromes, but not for 
labour analgesia to date.68 Pain impulses can also be blocked at a 
higher level by inserting local anaesthetic into paravertebral space 
at T11–12 levels.62,69 A volume of 10 mL of 0.25–0.5% bupivacaine 
with epinephrine has been used for each side, although larger 
volumes up to 25 mL for each side have also been employed.69–72 
Needle sizes of 16–22 G have been employed with or without cath-
eters to be left in place for further doses.

The injection and effect sites of thoracic PVB and LSB are shown 
in Figure 18.4.
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Figure 18.3  Injection site of pudendal block (horizontal view).
With permission from Dr Anne Jyrkiäinen.

Figure 18.4  Thoracic paravertebral and lumbar sympathetic blocks 
(sagittal view).
PVB, paravertebral block (thoracic); LSB, lumbar sympathetic block; arrow, site of injection; 
solid line, effect site.
With permission from Dr Anne Jyrkiäinen.
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Analgesic effect of sympathetic 
and paravertebral blocks
The reported failure rates have been low (0–5%) with LSB, which 
is surprising considering the difficult anatomic location and blind 
method.70,71 The mean pain score was reduced from 7 to 4 for the 
first 30 minutes after the block using 10 mL 0.5% bupivacaine with 
epinephrine and 25 mcg fentanyl for each side with no difference 
from a control group which received epidural analgesia. However, 
subsequently the pain scores began to increase in the group 
receiving LSB.70 With bupivacaine, the duration of the analge-
sic effect of single injections has been reported as mean (± SD) of 
283 (± 103) minutes.71 Leighton et al. noted a shorter labour when 
LSB was employed compared with epidural analgesia.70 With the 
currently available data, no conclusion on the analgesic effects of 
thoracic PVB can be drawn. However, case reports suggest 3–4 
hours of analgesia for the first stage of labour after paravertebral 
injections of bupivacaine 0.25-0.5% with epinephrine.69 LSB and 
thoracic PVB do not provide analgesia for the second stage of 
labour unless the block is extended to the sacral somatic roots and 
plexuses. Therefore, a PB should be included in the transitional 
phase with these methods.

Complications of sympathetic  
and paravertebral blocks
The correct placement of the needle tip for LSB is paramount as 
the aorta and vena cava as well as kidneys are in close proximity 
to the sympathetic chain. The roots of the spinal nerves are the 
target for the thoracic PVB and the anatomic space for LSB com-
municates with the nerve roots.

With LSB, psoas muscle injections at the L2 level and intra-
vascular injections have been noted with frequencies of 7.4% and 
6.8%, respectively, even when the advancement of the needle is 
guided by a fluoroscopy.73 The likelihood of the tip of the needle 
remaining in the psoas muscle is higher if a lower lumbar vertebra 
is chosen for the block level. The sensitivity of an aspiration test 
for intravascular injection has been shown to be only 40.7% in a 
non-obstetric situation.73

The reported complications of LSB include sensory and motor 
block, hypotension, dural puncture, subdural block, and haema-
toma.74–79 Thoracic PVB is also associated with risk of pneumo-
thorax.80 It is not advisable to use paravertebral techniques in 
those parturients with a tendency to bleed, such as those using 
low-molecular-weight heparins.70,81

Conclusion
Alternative methods of analgesia are necessary, as many women 
cannot, for various reasons, benefit from neuraxial blocks. 
Blocking the pain pathways distally with PCB and PB is a practical 
and effective way with a low risk of side effects or complications. 
LSB and PVC are interesting methods used quite early on during 
the history of labour analgesia, but abandoned later with the ris-
ing popularity of epidural anaesthesia.
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CHAPTER 19

Prevention and management 
of breakthrough pain during 
neuraxial labour analgesia
Jessica Bauerle and Mieke A. Soens

Introduction
Neuraxial analgesia is considered the gold standard for pain relief 
in labour. When compared to other options for labour analgesia, 
such as intravenous opioids or inhaled anaesthetics, neuraxial 
analgesia is associated with consistently lower pain scores and side 
effects.1,2

While, fortunately, the majority of epidural catheters placed for 
labour provide satisfactory analgesia, they also sometimes fail. In 
this chapter, we review potential causes of failure and strategies 
that can be used to prevent problems and rescue poorly function-
ing catheters.

Incidence and characteristics 
of breakthrough pain during neuraxial 
labour analgesia
The incidence of breakthrough pain during neuraxial labour anal-
gesia has been reported to be 0.9–25%.3–5 This wide variation is 
mostly dependent on the definition of breakthrough pain used. 
Some studies define failure rate as the need to replace the epidural 
catheter, while others assess pain relief by using visual analogue 
scale scores.

Recurrent episodes of breakthrough pain in labour lead to 
decreased maternal satisfaction and identifying those patients at 
high risk for breakthrough pain is beneficial as it allows the anaes-
thetic provider to adjust his/her anaesthetic regimen accordingly. 
Additionally, breakthrough pain and a frequent need for sup-
plemental medication can be a sign of a suboptimal functioning 
catheter, which may fail to provide adequate anaesthesia should 
obstetric intervention be required.

The risk of failed analgesia and the potential need for replacement 
should be discussed with the patient during the pre-anaesthetic 
evaluation.

Risk factors for breakthrough pain
Obstetric-related risk factors
Certain obstetric factors are associated with a higher incidence 
of breakthrough pain (Table 19.1). Often, these factors have in 

common that they are associated with more severe pain. Hess 
and colleagues6 performed a prospective observational study, 
looking at nearly 2000 parturients who received epidural analge-
sia during labour. The authors found that nulliparity, increased 
fetal weight, and epidural placement at earlier cervical dilation 
were risk factors for the development of breakthrough pain in 
labour. Also, a prolonged labour course, abnormal fetal presenta-
tion (e.g. occiput posterior), and dysfunctional labour ultimately 
requiring caesarean or instrumental delivery have all been asso-
ciated with an increased need for repeated supplementation.5–8 
Another important consideration is that pain intensity increases 
as labour progresses. The median local anaesthetic concentration9 
required to achieve adequate epidural analgesia in late labour is 
approximately three times that required during early labour.9 As 
such, an unpredictably rapid labour course can also be a cause of 
breakthrough pain.5

Maternal risk factors
Maternal obesity has been associated with a significantly 
increased rate of epidural catheter failure.10 Melzack et al.11 stud-
ied the influence of physical variables on the severity of labour 
pain using the McGill Pain Questionnaire and reported a posi-
tive correlation between body mass index (BMI) and severity of 
labour pain. Maternal obesity is also linked with an increased 
incidence of fetal macrosomia, which is a known risk factor for 
more painful contractions and complicated labour. In addition, 
maternal obesity significantly increases the degree of difficulty 
of epidural insertion, as well as the risk for subsequent epidural 

Table 19.1  Risk factors for breakthrough pain

Obstetric factors Nulliparity

Increased fetal weight

Abnormal fetal presentation

Dysfunctional labour

Rapidly progressing labour course

Maternal factors Obesity

Chronic low back pain/history of lumbar spine surgery
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catheter migration.5,12,13 Hamilton et al.14 demonstrated that epi-
dural catheters not fixed at the skin could move 1–2.5 cm inward 
when the patient’s posture was changed from the sitting to the lat-
eral recumbent position, with the greatest change seen in patients 
with a BMI greater than 30. Therefore it may be prudent to place 
the parturient in the lateral position before securing the catheter 
to the skin.15

Chronic low back pain and/or a history of lumbar spine surgery 
also increase the risk of inadequate epidural analgesia. Benzon 
and colleagues16 compared the onset of lumbar epidural anaes-
thesia in patients with low back pain and/or radicular pain, with 
patients without back pain. They found that the patients with back 
pain and/or radicular pain had a significantly delayed onset of 
sensory block. In particular, the nerve roots that were involved 
in the lumbar radicular pathology or those adjacent to them, as 
determined by myelogram and electromyography, were blocked 
10–70 minutes after the contralateral unaffected nerve roots.

Also, patients with prior back surgery have an increased risk of 
epidural failure. The epidural space may be difficult to find and the 
spread of local anaesthetic may be patchy due to instrumentation 
(arthrodesis, Harrington rods, etc.), bone graft material, or scar 
tissue. However, despite these possible difficulties, a success rate 
of 91% has been reported for epidural anaesthesia in patients with 
prior lumbar spine surgery.17

Neuraxial technique-related risk factors
Initial placement
Patient position
One possible reason for inadequate analgesia after epidural place-
ment is intravascular placement or migration of the epidural cath-
eter. The incidence of intravascular placement has been reported 
to be 1–10%. The pregnant patient is at increased risk for accidental 
epidural vein cannulation because inferior vena cava compression 
by the enlarged uterus results in dilation of collateral veins in the 
epidural space.18 A systematic review of randomized controlled 
trials that evaluated strategies to avoid epidural vein cannulation 
in obstetric patients found that placement of the epidural catheter 
with the patient in the lateral recumbent position compared with 
the sitting position may decrease the incidence of intravascular 
placement of catheters (5.1% versus 9.5%).19 One possible expla-
nation is that the sitting position is associated with an increased 
epidural venous pressure and therefore an increased risk of vessel 
puncture. However, an anaesthetist unaccustomed to using the 
lateral recumbent position is more likely to encounter difficulty 
in identification of the midline, which may in turn be associated 
with a greater risk for blood vessel puncture and accidental dural 
puncture compared to an operator that has experience with the 
lateral position.20 Indeed, many practitioners prefer the patient 
in the sitting position for administration of neuraxial analgesia, 
because it allows better identification of anatomical landmarks 
and is often found to be technically easier.
Loss of resistance to air or saline
The loss-of-resistance (LOR) technique to identify the epidural 
space utilizes either air or saline. It has been suggested that LOR 
to air may lead to a higher incidence of patchy blocks by intro-
ducing pockets of air and therefore not allowing optimal spread 
of local anaesthetic. Beilin et al.21 conducted a prospective ran-
domized study comparing 2 mL of air versus 2 mL of saline for a 

LOR technique. They found that the LOR to air group had higher 
pain scores overall and were more likely to need supplemental 
medication than the saline group. Another study evaluating 
nearly 3000 patients that allowed experienced anaesthetists to 
use the technique they were most comfortable with, also found 
that LOR to air was associated with more recurrent break-
through pain than LOR to saline.22 These findings were con-
firmed in other studies.23,24 In contrast, others believe that LOR 
with saline dilutes the local anaesthetic in the epidural space and 
may lead to a less potent local anaesthetic effect.25 Some provid-
ers inject large amounts of saline to distend the epidural space 
prior to catheter insertion, as this technique may reduce the 
risk of epidural vein cannulation.19 Also, Segal and colleagues26 
found no significant difference between LOR to air versus saline 
in a retrospective study, in which operators used their preferred 
technique. They suggested that success rates are better when 
anaesthetists use the technique they are most comfortable with. 
Nevertheless, the majority of evidence suggests improved qual-
ity of epidural analgesia when a LOR technique with saline is 
used instead of air.
Conventional epidural technique versus combined  
spinal–epidural technique
Several retrospective studies have found that the incidence of fail-
ure of catheters, inserted as part of a combined spinal–epidural 
(CSE) technique, was significantly lower than that of catheters 
inserted with a conventional epidural technique.4,27 In a retro-
spective analysis of 19,253 deliveries, Pan and colleagues27 found 
that CSE was associated with a significantly lower failure rate 
than epidural (10% versus 14%), with failure defined as inadequate 
analgesia or no sensory block after adequate dosing at any time 
after initial placement, inadvertent dural puncture, intravenous 
epidural catheter, or any other situation requiring replacement 
of the epidural catheter. Another recent randomized controlled 
study comparing epidural analgesia and CSE analgesia for labour 
found that patients in the CSE group reported faster onset and 
better analgesia during the first stage of labour. Also, the need 
for epidural top-up boluses during the course of labour was sig-
nificantly less in the CSE group than in the conventional epidural 
group.28 Several aspects of the CSE technique could contribute 
to the improved subsequent functioning of the epidural catheter. 
For example, more accurate midline placing of the epidural cath-
eter in the posterior epidural space, after confirmation provided 
by cerebrospinal fluid flow during the spinal component, and/or 
presence of a dural hole, which may increase subarachnoid trans-
fer of epidurally administered medications. Cappiello and col-
leagues29 demonstrated that performing a CSE with a 25 G spinal 
needle without injecting spinal medication, that is, ‘dural punc-
ture epidural’ (DPE) is associated with faster onset, improved 
sacral spread, and less unilateral blocks when compared to the 
traditional epidural technique. However, Thomas et al.30 did not 
find a benefit of DPE over conventional epidural analgesia, when 
they used a 27 G spinal needle.

A Cochrane review of 27 trials involving 3274 women, compar-
ing traditional dose epidural, low-dose epidural, and CSE tech-
niques, found little difference between low-dose epidural and CSE 
in terms of the maternal satisfaction, mobility in labour, head-
aches, caesarean delivery, or fetal adverse effects. However, CSEs 
had a slightly faster onset of effective pain relief, although more 
women had pruritus compared to low-dose epidurals.31
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Nevertheless, the NAP 3 study of the Royal College of 
Anaesthetists raised some concerns about the safety of CSE. It 
was found to have a relatively high incidence of complications. 
While CSE represented less than 6% of all central neuraxial 
blocks performed in this study, they were associated with 13–14% 
of major complications, which is unexpected and should be borne 
in mind.32

Epidural catheter
Multi-orifice versus single-orifice catheters
It has been suggested that epidural catheter characteristics, such as 
number of ports, affects the quality of the epidural block. However, 
studies directly comparing these two types of epidural catheters 
yield conflicting results. Single-holed, open-ended (uniport) and 
three-holed, closed-ended (multiport) catheters are commonly 
used. Many studies have found that multiport catheters have 
been associated with reduced incidence of inadequate analgesia, 
since local anaesthetic distribution may be enhanced.33–37 For 
example, Michael et al.36 found a 33% incidence of unsatisfactory 
block with single-orifice catheters compared to only 14% when 
multi-orifice catheters were used. Segal and colleagues35 evalu-
ated 872 parturients undergoing epidural analgesia for labour 
and found that multi-hole catheters were associated with fewer 
incomplete blocks (unilateral block or unblocked segments) and 
a reduced need for catheter replacement. Collier and Gatt37 also 
found that multi-orifice catheters were associated with superior 
blocks. However, a more recent study comparing an open-ended 
flexible, soft uniport catheter with a stiffer multiport catheter in 
2612 patients found a decreased incidence of paraesthesias and 
intravascular placements when soft uniport catheters were used, 
without a reduction in the quality of analgesia.38

Length of the catheter into the epidural space
Several studies have looked at the optimal distance that epidural 
catheters should be threaded into the epidural space. Catheters 
that are inserted shorter distances (2–5  cm) are less likely to 
result in unilateral sensory analgesia, but are more likely to be 
dislodged. However, catheters inserted longer distances (7–8 cm) 
into the epidural space are more likely to be intravascular or 
result in unilateral blocks.39,40 Bromage41 recommended insert-
ing single-orifice catheters 3–4 cm into the epidural space. For 

multi-orifice catheters, however, Beilin and colleagues40 recom-
mended an optimal distance of 5 cm. Conversely, D’Angelo et al.39 
suggested that the length of epidural catheter insertion should 
vary with the anticipated duration and mode of delivery. They rec-
ommended 2 cm when rapid labour is anticipated and 6 cm when 
prolonged labour or caesarean delivery is likely. The practicalities 
of varying the insertion length of the epidural catheter during dif-
ferent stages of labour, however, are unknown.

Drugs
Local anaesthetics
Choice
One of the most commonly used local anaesthetics for labour 
neuraxial analgesia is bupivacaine, because of its long duration 
of action and limited placental transfer. Bupivacaine is an amide 
local anaesthetic that exists as a racemic mixture of both the lae-
vorotatory and dextrorotatory enantiomers. Some of the concerns 
with bupivacaine, such as cardiotoxicity and neurotoxicity, espe-
cially at higher concentrations, have been mainly attributed to the 
dextrorotatory form. Therefore two new long-acting local anaes-
thetics have been developed:  ropivacaine and levobupivacaine. 
These are both pure laevorotatory forms and may therefore have 
some advantages over bupivacaine. Several studies have compared 
bupivacaine, ropivacaine, and levobupivacaine in terms of central 
nervous system and cardiac toxicity. In animal models, the con-
vulsive doses of ropivacaine and levobupivacaine were found to be 
1.5–2.5 times larger than for bupivacaine.42–44 Ropivacaine has 
also been shown to produce fewer myocardial depression changes 
and conduction changes than bupivacaine.45 Several animal stud-
ies demonstrated that the fatal dose was larger for ropivacaine 
than for bupivacaine.42,46 Also, most animal studies found that it 
is easier to resuscitate an animal from a toxic dose of ropivacaine 
than from bupivacaine.47,48

However, to correctly interpret systemic toxicity data, the rela-
tive potency of the different drugs should be taken into account. 
The median effective concentration (EC50) or minimal local 
anaesthetic concentration (MLAC) can be used to determine dif-
ferent potencies of local anaesthetics (see Chapter 16). Using this 
method, the analgesic potency of ropivacaine was found to be 
approximately 60% that of bupivacaine.50,51 However, some argue 
that the complete dose–response curve of both drugs is unknown, 
and it is possible that the EC95 (effective concentration for 95% of 
the population) is not that different, despite the fact that the EC50 
of bupivacaine is less than that of ropivacaine.

Several studies have compared the analgesic efficacy of epi-
dural infusions of levobupivacaine, bupivacaine, and ropivacaine 
in labour. No significant differences were found in obstetric out-
comes, nor were there any differences in overall maternal satisfac-
tion or need for supplemental boluses of local anaesthetic.52–55

Concentration
Different concentrations of local anaesthetic solutions with or 
without adjuvants have been tested. The concentration of the 
epidural mixture has been trending downwards in attempts to 
reduce toxicity and side effects such as hypotension and motor 
blockade. Typically, bupivacaine concentrations of mainte-
nance bupivacaine/opioid solutions range from 0.05% to 0.125%. 
Chestnut and colleagues56 conducted a study comparing bupiv-
acaine 0.125% with bupivacaine 0.0625% with fentanyl 2 mcg/mL  

Table 19.2  Neuraxial technique-related risk factors

Patient position Lateral position may decrease incidence of 
intravenous cannulation

Loss of resistance (LOR) LOR to air compared to saline may be 
associated with higher incidence of patchy 
blocks and more breakthrough pain in labour

Combined 
spinal–epidural (CSE) vs 
conventional epidural

CSE has been associated with lower epidural 
catheter failure rates; however, there is no 
difference in maternal satisfaction

Epidural catheter Multi-orifice catheters have been associated 
with superior blocks compared to single-orifice 
catheters. However, no reduction in quality of 
analgesia with newer soft uniport catheters

The suggested optimal length in the epidural 
space is 3–5 cm
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and found no significant difference in pain scores throughout 
labour. Furthermore, the higher concentration of bupivacaine 
was associated with significantly more motor blockade. Similarly, 
Hess et al.57, compared two concentrations of bupivacaine, 0.125% 
and 0.0625%, both with fentanyl 2 mcg/mL, administered at 8–12 
mL/h, and bupivacaine 0.04% with fentanyl 1.7 mcg/mL and 
epinephrine 1.7 mcg/mL, administered at 15 mL/h. They found 
that there were more interventions for breakthrough pain in the 
two low-concentration groups, but more interventions for hypo-
tension and motor blockade in the high-concentration group. 
A meta-analysis of studies comparing low concentrations versus 
high concentrations of local anaesthetic for labour found that high 
concentrations (bupivacaine > 0.1% or ropivacaine > 0.17%) were 
associated with more assisted vaginal deliveries, possibly because 
of the increased motor blockade. It is therefore recommended to 
use lower concentrations of local anaesthetic.58 Capogna et al.50 
estimated MLACs of epidural bupivacaine and ropivacaine for 
women in the first stage of labour. For bupivacaine, the MLAC was 
0.093% and for ropivacaine 0.156%. Another study comparing the 
relative potencies of levobupivacaine with racemic bupivacaine 
reported the MLAC of racemic bupivacaine to be 0.081% and of 
levobupivacaine to be 0.083%.59

Mode of epidural drug delivery
The mode of delivery of local anaesthetic solutions has also been 
shown to affect the quality of epidural analgesia for labour. Several 
studies have found that administration of maintenance epidural 
solutions through mandatory intermittent boluses rather than 
continuous infusions, results in lower local anaesthetic consump-
tion, decreased need for manual top-up boluses by the anaesthetist, 
and higher patient satisfaction (see Chapter 15).60–65 Furthermore, 
patient-controlled epidural analgesia (PCEA) allows the patient to 
adjust the dose of epidural medication according to individual 
needs and as labour progresses. A meta-analysis of randomized 
controlled trials that compared PCEA versus continuous infusion 
for labour analgesia demonstrated that patients who receive PCEA 
experience less breakthrough pain requiring anaesthetic inter-
vention, need lower total doses of local anaesthetic, and have less 
motor block than those patients receiving a continuous epidural 
infusion.66 However, the optimal PCEA regimen is still a subject 
of some debate. Initial studies favoured PCEA regimens without 
a continuous background infusion.67,68 However, Ferrante et al.69 
investigated whether a continuous background infusion in addi-
tion to patient-controlled demand boluses is advantageous when 
compared to PCEA without continuous background infusion. The 
authors found that a continuous background infusion of 33% of 
the maximal hourly demand dose in addition to PCEA resulted in 
a decreased need for physician-administered supplemental local 
anaesthetic when compared to PCEA alone or PCEA with lower 
rates of background continuous infusion. A systematic review of 
studies comparing PCEA with continuous-infusion techniques 
for labour concluded that PCEA is associated with fewer patients 
requiring unscheduled clinician top-ups and lower dose require-
ments for local anaesthetics. In addition, fewer patients experi-
ence motor block.70

Opioids
Traditionally, epidural labour analgesia was most often main-
tained with local anaesthetic alone, but most anaesthetists cur-
rently use a combination of a low-dose, long-acting amide-type 

local anaesthetic with a lipid-soluble opioid. The addition of 
small doses of opioids to local anaesthetics has been shown to 
be associated with a local anaesthetic-sparing effect. Chestnut 
and colleagues56 demonstrated that the combination of 2 mcg/
mL of fentanyl with 0.0625% bupivacaine for epidural analgesia 
provided equivalent analgesia to 0.125% plain bupivacaine, with 
significantly less motor block in the fentanyl-bupivacaine group. 
Furthermore, the hourly and total doses of local anaesthetic 
were found to be significantly less when opioids were combined 
with local anaesthetic versus local anaesthetic alone. In addition, 
epidural analgesia is frequently associated with sacral sparing, 
resulting in persistent perineal pain or pressure. In such cases, 
the epidural administration of a lipid-soluble opioid (e.g. 50–100 
mcg fentanyl) can often improve analgesia. Adding an opioid can 
also be particularly helpful when the patient is experiencing back 
pain because the fetus is in the occiput posterior position.71 Of 
the lipid-soluble opioids, fentanyl is found more often in umbilical 
artery blood samples when compared to sufentanil, but this does 
not seem to be of clinical significance, as neonatal outcomes are 
good after maintenance epidural analgesia with either drug.72

Prevention of breakthrough pain
There is no better example of the saying ‘Prevention is better than 
cure’ than in the delivery suite, with respect to epidurals for anal-
gesia during labour. The identification of risk factors for break-
through pain during labour analgesia may prompt the anaesthetic 
provider to adjust his/her anaesthetic plan, for example, choice 
of CSE technique in high-risk patients or increasing the concen-
tration of local anaesthetic in patients with rapidly progressing 
labours. Despite this, it is inevitable that some epidural catheters 
will fail to provide adequate analgesia. Therefore, it is important 
to discuss the risk for failed anaesthesia and the potential need 
to place a second epidural catheter with the patient during the 
pre-anaesthetic evaluation, before placement of the first epidural 
catheter.

In addition, after placement of an epidural catheter, regular 
epidural evaluation to identify problems is necessary, not only in 
terms of providing adequate maternal analgesia and hence sat-
isfaction, but also in anticipation of using the epidural catheter 
for other potential obstetric interventions. A poorly functioning 
catheter will not only cause maternal dissatisfaction, but may 
also make another anaesthetic procedure necessary in poten-
tially stressful circumstances. Regular epidural review will also 
improve communication with the obstetric and midwifery team 
and highlight important details which may alter epidural manage-
ment, for example, failure to progress in labour or the presence 
of a non-reassuring fetal heart rate tracing, both of which need a 
good working epidural in preparation for potential surgical inter-
ventions and so lowering the threshold for replacing a less than 
ideal epidural catheter.

Management of breakthrough pain  
during neuraxial labour analgesia
When breakthrough pain occurs, despite preventative efforts, 
it should be managed promptly and aggressively, with the goal 
to restore adequate analgesia within a maximum of 60 minutes 
(Figure 19.1).
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Firstly, the nature and location of the pain should be deter-
mined and the progress of labour evaluated, including the cer-
vical dilation and rate of progression, as this may affect pain 
intensity which could increase local anaesthetic requirements. 
Although rare, other underlying obstetric causes that could lead 
to breakthrough pain, such as uterine rupture or placental abrup-
tion, should be ruled out. Bladder distension can also be a cause of 
breakthrough pain.

Secondly, the location of the epidural catheter should be exam-
ined to make sure that it still remains in the epidural space.

Subsequently, the extent of neural blockade can be assessed by 
loss of sensation to cold, sharp pinprick, or light touch. There has 
been some discussion as to which modality is preferred. In gen-
eral, block to cold sensation is usually at a higher level than to 
sharp pinprick73 and block to light touch is usually lower than the 
block to both pinprick and cold.74 Adequate analgesia for the first 
stage of labour requires blockade of the T10–L1 segments. Sacral 
blockade is needed for the second stage of labour.

During testing, one of the following situations can be encountered:

1.	 No sensory blockade: the complete absence of sensory block, 
despite appropriate dosing, usually means that the epidural 
catheter is not in the epidural space. However, intravascular 
migration is also possible. After careful aspiration, a test dose 
can be administered. If there is no sensory block, the epidural 
catheter should be replaced.

2.	 Bilateral inadequate level of analgesia: if the extent of sen-
sory blockade is inadequate to cover the required segments, a 

top-up bolus of a dilute local anaesthetic solution (e.g. bupiv-
acaine 0.0625–0.125%) should be given. Larger volumes (10–15 
mL) of a dilute local anaesthetic solution are often preferred in 
this case, over more concentrated solutions, as this allows for a 
better spread of analgesia.

3.	 Unilateral blocks or missed segments: asymmetric blocks or 
patchy blocks are usually caused by uneven spread of drug 
solutions. This can be due to unfavourable positioning of the 
epidural catheter tip or due to the presence of an anatomic bar-
rier, such as fibrous septa, limiting the free flow of local anaes-
thetic solution. Some reports have suggested the presence of 
a dorsal median connective tissue band as a possible cause of 
unilateral blocks, although this is generally thought to be rare 
and has been attributed to an artefact of how the epidural space 
was studied.75 A paramedian position for an epidural catheter 
is thought to be a more common cause of asymmetric block 
than anatomic barriers to solution spread. Hogan76 evaluated 
epidural catheter tip positions by computed tomography in 
patients with normal functioning epidural analgesia and found 
that catheter tips were often situated lateral to the dura close 
to the intervertebral foramen. As mentioned previously (see 
‘Length of the Catheter into the Epidural Space’, some studies 
have suggested that threading the catheter no more than 5 cm 
in the epidural space leads to fewer one-sided blocks, perhaps 
because these catheters are less likely to be sited laterally or 
even worse, exit the epidural space along the course of a nerve 
root.18,40

Determine nature and
location of the pain

Assess progress of labour.
Rule out other causes of pain

(distended bladder, uterine rupture)

Check location of the
epidural catheter

Assess level of
sensory blockade

If satisfactory analgesia not obtained:
replace epidural catheter

Unilateral blocks or
missed segments:

top-up bolus of dilute
LA solution. Consider
withdrawing catheter

Bilateral inadequate
level: top-up bolus of

dilute local anaesthetic
solution

Pain despite adequate
level of analgesia:

denser solution of LA;
consider opioid

Sensory blockade
present

No sensory
blockade present

Aspiration + test bolus
LA. If no level obtained

after 15–20 min:
replace epidural  catheter 

Figure 19.1  Management algorithm for breakthrough pain during neuraxial labour analgesia.
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Different management strategies have been proposed for 
unilateral or patchy blocks. Some authors advocate pulling 
the epidural catheter 1–2  cm before administering a bolus 
of local anaesthetic.39 However, Beilin and colleagues77 per-
formed a study in which they randomly assigned patients 
with breakthrough pain to receive either 5 mL of bupivacaine 
0.25% after withdrawing the epidural catheter 1 cm or with-
out withdrawal of the epidural catheter. In both groups about 
75% of women were successfully treated with this first inter-
vention. For the 25% of women that were not comfortable 15 
minutes after this first intervention, a cross-over was per-
formed, in which the catheter was withdrawn 1  cm and an 
additional 5 mL of 0.25% bupivacaine was administered to 
the initial local-anaesthetic-only group, whereas 5 mL 0.25% 
bupivacaine was given to the initial catheter manipulation 
group, without further withdrawal of the epidural catheter. 
All patients were comfortable after the second intervention. 
While this study does not reject the benefits of catheter with-
drawal in certain patients, it does suggest that most women 
can be effectively treated with the administration of a bolus of 
local anaesthetic without withdrawal of the epidural catheter. 
Indeed, the injection of a large volume of local anaesthetic 
(e.g. 10 mL of bupivacaine 0.0625–0.125%) can often over-
come a variety of catheter positions and non-uniform spread 
of local anaesthetic solution in the epidural space.71,76 If anal-
gesia cannot be rescued, however, the epidural catheter should 
be replaced.

The importance of maternal position during labour epidural 
analgesia is subject to some debate. While several studies have 
suggested that the lateral position is associated with a faster 
onset and increased spread and duration of anaesthesia on the 
dependent side compared to the upper side during the initial 
bolus injection, most authors think that this is of only minor 
clinical significance.71,78,79 Others, however, advocate a modi-
fied supine position as this may result in more equal spread of 
local anaesthetic and better pain relief.80

4.	 Breakthrough pain despite an adequate extent of sensory block-
ade: if the patient experiences breakthrough pain despite a 
bilateral adequate level of analgesia (T10–L1), a more concen-
trated solution of local anaesthetic may be needed. Labour 
may be advancing quicker than expected and local anaesthetic 
requirements may be rapidly increasing. Furthermore, the 
patient may be experiencing dysfunctional labour or abnormal 
fetal presentation, both of which are associated with increased 
pain.6,7,81 Also, the administration of a lipid-soluble opioid 
(e.g. 50–100 mcg fentanyl) can often improve analgesia, par-
ticularly if the patient is experiencing back pain because the 
fetus is in the occiput posterior position, or in case of persistent 
perineal pain or pressure.71 Clonidine is another drug which 
has been used in such circumstances, although less commonly 
than fentanyl.

While the above-mentioned measures will often succeed in 
restoring adequate analgesia it is important to assess the results 
in a timely fashion. If satisfactory analgesia is not obtained, the 
epidural catheter should be replaced.

If, despite epidural replacement, the block is still less than 
ideal, a CSE technique should be performed. This will result 
in rapid analgesia as the intrathecal route is more reliable than 

the epidural one and is important as, by now, the patient would 
have been in pain for several hours during all the previous epi-
dural manoeuvres.
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Introduction
Caesarean delivery (CD) rates continue to increase worldwide. 
The reasons for this trend are multifactorial and include maternal, 
obstetric, fetal, medicolegal, and social factors. Significant vari-
ation exists in practice between different countries. In 2009, the 
World Health Organization (WHO) reported that 47.4 of 100 live 
births in Brazil were born by CD, compared to only 14.3/100 in the 
Netherlands (Figure 20.1).1

There is also a significant variation in the CD rate at local levels. 
Maternity statistics from National Health Service (NHS) hospi-
tals in England 2012–2013 report a national average CD rate of 
25.5% (including both planned and emergency CD). During the 
same time frame, the rates from different regions within England 
varied from 15% to 35%.2 Diverse local population characteris-
tics and different thresholds for performing emergency CD may 
account for this.3

Planned CD (compared to emergency CD) accounts for approx-
imately 40% of all CDs in England.2 A large proportion of these 
are repeat CDs or CDs for fetal breech position. Factors contrib-
uting to the rising CD rate include an increase in multiple gesta-
tion secondary to assisted reproduction, advancing maternal age, 
maternal obesity, patient preferences, improved operative safety, 
and changing practice amongst professionals. Evidence-based 
practice, a culture of litigation, and a risk-averse society may have 
led to a decrease in planned vaginal breech deliveries and vagi-
nal births after previous CD.4,5 In addition, there is an increasing 
demand for ‘maternal request’ CD in the absence of any medical 
indications, a controversial topic that has recently been addressed 
in national guidelines.6,7

The rising CD rate has wider implications and complications. 
The financial cost to the healthcare provider is greater than after a 
vaginal delivery and the hospital stay tends to be longer.7 Maternal 
complications such as infection, haemorrhage, and thrombosis 
may occur and in subsequent pregnancies there is an increased 
risk of abnormal placental implantation and uterine rupture.3,7 
Neonatal morbidity and mortality may be increased, for exam-
ple, neonatal respiratory distress syndrome and admissions to the 
neonatal intensive care unit.8

The upsurge in CD caseload has increased the demands on 
obstetric, anaesthetic, and midwifery staff. The increasing com-
plexity of these cases (e.g. raised body mass index (BMI), placenta 

praevia, and multiple gestation) requires regular senior medical 
input on the delivery suite.9

Classification of caesarean delivery
CDs are classified by the degree of urgency caused by the presence 
or absence of fetal or maternal compromise. The traditional simple 
classification of ‘elective’ or ‘emergency’ was unhelpful, as this did 
not highlight the range of urgencies within and this could poten-
tially lead to communication problems and high levels of stress on 
the labour ward. In 2010, the Royal College of Obstetricians and 
Gynaecologists (RCOG) and the Royal College of Anaesthetists 
(RCoA) produced a ‘Good Practice’ guideline, with a recommen-
dation to universally accept a classification based on Lucas et al.’s 
4-point classification with the addition of the colour-coded con-
tinuum scale proposed by Dupis.10–12 This classification helps to 
reinforce the idea of a clearly communicated ‘continuum of risk’, 
but also allows for clearly defined categories for the purpose of 
audit. It allows all providers to understand the urgency and can 
help to highlight specific cases that require immediate delivery 
(category 1).

The ‘emergency’ caesarean delivery: how 
urgent is ‘urgent’?
The maximal safe time to delivery from fetal distress to fetal com-
promise is unknown; the ’30-minute rule’ that is often quoted is 
not based on clinical trials and originates from early animal stud-
ies.13,14 More confusing is when to ‘start’ and ‘stop the clock’. The 
Association of Anaesthetists of Great Britain and Ireland (AAGBI) 
and the Obstetric Anaesthetists’ Association (OAA) have together 
stated that in emergency cases the time from informing the anaes-
thetist to the start of operative delivery should not exceed 30 
minutes, whereas the RCOG starts the clock from the time the 
decision to proceed to CD is made and ending at delivery of the 
baby—the decision to delivery interval (DDI), again aiming to 
achieve delivery within 30 minutes.

How feasible is this time scale and how necessary is it? The UK 
National Sentinel Caesarean Section Audit measured CD rates 
and assessed the quality of care given to woman having emergency 
CDs in England and Wales and included 99% of births between 1 
May and 31 July 2000. There were 17,780 singleton births in this 
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audit.15 The perceived urgency was classified as category 1 for 26% 
(n = 4622), category 2 for 51.3% (n = 9122), and category 3 for 
20.8% (n = 3689). Seven per cent of all CDs were delivered within 
15 minutes and 22% within 30 minutes of the decision to deliver. 
Overall, 46% (n = 2137) of women with category 1 urgency, 16% 
(n = 1422), with category 2 and 9% (n = 330) with category 3 were 
delivered within 30 minutes.

Further analysis of this data looked at the association between 
DDI and neonatal outcomes (Apgar scores of <7 and <5 at 5 min-
utes and stillbirths).16 The audit found that while prolonged DDIs 
of greater than 75 minutes were associated with poorer maternal 
and neonatal outcomes, reducing DDIs to less than 30 minutes 
neither improved nor worsened maternal or neonatal outcome 
(adjustment was made for clinical factors). While this research 
would suggest extending the clinically significant threshold from 
30 to 75 minutes, the authors felt that to avoid complacency it 
would seem prudent to keep the ‘30-minute DDI’ as a benchmark 
but add the ‘75 minute DDI’ as an audit standard that all emer-
gency CDs should occur within this time. In 2011, the National 
Institute for Health and Care Excellence (NICE) in the United 
Kingdom incorporated this into its CD guidelines recommend-
ing that 30 minutes be the audit standard DDI for category 1 CD 
and that 75 minutes the audit standard for category 2 CD. It was 

stressed that these times are for audit to examine the efficiency 
of the delivery team and not to judge performance in individual 
cases.7 In certain situations such as a persistent bradycardia asso-
ciated with a vasa praevia or ruptured uterus a delivery time of less 
than 10 minutes is warranted as well as appreciating that undue 
haste itself in surgery and anaesthesia can lead to maternal and 
neonatal harm.17,18

Human factors during emergency caesarean 
delivery
One must consider the processes required to achieve safe prompt 
CD and meet audit standards. Human factors such as communi-
cation and situational awareness need to be highlighted; 87% of 
CDs are predictable and early assessment by obstetrician or mid-
wife can identify women who are at greater risk of CD who can 
then be referred promptly to the anaesthetic team (Box 20.1).19 
Anaesthetists should themselves be proactive by attending the 
delivery suite ward rounds and frequently reviewing high-risk 
mothers. High-risk women should be counselled that there might 
be a potential need for operative delivery and may be advised to 
have an early epidural for labour analgesia that could be extended 
to cover surgery.
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Practical issues such as the time it takes to move the woman to 
the operating theatre is critical; if more than 10 minutes elapses 
it is considerably less likely that the baby would be delivered 
within 30 or 40 minutes.17 This rapid transfer can be distressing 
for women who may feel they have lost control of the situation as 
well as being concerned about their baby’s well-being. This may be 
heightened by language barriers or cultural differences. Education 
and teamwork are vital.

Units should design guidelines that result in the short-
est safely achievable DDI and it is the recommendation of the 
RCOG and AAGBI that formal drills be run for ‘emergency CDs’ 
with in-house teaching programmes to ‘test’ local channels of 
communication.

Advantages of neuraxial anaesthesia 
over general anaesthesia
Neuraxial anaesthesia is the safest and preferred method of 
anaesthesia for both planned and emergency CD and has sig-
nificant advantages over general anaesthesia (see Chapter 22). 
In the United Kingdom, the RCoA recommends that 95% of 
planned CD and 85% of emergency CDs be performed under 
neuraxial anaesthesia.20 Pregnant women are susceptible to 
increased morbidity and mortality from the risks of general 
anaesthesia including failed intubation, failed ventilation, 
awareness, hypoxia, and pulmonary aspiration of gastric con-
tents.21–23 The advantages of neuraxial anaesthesia are summa-
rized in Box 20.2.

The Confidential Enquiry into Maternal Deaths in the United 
Kingdom in the triennium 2006–2008 identified two deaths 
directly caused by general anaesthesia for CD: one failed intuba-
tion and one aspiration on emergence.24

Patients in whom general anaesthesia had previously been pref-
erable, for instance, high-risk parturients with significant cardiac 
co-morbidities, are increasingly being considered for regional 

techniques with modifications to improve haemodynamic 
stability.20

For these reasons, current obstetric anaesthetic practice mini-
mizes the use of general anaesthesia whenever possible. In the last 
decade, many European countries have completed national sur-
veys examining their obstetric anaesthetic practice. In the south 
of England the use of neuraxial anaesthesia for planned CD has 
increased from 69% in 1992 to 95% in 2002. Spinal anaesthesia 
was used in 87% of cases and 1.3% of these converted to general 
anaesthesia during planned CD.25 Similarly, in 2005, Benhamou 
reported that 99% of planned CDs in French obstetric units were 
carried out under neuraxial anaesthesia.26 Likewise, both German 
and Polish surveys identify spinal anaesthesia as the most com-
mon anaesthetic technique for CD.27,28

Neuraxial anaesthesia for emergency CD has also increased 
although rates vary; of the 97,000 category 1 and 2 CDs that took 
place within NHS hospitals in the United Kingdom in 2011–2012, 
two-thirds were performed under neuraxial anaesthesia. For cat-
egory 1 delivery, rates vary between 54% and 72%.29,30 This may 
be due to a number of reasons: an increase in epidurals for labour, 
an increased incidence of epidurals particularly in high-risk 
patients, and greater awareness of the risks of airway complica-
tions during general anaesthesia. There have been improvements 
in understanding from the obstetric team regarding the benefits 
of a neuraxial technique and therefore reduced pressure on anaes-
thetists to rapidly perform a general anaesthetic.

Women without labour epidurals will need to be rapidly assessed 
and the use of general or neuraxial anaesthesia will depend on the 
urgency of the situation, although a general anaesthetic will usu-
ally provide the quickest onset of anaesthesia. Retrospective and 
simulation studies indicate that spinal anaesthesia is only mar-
ginally slower than general anaesthesia, the limiting factor being 
the unpredictability of the time to achieve an adequate neuraxial 
anaesthetic block.31 Many situations, including a prolapsed cord, 
do not exclude the use of a neuraxial technique, which in emer-
gency situations may be the safest option (see ‘Rapid Sequence 
Spinal’ section later in the chapter).

Box 20.1  High-risk pregnancies that anaesthetists should be 
aware of

◆	 Multiple pregnancy
◆	 Breech/malpresentation
◆	 Meconium-stained liquor
◆	 Slow progress
◆	 Oxytocin infusion in labour
◆	 Fetal distress—pathological cardiotocograph (CTG)
◆	 Intrauterine growth retardation (IUGR)
◆	 Prematurity less than 36 weeks
◆	 Antepartum haemorrhage (APH)
◆	 Previous caesarean delivery (CD)
◆	 Pregnancy-induced hypertension
◆	 BMI higher than 35
◆	 Diabetes
◆	 Trial of labour after caesarean (TOLAC).

Box 20.2  Advantages of neuraxial anaesthesia for caesarean 
delivery

◆	 Reduced risk of dental damage, failed intubation, failed ven-
tilation, and hypoxia

◆	 Reduced risk of pulmonary aspiration of gastric contents
◆	 Removes risk of ‘awareness’ during general anaesthesia (see 

the 5th National Audit Project of the RCoA with the AAGBI—
‘NAP5: Accidental awareness during general anaesthesia in 
the United Kingdom’—results discussed in Chapter 22)

◆	 Improved postoperative pain relief
◆	 Reduced vomiting and postoperative ileus incidence
◆	 Reduced thromboembolism incidence
◆	 Ability to have birth partner present
◆	 Alert mother and baby, improved bonding and breastfeeding
◆	 Increased patient satisfaction.
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Contraindications to neuraxial anaesthesia
See Box 20.3.

Patient refusal
(See also Chapter 29.)
◆	 Patients undergoing neuraxial anaesthesia must consent to the 

procedure.
◆	 Any woman with ability to consent is entitled to refuse treat-

ment even if it would benefit her own or her baby’s health.7

Cardiovascular instability
(See also Chapter 23 and Chapter 35.)
◆	 The sympatholytic effects of neuraxial anaesthesia reduce blood 

pressure, systemic vascular resistance, and venous return.
◆	 The response to pre-existing hypovolaemia, inferior vena cava 

compression, or hypovolaemia (e.g. during major haemorrhage) 
is exaggerated as neuraxial anaesthesia prevents compensatory 
vasoconstriction.32

◆	 Women with congenital or acquired cardiac disease resulting 
in fixed cardiac output states (aortic stenosis, hypertrophic 
obstructive cardiomyopathy) may decompensate following spi-
nal neuraxial anaesthesia.33

Infection
(See also Chapter 28.)
◆	 Epidural abscess, meningitis, encephalitis, or adhesive arach-

noiditis after neuraxial anaesthesia are rare but potentially 
devastating.

◆	 It is suggested that neuraxial anaesthesia is avoided in patients 
with active untreated systemic infection, but consider single-shot 
techniques (no indwelling epidural catheter) on an individual 
basis if clinically responding to antimicrobial therapy.

◆	 Active superficial skin infection (e.g. herpes zoster) at the site of 
injection may cause colonization of indwelling epidural cath-
eters and spread inwards to epidural and intrathecal spaces.34

Central nervous system or spinal pathology
(See also Chapter 45.)
◆	 Neuraxial anaesthesia is contraindicated in patients with raised 

intracranial pressure.

◆	 There is no evidence to support or refute central neuraxial 
anaesthesia in patients with pre-existing neurological disease. 
Each case should be analysed individually with neurological or 
neurosurgical input and a risk:benefit assessment performed. 
Any pre-existing neurology requires robust documentation.

◆	 Women who have had spinal surgery may prove a technical 
challenge. There is an increased risk of accidental dural punc-
ture, and scarring of the epidural space may prevent the normal 
expected spread of local anaesthetic solution. The posterior ele-
ments of the vertebral column are usually still intact and spi-
nal anaesthesia is often possible.35 There is also the devastating 
potential complication of infection of scoliosis rods.

Coagulopathy, low platelets, and anticoagulant drug 
therapy
(See also Chapter 28 and Chapter 48.)
◆	 In the obstetric population, spinal cord or nerve root compres-

sion due to spinal or epidural haematoma has been estimated at 
1/168,000.36 Reported cases usually occur in conjunction with 
coagulopathy or anticoagulation therapy (see Table 20.1).

◆	 The thrombotic tendency of parturients combined with an 
increase in procoagulant risk factors (e.g. raised BMI, antiphos-
pholipid syndrome, and assisted fertility) has led to larger num-
bers of antenatal patients on anticoagulant medication.

◆	 Reduced platelet counts may occur in idiopathic thrombocyto-
penia (ITP), gestational thrombocytopenia, and pre-eclampsia. 

Box 20.3  Contraindications to neuraxial anaesthesia

◆	 Patient refusal
◆	 Anticoagulant drug therapy—see Table 20.1
◆	 Uncorrected coagulopathy, international normalized ratio 

1.4 or higher
◆	 Thrombocytopenia—see Table 20.1
◆	 Haemodynamic compromise
◆	 Active local skin infection, untreated systemic sepsis
◆	 CNS or spinal pathology precluding neuraxial anaesthesia.

Table 20.1  Relative risks related to neuraxial blockade in obstetric 
patients with abnormalities of coagulation or anticoagulation therapy

Risk factor Normal risk Increased risk High risk

LMWH 
prophylactic dose

>12 h 6–12 h <6 h

LMWH treatment 
dose

>24 h 12–24 h 6–12 h

Unfractionated 
heparin infusion

4 h after 
stopping and 
aPTTr ≤ 1.4

Unfractionated 
heparin bolus dose

>4 h <4 h

Warfarin INR ≤ 1.4 INR 1.4–1.7 INR 1.7–2.0

Pre-eclampsia Platelets > 
100 × 109/L 
within 6 h of 
block

Platelets 
75–100 × 
109/L (stable) 
and normal 
coagulation 
tests

Decreasing 
platelet count 
75–100 × 109/L, 
abnormal 
coagulation tests, 
HELLP syndrome

Idiopathic or 
gestational 
thrombocytopenia

Platelets  
> 75 × 109/L 
within 24 h of 
block

Platelets 
50–75 × 109/L

Platelets 20–50 × 
109/L

aPTTr, activated partial thromboplastin time ratio; HELLP, haemolysis, elevated liver 
enzyme levels, and low platelet count; INR, international normalized ratio; LMWH, low 
molecular weight heparin.

Reproduced with permission from Regional Anaesthesia in Patients with Abnormalities 
in Coagulation, A guidance document produced by a Joint Working Party of the AAGBI, 
OAA, RA-UK, 2011.
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In ITP and gestational thrombocytopenia, the platelet number 
rather than function is limited, and if stable and tested daily, 
levels above 75 × 109/L are considered adequate for neuraxial 
blockade if the count is not decreasing. Pre-eclampsia can affect 
platelet function and is a dynamic pathological process. In some 
cases, 6-hourly platelet counts and clotting studies may need to 
be done if neuraxial blockade is being considered. Decreasing 
trends would be considered a higher risk procedure and indi-
vidual risk:benefit assessments should be made.37

◆	 Coagulopathy may develop following other obstetric conditions 
such as cholestasis, intrauterine death, or placental abruption. 
Coagulation tests and platelet counts should be checked accord-
ing to the clinical picture.

Preoperative assessment
Pregnant women are generally healthy with minimal co-morbid-
ities, however with the increasing age of the maternal population, 
obesity, and the potential for unexpected events, baseline assess-
ment of all women is important. High-risk women should be seen 
antenatally by both anaesthetist and obstetrician and birth plans 
fully discussed and documented. Routine anaesthetic assessment 
should be undertaken in all cases and modified for the obstetric 
patient as shown in Box 20.4. Preoperative assessment should not 
missed in the case of emergency CD. In cases of severe fetal dis-
tress, this assessment should be done simultaneously with other 
tasks such as obtaining intravenous (IV) access, transferring and 
positioning the patient as well as establishing monitoring.

Nil by mouth during labour
The policy of no food during labour was adopted universally fol-
lowing Mendelson’s paper on pulmonary aspiration in 1946.38 In 
the United Kingdom, there are currently no nationally recom-
mended guidelines on eating/drinking during labour. Deaths 
from aspiration in obstetric patients are now extremely rare, an 
outcome that owes more to the widespread use of neuraxial anal-
gesia/anaesthesia rather than to nil-by-mouth policies.

Although many women do not feel like eating in labour, some 
may find the nil-by-mouth restriction unpleasant, particularly 
those with an effective epidural who are pain free. A large ran-
domized controlled trial of more than 2400 low-risk women 
showed that eating a low-fat, low-residue diet during labour does 
not affect obstetric (mode of delivery and labour duration) or neo-
natal outcome.39

Women with risk factors for aspiration (morbidly obese, dif-
ficult airway) or women who have increased risk for operative 
delivery (Figure 20.2) may have their oral intake restricted to 
clear fluids but this should be determined on a case-by-case basis. 
Low-risk women, who have not had opioid analgesia, can probably 
be allowed a light diet during labour.

Antacid prophylaxis and fasting times
Pregnancy increases the risk of pulmonary aspiration of gas-
tric contents and subsequent development of aspiration pneu-
monitis.38 Although awake during surgery, women undergoing 
neuraxial anaesthesia remain at risk due to the ever-present pos-
sibility of conversion to general anaesthesia. All patients under-
going planned CD should have an adequate period of fasting to 
minimize the volume of gastric contents and receive pharmaco-
logical antacid therapy to increase the pH of gastric contents.7

Current preoperative United Kingdom and European fasting 
guidelines recommend stopping solids 6 hours preoperatively 
with only water being consumed up to 2 hours before.40 Some 
institutions advocate unrestricted sips of water until surgery.41

A 2010 Cochrane review looked at interventions during CD for 
reducing the risk of lung damage from inhaling gastric contents 
under general anaesthesia.42 While the risk of aspiration is dif-
ficult to estimate due to the need for a vast sample size, studies 
have looked at surrogate markers such as gastric pH and volume. 
The review found that the quality of the evidence was poor, but 
the findings suggest that the combination of antacids plus an H2 
antagonist was more effective than no intervention, and superior 
to antacids alone in preventing low gastric pH at CD. Therefore, 
it seems sensible to administer oral ranitidine (150 mg 6-hourly) 
during labour in women at high risk of requiring a CD. In the event 
of an unexpected emergency CD, a slow IV injection of 50 mg ran-
itidine can be administered (if time allows), but this is unlikely to 
be effective before general anaesthesia is induced. However, due 
to the timescale of onset of action of both oral and IV ranitidine 
an oral antacid such as sodium citrate 0.3M 30 mL should also be 
administered, in theatre, immediately before general anaesthesia.

The H2 antagonist ranitidine is used to neutralize stomach acid. 
The dose 150 mg orally is effective in 90–120 minutes and admin-
istered the night before surgery and repeated in the morning on 
the day of surgery. The prokinetic agent metoclopramide 10 mg 
is administered orally in the morning on the day of surgery to 
facilitate gastric emptying.7 Proton pump inhibitors (PPIs) such 
as omeprazole may be of use in the elective situation to reduce 
gastric pH.43,44 However, a meta-analysis comparing the ability 
of H2 antagonists and PPIs to achieve appropriate gastric PH and 
volume showed that premedication with H2 antagonists was more 
effective than PPIs in achieving a low gastric volume with a high 
pH.45 Metoclopramide may have some benefits as it a prokinetic 
agent that increases gastric emptying and increases lower oesoph-
ageal tone as well as acting as an antiemetic.46 However, young 

Box 20.4  Preoperative anaesthetic assessment

◆	 Anaesthetic history
◆	 Past medical/surgical history
◆	 Obstetric history
◆	 Current medication and allergies
◆	 Airway assessment
◆	 Confirm position of placenta
◆	 Recent haemoglobin and platelet count
◆	 Valid group and screen or cross match for women at increased 

risk of blood loss of more than 1000 mL
◆	 Prescription of preoperative antacid medication
◆	 Fasting guidelines
◆	 Consent for neuraxial anaesthesia.
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patients as in obstetrics, have a higher incidence of oculogyric cri-
sis with metoclopramide.

Consent for neuraxial anaesthesia
The consent process is a two-way dynamic discussion of treat-
ment options and potential complications of treatment (see 
Chapter 29). Information shared should respect the right of the 
woman to express birth preferences and take into account her 
culture and views. Concerns are acknowledged and explored 
and questions answered.47 Ideally this is carried out at the pre-
admission clinic prior to the day of surgery if an elective CD. 
Information is also available for mothers via leaflets and the 
Internet.48

Consenting for neuraxial anaesthesia may include explanation 
of the following side effects and risks:
◆	 Pruritus (itching), shivering, nausea, and vomiting
◆	 Hypotension
◆	 Postdural puncture headache (PDPH): 1/100–200
◆	 Block failure
◆	 Permanent injury from nerve damage or infection:  1/66,000 

(spinal); 1/166,000 (epidural)49

◆	 Expected sensations of pushing, pulling, and pressure
◆	 Treatment options if pain or discomfort experienced
◆	 Conversion to general anaesthesia if required
◆	 Short-term bruising to back at puncture site
◆	 Urinary catheter to prevent bladder over-distension
◆	 Rectal suppositories for postoperative analgesia
◆	 Options for postoperative analgesia.

Neuraxial anaesthesia technique
Neuraxial anaesthesia for CD can be performed using the follow-
ing techniques:
◆	 Single-shot spinal anaesthesia (SSS)
◆	 Combined spinal–epidural anaesthesia (CSE)
◆	 Low-dose or sequential CSE anaesthesia
◆	 Epidural anaesthesia
◆	 Continuous spinal anaesthesia.

The choice of technique will depend on local institutional 
guidelines, anaesthetist experience, surgical technique, clinical 

WHO Surgical Safety Checklist:
for Maternity cases ONLY
(adapted from the WHO Surgical Safety Checklist)

SIGN IN (to be read out loud after the
arrival of the woman and the midwife)

Operation type
If caesarean section, what category? 1 2 3 4

YES: Follow shaded prompt boxes only. Each team to
perform own check. Do not delay operation start.

Have all team members introduced themselves
by name and role? (start clockwise starting with
anaesthetist)
What is the woman’s name?

To Anaesthetist:

To the Anaesthetist:

To Obstetrician:

To Obstetrician:

To the Scrub Practitioner:

To Scrub Practitioner:

To the Midwife:

To the Midwife:

Do you need any special monitoring equipment?

What procedure was performed?

Are there any specimens? Have they been labelled?

Any packs/tampons/drains left in situ?

If yes, what type/quantity/site?

Has it been confirmed and documented that the
swabs, needles and instruments are correct?

Were there any equipment problems?

Have the key concerns for recovery and
management been discussed?
Has post-operative VTE prophylaxis been assessed?

Have antibiotics been given?

Has the baby/babies been labelled?
Have relevant cord bloods been taken and
recorded?

What is the EBL?

If yes, what?

ml

Has antibiotic prophylaxis been given, if 
appropriate?

What additional procedure(s) are planned?

Are there any critical or unusual steps you want the
team to know about?

Do you expect blood loss > 1 litre?

Has the sterility of instruments been confirmed?

Has the resuscitaire been checked?

Are cord blood samples needed?

Has the FSE been removed?

Has VTE prophylaxis been undertaken?

Registered practitioner confirms that list has been read out. Registered practitioner confirms that list has been read out.

OMI ref: 4596

Oxford University Hospitals
NHS Trust

NHS

Name: Name:

Signature of Registered Practitioner Signature of Registered Practitioner

�is checklist is for maternity cases only
(For other cases use Trust WHO checklist)

Are there any equipment issues?

Follow routine checklist including shaded boxes

What is the woman’s name? Has she confirmed her
identity, procedure and consent?
Does the woman have a known allergy?
Has the neonatal team been called (if needed)?
Are there any specific concerns?
Is the anaesthetic machine and medication check
complete?
Has the appropriate antacid prophylaxis been given?
Is there a difficult airway risk?

Registered practitioner confirms that list has been read out.

Name:

Signature of Registered Practitioner

Procedure:

PATIENTS DETAILS

PATIENT ID LABEL

Date:

Are blood products available?

NO:

IF THIS IS A CATEGORY 1 CS:

SIGN OUT (to be read out loud before
the woman leaves theatre)

TIME OUT (to be read out loud before
skin incision)

Figure 20.2  WHO Surgical Safety Checklist.
Reprinted with permission from WHO Surgical Safety Checklist (first edition), 2008. Adapted for obstetric surgery by Oxford University Hospitals NHS Trust.
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judgement, and individual patient requirements. A sample pro-
cedural checklist for neuraxial anaesthesia for CD is shown in 
Box  20.5. Busy elective operating lists with quick turnaround 
times may require a neuraxial anaesthetic technique with a more 
rapid speed of onset. Whichever technique is used, the neurax-
ial block must spread sufficiently to provide anaesthesia lasting 
the duration of surgery and minimize perioperative discomfort. 
Proactive therapies are necessary to reduce side effects, in particu-
lar avoiding hypotension leading to maternal nausea and vomit-
ing, uteroplacental hypoperfusion, and neonatal compromise.26

The popularity of epidural analgesia during labour means that 
many women presenting for unplanned CD have an epidural 
already in place. Anaesthesia can take longer to establish so in a 
true emergency (e.g. prolapsed cord or massive placental abrup-
tion), a spinal or general anaesthetic might be the technique of 
choice.

WHO surgical safety checklist
The worldwide implementation of the WHO surgical safety check-
list has reduced death rates and complications during surgery and 
is now established in safe theatre practice in the United Kingdom 
following an alert from the National Patient Safety Agency in 
2009.50,51

The checklist has changed practice by prompting checking of 
routine interventions and improving team communication and 
dynamics. The original version can be adapted for use according 
to specialty requirements and is successfully being used in obstet-
rics for planned and emergency CD (Figure 20.2).

The components of the checklist are read out aloud while the 
woman is awake.

Initially there was concern that the patient may suffer unnec-
essary anxiety as a result of the checklist. A questionnaire-based 
study found that, on the contrary, patients experienced lower lev-
els of anxiety and were reassured by its use.52

Aseptic technique
Serious central nervous system (CNS) infections (vertebral canal 
abscess, meningitis) are rare in the obstetric population; however, 
potentially devastating morbidity and mortality can occur49 (see 
Chapter 28). Although firm evidence is lacking for some of the 
components of the aseptic technique, the potential consequences 
from CNS infection warrants thorough attempts to reduce this 
risk.53

A series of precautions are recommended to reduce the risk of 
infection. These include:
◆	 removal of jewellery, clean short fingernails, and complying 

with the ‘bare below the elbows’ policy54

◆	 pre-procedural hand washing with an alcohol-based antiseptic 
solution

◆	 wearing single-use sterile gloves, hat and mask, and a ster-
ile surgical gown. It should be noted that this recommenda-
tion is common in the United Kingdom and Australia but not 
worldwide55,56

◆	 skin disinfection with 0.5% chlorhexidine in alcohol
◆	 maintaining a sterile field and performing the procedure with 

an aseptic technique using sterile equipment
◆	 application of a sterile dressing and regular inspection
◆	 safe disposal of sharps

Skin disinfection
Skin disinfection is performed with an alcohol-based chlo-
rhexidine solution. Chlorhexidine is superior to iodine in onset 
time, its efficacy in eradicating skin flora, and in duration of 
action and is recommended for disinfection by the RCoA in the 
United Kingdom and the American Society of Anesthesiologists. 
Currently chlorhexidine is available as 0.5% chlorhexidine with 
ethanol or 2% chlorhexidine in isopropyl alcohol.57 Malhotra 
et al. compared the application of a single spray of 0.5% chlorhex-
idine spray with double spraying.58 The single spray rendered skin 
sterile and a further spray was considered unnecessary. The origi-
nal application should be thorough and allowed to dry properly.58 
Given that a single application of 0.5% chlorhexidine effectively 

Box 20.5  Procedure for neuraxial anaesthesia for caesarean 
delivery

◆	 Communication with team members
◆	 Patient preparation, discussion, and consent
◆	 Ensure antacid prophylaxis
◆	 Confirm group and save/cross-match if required
◆	 Check equipment and prepare medication (including 

emergency)
◆	 Transfer patient
◆	 WHO checklist—sign in
◆	 Mandatory monitoring (electrocardiogram, non-invasive 

blood pressure, SpO2)
◆	 CTG monitoring if appropriate
◆	 Large-bore IV access
◆	 Consider supplemental oxygen if fetal compromise
◆	 Fluid infusion
◆	 Aseptic technique
◆	 Neuraxial blockade
◆	 Tilt (uterine displacement)—table tilt or wedge
◆	 Urinary catheter—bladder emptying
◆	 Testing for block adequacy
◆	 Antibiotics prior to skin incision
◆	 WHO surgical checklist ‘time out’ before skin incision
◆	 Oxytocin at delivery to encourage uterine contraction and 

minimize blood loss
◆	 Postoperative analgesia and thromboprophylaxis
◆	 Complete anaesthetic documentation
◆	 WHO surgical checklist “sign out” before leaving operating 

theatre
◆	 Handover to recovery staff
◆	 Follow-up within 24 hours
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disinfects the skin there is currently no evidence to support the 
use of the 2% solution for neuraxial procedures.59

Excessive use of chlorhexidine is not without risk. It is a known 
neurotoxic agent and epidural injection of chlorhexidine solution 
or contamination of equipment used in central neuraxial block 
procedures has been implicated in causing severe adhesive arach-
noiditis.60 Precautions should be taken to prevent accidental con-
tamination of any equipment with the antiseptic. The antiseptic 
should not be poured or applied in the vicinity of block equip-
ment.61 This can be avoided by using spray compared to liquid 
from a bottle and spraying the patient’s back before the anaesthetic 
pack is opened. Colourless solutions should be avoided to prevent 
being mistaken for saline.59 After application the antiseptic fluid 
should be allowed to dry in order for it to exert its effect and to 
prevent contaminating gloves when palpating the skin. Gloves 
should be checked for contamination and changed if necessary.59 
(See also Chapter 28.)

Antibiotics
Up to 8% of women are known to suffer from a wound, urinary, 
or endometrial infection after CD and antibiotic prophylaxis is 
routinely administered to prevent these postoperative infective 
complications. Recent guidance suggests this risk of infection can 
be reduced by administering maternal IV antibiotics prior to skin 
incision without causing undue harm to the baby.7 Nonetheless, 
the use of co-amoxiclav has been discouraged due to an increased 
risk of necrotizing enterocolitis in the neonate, particularly in 
preterm deliveries or in women with premature rupture of mem-
branes.62,63 The current recommendation is to use cephalosporins 
despite deficient data on the safety profile of these in neonates.64

Identifying the correct vertebral interspace
In the majority of people the spinal cord tapers and ends at the 
level of the L1/2 interspace (Figure 20.3). In a small but significant 
proportion of the population the position of the conus medulla-
ris varies and may extend down to L3. Accidental insertion of a 
needle into the spinal cord can result in permanent neurological 
injury and most anaesthetists opt to perform neuraxial anaesthe-
sia at the L3/4 interspace or below.65

Tuffier’s line is a radiological line and anatomical landmark 
used to orientate the anaesthetist. A virtual line is drawn between 
the patients’ iliac crests and generally this crosses the spinous pro-
cess of the fourth lumbar vertebra. The L3/4 interspace is palpated 
one space above Tuffier’s line and L4/5 one below. Radiologically 
this line is neither affected by the position of the patient nor BMI 
(Figure 20.4).

Palpation and estimation of the intervertebral space using 
Tuffier’s line are inaccurate even when performed by experienced 
anaesthetists. Broadbent et al. demonstrated that in over 50% of 
cases the interspace identified on magnetic resonance imaging 
(MRI) was one space higher than previously estimated on palpa-
tion and only a third of anaesthetists correctly located a specific 
vertebral level.66 These discrepancies were more likely to occur 
in obese patients. A decade later, Lee at al. published a similar 
assessment of vertebral level accuracy, this time using ultrasound 
scanning.67 Only 14% of ultrasound findings correlated with the 
findings on clinical palpation. It is apparent that what is palpated 
on the patient’s back does not correspond to Tuffier’s line as seen 

on ultrasound or MRI. Palpation often identifies a line that may be 
up to three spaces higher than anticipated.68

In addition to identifying the iliac crests and correct vertebral 
level, ultrasound has been shown to accurately calculate the dis-
tance from skin to epidural space, identify the best point and angle 
of needle insertion, and reduce risk of failed or traumatic lumbar 
punctures and epidural catheterizations69 (see Chapter 54).
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Figure 20.3  The spinal cord generally tapers and ends at the conus medullaris at 
L1/2. Nerve roots known as the cauda equine continue to S2 and are surrounded 
by cerebrospinal fluid (CSF) within the intrathecal space.
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Figure 20.4  Tuffier’s line is drawn between the highest points of the iliac crests 
and intersects L4.
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Block testing
Pain or discomfort during CD is the leading cause of complaint 
against obstetric anaesthetists.70 Prior to surgery it is neces-
sary to perform an assessment of the neuraxial block to confirm 
block adequacy and so avoid intraoperative pain (see Chapter 21). 
Autonomic innervation of the abdominal viscera and peritoneum 
is conveyed by splanchnic nerves that descend from the thora-
columbar sympathetic trunk and spinal cord from levels as high 
as T5. A sensory block from sacral dermatomes to at least T4 is 
considered necessary for CD.

The different modalities used to test the block include tem-
perature, pinprick, light touch, and presence of motor block. 
Depending on the modality used to test, the block detected may 
vary by several dermatomes. In the United Kingdom, practice 
is variable, the majority of obstetric anaesthetists aiming for a 
sensory block to cold up to a level of T4.71 Nevertheless, Russell 
suggests that testing for an adequate block to light touch to T5 
(without intrathecal opioids) or T6 (with intrathecal opioids) is 
the necessary standard of care.72

The stimulus used to test the block height is also considered to 
be very important. Ethyl chloride is the most common method 
used in the United Kingdom to test for both touch and cold;71 
however, the application (full force spray versus passive drop of 
the liquid) will vary according to the operator. A newer device, the 
Neuropen® monofilament (Owen Mumford, Oxford, UK) assesses 
response to touch and is not operator dependent. The Neuropen® 
has been well validated as accurate test of touch. Walsh et  al. 
compared both equipment methods to assess neuraxial block to 
touch.73 Findings between both were equivalent to within one 
dermatome; however, occasional wide individual differences were 
found. The height of block detected by the Neuropen® was lower 
than that of ethyl chloride. Despite a block to touch lower than T5, 
no increase in intraoperative discomfort was noted, raising the 
possibility that the gold standard block to touch to T5 is stimulus 
dependent or requires further validation.73

Findings from testing the block should be documented on the 
anaesthetic chart and include mode of testing, laterality (left or 
right side) and relevant timings. The use of dermatome maps is 
encouraged to standardize documentation.74

Effects of positioning
Women are either positioned sitting or lateral for neuraxial anaes-
thesia. Choice of position depends on patient circumstances, pref-
erence of the anaesthetist, and baricity of the local anaesthetic 
agent. Anaesthetists should be competent with both positions. The 
sitting position is more widely used and helps to locate the midline 
and interspace, particularly in obese patients.75 The lateral posi-
tion is preferential in emergency CD to minimize disturbances 
to uteroplacental blood flow with a distressed fetus.76 However, 
as the sitting position may help locate the midline making neu-
raxial anaesthesia quicker it may be beneficial in an emergency 
situation.77

Studies investigating the influence of posture on block adequacy 
and incidence of hypotension vary in design, making compari-
sons difficult.78 Anaesthetists may perceive increased difficulty 
in the position they have less experience in. Spinal or CSE anaes-
thesia initiated with hyperbaric bupivacaine in the lateral posi-
tion may take longer to perform, however this is offset by a faster 

onset sensory block. Studies comparing positions using epidural 
anaesthesia report a higher incidence of hypotension in patients in 
the lateral position.77,79 Procedural delays occurring in the sitting 
position (e.g. due to difficulty inserting the epidural catheter), may 
lead to a shorter effective duration of anaesthesia due to sacral 
pooling.75 It has been hypothesized that due to a lower venous 
hydrostatic pressure the epidural venous plexus is less engorged 
and ‘bloody taps’ are less likely in the lateral position.80,81

When lying supine, all women require left uterine displacement 
to reduce aortocaval compression. A wedge can be applied under 
the right hip or the table tilted a minimum of 15° to the left. Even 
with these manoeuvres it is important to remember there will still 
be an element of aortocaval compression.82

The use of the head-elevated ramp position using blankets or 
commercially available pillows may be beneficial once anaes-
thesia has been established. The time of adequate surgical 
anaesthesia may be delayed but the incidence of hypotension 
following spinal anaesthesia may be reduced.83,84 Cheesman 
et al. looked at 60 women undergoing elective CD under CSE 
and randomized them to one of three head positions follow-
ing a CSE: horizontal with a small pillow under the head; head-
elevated ramped position with the torso on a special elevation 
pillow; head-elevated ramped position, after initially being 
positioned horizontally (giving time for the block to be estab-
lished). The authors measured the block height and time to 
onset of adequate block as well as maternal comfort and need 
for epidural supplementation. They found no significant differ-
ence in the time to establish an adequate height of block and 
that the women found the head-elevated positions more com-
fortable. However, the need for epidural supplementation was 
greater in the intervention groups.83 The ramped position is 
useful if conversion to emergency general anaesthesia is needed 
as it provides optimal airway position for intubation. The arms 
should not be folded across the chest as this may impede airway 
access particularly in the obese patient.

Temperature control
Intrathecal and epidural anaesthesia for CD can cause significant 
decreases in core body temperature.85 This is most likely due to 
the onset of sympathetic block and a mixing of warm blood in 
the body core with the cooler blood in the lower limbs.86 Horn 
et al. evaluated whether newborns develop hypothermia during 
intraoperative bonding while positioned on their mothers’ chests 
and investigated the effects of active forced air-warming of the 
mothers and babies during a 20-minute intraoperative bonding 
period.87 They found a decreased incidence of neonatal hypother-
mia, an increase in the maternal core temperature and increase in 
the mean skin temperatures of both mother and infant, Maternal 
thermal comfort was improved, and maternal perioperative shiv-
ering reduced.

There is good evidence in non-obstetric patients that hypother-
mia leads to increased wound infection rates, length of hospital 
stay, and blood loss, all of which are highly relevant to obstetric 
practice.88,89 Temperature management for CD is challenging due 
to limited body surface available for warming, peripheral vasodil-
atation, and exposure of the peritoneum. As the risk for major 
postpartum haemorrhage is greater in emergency CD, active 
temperature management is important; however, only 16% of UK 
maternity units routinely actively manage patient temperature. 
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The majority only initiate active warming after blood loss of over 
1 L, prolonged surgery, or measured patient hypothermia.90

As with non-obstetric surgery, temperature should be recorded 
at the start of the operation, every 30 minutes until the end of the 
operation, and continued into the recovery period.7

There are limited numbers of studies that have investigated 
active patient warming during elective CD; the most consistently 
effective method of warming patients is by fluid warming either 
by an in-line device or by infusing fluids taken from a warming 
cabinet maintained at 41°C.90,91

There is weak evidence for maintaining theatre temperature 
above 21°C.92 However, there is some evidence of benefit for 
higher theatre temperatures improving core temperature of pre-
mature infants delivered by CD.93 This needs to be balanced with 
the environmental comfort of the surgical team.92

Intravenous fluids
Prior to neuraxial blockade, large-bore IV access is estab-
lished to allow rapid administration of medication and fluids. 
Counteracting the sympathetic-mediated spinal-induced hypo-
tension requires a combination of strategies including the admin-
istration of IV fluids. Co-loading with fluid while performing the 
neuraxial anaesthetic reduces vasopressor requirements and lim-
its hypotension.94,95 A Cochrane review identified colloid fluids to 
be more effective than crystalloids, regardless of timing and rate 
of administration; however, colloids are used with caution in daily 
clinical practice due to an increasingly adverse side effect profile 
that includes anaphylaxis, coagulation abnormalities, and renal 
impairment.96 (See also Chapter 23.)

Spinal anaesthesia
Spinal anaesthesia is the technique of choice worldwide for elec-
tive CDs and emergencies where there is not an epidural already 
in place. Over the last 50 years the development of small-gauge 
pencil-point needles such as the Sprotte® and Whitacre nee-
dles has enabled a widespread change in practice in providing 
anaesthesia for CD.97 Whereas previously epidural or general 
anaesthesia were favoured, spinal anaesthesia has been the pre-
dominant technique for planned CD since the 1990s. By the new 
millennium, anaesthetic departments in the United Kingdom 
were performing up to 95% of planned CD under neuraxial 
anaesthesia and up to 87% of these were single-shot spinal tech-
niques.25,98 Compared to epidural anaesthesia, spinal anaes-
thesia is simple, cheap, has a rapid onset, and provides a more 
effective and denser block with less breakthrough pain.99 The 
use of smaller, non-cutting pencil-point needles has reduced 
the incidence of PDPH from up to 25% to 0.5–1%.100 The advan-
tages and disadvantages of spinal anaesthesia are summarized 
in Table 20.2.

Local anaesthetic dose for spinal anaesthesia
The most commonly used local anaesthetic in obstetric spinal 
anaesthesia is hyperbaric (heavy) bupivacaine. Europeans and 
North Americans tend to use the 0.5% and 0.75% concentrations 
respectively. Effects are dose dependent and therefore in Europe 
larger volumes are used than in the United States but with the 
same effect. Diluting the local anaesthetic to increase the volume 
will not affect the intensity or the height of the block.101,102

Bupivacaine in dextrose or glucose 8% is a hyperbaric solution 
with a density greater than cerebrospinal fluid (CSF). Compared 
to isobaric or hypobaric bupivacaine, the hyperbaric formula-
tion produces a more predictable and reliable block with a lower 
incidence of spinal-induced hypotension.103 The baricity of the 
solution can be used to manipulate block height, for example, a 
head-down position encourages the block to spread in a cephalad 
direction if hyperbaric bupivacaine is used.

A key consideration with spinal anaesthesia is the 
dose-dependent incidence of hypotension. Without preventative 
measures (such as fluid and vasopressor administration) this can 
occur in up to three-quarters of women and result in maternal 
and neonatal morbidity.104

A spinal block to cold to dermatome T4 and light touch to T6 
are considered necessary predictors for a painless CD.72 There is 
controversy over the dose of local anaesthetic required to achieve 
this block and which lasts for the duration of a CD. Textbooks 
recommend 12–15 mg of hyperbaric bupivacaine in combination 
with an opioid; however, in contemporary practice a conventional 
dose is usually 10–12.5 mg and a low dose is considered less than 
8 mg.105

Ginosar et al. carried out logistic regression analysis to deter-
mine the effective dose in 95% of subjects (ED95) of intrathecal 
hyperbaric bupivacaine with 10 mcg fentanyl and 200 mcg mor-
phine for planned CD.106 Block success was defined as a bilat-
eral sensory block to pinprick at T6 level within 10 minutes of 
intrathecal injection with no subsequent requirement to supple-
ment the block during surgery. The ED95 was 11.2 mg hyperbaric 
bupivacaine. A subsequent study of intrathecal plain (hypobaric) 
bupivacaine calculated the ED95 at 13 mg.107 Despite fluid admin-
istration and preloading, the patients in these studies with ‘con-
ventional’ doses experienced significant hypotension with systolic 
blood pressures dropping 20–30% from baseline. Compared to 
the non-pregnant population, pregnant women require reduced 
doses of intrathecal anaesthetic as the gravid uterus compresses 
the inferior vena cava causing epidural vein engorgement and a 
relative reduction in the volume of the dural sac.

Table 20.2  Advantages and disadvantages of spinal anaesthesia

Advantages Disadvantages

Single injection Limited duration, no ability to 
extend block

Quick to perform Rapid-onset sympathetic blockade 
leading to hypotension

Endpoint with visualization of CSF

Rapid-onset surgical anaesthesia

Dense, predictable anaesthesia

Less breakthrough pain, less likely to 
require supplemental analgesia

Reduced incidence PDPH

More cost-effective

Only small amount local anaesthetic

used, reduced toxicity risk

Predictable recovery
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Once sited, apart from repositioning the patient and taking 
advantage of the baricity of hyperbaric bupivacaine, there is no facil-
ity to extend or manipulate the spinal anaesthetic block. Inadequate 
or failed block, perioperative discomfort, or prolonged surgery will 
require the use of Entonox®, IV analgesic supplementation, or con-
version to general anaesthesia. This situation is a risk factor for both 
maternal morbidity and mortality and may result in dissatisfaction. 
In the United Kingdom, the recommended conversion rate from 
regional to general anaesthesia during planned CD is less than 1%.72

Intrathecal dose adjustments 
according to patient characteristics
The literature suggests that no patient variables affect block level or 
merit a dose alteration when using conventional intrathecal doses. 
Norris injected a relatively large dose (15 mg) of hyperbaric bupi-
vacaine into 52 women and found no correlation of the sensory 
spread with age, height, weight, BMI, or vertebral column length.108

Harten et  al. compared a fixed dose regimen (hyperbaric 
bupivacaine 12 mg with diamorphine 0.4 mg) with smaller 
doses adjusted to the patient’s height and weight (median dose 
hyperbaric bupivacaine 9.5 mg with diamorphine 0.4 mg) and 
found no significant difference in block adequacy; however, the 
adjusted-dose group were less likely to have a high block spreading 
to cervical dermatomes and suffered less hypotension.109

In Caravalho’s dose–response study of morbidly obese patients 
(BMI > 40) no dose reduction was found necessary. Lower doses 
(<10 mg hyperbaric bupivacaine) were able to attain the necessary 
block but were seldom adequate for the duration of surgery. Large 
confidence intervals suggests that those at the extreme end of the 
BMI scale demonstrate greater variability in response and a CSE 
technique rather than a single-shot spinal would be more suitable 
due to the unpredictability.107

Results from optimal dose-finding studies may not be gener-
alizable or comparable.26 Obstetric patients are a heterogeneous 
population and practice varies widely both between institutions 
and countries. Western women are taller and have a larger body 
weight compared to Asian women and raised BMI can result in 
a technically challenging surgical procedure, requiring a denser 
and longer-acting anaesthetic block.

Anaesthetists vary in practice and experience and perform 
neuraxial anaesthesia with the patient in different positions, with 
the needle orifice in different directions, and injecting at differ-
ent lumbar interspaces with variable speed.110 Opioids are usu-
ally added to the intrathecal local anaesthetic; however, the dose 
and type is variable and polymorphism in the mu-opioid receptor 
might cause populations of different genetic profiles to respond 
differently. Surgical technique, for example, incision site, appli-
cation of fundal pressure, and exteriorization of the uterus can 
influence anaesthetic requirements. Patient expectations and pain 
thresholds vary individually. It is therefore clear that many factors 
need to be considered when selecting the optimal intrathecal dose 
and anaesthetic technique, and what works well in one institution 
may be different in another.26

Rapid sequence spinal for category 1 
caesarean delivery
Kinsella and Scrutton described the ‘rapid sequence spinal’ in 
order to dramatically minimize anaesthetic time in the face of 

category 1 CD. The principles consist of a ‘no-touch’ spinal tech-
nique (only sterile gloves and skin prepared with a single wipe of 
chlorhexidine solution) with preoxygenation occurring during 
the attempt. Other components of the technique include consid-
eration of omission of the spinal opioid, limiting spinal attempts 
to just one, allowing the start of surgery before full establishment 
of the spinal block, and being prepared for conversion to general 
anaesthesia if there are delays or problems.

Their case series of 25 rapid sequence spinals for category 1 CD 
demonstrated a technique that provided an anaesthetic block that 
was adequate to start surgery in 6–8 minutes. The authors stress that 
this technique should not be used by novices and not for cases where 
the spinal is predicted to be difficult or if the woman is not compli-
ant. Staff teamwork is crucial, for example, in siting the cannula, 
attaching monitoring, and ensuring equipment is ready for general 
anaesthesia. There are no large trials validating this technique and 
it has been criticized primarily for compromising sterility, although 
while the wearing of a sterile gown is considered necessary in the 
United Kingdom and Australia, it is not common practice in the 
United States, Canada, and many parts of Europe.55,56

Epidural anaesthesia
Epidural anaesthesia was the mainstay neuraxial technique for 
CD prior to the introduction of small-gauge pencil-point spinal  
needles. It is now used infrequently for planned CD as the slow-onset 
incremental block limits use in current high-turnover planned CD 
lists. Epidural anaesthesia remains frequently used in emergency 
CD due to the rising number of woman having epidurals sited for 
labour analgesia subsequently requiring CD. Disadvantages of the 
epidural anaesthetic include a less dense block compared to spinals 
with increased rates of block failure or missed segments which may 
potentially put women at risk of perioperative discomfort.99 The 
OAA epidural information leaflet states that 1 in 8–10 epidurals 
are not adequate for CD and require conversion to spinal or general 
anaesthesia (http://www.oaa-anaes.ac.uk).

However, there are some desirable components to the technique. 
The gradual onset sympathetic block may be more haemodynami-
cally stable and beneficial in patients with cardiovascular mor-
bidity.33,111–113 The presence of the epidural catheter also allows 
perioperative top-ups or can be used to prolong the block in 
lengthy procedures. Nevertheless these advantages have now been 
combined with the advantages of spinals in CSE procedures and 
has further eliminated the need for stand-alone epidural anaes-
thesia for elective CD. The advantages and disadvantages of epi-
dural anaesthesia are summarized in Table 20.3.

Topping-up a labour epidural for emergency 
caesarean delivery
The practice of ‘topping-up’ in the delivery room is contentious; 
the desire for rapid onset of surgical anaesthesia must be balanced 
with safety, but as any adverse outcome can be blamed on delays 
it is understandable that 80.5% of anaesthetists working on UK 
units initiate the top-up in the delivery room.114 Once the top-up 
has started, the anaesthetist must not leave the patient under any 
circumstances and monitoring should be established as soon as is 
practical. Many anaesthetists give a 5 mL ‘test dose’ in the room 
and then give the full dose when in the safety of the operating 
theatre. Top-up of an existing epidural should lead to adequate 
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anaesthesia for CD within 10–12 minutes.115 The properties of 
the local anaesthetic drug combinations often used for epidural 
top-ups for CD are summarized in Table 20.4.

Local anaesthetic agents used for epidural 
anaesthesia
◆	 Lidocaine 2% with 1:200,000 epinephrine
◆	 Bupivacaine 0.5%
◆	 Levobupivacaine 0.5%
◆	 Ropivacaine 0.75%
◆	 2-Chloroprocaine 3%.

Compared to the intrathecal space, the epidural space is larger. 
Greater volumes of local anaesthetic are required to achieve ade-
quate block height and nerve root penetration. The volume of local 
anaesthetic necessary is usually 15–25 mL.

Engorged epidural venous plexuses mean that systemic absorp-
tion is more likely and may put the patient at risk of local anaes-
thetic toxicity or opioid-induced respiratory depression.

There is controversy over the superiority of various regimens for 
urgent top-up of a previously sited epidural for surgical delivery. 
The ideal agent should provide a rapid, predictable onset, require lit-
tle preparation, provide cardiovascular stability, and have a low risk 
of intraoperative failure. Lidocaine, plain racemic bupivacaine, the 
single isomer levobupivacaine, and ropivacaine have been frequently 
studied when topping-up epidurals in labour for emergency CD. 
Hillyard et al.’s 2011 meta-analysis could not find evidence to support 
any one particular epidural top-up solution and highlighted the need 
for a large multicentre trial due to the heterogeneity of studies.115

Lidocaine 2%
Lidocaine 2% with epinephrine produces the fastest onset of surgical 
block to T4 within 7–11 minutes.116–119 Concentrations of less than 
2% can result in inadequate surgical anaesthesia and are not recom-
mended.120 The pKa of 7.7 means it is less ionized and therefore has 
a faster onset of action. The large dose (20–25 mL) given necessi-
tates the co-administration with epinephrine to minimize systemic 
adsorption (0.1 mL of 1:1000 or 1 mL of 1:10,000) added to the 20 mL 
2% lidocaine solution which produces a 1:200,000 = 5 mcg/ mL epi-
nephrine solution). Epinephrine itself can also affect block as it acts 
both as a vasoconstrictor, limiting absorption and increasing block 
density, and as an independent analgesic via alpha-adrenergic block-
ade. These doses of epinephrine given epidurally do not appear to 
reduce uterine or fetal umbilical blood flow.121 It is an easy solution 
to prepare in an emergency and can remain stable for up to 6 hours if 
kept in a fridge and protected from light. There does not appear any 
significant difference in the need for intraoperative supplementation 
when compared with bupivacaine 0.5%.115

Commercial preparations of lidocaine are acidic, alkalinization 
of lidocaine towards its pKa value increases the unionized fraction 
of drug thereby increasing the amount of lipid-soluble base availa-
ble to cross the neuronal membrane and theoretically increase the 
speed of onset. Adding 2 mL of sodium bicarbonate (8.4%) to the 
20 mL lidocaine/epinephrine mixture can increase the onset of 
block to T4 to within 5.2–7 minutes.116 The drawback of this tech-
nique is the additional preparation time required which may offset 

Table 20.3  Advantages and disadvantages of epidural anaesthesia

Advantages Disadvantages

Titratable level of anaesthesia Longer time to insert than spinal

Haemodynamic stability Potential for catheter to be intravenous 
or intrathecal

Ability to prolong block Administration and onset takes longer

Epidural postoperative analgesia Less dense, less reliable, missed segments 
more likely, variable sacral spread

Labour analgesia epidurals can be

‘topped-up’ to provide anaesthesia

for emergency CD

Large volumes of local anaesthetic 
required, systemic absorption increased, 
with potential for local anaesthetic 
toxicity

Table 20.4  Drugs used for epidural anaesthesia for caesarean delivery

Drug combination Epidural dose 
range (mg)

Speed of onset 
(min)

Duration 
(min)

Special considerations

2% lidocaine + NaHCO3 
+ 5 mcg/ mL epinephrine

300–500 5.2–7 75–100 Delay in preparing mixture

Potential for drug error

2% lidocaine + 5 mcg/mL  
epinephrine

300–500 7–11 75–100 Easy to mix

Stable for 6 h

Potential for drug error

Bupivacaine 0.5% or 
L-bupivacaine 0.5%

75–125 7.5–15 120–180 Stable at room temperature

Mixing unnecessary

Intraoperative failure more frequent

Ropivacaine 0.75% 75–125 7.5–15 120–180 less dense motor block

Reduced intraoperative supplementation 
vs bupivacaine or L-bupivacaine

2-chloroprocaine, 3% 450–750 2–10 40–50 Unavailable in the UK

Short duration of action
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the benefit of speed of onset and the additional steps increase the 
risk of a drug error.117

Levobupivacaine/bupivacaine 0.5%
Levobupivacaine (L-bupivacaine) and bupivacaine have similar 
potencies, providing anaesthesia to T4 in 7.5–15 minutes. Both 
drugs can cause cardiovascular and CNS toxicity, but higher 
doses of L-bupivacaine are required to cause ventricular arrhyth-
mias.122,123 They have the same pKa of 8.2 which means they are 
more ionized than lidocaine and therefore have a slower onset of 
action than lidocaine (pKa 7.7). In the United Kingdom, 65% of 
anaesthetic departments have used bupivacaine or L-bupivacaine 
as their main agent for emergency CD either as a sole agent or 
combined with lidocaine 2%.114 L-bupivacaine and bupivacaine 
are stable at room temperature and easily prepared.117 Hillyard’s 
meta-analysis showed that block onset requires 4.5 minutes longer 
that the lidocaine/epinephrine mixture but a similar incidence of 
need for intraoperative supplementation.115 There was a higher 
incidence of intraoperative supplementation with L-bupivacaine 
and bupivacaine when compared to ropivacaine 0.75%.

Ropivacaine 0.75%
Ropivacaine has a similar structure to bupivacaine and the same 
pKa but is less lipid-soluble so penetrates the myelin sheath 
less readily and produces a reduced blockade of motor fibres. 
Ropivacaine 0.75% has similar onset time to bupivacaine when 
topping-up for an epidural for emergency CD requiring around 
4.5 minutes longer than a lidocaine/epinephrine mixture.124,125 
The potency ratio of ropivacaine to bupivacaine has been reported 
to be between 1:1 and 1:2,126,127 so a more concentrated prepa-
ration of 0.75% would account for its superiority with a reduced 
need for intraoperative supplementation when compared to lev-
obupivacaine and bupivacaine and less cardiotoxicity.115

2-Chloroprocaine 3%
2-Chlorprocaine (2-CP) 3% is an ester local anaesthetic is not cur-
rently licensed for use in Europe but widely used in the United 
States. Due to high lipid-solubility it has a rapid onset of action of 
6–12 minutes making it an ideal solution for emergency CD. It is 
hydrolysed by plasma pseudocholinesterase more rapidly than the 
hepatic metabolism of the amide local anaesthetics. The half-life 
of 2-CP in maternal plasma is less than 60 seconds therefore an 
unexpected IV injection would be rapidly metabolized making 
2-CP extremely safe. A dose of 15–20 mL (up to 25 mL) of 3% 2-CP 
will provide rapid anaesthesia within 10 minutes, but its duration 
of action is short and will require a top-up of 10 mL after 30 min-
utes or there will be a rapid onset of patient discomfort, which 
may be difficult to control. The short duration of action may be 
beneficial in reducing the recovery room stay and shortening time 
to mobilization. 2-CP may act as a mu-receptor antagonist thereby 
interfering with the quality and duration of pain relief produced 
by epidural morphine or fentanyl and additional epidural or IV 
opioids may be required.128 Unlike the amide local anaesthetics 
there is no fetal ion trapping so it may become the local anaes-
thetic of choice for delivery when the fetus is acidotic.

Opioid adjuvants in epidural top-ups
Opioids such as fentanyl (50–100 mcg) and sufentanil (10–20 
mcg) are commonly added to improve the quality of anaesthesia. 

Malhotra and Yentis compared epidural top-up of 20 mL lev-
obupivacaine 0.5% with or without fentanyl 75 mcg and found no 
difference in the speed of onset of block or the need for intraop-
erative supplementation.129 Since these patients already had an 
epidural in labour and were being prepared for emergency CD, it 
was thought that the fentanyl in the labour epidural solution may 
have already saturated spinal opioid receptors. Interestingly, those 
receiving additional epidural fentanyl had a significantly higher 
proportion of nausea and vomiting.

Both morphine and diamorphine (2.5–3 mg) are frequently 
administered epidurally for postoperative CD analgesia. Pruritus 
and nausea and vomiting are common side effects. (See also 
Chapter 17 and Chapter 24.)

Rates of conversion to general anaesthesia
Unfortunately failure to convert a labour epidural to provide ade-
quate anaesthesia for emergency CD can vary from 3% to 25%.130 
Guidance from the RCoA in the United Kingdom suggests that 
for planned CD the conversion rate from neuraxial anaesthesia to 
general anaesthesia should be less than 1% for elective CD and less 
than 5% for emergency CD.131

There are a number of factors which are thought to influence 
the success rates of epidural top-ups. An increasing number of 
unscheduled clinician-administered boluses during labour to 
maintain effective analgesics is a risk factor for failed epidural 
anaesthesia and even a single clinician top-up is an independent 
risk factor for failure.132,133 The urgency of CD is also a predictor 
with Kinsella reporting a 25% (18/72) failure and conversion to 
general anaesthesia in category 1 CDs compared to a 7% (35/505) 
for category 2 CDs.30 Fetal heart rate (FHR) abnormalities have 
not been shown to be an independent risk factor for failed conver-
sion of epidural anaesthesia.133

The rate of conversion from epidural analgesia to general 
anaesthesia was found to be significantly increased when a 
non-obstetric anaesthetist was managing the anaesthetic com-
pared to an obstetric anaesthetist (7.2% vs 1.6%).132,134 This may 
be due to a number of factors including teamwork, communica-
tion, familiarity with the delivery suite operating theatre, as well 
as the ability to determine the urgency of the CD and to assess 
the quality of the labour epidural analgesia. There may be higher 
numbers of maternal requests for general anaesthesia, particularly 
in certain ethnic minorities.

A high BMI does not appear to be an independent risk factor 
for unsuccessful top-up but this may be due to a low tolerance for 
a poorly functioning labour epidural in obese mothers because of 
the high incidence of operative delivery and the desire to prevent 
a general anaesthetic.135

The different effects of general and neuraxial anaesthesia on the 
fetus also require further evaluation. Drugs used in general anaes-
thesia may have effects on the developing fetal brain and neuraxial 
anaesthesia has traditionally been considered more preferable for 
both mother and neonate. Nevertheless it is important to note 
that neuraxial anaesthesia is not entirely benign for the fetus. 
Spinal-induced hypotension, impaired uteroplacental perfusion, 
and ephedrine use have been associated with fetal umbilical artery 
acidosis and in recent years the vasopressor of choice has moved 
towards phenylephrine, which has improved fetal acid–base 
status compared to ephedrine.136,137 (See also Chapter  21 and 
Chapter 23.)
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Combined spinal–epidural anaesthesia
The CSE is a procedure combining both a spinal and an epidural 
block. Although considered more complex and time-consuming 
to perform than either block alone, a CSE offers significant advan-
tages and is a popular technique for planned CD. The advantages 
and disadvantages of the CSE technique are summarized in 
Table 20.5.

The spinal component of the CSE enables a rapid onset dense 
and predictable block, whereas the additional epidural catheter 
enables intraoperative supplementation, block prolongation and 
postoperative analgesic administration. Conversion rates to gen-
eral anaesthesia may be reduced when compared to stand alone 
spinal or epidural anaesthetics for CD.138,139 Additionally, the 
presence of the epidural catheter allows the subarachnoid dose to 
be lowered or an incremental technique to be used. These tech-
niques are associated with improved haemodynamic stability, 
reduced nausea and vomiting, and quicker recovery and are dis-
cussed further below.140,141

Made up of two components, the CSE procedure is seen as a 
more complex, lengthy and costly procedure. All complications of 
both spinals and epidurals may occur, including PDPH.

Technical difficulties are said to be more common with CSE 
than with either block alone.75,142 The spinal component may fail 
if the long narrow-gauge spinal needle is displaced during the 
needle through needle technique (see below). If not advanced far 
enough to pierce the dura, fluid (epidural saline) seen in the hub 
of the spinal needle may be mistaken for CSF and any injection of 
the local anaesthetic mixture into this space will naturally fail to 
produce a block.75

The epidural catheter is usually inserted after the intrathe-
cal injection. At this time there may already be an ascending 
subarachnoid block and paraesthesia or warning signs of nerve 

irritation while threading of the epidural catheter can theoreti-
cally be masked.75 Also, the presence of the subarachnoid block 
doesn’t allow for testing of the epidural catheter, so there is poten-
tial for a misplaced epidural catheter to go unnoticed until it is 
required perioperatively. On the other hand, it has been argued 
that the epidural catheter is more likely to be in the correct posi-
tion when sited as part of the CSE procedure.143

If difficulties are encountered inserting the epidural catheter 
(e.g. intravascular catheter or severe paraesthesia) and the patient 
is in the sitting position for a prolonged length of time then a 
(spinal) saddle block (lumbosacral anaesthesia) may occur with 
hyperbaric bupivacaine.144 This can often be remedied by repo-
sitioning the patient in a head-down position after completion of 
the CSE procedure, or by administering a local anaesthetic epi-
dural top-up or epidural volume extension (EVE), as discussed in 
a later section in this chapter.

It has been suggested that the CSE procedure and ensuing 
pressure rise (from negative to atmospheric) within the epidural 
space could affect the flow of injected local anaesthetic within 
the intrathecal space and increase cephalad block spread in the 
CSE technique as compared to a single-shot spinal technique in 
elective CD.145 Subsequent studies have not been able to replicate 
these findings and found that intrathecal dose requirements are 
the same for both single-shot spinal and CSE.146

Needle-through-needle technique
A CSE can be performed either using a needle-through-needle 
technique using the same vertebral interspace or as two separate 
procedures in different vertebral interspaces—the double-spaced 
technique. Some centres report a higher failure rate of the spinal 
component with the needle through-needle-technique, however it 
remains the more commonly used method.147

With the needle-through-needle technique the epidural space is 
identified by a loss of resistance using a 16–18 G epidural needle 
and a spinal needle is subsequently passed through the epidural 
needle to pierce the dura. The operator may sense a dural ‘click’ or 
‘pop’ during dural puncture, although the long and narrow (27–29 
G) spinal needle sometimes make this difficult to feel which may 
contribute to the higher failure rate of the spinal component. CSF is 
then observed flowing through the spinal needle and an intrathecal  
dose of local anaesthetic and opioid is administered. During the 
intrathecal injection the epidural needle acts as the introducer 
to the spinal needle, however the spinal needle can be difficult to 
anchor unless specific CSE locking kits are used (see below).148 
Relatively large forces are required for the spinal fluid injection 
and the poorly anchored spinal needle may be subject to manual 
displacement which can also result in failure of the technique.75 
An alternative method when using the needle-through-needle 
technique is to advance the spinal needle slowly through the 
Tuohy needle without the spinal stillette/introducer. CSF will be 
seen as soon as the needle tip pierces the dura and the likelihood 
of advancing the spinal needle too far and causing paraesthesia 
may be reduced.

Standard epidural needles can be used for CSE but a longer spi-
nal needle is needed compared to those used when performing 
single-shot spinals. CSE-specific commercial packs exist that may 
feature an epidural needle with a small hole in the greater curva-
ture of the Huber tip to facilitate direct passage of the spinal nee-
dle through the dura and reduce friction between both needles. 

Table 20.5  Advantages and disadvantages of CSE

Advantages Disadvantages

Rapid-onset dense predictable block 
from spinal component

Increased failure rate of spinal 
component by:
◆	 Wrong identification of saline 

for CSF
◆	 Spinal needle movement
◆	 Failure to obtain CSF if insertion 

has been paramedian

Epidural catheter in situ for increased 
flexibility:
◆	 Prolong anaesthesia
◆	 Perioperative supplementation
◆	 Rescue inadequate block
◆	 Epidural volume extension (EVE)
◆	 Reduce conversion rate to 

general anaesthetic

Untested epidural catheter, may be 
intrathecal or incorrect position

Paraesthesia on threading epidural 
catheter may be masked by 
ascending subarachnoid block

Epidural catheter may be used for 
postoperative analgesia

Risk of saddle block if delayed 
epidural catheter placement

Possibility to reduce intrathecal dose 
and perform incremental block with 
increased haemodynamic stability

Patient at risk of complications from 
both spinal and epidural procedures, 
e.g. postdural puncture headache
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Following injection the spinal needle is withdrawn and the epi-
dural catheter is threaded through the epidural needle.

Double-space technique
The double-space technique is less popular and is made up of 
two separate procedures at different vertebral interspaces. If the 
epidural catheter is sited first then there is a theoretical risk of 
the spinal needle subsequently causing trauma to the catheter. 
Maternal satisfaction is reduced with this technique due to the 
need for two separate injections; however, this method allows 
the placement of the epidural catheter in an unhurried fashion 
compared to the needle-through-needle technique and if the cath-
eter is intravascular, it can be replaced which is not the case in 
the latter technique. The double-space technique may also have a 
lower failure rate and therefore a lower conversion rate to general 
anaesthesia.149

Low-dose combined spinal–epidural
Low-dose CSE is a modified approach to anaesthesia for CD. The 
aim is to reduce the incidence of spinal-induced hypotension 
while still maintaining adequate anaesthesia. No exact definition 
exists for a ‘low dose’. The ED95 of hyperbaric bupivacaine with 
opioid to produce a successful block without intraoperative dis-
comfort is 11.0 ± 0.95 mg.150 It would make sense to define a dose 
below this value as a ‘low dose’; however, the literature tends to 
refer to ‘low dose’ as less than 8 mg hyperbaric bupivacaine.105,151 
The advantages of low-dose CSEs are summarized in Table 20.6.

The main advantage of low-dose anaesthesia is the reduc-
tion in spinal-induced hypotension. Adverse consequences of 
hypotension can be mild (e.g. maternal nausea and vomiting) 
or more serious such as circulatory collapse and cardiac arrest 
in already compromised patients who cannot tolerate a sudden 
sympathetic block.150 Uteroplacental hypoperfusion second-
ary to spinal-induced hypotension can also lead to fetal acidosis 
and hypoxia. Reynolds and Seed carried out a meta-analysis of 
umbilical artery acid–base status in over 2000 subjects and found 
cord pH to be significantly lower and base-deficit significantly 
higher with spinal anaesthesia compared to epidural or general 

anaesthesia. Larger doses of ephedrine were administered in the 
spinal group.136

Studies lowering the dose of intrathecal anaesthetic have con-
sistently demonstrated a reduction in the incidence of hypoten-
sion. Leo et al. compared 7, 8, and 9 mg hyperbaric bupivacaine 
in combination with intrathecal morphine and reported hypo-
tension requiring vasopressor use in 30% versus 70% in the 7 mg 
and 9 mg groups respectively. No patient had inadequate anaes-
thesia.152 Similarly, Van de Velde et al. compared 6.5 mg hyper-
baric bupivacaine with 9.5 mg in combination with sufentanil.140 
A significant decrease in the systolic blood pressure greater than 
20% from baseline was found in 16% versus 68% in the 6.5 mg and 
9.5 mg groups respectively. A systematic review by Arzola and 
Wieczorek reported a risk reduction (RR) in hypotension with 
doses less than 8 mg to be RR 0.78.105 It is now widely acknowl-
edged that low doses of spinal anaesthetic are associated with 
less hypotension with reduced sympathetic blockade. In keeping 
with this, the block is also of shorter duration and the patient 
is at increased risk of perioperative discomfort. Subsequently 
low-dose techniques are only recommended for use as a part of a 
CSE technique where the epidural catheter can be used to top-up 
a regressing block, prevent discomfort, and prolong the duration 
of anaesthesia. Opioids are added to the intrathecal injection to 
intensify the sensory block without adding to the sympatholytic 
effect.

Opponents of low-dose spinal anaesthesia argue that current 
strategies to limit hypotension are much improved and therefore 
intrathecal dose reductions are unnecessary and put the patient 
at risk of intraoperative discomfort. Indeed, with tailored fluid 
administration and phenylephrine infusion regimens blood 
pressure can be maintained at near baseline values.153 However, 
excessive vasopressor use has been associated with maternal mor-
bidity.154 Phenylephrine infusions reduce cardiac output in healthy 
elective parturients, but this has not yet been associated with any 
detrimental maternal or fetal effects.155 It is unknown what the 
impact of reducing maternal cardiac output is on a compromised 
fetus in a high-risk pregnancy. Low-dose CSE techniques may 
counteract the haemodynamic derangement in the first instance 
and avoid effects of excessive vasopressor use.140 Apart from 
the reduction in hypotension and nausea and vomiting, further 
advantages of a low-dose CSE may include faster recovery from 
motor blockade and discharge from the post-anaesthetic care 
unit.156

The lower intrathecal dose requires modification of standard 
techniques to provide an anaesthetic block adequate for the dura-
tion of surgery and to prevent intraoperative discomfort. Arzola 
and Wieczorek calculated the risk of intraoperative analgesic 
supplementation in low-dose anaesthetic techniques to be more 
than three times higher than in conventional dose groups.105 
This meta-analysis excluded studies that used mixed interven-
tions such EVE or pre-emptive epidural top-up and advocates of 
low-dose anaesthesia emphasize that it is these interventions that 
are integral to improving outcomes.157 Nevertheless, the increased 
risk of intraoperative discomfort and potential for complaint and 
litigation is a valid concern and has limited the widespread use of 
low doses.158

Modifications for low-dose CSE may include an initial steep 
Trendelenburg position and/or EVE to improve the spread of the 
small spinal dose and obtain a satisfactory sensory block level. 

Table 20.6  Advantages and disadvantages of low-dose combined 
spinal epidural anaesthesia

Advantages Disadvantages

Less sympathetic block therefore 
less hypotension and preserved 
uteroplacental perfusion

Risk of inadequate anaesthesia and 
perioperative discomfort, litigation 
potential

Reduced vasopressor requirements Less dense block

Reduced nausea and vomiting Faster block regression

Quicker recovery from motor block Increased supplementation required

Safer technique in patients with 
respiratory or cardiovascular morbidity

Specialized technique—degree of 
experience necessary

Facility to extend or prolong block with 
epidural catheter

Pruritus may occur if using increased 
opioid instead of local anaesthetic

Administer postoperative pain relief 
with epidural catheter

Maternal satisfaction may be low if 
discomfort experienced
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Hyperbaric bupivacaine is recommended. The resulting block is 
less dense and a block to touch may not be detected. A shorter 
duration of effective anaesthesia necessitates prudent time keep-
ing, checking for block regression, and pre-emptive epidural 
top-up to avoid intraoperative discomfort.157 Experience with the 
technique and good communication between patient, anaesthe-
tist, and obstetrician has been associated with good outcomes,55 
but above all the dose reduction must not be at expense of patient 
discomfort.

Low-dose sequential or incremental combined 
spinal–epidural
Low-dose incremental or sequential CSE comprises an intrathecal 
injection of a small dose of local anaesthetic (4–8 mg hyperbaric 
bupivacaine), with or without a dose of opioid, followed by gradual 
epidural top-ups. The resulting initial sensory block is deliberately 
not adequate for proceeding with surgery and further incremental 
boluses of epidural local anaesthetic are administered until satis-
factory anaesthesia is achieved.

The aim of this technique is to avoid any haemodynamic insta-
bility caused by a rapid onset spinal block and may be beneficial 
in women with severe cardiac or respiratory morbidity in whom it 
is desirable to avoid sudden precipitant drops in blood pressure or 
changes to systemic vascular resistance and cardiac output.

Traditionally these high-risk CDs have been carried out under 
general anaesthesia following a modified rapid sequence induc-
tion. The sequential CSE may provide a safe alternative in appro-
priate circumstances.33

A low-dose sequential CSE is also useful when the dose of spinal 
is in question, for example, in patients with very short stature or 
in the morbidly obese parturients. In short women, a small spinal 
dose can be used and then if block height not achieved, the epi-
dural is used. In the very obese woman, a standard spinal dose 
may result in a high block and necessitate a general anaesthetic, 
which one has tried to avoid in the first place. A smaller spinal 
dose in these challenging patients may produce the requisite 
block height but if surgery is prolonged, then the epidural can be 
brought into play.

Stand-alone epidurals are also used for incremental anaesthesia 
but compared to sequential CSE are more likely to be associated 
with inadequate anaesthesia.

Epidural volume extension
EVE is occasionally used in low-dose CSE to increase block height 
after intrathecal injection. In studies, 5–10 mL saline is injected 
either through the epidural catheter into the extradural space or 
directly through the epidural needle after the spinal injection.144 
Evidence suggests this causes compression of the dural sac and 
cephalad spread of intrathecal local anaesthetic. EVE may work if 
given within 20 minutes of the spinal injection but is unlikely to 
have an effect afterwards as the local anaesthetic becomes fixed at 
its site of action and block regression commences. Effects should 
last up to 30 minutes.159

Blumgart et al. injected 10 mL saline or 10 mL 0.5% bupivacaine 
into the epidural space in pregnant patients undergoing planned 
CD under CSE and demonstrated an extension in sensory block 
height of up to four dermatomes and significantly faster onset 
compared to a control group who received no EVE.160 Since there 

was no significant difference between the bupivacaine and saline 
groups they concluded that the block spread was a volume effect 
and using bupivacaine for EVE had no advantage over saline. 
Myelographic studies in non-pregnant patients undergoing CSE 
anaesthesia for elective surgery have shown a 75% reduction in 
subarachnoid space diameter together with cephalad spread of 
intrathecal contrast after 10 mL epidural saline injection.161 Beale 
et al. found that the median effective dose (ED50) of hyperbaric 
bupivacaine for CD could not be significantly reduced with the 
addition of 7 mL of saline during EVE; however, if sustaining a 
block to a minimum of 45 minutes were to be removed from the 
study criteria then the ED50 could have been significantly lower 
in the EVE group. This confirms the ability of EVE to increase 
intrathecal local anaesthetic spread to an adequate block height 
but acknowledges that the duration of this block is reduced.162 
Loubert et al. did not demonstrate any increase in sensory block 
height after using 5 mL saline EVE (in the sitting position, via the 
epidural needle immediately after the spinal injection) following a 
low-dose CSE technique.144

Continuous spinal anaesthesia
Continuous spinal anaesthesia involves using a microcatheter (28 G) 
or small-gauge catheter into the intrathecal space to provide anal-
gesia and anaesthesia. Theoretically this technique offers many 
advantages—an accurate, continuous, titratable, dense spinal 
block of rapid onset and the ability to use low doses and mini-
mize haemodynamic instability. However, the technique remains 
underutilized due to unavailability and unfamiliarity with the 
necessary equipment, technical difficulty, high failure rates, and 
an increase in PDPH rates.163,164 In addition there are currently no 
randomized studies and a lack of consensus regarding choice and 
dose of local anaesthetic in continuous spinal anaesthesia. The 
advantages and disadvantages of continuous spinal anaesthesia 
are summarized in Table 20.7.

In the early 1990s, Rigler et al. reported a small case series of 
cauda equina syndrome and permanent neurological injury fol-
lowing the use of 28–32 G spinal microcatheters with hyperbaric 
5% lidocaine in general surgical and orthopaedic patients.165 
It was hypothesized that the narrow internal diameter of the 
microcatheters encouraged slow laminar flow of local anaesthetic 
resulting in nerve roots being exposed to very high concentra-
tions as opposed to a more widespread distribution of the solution 

Table 20.7  Advantages and disadvantages of continuous spinal 
anaesthesia

Advantages Disadvantages

Rapid onset Lack of available equipment

Titratable dense block, 
haemodynamic stability

Technical insertion difficulties, high failure rate

Continuous Increased risk of postdural puncture headache

Advantages in women 
after spinal surgery with 
scarred epidural space

Risk of being mistaken for epidural catheter 
and dosing errors

Care required when dosing, calculation of 
catheter dead-space needed

 

 

 



Chapter 20  neuraxial anaesthesia for caesarean delivery 313

throughout the CSF.165 The US Food and Drug Administration 
subsequently withdrew licensing of catheters smaller than 24 G.

A subsequent study of 28 G catheters for continuous labour 
analgesia found no incidence of permanent neurological injury. 
However, the primary medication administered was an opioid, 
with bupivacaine added only for breakthrough pain.164 More 
recently in Spain, Alonso et al. trialled 22–24 G spinal catheters 
for women undergoing planned CD but concluded that the unac-
ceptably high failure rate (20%) and PDPH rate (29%) currently 
limited the use of this technique in the obstetric population.163

A UK study of 24 G microcatheters (Spinocath® B.  Braun, 
Melsungen AG, Germany) in high-risk parturients for elective CD 
found it a useful technique to maintain haemodynamic stability. 
Only one procedure failed but nearly 25% of women required IV 
analgesic supplementation in the intraoperative period and 9% of 
patients experienced PDPH.166

At present the complications of continuous spinal techniques 
outweigh the potential benefits and in most circumstances using 
a CSE is more appropriate. However, possible useful indications 
include patients with previous spinal surgery and scarring of 
the epidural space (restricting epidural local anaesthetic flow), 
high-risk cardiac patients, and those in whom epidural placement 
is difficult or more likely to fail, for example, in morbid obesity.167

More commonly a continuous spinal is encountered as a result 
of inadvertent dural tap with an epidural needle or after a ‘catheter 
tap’ while threading the epidural catheter epidurally. Following 
an inadvertent dural tap, the 18–20 G epidural catheter can sub-
sequently be deliberately inserted into the intrathecal space and 
used as a spinal catheter. The practice of leaving the epidural cath-
eter in the intrathecal space may reduce the requirement for an 
epidural blood patch should a PDPH arise following the dural 
tap.168 While providing excellent anaesthesia, care must be taken 
not to mistake the spinal catheter for an epidural one and putting 
the patient at risk of a high block or total spinal anaesthesia after 
inadvertent large volume injection. It is important to remember 
the epidural catheter and filter has more than l mL of dead-space 
so a continuous spinal catheter should be flushed with 2 mL of 
saline after each bolus dose.167

Although spinal catheters placed after accidental dural punc-
ture may work well in labour, they are often problematic when 
attempting to use them for CD. There is the dead-space issue 
raised previously. In addition, the spread of the local anaesthetic 
depends on which orifice the local anaesthetic exits from. This 
varies depending on the pressure used to inject—a large pres-
sure will force the injectate through the distal holes with further 
spread, less force will result in exit through the proximal holes 
with less spread. As a result, the spinal catheter top-up for CD 
is not reliable and many operators would prefer to abandon the 
spinal catheter and perform a single-shot spinal with more con-
sistency instead.

Adjuvants
The addition of adjuvants to the intrathecal local anaesthetic 
injection can prolong anaesthesia and increase the time until 
additional analgesia is required. Safety data on several potential 
agents (e.g. neostigmine, midazolam, and magnesium) is lacking 
and these should not be used in routine clinical practice until fur-
ther evidence is available.169 (See also Chapter 17.)

Intrauterine resuscitation
Obstetricians use antepartum fetal assessment to make decisions 
about the timing and method of delivery. This is important for 
anaesthetists, as lack of familiarity with fetal assessment tools 
and their significance can lead to poor communication delaying 
delivery or a suboptimal choice of anaesthetic technique. Fetal 
assessment and decisions related to it may also have significant 
medicolegal implications170 (see Chapter 6).

When electronic FHR monitoring shows suspicious or patho-
logical traces, it may be possible to instigate intrauterine neonatal 
resuscitation measures with the aim to reverse any hypoxia that 
might lead to further deterioration. It should start as soon as the 
obstetrician/midwife makes the diagnosis of fetal compromise 
and continued into the operating theatre. Any resultant improve-
ment in FHR may eliminate the need for an operative delivery or 
allow time for neuraxial anaesthesia for a vaginal or CD. Thurlow 
and Kinsella provide a good acronym for fetal resuscitation, 
‘SPOILT’ (see Box 20.6).171

1.	 Discontinuing oxytocin: uterine blood flow is minimal at the 
peak of uterine contractions, which may lead to disruption 
of gas exchange. In normal conditions the fetus has adaptive 
mechanisms to compensate for this but when there is excessive 
uterine activity and insufficient time between contractions, 
fetal hypoxia and acidaemia can occur. Excessive contractions 
can be the result of iatrogenic oxytocin or prostaglandin and 
are associated with prolonged decelerations, bradycardias, 
or late decelerations; therefore stopping the oxytocin is war-
ranted. Reduction in uterine activity does not happen immedi-
ately and may warrant use of a tocolytic drug.172

2.	 Position change: the first action should be to move the mother 
into the left or right lateral position to avoid aortocaval com-
pression, so maximizing venous return, cardiac output, and 
ultimately uteroplacental perfusion.

3.	 Oxygen supplementation: intuitively the obvious way to 
improve oxygenation of the fetus would be to administer 
supplemental oxygen to the mother, but the data supporting 
its benefits to the fetus have been inconsistent. Early studies 
showed that maternal oxygen reduced late decelerations within 

Box 20.6  ‘SPOILT’—intrauterine resuscitation

	 1.	Syntocinon® off

	 2.	Position full left lateral

	 3.	Oxygen

	 4.	IV infusion of 1 L crystalloid

	 5.	Low blood pressure: IV vasopressor

	 6.	Tocolysis:  terbutaline 250 mcg (SC), glyceryl trinitrate 
400 mcg (metered aerosol doses)

Reprinted from International Journal of Obstetric Anesthesia, Volume 
11, Issue 2, J.A. Thurlow, S.M. Kinsella, Intrauterine resuscitation: active 
management of fetal distress, pp. 106–116, Copyright (2002), with 
permission from Elsevier.
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a few minutes,173 but then this may only be beneficial if given 
for a short period of time and may precipitate fetal acidosis if 
given for extended periods.174 Maternal oxygen administration 
during labour has gone out of vogue since the 2003 Cochrane 
meta-analysis which concluded that there was not sufficient 
evidence that maternal oxygen administration improved 
fetal oxygenation in labour, although most of the studies in 
this review excluded women with non-reassuring FHR pat-
terns.175 The recent use of fetal pulse oximetry has been used to 
determine the effects of maternal oxygenation during labour; 
administration of 100% oxygen (using a non-rebreathing face-
mask) has been shown to improve fetal oxygen saturation, with 
the greatest increase seen in those fetuses with an initial fetal 
oxygen saturation of less than 40%.176,177 However, these stud-
ies have been too small to show any difference in neonatal out-
come. Studies by Khaw et al. and Noh et al. have reported that 
high inspired oxygen fraction can cause an increase in oxygen 
free radical activity in maternal blood and that lipid peroxida-
tion levels and antioxidant capacity in umbilical venous blood 
were higher in patients delivering by planned CD.178,179 They 
suggested that both the mother and fetus are exposed to higher 
oxidative stress during CD. Clearly this is a balance of risks and 
it would seem sensible to give oxygen if maternal saturations 
were less than 95% and on balance oxygen should be given at 
high flow for a short period of time to see if there is improve-
ment in fetal status.

4.	 Increased IV hydration: as oxygenation of the fetus is highly 
dependent on uterine blood flow and placenta perfusion, an 
optimal intravascular volume is necessary. Fluid restriction 
policies may result in maternal dehydration, which may be 
precipitated in women in prolonged labour. A bolus of 1000 
mL of lactated Ringer’s solution over 20 minutes significantly 
increases fetal oxygen saturation, which can last for more than 
30 minutes.176,180 Boluses of IV crystalloids also appear to 
have a mild tocolytic effect thought to be mediated by atrial 
natriuretic peptide release by distention of the atrium as well 
as some benefits due to reduced blood viscosity.176 Caution 
should be observed in giving repeated boluses of IV fluids in 
pre-eclamptic woman and those on corticosteroids and beta-
mimetic agents as these women are at increased risk of pulmo-
nary oedema.

5.	 Avoidance of hypotension:  similar to increasing intravascu-
lar volume by fluid, maintenance of blood pressure and pla-
cental blood flow is vital. Initiation of neuraxial blockade can 
result in hypotension, particularly if the woman is dehydrated. 
Vasopressors, such as phenylephrine, should be used to main-
tain blood pressure and placental perfusion.

6.	 Administration of tocolytics:  excessive contractions can 
cause placental hypoperfusion. It can occur with or without 
the administration of synthetic oxytocin but it is important 
to exclude underlying serious pathology such as an abrup-
tion. Administration of a tocolytic agent can decrease the 
uterine activity and improve the FHR allowing labour to 
continue or to allow time for staff utilization, that is, get-
ting a second anaesthetist/obstetrician or opening a second 
operating theatre.181 The optimal tocolytic agent has not been 
found and individual departments should have protocols for 
their preferred drugs. Beta-agonists drugs such as terbutaline 

250 mcg administered subcutaneously or IV salbutamol 100 
mcg is the most commonly used drug for this purpose in the 
United Kingdom. Ritodrine is no longer recommended due to 
its high side effect profile. Glycerol trinitrate, although not 
licensed as a tocolytic, has a fast onset of action and can be 
given as a 400 mcg metered dose sublingually or 100–400 
mcg IV. Maternal hypotension is a major side effect but 
can be treated easily with vasopressors.182 Magnesium sul-
phate (4 g IV over 20 minutes) can also provide emergency 
tocolysis.183

A woman with a poorly working labour 
epidural requiring emergency caesarean 
delivery
Complications during CD such as pain and discomfort that 
may necessitate conversion to general anaesthesia can often be 
predicted with knowledge of how the epidural worked during 
labour—a golden rule should be that a poorly working labour 
epidural should not be used to top-up for a surgical delivery. 
This again emphasizes the importance of regular ward rounds 
and assurance that all labour epidurals are working effectively, a 
poorly working labour epidural should be removed and replaced.

A dilemma occurs when a top-up has been given and there is no 
or only a partially adequate block. Perhaps the best option is to do 
a sequential epidural top-up (injecting small doses, e.g. 5 mL of 
local anaesthetic epidurally, assessing the block height after a few 
minutes). If after 10 mL of local anaesthetic there is no cephalad 
spread and the patient is still feeling her contractions or the block 
is not bilateral, the epidural should be abandoned and an alter-
native method used. If time allows, manipulation of an epidural 
(i.e. by withdrawing the catheter 1 cm) can improve successful 
conversion to surgical anaesthesia in up 80% of poorly working 
epidurals.133

The concern is that performing an intrathecal injection fol-
lowing a long-standing epidural could result in a high spinal. 
This may occur in a number of ways; the large volume within the 
epidural space could cause sac compression resulting in a higher 
intrathecal block. Alternatively, a high spinal may arise from 
diffusing local anaesthetic in the epidural space or leakage of it 
into the CSF via the hole in the dural sac.184–186 In some units, 
it is standard practice to remove a poorly functioning epidural 
and use a CSE or a single-shot spinal technique. Furst looked 
retrospectively at 1393 operative deliveries in a 2-year period; 
672 (48%) received epidural blockade, of these 32 (5%) were 
identified as providing inadequate anaesthesia and an alter-
nate mode required.186 Twenty-seven of these 32 patients (84%) 
received subsequent spinal block, while the rest underwent 
induction of general anaesthesia. Of those patients who received 
both epidural and subarachnoid anaesthesia, three cases of high 
spinal anaesthesia were recorded making an incidence of 11%. 
They found the incidence in the same population having spinal 
anaesthesia alone (i.e. those that did not have an in situ epidural) 
was 0.2%. During the data collection period they did not have a 
standard dose of intrathecal bupivacaine; the mean dose used 
was approximately 12.0 mg of heavy bupivacaine, this did not 
differ greatly in patients in whom high spinal anaesthesia did 
or did not occur. In their discussion they recommended that a 
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reduced dose of local anaesthesia is used (20% less) and allowing 
the local anaesthesia to ‘set’ for 60–90 seconds prior to placing 
the patient supine. However, this runs the risk of a low block. 
Other units use a standard intrathecal dose with no incidence 
of high block. High blocks can be avoided with the an Oxford 
pillow technique where the head is ramped much higher than 
the shoulders or tilting the table head-up once the desired block 
height is achieved.

At present there are no studies to recommend the safest intrath-
ecal dose of bupivacaine following an inadequate labour epidural. 
Many would advocate the use of a CSE technique with reduced 
dose of intrathecal local anaesthetic and then using the epidural 
catheter component to titrate to achieve an adequate block. Full 
resuscitation facilities should be available to manage a high spinal 
block or provide a rapid and safe conversion to general anaesthe-
sia. (See also Chapter 21.)

Table 20.8  Troubleshooting neuraxial blockade for caesarean delivery

Spinal-induced 
hypotension

Causes

◆	 Rapid cephalic spread of anaesthesia
◆	 Drop in systemic vascular resistance
◆	 Sympathetic blockade
◆	 Aortocaval compression

Consequences

◆	 Maternal nausea and vomiting, dizziness
◆	 Loss of consciousness or death if limited cardiovascular reserve or pre-existing morbidity
◆	 Reduced uteroplacental perfusion
◆	 Fetal compromise and asphyxia
◆	 Neonatal acidosis, poor outcome

Management

◆	 Multimodal approach, aim to keep systolic blood pressure within 10% of baseline
◆	 Left lateral positioning and uterine displacement
◆	 Crystalloid or colloid pre- and/or co-loading
◆	 Low-dose CSE or incremental anaesthesia, epidural volume extension
◆	 Vasopressor use, e.g. phenylephrine (α-adrenergic receptor agonist) bolus 50–100 mcg or infusion 25–100 mcg/min

Intraoperative 
nausea and 
vomiting

Causes

◆	 Multifactorial
◆	 Stimulation of area postrema in chemoreceptor trigger zone
◆	 Stimulation of vomiting zone in medullary lateral reticular formation
◆	 Vagal input from exteriorization of uterus, organ manipulation, visceral pain, peritoneal stimulation
◆	 Cerebral hypoperfusion secondary to spinal-induced hypotension, bleeding or aortocaval compression
◆	 Dopaminergic, muscarinic, tryptaminergic, histaminic, and opioid receptor stimulation
◆	 IV opioids
◆	 Entonox®

◆	 Uterotonic agents: ergometrine (dopaminergic and serotoninergic stimulation), oxytocin (hypotension via nitric oxide and atrial 
natriuretic peptide release), and carboprost (prostaglandin F2-α gastrointestinal tract stimulation)

Consequences

◆	 Maternal discomfort and reduced maternal satisfaction
◆	 Pulmonary aspiration
◆	 Difficult operating conditions

Management

◆	 Prevention and prompt treatment of hypotension
◆	 Use of neuraxial opioids (analgesic, improve block quality, anxiolytic, dose-sparing)
◆	 Reduce surgical stimuli
◆	 Cautious use of uterotonic agents
◆	 Pharmacological antiemetic prophylaxis not routine
◆	 Antiemetics to treat existing nausea and vomiting (e.g. metoclopramide, antihistamines, 5-HT3 antagonists)—used in practice; however, 

not enough data available to support efficacy

continued
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Pruritus Cause

◆	 Caused by neuraxial opioids, exact mechanism unclear, likely interaction between diamorphine and 5-HT3 receptors in spinal cord and medulla
◆	 Particularly common following intrathecal or epidural morphine
◆	 Always exclude allergic reaction

Management

◆	 Serotonin 5-HT3 antagonists, e.g. ondansetron, reduce incidence of severe pruritus and number of patients requiring treatment
◆	 Opioid antagonists, e.g. naloxone (50–100 mcg), disadvantage is antanalgesic effect and patient should be warned
◆	 Propofol (subhypnotic doses)—conflicting evidence of efficacy
◆	 Antihistamines (e.g. chlorpheniramine) unlikely to be of use as neuraxial opioid-induced pruritus is not related to histamine release

Managing a high 
block

Cause

◆	 Individual variation in response
◆	 Anatomical abnormalities
◆	 Subdural injection
◆	 Intrathecal administration of epidural intended solution

Features

◆	 Weak upper limb function and hand paraesthesia
◆	 Altered voice
◆	 intercostal muscle paralysis
◆	 Respiratory failure (total spinal)
◆	 Profound hypotension and bradycardia
◆	 Loss of consciousness

Management

◆	 Reassurance, explanation of events to patient, their partner, and team
◆	 Change in position, head-up tilt
◆	 Supplemental oxygen
◆	 Circulatory support with fluids and vasopressors
◆	 General anaesthesia and endotracheal intubation if required

Intraoperative 
discomfort

Causes

◆	 Inadequate neuraxial anaesthesia, block failure
◆	 Prolonged surgery, neuraxial block regression
◆	 Increased surgical stimulation, e.g. uterine exteriorization
◆	 Different patient expectations

Actions

◆	 Temporarily stop surgery
◆	 Communicate with patient to establish nature of pain or discomfort
◆	 Assess level of sensory block
◆	 Reassure and offer prompt management
◆	 Document events

Management

Will depend on timing (i.e. at incision, during delivery, skin closure, etc.), degree of discomfort and patient preference:
◆	 Reassurance
◆	 IV opioid analgesia, e.g. fentanyl, alfentanil, remifentanil
◆	 Epidural top-up with local anaesthesia and/or opioid
◆	 Entonox®

◆	 Local anaesthetic infiltration of surgical field but beware of local anaesthetic toxicity if epidural top-up has been given as maximum 
doses may already have been achieved

◆	 Repeatedly offer general anaesthesia as alternative strategy
◆	 General anaesthesia
◆	 Documentation of events
◆	 Follow-up

Table 20.8  Continued

continued
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Troubleshooting
See Table 20.8.

Recovery
Following CD, specific observations are carried out to monitor 
recovery from anaesthesia, manage postoperative discomfort, and 
check for obstetric complications such as uterine atony and post-
partum haemorrhage.

Basic observations such as blood pressure, heart rate, respira-
tory rate, urine output, and pain and sedation scores should be 
carried out half-hourly for 2 hours and hourly for 4 hours pro-
vided all is well.7 Most obstetric units now record observations on 
‘early warning score’ charts to guide midwifery and nursing staff 
when to seek help should any observations deviate from the norm. 
(See Figure 35.3 in Chapter 35 for an example of an early warning 
chart used in obstetrics.)

Due to the potential risks of delayed respiratory depression, it 
is recommended that following intrathecal diamorphine or mor-
phine the woman should be monitored as above for 12 or 24 hours 
respectively.7 Women with pre-existing comorbidities or periop-
erative anaesthetic or obstetric complications may be at increased 
risk and a more intensively monitored environment such as an 
obstetric high dependency unit may be appropriate.

Pregnancy and surgery increase the risk of venous thrombo-
embolism and each woman should undergo a risk assessment for 
thrombosis. The method of thromboprophylaxis required may 
include hydration, early mobilization, graduated stockings, pneu-
matic compression devices, and/or low-molecular-weight heparin.

All women who undergo CD should have a follow-up within 
24 hours by anaesthetic staff to check for signs or symptoms of 
complications from neuraxial blockade such as PDPH or epidural 
haematoma. It is also an opportunity to assess maternal satisfac-
tion, answer questions, or explain any untoward events that may 
have occurred, for example, perioperative discomfort or the need 
for a general anaesthetic compared to neuraxial block.

Enhanced recovery
Increasingly popular is the concept known as ‘enhanced recov-
ery’. Well established in other specialities (e.g. orthopaedics), 
the programme has yet to become widespread in obstetric 
services.187

A recent UK survey found that only 6% of maternity depart-
ments had an enhanced recovery programme, were implementing 
one, or considering doing so and a French questionnaire found 
that although the concept is feasible, the majority of patients 
remain hospitalized for more than 72 hours.188,189

The principle underpinning enhanced recovery is that right 
from the point of booking a planned CD the woman enters a 
pathway designed to minimize physical and emotional stress 
responses and encourage a swift recovery to normality postop-
eratively. Multidisciplinary staff and the patient themselves have 
proactive roles in delivering this service. With regard to CD, this 
may include preoperative education on analgesia and breastfeed-
ing, an increasing awareness of ‘what to expect’, and haemoglo-
bin optimization. Starvation times should be kept to a minimum, 
preoperative antibiotics administered, neuraxial opioids used for 
postoperative analgesia, surgery kept as minimally invasive as 
possible (smallest possible incision and avoidance of postoperative 
drains), and thromboprophylaxis undertaken. Following surgery, 
the patient should be allowed to eat and drink, the urinary cath-
eter removed once anaesthesia has worn off to allow early mobi-
lization, and regular analgesia commenced. If all postoperative 
observations are satisfactory with mother and baby, the length of 
hospital stay may be able to be reduced from 3–4 nights to 1–2 
nights. Implementation and success of enhanced recovery relies on 
regular follow-up and support from community healthcare pro-
fessionals and a safety net for when problems are encountered.190

Conclusion
CD should be a safe and rewarding experience for the parturi-
ent. While neuraxial or general anaesthesia are both acceptable, 

Failed regional 
technique

Causes

◆	 Injection into the wrong space, e.g. following a false loss of resistance or needle displacement
◆	 Anatomical deviations, e.g. scoliosis, presence of an epidural or dural septum or distorted anatomy following back surgery
◆	 Technical difficulty due to patient positioning, patient discomfort, obesity or anaesthetic inexperience

Action

◆	 Sensory block testing and identification if any block present
◆	 Seek help if necessary
◆	 Devise an alternate strategy
◆	 Explain events and plan to the patient
◆	 Document

Management

Alternative management will depend on the difficulty previously encountered, the patient, and any current degree of anaesthesia.

For elective CD there is no urgency and plan B should not compromise patient safety. Consider:
◆	 Repeating the procedure
◆	 Alternative regional technique, e.g. CSE—particularly useful if patient has existing partial block and incremental anaesthesia will avoid a 

high block
◆	 General anaesthesia

Table 20.8  Continued

 

 

 

 



Part 6  anaesthesia for caesarean delivery318

neuraxial anaesthesia is preferable in order to minimize the risks 
of a general anaesthetic and to allow the mother to participate in 
the birth. While this is possible in the majority of elective CDs 
with a range of techniques being successfully employed, there is 
still debate as to the optimal neuraxial technique in the emer-
gency situation. Guidelines for obstetric units should strive to 
organize services to minimize the time taken to deliver the baby 
while maximizing the analgesia, safety, and positive experience 
for the mother.
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CHAPTER 21

Intraoperative management 
of inadequate neuraxial 
anaesthesia
Tauqeer Husain and Roshan Fernando

Introduction
Neuraxial anaesthesia (NA), in the form of neuraxial blockade, is 
increasingly seen as the preferred method of anaesthesia for elec-
tive and emergency caesarean delivery (CD). Within the United 
Kingdom, a number of studies have shown NA rates for CD of 
approximately 80%, or more (Figure 21.1). Shibli and Russell1 con-
ducted a prospective survey of 129 maternity hospitals, obtain-
ing data on anaesthesia for 60,455 CDs. They found that 78% were 
performed under NA, with 47% under single-shot spinal, 22% epi-
dural, and 9% with combined spinal–epidural (CSE). In elective 
procedures, NA was used in 87% of cases, whilst 72% of emergen-
cies were performed under NA. The National Sentinel Caesarean 
Section Audit Report,2 presented the findings of an audit of CD 
rates in England, Wales, and Northern Ireland between 2000 
and 2001. It found that 77% of emergency and 91% of elective 
CDs were performed with NA. Rafi et al. demonstrated the use of 
continuous prospective audit increased the NA rates in both elec-
tive and emergency CD. In their study, NA rates for elective CDs 
increased from 95.3% to 98.2%, whilst rates in emergency deliver-
ies increased from 82.3% to 85.7%, between 2004 and 2007.3

However, the increasing use of NA for CD is not just limited to 
the United Kingdom. Similar rates of NA use for CDs have been 
demonstrated in other European countries, such as France,4,5 
Germany,6,7 and Belgium,8 and further afield, in the United 
States,9 Israel,10 the West Indies,11 and Nigeria.12

Many factors have driven the increasing use of NA in obstet-
ric surgery. Most markedly, there has been an appreciation of the 
prominent role of general anaesthesia (GA) in the causes of anaes-
thetic mortality and morbidity in obstetrics. The MBRRACE-UK 
project (Mothers and Babies: Reducing Risk through Audits and 
Confidential Enquiries across the UK; formerly the Centre for 
Maternal and Child Enquires (CMACE), and the Confidential 
Enquiry into Maternal and Child Health) publishes triennial 
reports on the results of what has become the longest running 
audit in medicine. In the first report, covering 1952–54,13 49 deaths 
were attributed to anaesthesia, and there were at least 20 more 
where anaesthesia was thought to be contributory. By the 2009–12 
report, published in 2014,14 only four deaths were directly related 
to anaesthesia. It has been suggested that this trend of decreasing 
anaesthetic mortality (anaesthesia being 30 times safer than it was 

in the 1960s) is at least partly due to the increasing use of NA, 
since the 1960s.15,16

The predominant causes of anaesthetic death, as shown in 
previous reports, have either been related to failed oxygenation 
during intubation, or aspiration of gastric contents causing early 
asphyxia or late respiratory failure.

Medicolegal implications of inadequate 
anaesthesia
Whilst the use of NA over GA undoubtedly provides a favour-
able balance of risks and benefits for most pregnant women, the 
employment of NA does not abolish risk altogether. Along with 
the risk of morbidity from the actual neuraxial procedure, the risk 
of failed NA and potential conversion to GA also exists. A pro-
spective audit of over 5000 CDs in a single UK hospital showed a 
GA conversion rate of 0.8% for elective and 4.9% for emergency 
cases.17 In a US retrospective analysis of nearly 20,000 deliveries, 
over a 3-year period, the rate of conversion from spinal anaesthe-
sia was 1.2%, while 4.3% of GAs occurred after conversion of epi-
dural anaesthesia.18

The risk of inadequate NA has medicolegal and clinical con-
sequences. The American Society of Anesthesiologists’ Closed 
Claims Database (which collects detailed case summaries from 
malpractice insurance organization claim files) found that of the 
1541 claims made between 1985 and 1990, 12% involved obstet-
rics, and 33% of these were associated with NA.19 Eight per cent 
of obstetric claims involved pain during anaesthesia, resulting in 
a median payment of $17,000 (ranging from $5000 to $305,000). 
In a more recent study, 13% of perioperative claims made between 
1990 and 2003 were related to obstetric anaesthesia.20 The median 
litigation payment was $222,000, although these claims were not 
exclusively related to intraoperative pain. A study of the Canadian 
Medical Protective Association closed claims between 1990 and 
1997 demonstrated 13 obstetric claims out of 61.21 Pain during 
anaesthesia made up 15% (2/13) of obstetric claims. Within the 
United Kingdom, the Clinical Negligence Scheme for Trusts 
(which handles all clinical negligence claims against Nation 
Health Service bodies) managed 841 cases relating to any form of 
anaesthesia, between 1995 and 2007.22 Of these, 245 (29%) were 
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classified as relating to obstetric anaesthesia. The total value of 
claims was £7.5 million. An examination of litigation specifically 
related to NA within the same period demonstrated that 186 out of 
366 claims were associated with obstetric anaesthesia.23 Of the 326 
neuraxial claims, inadequate block with resulting pain accounted 
for 24 claims. Fifty-seven of the obstetric claims (31%) were due to 
inadequate block, resulting in pain during CD or labour.

Epidural anaesthesia
Risk factors for failed conversion of epidural analgesia 
to anaesthesia
Epidural analgesia in labour has become increasingly popular, 
not just for the excellent pain relief that is normally provided in 
labour, but also for the ability to convert labour analgesia to opera-
tive anaesthesia by the addition of higher concentrations of local 
anaesthetic (LA) and opioid. Reported rates of failed epidural con-
version (defined as failure to induce adequate anaesthesia or to 
provide adequate anaesthesia throughout the procedure, requir-
ing analgesic supplementation, an alternative regional technique 
or GA) for CD, varies between 7.1% and 24%.17,18 A number of 
factors that may predict the risk of failed epidural conversion have 
been identified (Box 21.1).

Clinician boluses in labour
The likelihood of successful epidural anaesthesia is related to the 
effectiveness of epidural labour analgesia. This has most com-
monly been represented by the requirement of clinician-initiated 
boluses to manage breakthrough pain during labour. Riley and 
Papasin investigated the clinical factors associated with catheter 
failure in a retrospective case note review of 246 patients that had 
continuous epidural infusions of 0.0625% bupivacaine with 0.33 
mcg/mL sufentanil, for labour analgesia.24 The authors found 
that failure to obtain adequate surgical anaesthesia correlated to 
the number of times the patient required extra clinician boluses 
during labour. Successful catheters required a mean (range) of 1 
(0–8) clinician boluses, while the unsuccessful catheters required 
a mean (range) of 3 (0–10) clinician top-ups. They concluded that 
although additional clinician boluses had classically been attrib-
uted to ‘especially painful’ labours, it is equally probable that this 
actually reflects suboptimal catheter placement in the epidural 
space. Further studies have demonstrated a correlation between 
the need for any,25 or more than one additional labour bolus,26 
and an increased risk of inadequate epidural anaesthesia. With 
this in mind, it would be reasonable to consider a patient requir-
ing multiple clinician boluses in labour to be at high risk of failed 
epidural anaesthesia, if CD were required. It may therefore be 
prudent to have a low threshold to replace the epidural catheter 
in a patient where analgesia is not adequately maintained with-
out additional clinician interventions. Additional caution should 
be used when patient-controlled epidural analgesia is used, as the 
need for additional boluses may not be as readily evident, neces-
sitating increased vigilance and more frequent reviews.

Obstetric anaesthesia specialists
It has also been hypothesized that anaesthetists who have under-
gone specialist training, or are specialists, in obstetric anaesthesia 
may have a higher success rate at managing epidural anaesthesia. 
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Figure 21.1  Neuraxial anaesthesia use in the UK between 1997 and 2011.
Data from Shibli KU, Russell IF, A survey of anaesthetic techniques used for caesarean section in the UK in 1997, International Journal of Obstetric Anesthesia, volume 9, pp. 160–7, Copyright © 
2000 Elsevier and OAA National obstetric anaesthetic database (http://www.oaa-anaes.ac.uk/content.asp?ContentID=241).

Box 21.1  Factors associated with an increased risk of failed 
epidural conversion

◆	 Supplementary clinician boluses in labour
◆	 Non-obstetric anaesthetist providing care
◆	 Urgency of caesarean delivery
◆	 High maternal weight or height.
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This may be the result of them having more confidence and 
patience in waiting for an epidural to provide adequate anaesthe-
sia, or in them being more likely to actively manage a suboptimal 
epidural by withdrawing the catheter or giving additional LA.25 
Specialists may, therefore, be less likely to convert to an alternate 
method of anaesthesia. These differences may result in different 
clinical decision-making, which may allow less time for adequate 
epidural block to work before it is abandoned for an alternative 
method. Riley and Papasin showed that non-specialists have a 
failed epidural anaesthesia rate of almost four times that of obstet-
ric anaesthesia specialists, in one study.24 However, this has not 
been consistently found in other studies.26,27

Maternal size
It has also been argued that increased maternal weight may be a 
risk factor for failed epidural anaesthesia; the suggestion being that 
maternal obesity may result in increased catheter displacement as 
the distance between the skin and the epidural space changes with 
patient movement.24 This, again, has not been consistently dem-
onstrated in the literature. Interestingly, Halpern et al.26 identified 
increased maternal height, but not body mass index (BMI), as a 
factor leading to failed epidural anaesthesia. The authors hypoth-
esized that the lack of difference in failure rate between patients 
with a BMI higher than 35 compared to those with a BMI lower 
than 35 might be due to a low tolerance of suboptimal labour anal-
gesia by anaesthetists in this high-risk group, and therefore early 
replacement of inadequate epidural catheters in labour.

Local anaesthetic solutions for epidural anaesthesia
Local anaesthetic
The characteristics of LAs used to ‘top-up’ epidural analgesia for 
operative anaesthesia are numerous. High on the list of desired 
features are the onset and duration of anaesthesia. Epidural con-
version from analgesia to anaesthesia is most commonly needed 
in urgent or emergency cases. In the most extreme situations, 
delayed anaesthesia maybe associated with maternal or fetal mor-
tality. In such a scenario, a rapid onset of epidural anaesthesia is 
needed to avoid the alternatives, general or spinal anaesthesia. 
Additionally, the quality and duration of anaesthesia are clearly 
important to avoid breakthrough pain, supplementation and 
potential conversion to GA during the procedure.

Hillyard et  al.28 performed a meta-analysis to find if signifi-
cant differences in time of onset and incidence of intraoperative 
supplementation exist between three LA solutions (0.5% bupiv-
acaine or levobupivacaine (Bup/Levo), 0.2% lidocaine + 1:200 

000 epinephrine ± fentanyl (LE ± F), and 0.75% ropivacaine 
(Ropi)) used for epidural top-up in labouring women undergo-
ing non-elective CD. Analysis indicated that the time of onset of 
anaesthesia was significantly reduced by over 1.5 minutes with LE 
± F, compared to either Bup/Levo or Ropi (Figure 21.2). By exclud-
ing studies with markedly different protocols, the heterogeneity of 
the meta-analysis was reduced, and the mean difference in onset 
time was further increased to 4.5 minutes. Intraoperative supple-
mentation of anaesthesia was significantly increased with the use 
of Bup/Levo. The increased risk of supplementation was highest 
when Bup/Levo was compared to Ropi (Figure 21.3).

There are several limitations to the Hillyard et  al. 
meta-analysis.28 The addition of bicarbonate and opioids were 
not included and this is discussed in a later section. Another 
limitation of the meta-analysis is that it did not consider the 
use of 2-chloroprocaine for top-up epidural anaesthesia. As an 
ester-linked LA, it is rapidly hydrolysed by plasma cholinesterases 
to inactive metabolites, has a maternal plasma mean half-life of 3.1 
± 1. 6 minutes, after epidural anaesthesia,29 and an approximate 
duration of action of 40–50 minutes. Chloroprocaine also has a 
rapid onset of action. Compared to 0.5% bupivacaine, 3% chloro-
procaine resulted in significantly shorter injection-to-anaesthesia 
and injection-to-delivery times when de novo epidural anaesthe-
sia was administered for CD.30 When 3% chloroprocaine has been 
compared to lidocaine with epinephrine for CD, onset of block 
has been equal,31 or significantly faster with chloroprocaine, and 
a non-significant increase in the need for supplemental analge-
sia has been noted in the lidocaine group.32 Additionally, when 
administered via a de novo epidural in order to provide anaesthe-
sia for CD, 3% 2-chloroprocaine was found to cause similar inci-
dences of maternal and fetal side effects to 2% lidocaine and 0.75% 
bupivacaine.33

Some studies have found that the rapid onset of anaesthesia 
accompanying administration of chloroprocaine is associated 
with greater maternal hypotension, when compared to 0.5% bupi-
vacaine.30 However, the hypotension was not associated with 
adverse maternal or fetal effects when corrected rapidly. The use 
of chloroprocaine has also been associated with cases of neuro-
logical damage after epidural or inadvertent intrathecal admin-
istration.34,35 Sodium bisulphite, a preservative contained within 
earlier commercially available preparations, was implicated in the 
pathogenesis of this neurotoxicity,36 and has led to the develop-
ment of bisulphite-free preparations. However, some work has 
questioned whether neurotoxicity might occur as a direct effect 
of the anaesthetic, rather than the preservative.37 Furthermore, 
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Figure 21.2  The onset time of a block suitable to allow surgery, comparing LE+F (2% lidocaine, epinephrine, and fentanyl) top-up solutions with either Bup/Levo (0.5% 
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Hillyard S et al., Extending epidural analgesia for emergency Caesarean section: a meta-analysis. British Journal of Anaesthesia, 2011 volume 107, issue 5, pp. 668–78, by permission of Oxford 
University Press.
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2-chloroprocaine has also been implicated in the antagonism of 
opioid receptors, resulting in a decreased duration of epidural 
morphine analgesia following CD.38 Finally, although it is licensed 
for use in anaesthesia for short surgical procedures in parts of 
Europe, 2-chloroprocaine is not currently licensed in some coun-
tries, such as the United Kingdom.

As well as the type of LA solution used for epidural anaesthesia, 
it is also worth considering ways in which LA solutions may be 
modified to enhance desirable characteristics.

Opioids
The addition of a lipophilic opioid to epidural LA solution has 
been demonstrated to decrease the likelihood of pain during 
elective surgery.39 However, this has not been supported by the 
meta-analysis of epidural anaesthesia for emergency CD, by 
Hillyard et al.28 Although the addition of 50–75 mcg of fentanyl 
to the LA solution decreased the mean onset time to anaesthesia 
by 2 minutes, no difference in intraoperative supplementation was 
seen. The authors suggested that the difference observed in emer-
gency situations may be due to the fact that opioids used in labour 
analgesic LA solutions may have already produced a near-maximal 
effect. However, these findings were generated from pooling only 
two trials with conflicting results.

Unlike other countries where it is not available commercially, 
most obstetric units in the United Kingdom use diamorphine 
as the opioid of choice for neuraxial anaesthesia. Indeed, the 
National Institute of Health and Care Excellence (NICE) has 
made the evidence-based recommendation that women should be 
offered intrathecal or epidural diamorphine, in order to reduce 
the need for postoperative supplemental analgesia.40 Caranza 

et al. showed that administration of 3 mg epidural diamorphine at 
the end of CD, followed by a further 3 mg bolus at the first request 
for supplemental analgesia, supplied equivalent post-caesarean 
analgesia to 0.2 mg intrathecal morphine.41 Hallworth et al. found 
that 0.25 mg diamorphine produced the same duration and qual-
ity of postoperative analgesia as 5 mg epidural diamorphine.42 The 
NICE guidance recommends 0.3–0.4 mg intrathecal or 2.5–5 mg  
epidural diamorphine as suitable doses.40 However, the guid-
ance does not make any reference to the dose required to reduce 
intraoperative pain. In a dose finding study of women undergo-
ing elective CD under CSE using an intrathecal dose of 0.5% 12.5 
mg hyperbaric bupivacaine and diamorphine, the effective dose 
in 95% of subjects (ED95) of diamorphine required to prevent 
intraoperative supplementation was 0.39 mg.43 Although the time 
until the first request for supplemental postoperative analgesia 
increased with higher doses, so did the incidence of nausea, vom-
iting, and pruritus.

Alkalinization
A further limitation of the meta-analysis by Hillyard et al.28 is that 
it did not consider the use of alkalinizing agents in epidural top-up 
solutions. LAs are weak bases. Therefore, an increase in pH would 
increase the extraneural amount of the lipophilic, unionized form 
of the LA, which diffuses through the nerve cell membrane to 
block nerve impulses. Since the addition of sodium bicarbonate 
has been found to potentiate the effect of LA on peripheral nerves 
in vitro,44 alkalinization of LA may enhance the depth of epidural 
anaesthesia. The addition of 2 mL 8.4% sodium bicarbonate to 
either 2% lidocaine alone,45 or in combination with 0.5% bupi-
vacaine,46 has been shown to significantly speed up the onset of 
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action, and improve pain threshold and density of motor block. 
Furthermore, Allam et al. compared pH-adjusted 1.8% lidocaine 
and 1 in 200,000 epinephrine to 0.5% levobupivacaine for con-
version of epidurals for emergency CD.47 The authors found that 
the median onset of a block to touch to T5 was reduced from 14 
minutes with levobupivacaine, to 7 minutes with the pH-adjusted 
lidocaine/epinephrine solution.

Temperature
Similar to alkalinization, warming LA increases the proportion of 
uncharged molecules available to cross the neural cell membrane. 
The use of epidural LA solution warmed to body temperature 
(37–38ºC) has been demonstrated to produce a more rapid onset 
of anaesthesia for elective CD,48 and faster onset and improved 
visual analogue scores in epidural labour analgesia.49 However, 
currently this practice would involve storing LA outside the con-
ditions recommended by manufacturers, which many clinicians 
may be reluctant to do.

Single solutions versus multiple drug mixtures
Although the addition of drugs, such as epinephrine and sodium 
bicarbonate, speed up the onset of epidural anaesthesia, there are 
concerns over the time delays that may result from drug mixing. 
Lucas et al. compared the time taken to prepare three solutions 
commonly used for epidural top-up in CD: (a) 0.5% bupivacaine 
20 mL, (b) 2% lidocaine 20 mL with 1:200,000 epinephrine, and 
(c) 0.5% bupivacaine 10 mL and 2% lidocaine 10 mL with 1:200,000 
epinephrine and 8.4% sodium bicarbonate 2 mL.50 They found 
that preparing bupivacaine by itself took half the time required for 
lidocaine/epinephrine, which in turn took half the time needed to 
prepare the bupivacaine/lidocaine/epinephrine/bicarbonate solu-
tion. The increased time required to prepare complex solutions led 
the authors to conclude that if they were prepared immediately 
before administration, any reduction in onset time may be off-
set by the additional preparation time. Additionally, the speed of 
onset is most important in the context of fetal distress. It may be 
argued that there is increased potential for drug errors when mix-
ing complex solutions in stressful, emergency situations, when 
compared to single-solution LA.

Some anaesthetists may prepare epidural top-up solutions in 
advance, in order to minimize delays and potential errors when 
mixing multiple drugs. The solutions are then often stored for up 
to 24 hours before use. Robinson et al. investigated the stability 
of pH-adjusted solutions containing bupivacaine, lidocaine, and 
epinephrine, which had been stored at room temperature for 24 
hours.51 They found that epinephrine was chemically unstable in 
solutions which had been alkalinized with sodium bicarbonate, 
but concentrations did not change in non-alkalinized solutions. 
Additionally, although none of the solutions demonstrated a 
decrease in LA concentration, the pH in all the solutions decreased 
with storage at room temperature. In a subsequent study, Tuleu 
et al. found that the epinephrine concentration in a pH-adjusted 
lidocaine–epinephrine solution fell by 30% after 6 hours of stor-
age at room temperature, unprotected from light.52 It has there-
fore been concluded that epinephrine should not be used with 
pH-adjusted solutions of LA that are to be stored, but should be 
added immediately before administration.51

Concerns also exist over the use of preservative-containing 
drugs within the epidural solutions. Epinephrine is sensitive to 
oxidative degradation and is combined with sulphites, which are 

preferentially oxidized, to prolong its shelf-life.52 Sulphite pre-
servatives have also been implicated in various reports of chronic 
adhesive arachnoiditis (CAA; a progressive inflammation of the 
arachnoid mater) after administration into the epidural space.53,54 
However, in the context of epidural anaesthesia, epinephrine is 
usually diluted as a dose of either 0.1 mL of 1 in 1000, or 1 mL of 
1 in 10,000, in 20 mL LA solution. Additionally, the exact rela-
tionship between neuraxial sulphites and CAA remains unclear, 
with reports of intrathecal sulphite administration resulting in 
no neurological complications.55 Alkalinization of LA solution is 
normally performed using 8.4% sodium bicarbonate. This is done 
using preservative-free solutions, as there is also a worry of neuro-
logical injury related to EDTA within alternative preparations of 
sodium bicarbonate.56

Although the risk of neurotoxicity related to neuraxial preserva-
tives is uncertain, it would appear a sensible precaution to avoid the 
use of preservative-containing drugs with epidural LA solutions. 
If preservative-containing drugs must be administered (as in the 
case of epinephrine), maximal dilution of the drug should be used.

In summary, although there is no single LA solution of choice 
for minimizing the risk of failed epidural anaesthesia, the evi-
dence suggests that bupivacaine or levobupivacaine 0.5% has a 
slower onset of anaesthesia and lower quality of block, compared 
to lidocaine with epinephrine or ropivacaine. Ropivacaine 0.75% 
may offer the lowest risk of intraoperative supplementation, 
whilst 2% lignocaine with epinephrine produces the fastest onset 
of anaesthesia. Chloroprocaine may be considered in situations 
where rapid conversion of epidural analgesia to anaesthesia is 
required, although concerns over neurotoxicity, opioid antago-
nism, and availability may limit its use. Lipophilic opioids, such 
as fentanyl, may be considered to speed the onset of anaesthesia, 
whilst alkalization with preservative-free 8.4% sodium bicarbo-
nate may also be employed to enhance onset and quality of anaes-
thesia. Warming LA solution may increase the speed of onset.

Spinal anaesthesia
When considering the management of failed spinal anaesthesia 
for CD, the first step must be to consider the causes, and therefore 
ways to minimize the risk of pre- or intraoperative anaesthetic 
failure.

Causes of inadequate spinal anaesthesia
The causes of inadequate or failed spinal anaesthesia are not 
always clear. In a review of mechanisms of failed spinal anaesthe-
sia, Fettes et al. described five phases of an individual intrathe-
cal anaesthetic.57 Each phase contains a variety of factors which 
might render the intrathecal anaesthetic inadequate (Box 21.2).57

Assuming lumbar puncture is adequately performed, a major 
determinate of successful intrathecal anaesthesia is the choice 
of an effective dose of anaesthetic. Although, it is important to 
appreciate that within the clinical range normally used, changes 
of dose have small effect on the spread of the block, but a more 
significant association on the duration of anaesthesia.58

Local anaesthetic dose for spinal anaesthesia
The choice of LA dose administered can be represented by the 
proportion of the population where a given effect is produced. 
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Common descriptions of this include the effective dose in 50% 
and 90% of the population (ED50 and ED90).

Carvalho et al.59 found the ED50 and ED90 values for intrathecal 
‘isobaric’ bupivacaine (actually hypobaric in relation to cerebro-
spinal fluid) with fentanyl and morphine were 7.25 and 13.0 mg, 
respectively, for overall anaesthetic success. Success was defined as 
a bilateral T6 sensory block to pinprick within 10 minutes, and no 
additional epidural intraoperative supplementation. Using a simi-
lar methodology, the same group also found that the equivalent 
values for hyperbaric bupivacaine with fentanyl and morphine 
were 7.6 and 11.2 mg, respectively.60 In a study using levobupiv-
acaine with sufentanil and morphine, the ED50 and ED90 values for 
operative success (defined as T6 sensory block to pinprick, and no 
epidural supplementation intraoperatively) were 6.2 and 12.9 mg,  

respectively.61 A  number of studies that have examined dosing 
for intrathecal anaesthesia have found little correlation between 
successful induction of anaesthesia (i.e. establishment of a given 
sensory level by a predetermined time) and operative success. This 
would further support the suggestion that an intrathecal dose may 
have a greater effect on the duration of anaesthesia, and so an ade-
quate block at incision is not always indicative of operative success.

However, the doses stated above may be considered by some to 
be unnecessarily high. It has been argued that although the pri-
mary goal of intrathecal anaesthesia is to allow a painless CD to 
take place, this should be done while also avoiding maternal and 
neonatal side effects. The use of lower doses in spinal anaesthe-
sia aims to decrease maternal hypotension, nausea, and vomit-
ing, allow earlier discharge from post-anaesthesia care units, and 
improve maternal satisfaction.62 On the other hand, this approach 
may also increase the risk of failed anaesthesia, increase the need 
for intraoperative supplementation, or conversion to GA.

A systematic review and meta-analysis by Arzola and 
Wieczorek,63 compared the efficacy of ‘low’-dose spinal bupi-
vacaine with ‘conventional’ dose for CD. The authors defined a 
‘low’ dose as 8 mg of bupivacaine or less, whilst a ‘conventional’ 
dose was greater than 8 mg. They found that low-dose spinal 
anaesthesia was associated with a lower risk of hypotension (rela-
tive risk (RR)  =  0.78) and nausea/vomiting (RR  =  0.71), but a 
significantly higher need for intraoperative analgesic supplemen-
tation (RR = 3.76). Additionally, the only cases where conversion 
to GA were required occurred in two out of 21 participants in the 
low-dose group.

The ideal dose of intrathecal LA for CD is a balance between the 
need to avoid patient discomfort, and to minimize maternal side 
effects. If successful operative anaesthesia is the primary goal, it 
is advisable to consider the use of ‘conventional’ dose anaesthetic 
techniques, complemented by strategies to minimize maternal 
side effects. If low-dose spinal anaesthesia is used, it would be bet-
ter to do this as part of a CSE technique.64,65

Testing the adequacy of neuraxial blockade 
prior to operative delivery
Checking to ensure adequacy of a neuraxial block prior to surgery 
must be considered gold standard practice within obstetric anaes-
thesia. However, methods of assessment vary widely. Historically, 
some anaesthetists have used a technique of ensuring that the 
right dose of drug is injected in to the right place with complete 
confidence.66 The assessment of sensory block has more recently 
been variably assessed by loss of pinprick,59,61,50 cold,46 and light 
touch sensation.67

In a prospective observational study, Russell examined the 
difference in level of analgesia (defined as loss of sharp pinprick 
sensation) and anaesthesia (loss of touch sensation), and the rela-
tionship between the level of anaesthesia and occurrence of pain 
in women undergoing CD under NA without opioids.68 He found 
that the levels of analgesia at delivery that were associated with 
pain varied from T1 to T9, and that the corresponding range of 
anaesthesia was T4 to T10. Of the women who experienced pain, 
25% had a level of analgesia at T3–T4. No women that experienced 
pain had a level of anaesthesia above T5. He concluded that assess-
ing readiness for surgery by testing level of analgesia (i.e. loss of 

Box 21.2  Causes of inadequate spinal anaesthesia

Failed lumbar puncture

◆	 Positioning:  maximal separation of lumbar laminae and 
spines by flexion of whole spine, hips, and knees

◆	 Needle insertion:  knowledge of spinal anatomy and land-
marks; adequate insertion level and angle

◆	 Pseudo-successful lumbar puncture:  aspiration of injected 
LA solution after failed epidural top-up; congenital arachnoid 
cysts (Tarlov cysts).

Errors in preparation and injection of solution

◆	 Dose selection
◆	 Loss of injectate: leakage from the syringe–hub interface
◆	 Misplaced injection, for example, into epidural space.

Inadequate spread of drugs in cerebrospinal fluid

◆	 Anatomical abnormalities:  curvature abnormalities; spi-
nal stenosis; previous vertebral canal surgery; intrathecal 
chemotherapy

◆	 Solution density.

Failure of drug action

◆	 Errors in identification of LA
◆	 Chemical incompatibility
◆	 Inactive LA solution
◆	 LA resistance: very rare, reports tend to be anecdotal.

Failure of subsequent management

◆	 Testing block
◆	 Catheter and combined techniques.

Data from Fettes PDW, Jansson J-R, Wildsmith JAW. Failed spinal 
anaesthesia: mechanisms, management, and prevention. British Journal of 
Anaesthesia, volume 102, pp. 739–48. Copyright 2009.
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pinprick sensation) may be misleading, and that in the absence 
of neuraxial opioid, a level of anaesthesia up to and including 
T5 is required to prevent intraoperative pain. In a subsequent 
study, Russell assessed pinprick, cold, and touch modalities in 
102 women undergoing CD under spinal anaesthesia including 
intrathecal diamorphine.69 The findings indicated that there was a 
median difference of approximately two dermatomes between the 
level of block by pinprick or cold, and touch, and that there was no 
constant relationship between these levels of block. Additionally, 
using 100 mcg/mL diamorphine in 0.5% bupivacaine, no patient 
experienced intraoperative pain when anaesthesia provided a loss 
of touch sensation including T6 or above.

In a study of sensory testing and variability for spinal anaes-
thesia, Kocarev et al. compared cold (ethyl chloride), sharp (cali-
brated Neuropen®), pressure (standardized monofilament), and 
light touch (Neuropen® stroking, monofilament stroking, and 
cotton wool).70 The median differences between the four modali-
ties were significant, while multiple comparisons of medians 
showed no significant difference between the tests of light touch. 
The authors also noted the cost of each method of testing. When 
cost was also factored into the evaluation, they suggested that 
testing light touch with cotton wool appeared to be the cheapest 
method of testing. Additionally, as well as being more expensive, 
ethyl chloride spray, Neurotip® and monofilament use did not 
appear to offer any advantages. The distributions of data for each 
sensory test are displayed as violin plots (Figure 21.4). These show 
the least dermatomal spread in the tests with least variability, such 
as the tests of light touch. Additionally, tests that stimulate more 
than one sensory modality are represented by a bimodal distri-
bution. This can be observed in the violin plot of cold sensation. 
Ethyl chloride spray causes stimulation which is conducted by 
cold-specific Aδ fibres. However, nociceptor C fibres may partici-
pate in the transmission of painful cold sensation, while the con-
tact of the spray with skin would illicit stimulation via Aβ fibres.

There are currently no formal guidelines for the assessment of 
NA prior to CD. The available evidence has led to some expert 
opinion suggesting that intraoperative failure of NA in the 
absence of an assessed loss of touch sensation may result in dif-
ficulties for the anaesthetist, if litigation were to be pursued.71 
However, it should be considered that clinical conduct may not 
mirror expert opinion in this matter. A national survey of obstet-
ric anaesthesia practice in the United Kingdom demonstrated that 
only 60% of all respondents assessed light touch prior to starting 
surgery, compared to 92% who assess cold.72 Where only a single 
sensory modality was assessed, this went down to 26% for light 
touch and 69% for cold. Furthermore, only 26% of respondents 
ensured a block to light touch up to T5 prior to delivery. If this is 
to be considered the requirement to reduce the risk of intraopera-
tive pain, it seems inconceivable that 74% of obstetric anaesthe-
tists in the United Kingdom expose their patients to NA which 
may result in painful CD. The difference between the evidence and 
the practice may be explained by the variable course of visceral 
pain fibres to the upper thoracic cord, and may be why a patient 
with an apparently ‘low’ block experiences no intraoperative dis-
comfort.73 Alternatively, it may be that although the anaesthetist 
is targeting a particular level of block, they may actually inadvert-
ently be achieving a higher level. This may be because the level of 
anaesthesia has continued to ascend between testing, and when 

the procedure begins, or due to variability or inaccuracies with 
the actual assessment of the block.

Congreve et al. found in a survey of anaesthetists that identifica-
tion of the T5 dermatomal level showed marked inaccuracy.74 Of 
the 73 anaesthetists surveyed, only 63% identified the dermatome 
correctly on an anatomical picture. There is also a marked vari-
ability when considering the true upper level of NA. In a study of 
his practice, compared to anaesthetic trainees, Yentis found that 
he consistently recorded higher levels of anaesthesia compared to 
the trainees, for the same block.75 The differences were explained 
by the fact that most trainees recorded the level of anaesthesia to 
be where the patient first experienced any sensation from the cold 
or light touch stimulus. It was argued that the true upper level of 
anaesthesia should actually be where sensory perception returns 
completely to normal. Finally, it is clear that in describing NA 
nomenclature may also vary. Where one anaesthetist may con-
sider the perception of sensation at T4 to be ‘a block to T4’, another 
may refer to this as ‘the upper level of block being T5’.76

In summary, there remains much debate as to what should be 
considered the gold standard for adequate NA for CD. The vari-
able nature of the assessment of neuraxial blocks, along with the 
differences between expert opinion and actual clinical practice, 
makes the evaluation of evidence difficult. Until the presenta-
tion of high-quality prospective evidence to the contrary, it might 
be simpler to follow the suggestion that a documented block up 
to and including T5 to light touch may be the best way to avoid 
intraoperative pain during CD. On the other hand, due to the 
inconsistencies and difficulties with the assessment of light touch, 
particularly concerning what constitutes a complete absence of 
touch, compared to other modalities, anaesthetists may choose 
to vary their method of testing according to their own clinical 
experience. Either way, care should be taken when checking the 
block to ensure the assessment is performed with an adequate 
and consistent degree of accuracy. Whatever modality is chosen 
it is important to record the first dermatomal level where initial 
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Figure 21.4  Violin plot, demonstrating density of data for each sensory test. 
Dot, median value; thick line, upper and lower quartiles; whiskers extend to 1.5 
times the interquartile range. LTnt, light touch Neurotip®; LTmon, light touch 
monofilament; LTcw, light touch cotton wool.
Reprinted from International Journal of Obstetric Anesthesia, volume 19, issue 3, M. Kocarev, 
E. Watkins, H. McLure, M. Columb, G. Lyons, Sensory testing of spinal anaesthesia for 
caesarean section: differential block and variability, pp. 261–265, Copyright (2010), with 
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change in that modality occurs and the dermatomal level in which 
complete absence of sensation of that modality occurs.

Managing inadequate neuraxial anaesthesia
Although very few formal, evidence-based guidelines exist for 
the management of inadequate NA in obstetrics, it is clear that 
management depends on the clinical context of the situation. 
Decision-making should take into account when inadequacy of 
NA is recognized in relation to the beginning of surgery, and 
to delivery. Additionally, consideration must be given to how 
urgently delivery needs to occur. Because of the numerous fac-
tors affecting the decision-making process, as well as concerns 
for maternal and fetal well-being, recognition of inadequate NA 
can prove to be a particularly stressful time for the anaesthetists, 
but is one which necessitates rapid formulation of a clear plan of 
management.

Before the start of surgery
Neuraxial anaesthetic techniques for CD can take the form of a 
single-shot spinal, CSE, epidural top-up, or rarely a de novo epi-
dural. However, when NA has been identified as being inadequate 
before the start of surgery, this is broadly a failure of either spinal 
or epidural anaesthesia. A decision must then be made regarding 
whether there is sufficient time to attempt an alternative NA tech-
nique (Figure 21.5). This usually means the use of spinal anaesthe-
sia after a previously failed spinal, or after a failed epidural top-up. 
A CSE may be of particular benefit in this situation, as it allows 
reduction of the spinal dose administered in order to manage the 
apparent increased risk of a high spinal block. The epidural cath-
eter can therefore be used if the spinal component proves to be 
inadequate. If it is not possible to provide alternate NA, GA must 
be provided.

The use of spinal anaesthesia after failed epidural anaesthesia is 
a controversial issue. Case reports describe spinal administration 
of LA after failed epidural anaesthesia resulting in an uninten-
tionally high spinal block, and the need for emergency intubation 
and ventilation.77,78 The apparent unpredictable nature of spinal 
anaesthesia after epidural injection has even lead to some suggest-
ing that ‘the rule should be to avoid spinal anaesthesia in pregnant 
women who already have an epidural block or in whom an epidural 
block has been attempted’.79 However, some institutions routinely 
perform spinal anaesthesia after inadequate epidural block, and 
have reported low complication rates when using both reduced,80 
and normal doses of spinal LA.81 The role of spinal anaesthesia 
after failed epidural injection remain unclear, as does the spinal 
dose that should be used to avoid unintended high blocks. The 
use of a low-dose spinal component of a CSE technique with the 
fallback of the epidural should the block still be too low, is valuable 
in this situation.

There have been many hypotheses to explain the possible risk 
of high block.82 The most commonly cited, and most intuitive, is 
that there is expansion of the dural sac by the epidural injection 
of LA, which causes compression of the intrathecal compartment, 
and results in greater spread of spinal anaesthetic. Alternative 
theories include leakage of epidural LA into the intrathecal space 
via the dural puncture, uncovering of subclinical epidural anaes-
thesia by the spinal dose, or incremental continuing spread of 
intrathecal LA.

Advocates of a reduced spinal dose (typically a reduction of 
20–30%)80 after failed epidural anaesthesia cite the fact that epi-
dural volume extension (EVE) has been demonstrated in both 
pregnant83 and non-pregnant84 patients to cause a median der-
matomal level rise. Since EVE acts as a volume effect in reverse 
(i.e. spinal, then epidural), it seems reasonable that compression 
of the dural sac preceding a normal dose of spinal LA might result 
in a high block. However, some studies have questioned the effect 
of EVE on LA sparing85 and level of sensory block.86 This has led 
to those in favour of normal spinal doses arguing that there is a 
lack of prospective, randomized evidence, and that reducing the 
dose of spinal LA exposes the patient to the risk of a second inad-
equate block, the risks of a second procedure, and possibly of a 
subsequent GA.

At a national obstetric anaesthetic conference, having heard the 
arguments for and against reduced spinal doses after failed epi-
dural anaesthesia, 60% of delegates voted for the use of normal 
spinal doses.81 It would therefore seem reasonable to perform a 
normal dose of spinal when an epidural has failed prior to surgery. 
However, if a normal spinal dose is to be used, care must be taken 
to minimize high spinal effects, with the careful use of positioning 
(head-up after the desired block level reached), intravenous (IV) 
fluid, and vasopressors in order to reduce maternal and fetal risk.
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Figure 21.5  Management of inadequate neuraxial anaesthesia before the start 
of surgery.
With permission of Sunderland Royal Hospital.
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The use of repeat spinal LA after failed spinal anaesthesia 
appears far less controversial, which may be due to the differ-
ing causes of failure in spinal anaesthesia, compared to epidur-
als. Whilst there are isolated case reports of repeat spinals with 
‘normal’ doses being successfully used,87 a retrospective study 
of 1197 women undergoing CD under spinal, using 12 mg 0.5% 
heavy bupivacaine, found that there was a failure rate of 1.5%.88 
When spinal anaesthesia was repeated in these women, using 9 
mg of the same LA, 33% experienced either hypotension, brady-
cardia, or both. Additionally, 5.5% of women experienced a ‘high 
block’, whilst the failure rate for the second spinal injection was 
also 5.5%.

The dosing for spinal anaesthesia after either failure of previ-
ous NA remains a balance between the need to provide adequate 
anaesthesia, and therefore avoid the need for an additional GA, 
and the need to avoid potentially life-threatening complications to 
either maternal or fetal health. An alternative, if time allows, may 
be to use a CSE. This allows a lower dose of spinal to be injected, 
in order to avoid excessive hypotension or high block, but also the 
relative security of an epidural catheter, so that further epidural 
LA may be given if required to pre-empt, or in response to intra-
operative discomfort.

Intraoperatively: before delivery
Once surgery has been commenced, management of inadequate 
NA has classically been divided into those measures that can be 
undertaken prior to delivery, and those that are undertaken after 
delivery. One reason for this could be concern that some interven-
tions may result in a delay in delivery of the fetus (e.g. obtaining, 
drawing up, and titrating IV analgesia). In situations of an emer-
gency CD, this may add to fetal morbidity and mortality. A more 
probable reason for the restricted range of management options 
available to anaesthetists before delivery may be concerns over 
unintentional neonatal side effects from maternal drug adminis-
tration (Figure 21.6).

Extrapolating from the use of IV opioids in labour, it is clear 
that the use of IV fentanyl-based patient-controlled analgesia 
(PCA) during labour can result in lower Apgar scores at 1 min-
ute, and increased rates of naloxone use and active resuscitation.89 
However, it may not be altogether accurate to base operative man-
agement on labour data. Firstly, the overall dose of IV fentanyl 
used (940 mcg) is far higher than would be expected to be used for 
operative supplementation. Furthermore, although active resusci-
tation and naloxone were more commonly used, this may just be 
a product of bias on the part of the unblinded clinicians that were 
caring for the neonates. And finally, although Apgar scores at 1 
minute were significantly different, the effect was short lived, and 
not present at 5 minutes.

Looking specifically at the use of IV opioid analgesia intraop-
eratively, data is conflicting. Studies comparing the effects of IV 
and intrathecal sufentanil90 and fentanyl91 found no differences 
in Apgar scores where opioids were administered intravenously, 
compared to controls. Indeed, in a study designed to assess the 
safety of premedication doses of IV midazolam with fentanyl in 
women having elective CD, there were no significant differences in 
Apgar scores, arterial cord blood gases, nor newborn neurobehav-
ioural scores compared to controls receiving saline.92 However, 
the use of the ultra-short-acting opioid, remifentanil, during elec-
tive CD under GA, has been associated with significantly lower 

Apgar scores at 1 and 5 minutes, and lower umbilical vein pH 
(although this remained within the normal range).93 Alfentanil 
may allow a better compromise between the depth of analgesia 
and length of action, compared to other IV opioids. An in vitro 
study of alfentanil pharmacokinetics suggested that it is rapidly 
transferred across the human placenta, with transfer occurring 
within 5 minutes and peaking at approximately 30 minutes.94 
However, alfentanil did not accumulate in placental tissue, and 
was readily washed out. Purdie et al. assessed the use and safety 
of an alfentanil PCA device to relieve visceral pain during elec-
tive CD.95 There were similar incidences of sedation and nausea 
and respiratory changes between the PCA users and the non-PCA 
users. Only 2 out of 24 women used the PCA before cord clamp-
ing. However, in this small group, the Apgar scores and umbilical 
venous pH were similar to those observed in all the neonates.

Considering the conflicting evidence regarding neonatal side 
effects, it would seem sensible to attempt to avoid IV supple-
mentation with either opioid analgesia or anxiolytics, such as 
midazolam, before umbilical cord clamping. If pre-delivery sup-
plementation is to be used, short-acting opioids should be con-
sidered, and the personnel and equipment required to perform 
neonatal resuscitation should be immediately on hand.

Avoiding IV supplementation before delivery leaves a lim-
ited number of options available in the event of inadequate NA. 
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Figure 21.6  Management of inadequate neuraxial anaesthesia before delivery.
With permission of Sunderland Royal Hospital.
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Importantly, a clear pre- and intraoperative explanation of the 
causes of any residual sensation may reassure some patients.96 
Not only might this help recruit the birth partner to distract the 
woman from the sensations, but also may allow discussion of a 
management plan that is acceptable to both the patient and clini-
cian. Some authors recommend playing music in the background, 
to help relaxation and distraction.97 However, a review of the use 
of music during CD found that the magnitude of improvement 
in maternal heart rate and satisfaction scores were low, and that 
the methodological quality of some studies were questionable.98 It 
would therefore appear wise not to rely on musical distraction as 
the sole means of managing inadequate NA.

Fifty per cent nitrous oxide has long been used for labour anal-
gesia,99,100 and its anaesthetic-sparing effects during CD under 
GA.101 Its use in situations of inadequate NA therefore seems 
intuitive, due to its easy availability on anaesthetic machines, the 
ease of administration, and the familiarity that most pregnant 
women have with it. However, nitrous oxide use is not without its 
disadvantages. Acute side effects that may be experienced include 
dose-dependent depression in ventilatory function and control 

of upper airway patency, dysphoria, and vomiting. Additionally, 
although it can be effective in minor procedures, it is generally 
less effective in severely painful procedures.102 As a result, the use 
of nitrous oxide should only be considered a short-term solution, 
allowing time for either GA to be induced, or delivery of the fetus 
followed by a more definitive form of management.

Every effort should also be made to optimize pre-existing epi-
dural anaesthesia, if a catheter has been maintained in situ. The 
use of faster-acting LA, such as 2% lidocaine with 1 in 200,000 
epinephrine, and epidural opioids are ideal, although care must 
be taken to avoid administering doses above the upper safe limit. 
Furthermore, unless there is a specific contraindication to GA, 
this option should always be discussed with the patient, regardless 
of when the NA has become inadequate, along with the risks and 
benefits in the specific situation.

Intraoperatively: after delivery
If inadequate NA becomes apparent after delivery, more manage-
ment options are generally available, as concerns over fetal trans-
fer of drug are removed (Figure 21.7). Also, any concerns about the 
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Figure 21.7  Management of inadequate neuraxial anaesthesia after delivery.
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need to rapidly deliver the baby have also been resolved. However, 
the approach to management should mirror what has already 
been described, namely reassurance, communication, the use of 
nitrous oxide as a temporary analgesic, optimization of epidural 
anaesthesia, if an epidural catheter is in situ, and consideration 
of GA. Where possible, surgery should be halted until definitive 
management of the inadequate anaesthesia has occurred. This 
is clearly not possible in emergent situations, such as maternal 
haemorrhage, where the transition to GA will need to be done 
rapidly, but safely.

In a retrospective case notes review of 2471 women undergo-
ing CD under NA, Garry and Davies examined the causes and 
management of inadequate NA.103 Sixty-five women received 
GA, whilst 175 required some form of supplementation at some 
point during the procedure. Common post-delivery causes of 
supplementation or conversion to GA included pain on uterine 
exteriorization, bleeding, and prolonged surgery. Types of sup-
plementation included nitrous oxide, short-acting opioids such 
as alfentanil or fentanyl, nitrous oxide and opioids in combina-
tion, or alternatives such as morphine, ketamine, midazolam, or 
propofol. Only 13 of the patients requiring supplementation also 
received a GA. However, the review did not present data regarding 
maternal or fetal side effects of IV supplementation with opioids 
or anxiolytics, such as benzodiazepines.

In situations where pain is the main complaint, supplementary 
agents of choice should undoubtedly have an analgesic effect. 
Short-acting opioids, such as fentanyl or alfentanil, provide the 
balance between a rapid onset of action, ease of titration and avoid-
ance of side effects, such as respiratory depression. Ketamine pro-
vides a good alternative to opioid analgesia for mild to moderate 
pain. Although little prospective evidence is available regarding 
the effectiveness of ketamine at supplementing intraoperatively 
inadequate NA, in combination with spinal bupivacaine, 0.15 mg/
kg IV ketamine has been associated with significantly lower post-
operative pain scores from 60 minutes, and reduced postopera-
tive analgesia usage up to day 2.104 However, ketamine use is also 
associated with unpleasant emergence phenomenon, which may 
be unacceptable to the patient. Additionally, ketamine should be 
avoided in patients with hypertension.

If pain is localized within the surgical field, supplementation of 
NA with local infiltration by the surgeon should also be consid-
ered. However, many obstetricians are untrained at administer-
ing local infiltration, and perform this rarely, due to the relative 
reliability of NA. Therefore, it is likely that infiltration will not 
be effective. Surgical administration of LA within the peritoneal 
cavity has also been advocated where peritoneal stimulation is the 
major source of discomfort.105 If supplemental LA administration 
is considered, attention should be given to avoiding toxic doses, 
when combined with NA administered within the last 4 hours.

Exteriorization of the uterus was regularly done in the past but 
this is no longer advocated unless there is a definite surgical indi-
cation, for example, if there is a lateral tear to optimize surgical 
repair. Warning should be given by the surgeon as peritoneal tug-
ging at this time will cause discomfort particularly if done under 
epidural top-up.

Garry and Davies found that a cause of conversion to GA or need 
for supplementation was maternal anxiety, or the dislike of paraes-
thesia associated with established NA.103 In cases where anxiety is 
the primary cause of maternal distress, and is not associated with 

pain, an anxiolytic may be considered. Titrated dosing of a ben-
zodiazepine, such as midazolam, is familiar to most anaesthetists, 
although some have suggested that diazepam may be superior to 
midazolam, as it produces less amnesia during the birth period.104 
Propofol, as an alternative anxiolytic, allows for a shorter duration of 
action, but at the expense of greater cardiovascular side effects. Care 
should be taken when administering such drugs, due to the risk of 
respiratory and cardiovascular depression, and the potential for cen-
tral nervous depression, regurgitation, and aspiration. Furthermore, 
if maternal distress is associated with pain, analgesia or anaesthesia 
should be considered the solution, rather than anxiolysis.

When all possibilities in optimizing pre-existing NA and sup-
plementation have been unsuccessful, the only remaining option 
should be GA. Where possible, induction should be preceded by 
clear communication with the patient, partner, and surgeons, a 
temporary halt of surgical manipulation, adequate antacid pre-
medication, and pre-oxygenation prior to rapid sequence induc-
tion. Once anaesthesia has been induced, endotracheal intubation 
has been performed, and the patient is being adequately venti-
lated and anaesthetized, attention should be given to intra- and 
postoperative analgesia, as discussed in the chapters covering 
GA for CD (Chapter  22) and postoperative analgesia after CD 
(Chapter 24).

Postoperative care
Undoubtedly, childbirth can be stressful for the parents, espe-
cially if unexpected events occur. In some cases, childbirth can 
be such a traumatic experience, as to precipitate, in extreme cases, 
post-traumatic stress disorder (PTSD). A survey of pain during 
labour, by Melzack,106 found that 60% of primiparous, and 45% of 
multiparous women had severe or extremely severe pain during 
labour, whilst most reported that labour was the most intense pain 
they had ever experienced. A traumatic event, during which the 
patient feels threatened by death or serious injury, and has feelings 
of fear or helplessness, is the first diagnostic criteria of PTSD. It is 
therefore important for clinicians to be aware of when women per-
ceive their experience of childbirth as traumatic, the risk factors 
for development of post-delivery complications, such as PTSD, 
and their impact within this.

A number of risk factors for the development of PTSD after child 
birth have been described. These include having a more negative 
experience than expected,107 unplanned CD, obstetric or preg-
nancy complications,108 and experiencing intense pain or distress 
during labour.109 It is easy to see that any of these factors could 
be experienced during inadequate anaesthesia for CD. However, 
management of the spectrum from traumatic childbirth to PTSD 
is less well described, with limited evidence relating to the man-
agement of women with PTSD after childbirth. There is some con-
sensus with non-childbirth-related literature that debriefing and 
counselling are inconclusively effective, whilst cognitive behav-
ioural therapy may improve PTSD status.110 That said, it has also 
been suggested that offering women an opportunity to discuss 
their experience and to differentiate this from a formal debrief, 
may also be appropriate.111

Considering all the above, it would seem reasonable to perform 
a postoperative visit to the patient, in the days following deliv-
ery. Not only does this give the anaesthetist a chance to review for 
complications of NA, but also allows an opportunity to explain 
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the possible reasons for, and the management of, the inadequate 
NA. Additionally, the patient will have the opportunity to gain 
answers to any questions that they may still have, in a more 
relaxed environment. Furthermore, arrangements can be made at 
this point, if further discussion is required regarding the child-
birth experience. Documentation should also be meticulous, as 
this not only supplies a record of events for subsequent discus-
sion of the experience, but also supplies the basis of a medicolegal 
defence, if required.

Conclusion
NA is the preferred method of providing anaesthesia for CD. This 
has been primarily driven by the prominent role of GA in the mor-
bidity and mortality related to anaesthesia in obstetrics. However, 
the effects of failed NA, both to the short- and long-term health 
of the woman, and also the medicolegal consequences, mean that 
clinicians need to have ways of predicting such situations. Careful 
choice of LA, neuraxial technique, and recognition of risk factors 
can reduce the risk of inadequate NA. Furthermore, if NA were to 
fail, clinicians need to have strategies for effective management of 
intraoperative pain or anxiety, whilst minimizing the risk to both 
the mother and newborn. Management options, such as repeat-
ing or attempting another neuraxial technique, IV analgesic, or 
conversion to GA could all be considered, depending on the indi-
vidual situation.
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CHAPTER 22

General anaesthesia 
for caesarean delivery
David M. Levy and Ieva Saule

Introduction
In this chapter we shall review key aspects of the history of gen-
eral anaesthesia (GA) and rapid sequence induction (RSI) for 
caesarean delivery (CD), and make comparisons with the latest 
concepts. The indications and contraindications to GA will be 
outlined and the following discussed:  preoperative assessment, 
positioning, monitoring, intravenous (IV) access, preoxygenation, 
and airway management. Anaesthetic pharmacology will be sum-
marized with a focus on neuromuscular blockade (NMB). Specific 
GA issues in the management of pre-eclampsia and haemorrhage 
will be detailed.

History of rapid sequence induction
Inhalation anaesthesia by facemask was used until a technique of 
IV induction, NMB, and tracheal intubation for CD was described 
by Hamer Hodges et al. in 1959.1 Compared with anaesthetic tech-
niques in which women received trichloroethylene, cyclopropane, 
or diethyl ether, the regimen of thiopental, succinylcholine, and 
nitrous oxide/oxygen resulted in the shortest times to babies’ sus-
tained respiration and crying. Certain elements of contemporary 
RSI were absent: cricoid pressure wasn’t applied (Sellick had yet 
to describe his manoeuvre) and there was a period of bag and 
mask ventilation between induction and intubation. The novel use 
of succinylcholine for CD was advocated on the grounds that its 
rapid maternal offset reduced the chance of neonatal curarization 
compared with the only two alternative neuromuscular block-
ing drugs, gallamine and tubocurarine. The notion that recovery 
from succinylcholine might conceivably be advantageous for the 
woman in the event of airway problems did not appear to have 
been considered.

The salient characteristics of RSI were set out by Stept and Safar 
in 1970:2

◆	 Preoxygenation
◆	 Predetermined doses of thiopental and succinylcholine
◆	 Cricoid pressure
◆	 Avoidance of ventilation by bag and mask
◆	 Tracheal intubation.

It has been noted that the number of maternal deaths attribut-
able to anaesthesia in the Confidential Enquiries into Maternal 
Deaths in the United Kingdom virtually doubled in the period 

corresponding to the widespread replacement of mask and 
ether by RSI in the early 1960s.3 Scott highlighted the apparent 
increased incidence of death due to Mendelson’s syndrome and 
failed intubation secondary to succinylcholine and RSI.4

A rigorous Canadian evidence-based clinical update has ana-
lysed, in non-obstetric practice, the components of RSI. No 
evidence was found for decreased incidence of aspiration with 
RSI—the primary reason for continuing to practise the tech-
nique.5 Despite a conspicuous lack of supportive evidence, the 
technique is endorsed for CD by the UK National Institute for 
Health and Care Excellence (NICE).6

Indications and contraindications to general 
anaesthesia
The most recent (2012) UK data from the Obstetric Anaesthetists’ 
Association (OAA) National Obstetric Anaesthesia Database 
(http://www.oaa-anaes.ac.uk) revealed a median CD rate of 25.2% 
(range 13.4–51.3%). GA was induced in 10594 recorded cases (7.6% 
of CD), of which 43.1% represented conversions from neuraxial 
anaesthesia. These data are broadly in line with published surveys 
from elsewhere.

In the United Kingdom, the degree of urgency of CD is clas-
sified according to the presence of fetal or maternal compro-
mise.7 Category 1 denotes an immediate threat to life of woman 
or fetus. Category 2 indicates maternal or fetal compromise but 
no immediate threat to life. Category 3 describes a requirement 
for expedited delivery by CD in the absence of maternal or fetal 
compromise. Category 4 CD means that delivery can be planned 
to suit the woman and maternity services. The only absolute con-
traindication to GA is maternal refusal. GA is ideally avoided if 
there is predicted airway difficulty or malignant hyperthermia 
susceptibility. In morbid obesity, awake fibreoptic intubation can 
be considered (see Chapter  26 and Chapter  39). The UK Royal 
College of Anaesthetists has published a ‘proposed standard or 
target for best practice’.8 GA should be used in fewer than 5% of 
category 4 CD, and in fewer than 15% of Categories 1–3 combined. 
Fewer than half of category 1 CD should require GA. The most 
common indications for GA are listed in Box 22.1.

Placental abruption with significant haemorrhage is a con-
traindication to neuraxial anaesthesia on account of the very 
real risk of maternal cardiovascular collapse secondary to sym-
pathetic blockade and not infrequent disseminated intravascular 

 

 

 
 



Part 6  anaesthesia for caesarean delivery338

coagulopathy. In contrast, elective CD for placenta praevia, when 
surgery is started with a normal circulating blood volume, is not 
necessarily a contraindication to a neuraxial block. It is important 
to plan for major haemorrhage and ensure large-gauge vascular 
access and availability of rapid infusion devices to keep up with 
blood loss and maintain intravascular volume. Homologous blood 
must be available in theatre and, ideally, the facility for intraop-
erative cell salvage provided.

Although traditionally regarded as an absolute indication for 
GA, umbilical cord prolapse does not mandate GA. Provided that 
the fetus is continuously monitored and signs of compromise are 
not observed, a labour epidural can be topped up or spinal anaes-
thesia instituted in a left-lateral position.

Preparation for general anaesthesia
Preoperative assessment
The conduct of maternal preoperative assessment differs in elec-
tive and emergency settings.

Women scheduled for elective CD should ideally be reviewed 
before the day of surgery either on a ward or pre-assessment 
suite. Past medical and anaesthetic history, drug allergies and 
intolerances, gestation, parity, and placental site should be noted. 
Careful assessment of the airway is essential. Antacid premedica-
tion should be prescribed (see ‘Aspiration prophylaxis: antacids’). 
Recent blood antibody screen (to determine ABO and Rhesus D 
types and detect other red cell antibodies that could haemolyse 
transfused red cells) and availability of matched blood must be 
reviewed in association with recent maternal haemoglobin concen-
tration and platelet count. Although NICE advises that pregnant 
women who are healthy and have uncomplicated pregnancies do 
not require routine grouping and saving of serum or cross-match-
ing of blood before CD, confirmation of a recent ‘group and save’ 
remains routine practice in many units. However, cross-matched 
blood must be available for women with anaemia, coagulopathy, 
or abnormal placentation.6 A preoperative visit should include 
full informed consent and explanation of the respective risks and 
benefits of RSI, blood transfusion, patient-controlled analgesia, 

rectal medication, and transversus abdominis plane (TAP) blocks 
if applicable.

In an emergency, there can be a significant time limitation and 
assessment is often necessarily brief and limited to the following:
◆	 Co-morbidities and anaesthetic history
◆	 Drug allergies
◆	 Fasting status
◆	 Airway assessment: a minimum assessment comprises evalua-

tion of mouth opening, Mallampati score, mandibular protru-
sion, neck extension, and a check for loose dentition.

◆	 Evaluation of haemodynamic status (pallor, heart rate, and 
blood pressure) and respiratory rate.

A swift explanation of the procedure is offered and verbal consent 
elicited. Translators should ideally be employed for foreign lan-
guage speakers or women with hearing impairment. Use of family 
members to translate can lead to omission of important and sensi-
tive clinical information.

Consent
In the United Kingdom, for a woman to give valid consent she 
must have capacity, which is presumed unless there is an impair-
ment of, or disturbance in, the functioning of her mind. Labour 
pain, opioid medication, or anxiety can diminish capacity. 
Women must be appropriately informed, and give consent volun-
tarily. Current practice in the United Kingdom entails discussion 
with the woman and provision of written information leaflets, but 
no separate written consent for anaesthesia. Information about 
anaesthesia should be offered well in advance of an elective proce-
dure, before the preoperative meeting with the anaesthetist. New 
information should not be imparted after the woman has arrived 
in theatre.

In an emergency, the consent process is much more concise. 
In our experience, women will typically indicate just how much 
information they would like to receive. Risks will be explained and 
issues explored in detail only in response to an explicit request for 
more information. Risks and benefits discussed should be care-
fully documented. A pregnant woman with capacity can refuse 
any procedure, even if refusal jeopardizes her own life or that of 
the fetus. GA can be induced in a woman judged to lack capacity if 
it is deemed to be in her best interests (i.e. to save her life, but not 
that of the fetus). These issues are explored in detail in Chapter 29.

Aspiration prophylaxis: antacids
Changes in gastrointestinal physiology in pregnancy have been 
reviewed in Chapter 2. The numerous factors that potentially 
increase the chances of pulmonary aspiration of gastric contents 
are summarized in Figure 22.1. Decreased lower oesophageal 
sphincter tone and increased intra-abdominal pressure secondary 
to the gravid uterus predispose to reflux in a majority of women. 
Although gastric emptying is not delayed in pregnancy, adminis-
tration of opioids in labour causes gastric stasis. In Mendelson’s 
classic series9 published in 1946, nitrous oxide and ether anaes-
thesia by facemask for operative delivery was complicated by aspi-
ration in 66 women from 44,016 maternities (0.15%) between 1932 
and 1945. The only two deaths were from airway obstruction by 
solid, undigested food, in two of five women who aspirated solid 

Box 22.1  Common indications for general anaesthesia 
in obstetrics

◆	 Category 1 CD for women without a working labour epidural
◆	 Contraindications to a neuraxial technique, for example:

•	 lumbar spinal abnormality (e.g. instrumented fusion)

•	 coagulopathy

•	 hypovolaemia

•	 local sepsis

•	 cardiac disease (e.g. aortic stenosis) in which abrupt sym-
pathetic blockade would risk decompensation

◆	 Failed neuraxial technique:  uncontrollable breakthrough 
pain at CD

◆	 Maternal refusal of neuraxial technique.
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material. In those who aspirated liquid, a syndrome of dyspnoea, 
cyanosis, and tachycardia was observed. Recovery after 24–36 
hours was universal—many decades before respiratory intensive 
therapy became available. Respiratory failure secondary to aspira-
tion pneumonitis during anaesthesia became synonymous with 
Mendelson’s syndrome, and its prevention a cornerstone of anaes-
thetic practice.

Prolonged fasting is distressing and can affect maternal and 
fetal physiology adversely by causing dehydration and ketosis. In 
the United Kingdom, women are typically allowed to consume a 
low-residue diet during labour unless they have identifiable risk 
factors for CD, in which case ranitidine 150 mg should be pre-
scribed 6-hourly. Recommended fasting times before elective 
surgery are 2 hours for fluid and 6 hours for food, although every 
pregnant woman from late in the second trimester is deemed to 
have a ‘full’ stomach, despite notional fasting times. The risk and 
potential severity of the consequences of aspiration are increased 
if emergency GA is required in a parturient who has recently 
consumed solid food. Emptying the stomach before induction of 
anaesthesia is extremely unpleasant and rarely practised in the 
United Kingdom. Most obstetric units in the United Kingdom 
administer non-particulate antacid such as 0.3 M sodium citrate 
(30 mL) before all GA CDs. Ranitidine is the H2-receptor antago-
nist of choice in most UK hospitals and should be prescribed for 
12 and 2 hours before the anticipated time of an elective opera-
tion. Proton pump inhibitors are acceptable alternative agents. 
A non-particulate antacid, H2-receptor antagonist, and/or meto-
clopramide are recommended in practice guidelines published by 
the American Society of Anesthesiologists.10

The risk of aspiration is high not only during induction but 
also emergence from GA. The eighth report of the Confidential 
Enquiries into Maternal Deaths in the United Kingdom11 has 
suggested that consideration should be given for a gentle ‘in and 
out’ insertion of a wide-bore orogastric tube before extubation in 
women with a known full stomach (e.g. recent ingestion of a meal).

Location of induction
In the United Kingdom, most anaesthetic procedures are per-
formed in an anaesthetic room—an area separate from but adja-
cent to the operating theatre. However, obstetric anaesthesia is an 
exception. GA should be induced in the operating theatre, to avoid 
the risks related to transporting and repositioning the woman. 
Monitoring will be uninterrupted, and the induction–delivery 
interval minimized. The woman’s abdomen usually can be pre-
pared and draped during preoxygenation. The anaesthetist can 
allow surgery to start as soon as the airway has been secured and 
ventilation of the lungs confirmed.

Process of general anaesthesia
The key steps in RSI of GA for CD are detailed in Box 22.2. Waveform 
capnography, the most sensitive indicator of tracheal tube posi-
tion, has arguably contributed most to maternal safety over the last 
30 years by allowing identification of oesophageal intubation. Given 
that mean maternal arterial CO2 tension is 3.87 (standard deviation 
± 0.24) kPa at 38 weeks’ gestation, end-tidal CO2 should be main-
tained below 4 kPa in order to maintain the gradient for fetal CO2 
elimination.12 It has been shown that 100% oxygen in the main-
tenance inspired anaesthetic gas mixture increases fetal oxygena-
tion, although it remains uncertain whether clinical outcome for 
the neonate is improved. Isoprostane, generated during free radi-
cal oxidation of arachidonic acid in membrane phospholipids, is a 
highly specific marker for in vivo oxidative stress. No differences 
were found in isoprostane concentrations resulting from 30%, 50%, 
or 100% oxygen in equivalent minimum alveolar concentrations of 
sevoflurane and nitrous oxide during elective CD under GA.13

The WHO’s patient safety culture should be adopted in every 
obstetric operating environment. Team briefing, sign in, time out, 
sign out, and debriefing should be observed. A locally adapted sign in/
time out and sign out checklist should be articulated and completed 
before embarking upon every case (see Figure 20.2 in Chapter 20).

Secretion

Intra-abdominal
pressure

Barrier pressure

Passive regurgitation

Loss of airway reflexes
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Figure 22.1  Factors contributing to pulmonary aspiration of gastric contents.
Reproduced with permission from Dr James Eldridge.
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Intravenous access
Large-gauge IV access (16 or 14 G) is desirable for all parturients 
undergoing CD, to allow rapid blood transfusion if required. In 
women at significant risk of major obstetric haemorrhage, two 
cannulae are required. In parturients with poor peripheral venous 
access (e.g. morbidly obese women or IV drug users), central 
venous access might be necessary. A  Vascath™ or Swan–Ganz 
sheath (7 Fr) should be inserted under ultrasound guidance into 
an internal jugular vein if a woman’s peripheral venous access is 
inadequate and there is a high risk of major haemorrhage. Use of 
the humeral intraosseous route (EZ-IO® driver, Vidacare, San 
Antonio, TX, USA) (see Chapter 35) has been described in obstet-
ric haemorrhage.14 Familiarity with the device is essential before 
an obstetric anaesthetist contemplates its use in an emergency.

Positioning
When positioning a parturient on the operating table the anaes-
thetist must consider three key issues:  avoidance of aortocaval 
compression, optimal conditions for securing the airway, and care 
of pressure points to avoid soft tissue and nerve damage.

Aortocaval compression
Compression of the aorta and/or inferior vena cava by the preg-
nant uterus can lead to supine hypotension in the second half of 
pregnancy. A 15° lateral tilt of the theatre table is generally recom-
mended to minimize maternal hypotension. A Cochrane review 
examined maternal position during CD and its effects on mater-
nal and neonatal outcome. Most studies had very small numbers 
and authors concluded that there was limited evidence to support 
or disprove the value of left or right lateral tilt, head-up or head-
down positions, or use of manual displacement of the uterus.15 
When applying operating table tilt the anaesthetist has to ensure 
that side supports are fitted and belts secure the parturient’s legs 
to prevent the woman falling.

In the event of maternal cardiac arrest, UK Resuscitation 
Council adult life support guidelines16 recommend manual uter-
ine displacement combined with up to 30° left tilt of the operat-
ing table to provide optimal conditions for restoration of maternal 
cardiac output.

Positioning for intubation
The incidence of difficult and failed intubation is higher in 
the obstetric as opposed to general population on account of 
pregnancy-induced soft tissue changes as well as the circumstances 
under which GA is often performed (see Box 26.3 in Chapter 26). 
Weight gain during pregnancy and development of airway oedema 
in labour or secondary to pre-eclampsia can alter airway anatomy. 
Changes in Mallampati score in labour and pregnancy are dis-
cussed in Chapter 26. Pregnancy-induced breast enlargement can 
make insertion of the laryngoscope particularly difficult; left lat-
eral tilt and cricoid pressure complicate positioning for intubation.

The neck is extended at the atlanto-occipital joint until the exter-
nal auditory meatus is in a horizontal plane with the sternal notch 
(‘sniffing the morning air’). Ramping of shoulders and upper back 
by using folded blankets can help to align the neck to allow opti-
mal laryngeal visualization (see Chapter 39 for further informa-
tion and illustrations). In obese women, a reverse Trendelenburg 
position is all the more important in order to increase the func-
tional residual capacity (FRC) and delay the onset of hypoxaemia 
after induction of anaesthesia. A number of devices and pillows 
such as the Oxford Head Elevating Laryngoscopy Pillow (HELP™, 
Alma Medical, Oxford) are available to assist with achieving the 
ramped position.

Pressure points
Avoidance of soft tissue, nerve, and eye damage is as important 
as in any speciality. The eyes should be closed and the lids taped, 
with careful attention to ensure no wires or tubing are in contact. 
Soft tissues and nerves should be protected by padding and care-
ful positioning. The arms should not be abducted beyond 90°; the 
ulnar nerve must be protected at the elbow.

Monitoring
Maternal monitoring
The following monitoring modalities are essential:
◆	 Electrocardiogram (ECG)
◆	 Non-invasive blood pressure (NIBP)

Box 22.2  Key steps in rapid sequence induction of general 
anaesthesia for caesarean delivery

◆	 WHO surgical safety checklist
◆	 Left lateral table tilt to reduce aortocaval compression in asso-

ciation with (~25°) head-up (‘reverse Trendelenburg’) posi-
tion to ensure stomach is below the level of the head

◆	 Graduated compression stockings fitted, and (if used) pneu-
matic calf-compression system functional

◆	 Large gauge IV access secured and patency verified
◆	 Suction device immediately available and suction system 

working
◆	 Physiological monitoring systems functioning
◆	 Preoxygenation (denitrogenation)
◆	 IV antimicrobial prophylaxis—ideally should be adminis-

tered before skin incision
◆	 IV induction of anaesthesia:  precalculated doses of (tradi-

tionally) thiopental 7 mg/kg (maximum 500 mg) and succi-
nylcholine (maximum 150 mg)

◆	 Application of cricoid pressure (still taught to UK trainees) 10 
N awake, increased to 30 N on loss of consciousness

◆	 Intubation of the trachea with a cuffed tube, usually one size 
smaller than in the non-pregnant population (i.e. 7.0  mm 
internal diameter)

◆	 Delivery of volatile agent (initially with overpressure) in 
nitrous oxide or air and oxygen

◆	 Permission to obstetrician to start surgery
◆	 After delivery: oxytocic agent, IV opioid, and antiemetic
◆	 Emergence and tracheal extubation:  woman positioned 

semi-recumbent/upright and awake
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◆	 Peripheral arterial oxygen saturation (SpO2)
◆	 Gas analysis: capnography/oxygraphy/vapour concentration
◆	 Airway pressure
◆	 Peripheral nerve stimulator.

Means of measuring temperature (e.g. oesophageal thermis-
tor) must be available for a case in which major haemorrhage is 
anticipated.

Electroencephalography-based depth of anaesthesia monitors 
are used by only a very small fraction (2%) of anaesthetists and are 
unavailable in one-third of UK hospitals.17

Direct arterial pressure monitoring (an arterial line) should be 
considered before induction of GA in the following conditions:
◆	 Severe pre-eclampsia (to help ensure that the pressor response 

to laryngoscopy is obtunded—see ‘General anaesthesia and 
pre-eclampsia’)

◆	 Morbid obesity where NIBP measurement is unreliable
◆	 Sepsis
◆	 Anticipated major haemorrhage (e.g. placenta praevia)
◆	 Any systemic illness—when postoperative critical care is 

anticipated.

Measurement of cardiac output may be useful in women with 
haemodynamic instability attributable to critical illness or car-
diac disease. However, there is no evidence of clinical utility of 
minimally invasive cardiac output monitors utilizing oesopha-
geal Doppler velocimetry or arterial pulse waveform analysis at 
CD. None of the various devices has been formally validated in 
pregnancy.18 The only evidence is from case reports, such as a 
Canadian description of data derived from a NICOM® thoracic 
bioreactance monitor in a woman with aortic stenosis.19

A real-time non-invasive haemoglobin (SpHb) monitor (the 
Masimo Rainbow SET® Pulse co-oximeter) has been evaluated 
at elective CD20 and in five women undergoing caesarean hys-
terectomy.21 A  significant correlation was found between labo-
ratory haemoglobin values and SpHb measurements, although 
median SpHb values were higher than laboratory Hb values. The 
HemoCue® point-of-care photometric cuvette system (which 
requires a drop of blood) provides a more accurate approximation 
of laboratory haemoglobin measurement.22

Maternal bladder catheterization is necessary at every CD to 
prevent surgical injury to the bladder. Urine output can therefore 
be measured.

Fetal monitoring
In emergency cases, fetal heart rate monitoring should be by con-
tinuous cardiotocography or intermittent Doppler ultrasound 
during preparation for induction of GA. Change in the fetal sta-
tus (e.g. in response to intrauterine resuscitation) can influence 
anaesthetic management. Resolution of a fetal bradycardia might 
allow a change of plan from GA to neuraxial block.

Preoxygenation
Replacement of the nitrogen in the FRC of the lungs by oxygen is 
essential before inducing GA. The progressive reduction in FRC 
during pregnancy (further reduced by morbid obesity and multiple 
gestation) and increased oxygen consumption by the fetoplacental 

unit mean that arterial oxygen desaturation following apnoea is 
predictably accelerated.23 Preoxygenation should be undertaken 
with the woman in a head-up position,24 and the process guided 
by oxygraphy, as opposed to a predetermined number of breaths or 
duration of tidal breathing. Care should be taken to eliminate any 
leak between the woman’s face and the face mask, to avoid entrain-
ment of room air and impairment of the (exponential) denitrogen-
ation process. The target end-tidal oxygen concentration is 90%.

In obstetric practice, 100% oxygen should be administered. 
The argument in non-obstetric anaesthesia for lower fractional 
inspired oxygen concentrations (in the interests of prevention of 
atelectasis) is outweighed by the FRC reduction/increase in oxy-
gen consumption.25 Following preoxygenation, time to arterial 
oxygen desaturation during apnoea is shorter after succinylcho-
line compared with rocuronium. This phenomenon is explicable 
by the additional skeletal muscle oxygen consumption incurred 
by fasciculations26,27 (Figure 22.2).

Airway management
Laryngoscopy and intubation
The following devices can prove invaluable aids to successful 
intubation:
◆	 McCoy ‘levering’ laryngoscope (with hinged tip)
◆	 Polio Macintosh blade (mounted at 135° to the handle)
◆	 A  short-handled laryngoscope is particularly useful in obese 

women with large breasts
◆	 Gum-elastic bougie.

In obstetric practice, a tracheal tube one size smaller than that 
typically used for adult females (i.e. 7.0 mm internal diameter) is 
recommended.
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Figure 22.2  Decrement in peripheral arterial oxygen saturation (SpO2) 
after succinylcholine or rocuronium. Mean (95% confidence interval) times 
for decrease in SpO2 to 98%, 96%, 94%, and 92% in patients with body mass 
index 25–30 kg/m2 receiving succinylcholine or rocuronium after 3 minutes’ 
pre-oxygenation.
*P < 0.05.
Reproduced with permission from L. Tang, S. Li, S. Huang, H. Ma, Z. Wang., Desaturation 
following rapid sequence induction using succinylcholine vs. rocuronium in overweight 
patients, Acta Anaesthesiologica Scandinavica, Volume 55, Issue 2, pp. 203–208, Copyright © 
2011 John Wiley & Sons.
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Some authors advocate video laryngoscopy as the laryngoscopic 
technique of first choice, as opposed to a rescue strategy.28 In an 
emergency situation, it is important to use the equipment that is 
most familiar to the individual anaesthetist. An emergency CD 
is not the right time to try out a laryngoscope for the first time. 
Trainees should be encouraged to familiarize themselves with 
various laryngoscopes in the high-fidelity simulator and in the 
elective setting before use in obstetrics.

Failed intubation
Every anaesthetist should have a rehearsed plan for a difficult or 
failed intubation. The UK incidence at CD has been reported at 
around 1/300 in most series. The most commonly used rescue air-
way in the United Kingdom appears to be the original (marketed 
as Classic™) laryngeal mask airway (LMA).29 ‘Secondary’ tracheal 
intubation via LMA and exchange catheter is not recommended 
at emergency CD (see the UK Difficult Airway Society website, 
http://www.das.uk.com/).

Management of unanticipated difficult tracheal intubation is 
focused on ‘oxygenation without aspiration’30 and prevention of 
airway trauma, which can insidiously precipitate a ‘can’t ventilate’ 
scenario on account of airway oedema.

Harmer’s system (Table 22.1) for grading the clinical 
urgency to proceed with surgery remains most useful in aiding 
decision-making as regards whether or not to discontinue anaes-
thesia in the event of failure to intubate the trachea at CD.31

Supraglottic airway devices
Many reports have accrued of successful use of supraglottic devices 
as rescue airways. Mushambi and Pandey have reviewed in detail 
the findings of the UK National Audit Project 4 (NAP4)32 (see 
Chapter 26). Details of major airway management complications 
(death, brain damage, emergency surgical airway, and unantici-
pated intensive care unit admission) in the course of anaesthesia 
were collected from all UK National Health Service hospitals over 
1 year. There were four obstetric cases, all of whom survived. In 
one, an Intubating LMA® Airway (ILMA®) was used success-
fully. In contrast, the concurrent UK Confidential Enquiries into 
Maternal Deaths11 highlighted a case of oesophageal intubation 
through an ILMA®.

The LMA Classic™ has been studied at elective CD in 1067 
fasted Korean women of low body mass index (BMI) who received 
succinylcholine 1.5 mg/kg for NMB.33 There were no data on the 
frequency with which cricoid pressure was relaxed or removed to 
facilitate LMA insertion. No instances of regurgitation or aspi-
ration were reported. The second-generation LMA ProSeal™ 
(PLMA; see Figure 26.5 in Chapter 26) was studied in 3000 elec-
tive CD cases in Jordan.34 The PLMA provides an improved seal 
for positive pressure ventilation, separation of the respiratory and 
gastrointestinal tracts, and venting of gas or liquid via a drain 
port. All women had BMI < 30 kg.m−2 and were given rocuronium 
0.9 mg/kg; cricoid pressure was applied. A 14 Fr orogastric tube 
was preloaded on the PLMA—its distal tip extended 10 cm beyond 
the drain port and was guided into the oesophagus with the aid of 
Magill forceps before subsequent ‘railroading’ of the PLMA (dur-
ing which cricoid force was released). The only incidence of regur-
gitation was during fundal pressure, at delivery of the neonate. 
Gastric contents reached the mouth, but not the lungs. As indi-
cated in Figure 22.1, intragastric pressure is an important factor in 
the overall risk of aspiration. In an accompanying editorial, Paech 
concluded that there is now, arguably, clinical equipoise between 
tracheal intubation and use of an LMA after RSI with cricoid pres-
sure.35 A Chinese study examined the LMA Supreme™, a dispos-
able version of the PLMA, in 700 fasted women with BMI less than 
35 kg/m2 with no history of gastro-oesophageal reflux.36 Again, 
rocuronium was used for NMB and there was no clinical evidence 
of regurgitation or aspiration. Habib37 has commented that the 
Supreme™ might be considered for slim, fasted parturients with no 
reflux scheduled for elective CD. Insertion of an LMA at an early 
stage after failed tracheal intubation might reduce the trauma of 
repeated intubation attempts whilst providing adequate oxygena-
tion and ventilation.37 In a review of the array of new supraglot-
tic airways,38 it was pointed out that a distinction must be made 
between clinical evidence relating to efficacy, and safety of per-
formance. Although small clinical evaluations can determine the 
efficacy of particular devices in absolute and relative terms, safety 
evaluations (e.g. ventilation failure rates or the risk of aspiration) 
may need many thousands of cases before concerns are identified. 
In reality, this means that the risk profile of a new device is unlikely 
to be established until several years after introduction.

Table 22.1  Suggested actions in the event of failed tracheal intubation, according to five graded maternal/fetal clinical scenarios

Grade Scenario Action

Grade 1 Woman’s life depends upon the completion of surgery (e.g. cardiac 
arrest, massive haemorrhage)

No alternative but to continue with maintenance of GA to facilitate  
haemostasis

Grade 2 Maternal pathology makes alternative neuraxial techniques 
unsuitable (e.g. decompensated heart disease, coagulopathy)

Either continue GA if supraglottic airway securely placed or discontinue 
anaesthesia and proceed to awake fibreoptic intubation

Grade 3 Sudden and severe fetal compromise not recovering between 
contractions (e.g. placental abruption, prolapsed cord)

Although abandoning GA could lead to fetal demise, maternal well-being is 
paramount. Unless airway is secure with a supraglottic airway, awakening the 
woman and institution of a neuraxial technique is appropriate

Grade 4 Long-standing fetal compromise of varying severity (e.g. showing 
good recovery between contractions)

GA should be abandoned: in a majority of cases the fetus will be delivered  
under neuraxial anaesthesia without detriment

Grade 5 Elective procedure Woman should be woken up and awake fibreoptic intubation or neuraxial 
anaesthesia instituted

Reprinted from International Journal of Obstetric Anesthesia, Volume 6, Issue 1, M. Harmer, Difficult and failed intubation in obstetrics, pp. 25–31, Copyright (1997), with permission 
from Elsevier.
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Videolaryngoscopes and fibreoptic intubation
Examples of current videolaryngoscopes are illustrated in 
Chapter 26. McGuire and Younger have explained the distinc-
tions between rigid indirect laryngoscopes and optical stylets.39 
Awake fibreoptic intubation is the gold standard for manage-
ment of the anticipated difficult airway. NAP4 pointed out that a 
flexible fibrescope may have several roles in the obstetric setting, 
and that anaesthetic departments should provide a service where 
the skills and equipment are available to deliver awake fibreop-
tic intubation whenever it is indicated. The Ambu® aScope™ is a 
single-use flexible intubation scope that is suitable for an obstet-
ric theatre that might be distant from a hospital’s main theatre 
complex. Following a difficult or failed intubation the anaesthe-
tist must remember to inform the woman afterwards and impart 
verbal and written information about the airway difficulty and its 
importance for future anaesthetics. It should be emphasized that 
the woman must impart this information to future anaesthetists.

Cricoid pressure
Cricoid pressure can distort the view at laryngoscopy especially if 
applied with left lateral tilt of the operating table, for which the assis-
tant has not accounted (NB The term cricoid ‘pressure’ is strictly 
incorrect—force (measured in Newtons, N) is applied, rather than 
pressure (force per unit area)). Priebe has summarized the case 
against continued use of cricoid pressure.40 A 30 N force can cause 
complete loss of the glottic view;41 the risk of occlusion of the cri-
coid ring and airway obstruction is greater in females.42 Although a 
Canadian study concluded that cricoid pressure applied by trained 
assistants did not increase the rate of failed intubation in elective 
non-obstetric patients,43 a risk:benefit analysis of cricoid pressure 
in the emergency department questioned its universal application, 
and recommended immediate consideration of its removal in the 
event of difficult intubation or ventilation.44 Anaesthetic assis-
tants’ training is of crucial importance.45 The anaesthetist must be 
assured that the assistant can discern individual patients’ cricoid 
cartilages and apply the appropriate level of pressure.

Intravenous anaesthetics and analgesics
Induction agents
Ninety-three per cent of UK consultants who responded to an 
OAA survey in 2011 used thiopental for induction of GA for CD.46 
The motion ‘Propofol should be the induction agent of choice 
for caesarean section under general anaesthesia’ was debated in 
2003.47 Although a majority opposed the motion before and after 
the debate, the arguments highlighted minimal evidence upon 
which to reject propofol as a reasonable alternative in the event 
of non-availability of thiopental. There is a lack of clarity as to 
what constitute truly equipotent doses of thiopental and propofol. 
Reynolds has stressed that all anaesthetic agents cross the placenta 
readily. Even if drug concentrations are high in umbilical venous 
blood, these are not the concentrations in the blood reaching the 
fetal brain.48 GA and the developing fetal brain is discussed in a 
later section.

The following should be done to minimize harm to the fetus:
◆	 Maintenance of maternal oxygenation
◆	 Maintenance of normocapnia for pregnancy

◆	 Aortocaval compression minimized
◆	 Uterine incision–delivery interval minimized
◆	 Obligatory presence of a neonatologist to offer neonatal ventila-

tory support.

Opioids
Remifentanil or alfentanil are necessary adjuncts to any IV induc-
tion agent at RSI for women in whom a hypertensive response to 
intubation is particularly undesirable (see ‘General anaesthesia 
and pre-eclampsia’). A review of studies evaluating remifentanil 
at CD concluded that remifentanil reduced the maternal circula-
tory response to intubation and surgery, although the incidence 
of brief neonatal respiratory depression was increased compared 
to an opioid-free induction regimen.49 In women with cardiac 
disease, the chosen anaesthetic regimen should not depart from 
whatever would be judged best for a non-pregnant woman with 
similar cardiovascular compromise.50 An opioid-based cardiac 
anaesthetic regimen should not be avoided on account of fetal 
concerns, provided that a neonatologist is present in anticipation 
of neonatal respiratory depression

Total intravenous anaesthesia
A propofol-remifentanil total intravenous anaesthetic regimen 
has been described,51 which might prove useful when volatile 
agents are contraindicated (e.g. malignant hyperthermia suscepti-
bility). A 0.5 mcg/kg remifentanil bolus was followed by an infu-
sion at 0.20 mcg/kg/min and an induction dose of propofol (blood 
concentration of 5 mcg/mL by target-controlled IV infusion) 
reduced to 2.5 mcg/mL after the trachea was intubated. Mean 
arterial blood pressure remained stable. Cord umbilical artery pH 
was universally greater than 7.20, although 1-minute Apgar scores 
ranged from 1 to 9 and a brief period of bag-mask ventilation was 
required in half of the neonates.

Volatile agents
Historically, it was not possible to discern the respective effects 
on the fetus of GA and asphyxia, and the contribution of supine 
maternal position to impaired uteroplacental perfusion was not 
appreciated. Forty years ago, Crawford advocated maintenance of 
anaesthesia with only N2O and O2. He regarded uterine relaxa-
tion as the only indication for halothane.52 Moir demonstrated 
improved Apgar scores with a N2O/O2 50:50 mixture with halo-
thane 0.5% (inspired) compared to N2O/O2 70:30 without halo-
thane.53 He concluded that it was the higher fractional inspired 
oxygen concentration permitted by the use of halothane that was 
responsible for the improved neonatal condition. Whereas two of 
50 women who received unsupplemented N2O/O2 had clear recall, 
halothane ensured lack of awareness and did not cause increased 
blood loss. Moir’s paper was reproduced as a British Journal of 
Anaesthesia ‘citation classic’ in 1998.54 Uterine relaxation con-
ferred by a volatile agent might actually improve fetal compro-
mise to which uterine hyperstimulation has been contributory.55 
A maternal stress response to excessively light GA might compro-
mise uteroplacental blood flow.

In the recent survey of UK practice, 85% of respondents still 
used nitrous oxide and sevoflurane was the most popular vapour 
for maintenance.46 Compared with isoflurane, sevoflurane56 and 
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desflurane57 offer the advantage of more rapid approximation of 
alveolar to inspired tensions as the effect of the IV induction dose 
declines. However, maternal recovery was not demonstrably faster 
with either of the newer agents (sevoflurane was compared with 
isoflurane; desflurane with enflurane). Isoflurane is an entirely 
satisfactory agent for maintenance, provided attention is paid to 
end-tidal vapour concentration during the phase of overpressure 
after IV induction. Desflurane is contraindicated in the hyper-
tensive disorders on account of the risk of sympathetic activation 
during rapid increases in inspired tension.58

End-tidal vapour concentration must be monitored to avoid 
awareness. Data support maintenance of end-tidal vapour con-
centration greater than 0.75 MAC (in addition to 50% N2O) to 
maintain bispectral index (BIS) values less than 60 for ‘adequate’ 
depth of anaesthesia at CD.59 BIS values have been compared 
between women presenting for elective CD and a group requir-
ing CD who had previously laboured for a mean duration of 5.4 
hours.60 A  fixed anaesthetic regimen was administered:  induc-
tion with thiopental 4 mg/kg and maintenance with sevoflurane 
(end-tidal concentration 1.0%) and nitrous oxide 50%. Baseline 
BIS mean values were similar between the groups. After induc-
tion, from the time of tracheal intubation until 10 minutes after 
delivery of the neonate, BIS values were significantly greater in the 
elective group. In addition, more IV postoperative analgesia was 
self-administered by women who had undergone elective CD. The 
authors’ explanation was that labour pain might induce release 
of β-endorphin by the pituitary. This study provides insufficient 
justification upon which to decrease vapour concentrations in 
women who have been labouring.

Inhalation agent monitoring is now universally available in the 
developed world, and the incidence of awareness should be negli-
gible. In a prospective Australasian survey of over 1000 CDs, 70% 
of women were interviewed about awareness and dreaming. In the 
two cases of definite explicit awareness, administered drug doses 
were manifestly insufficient (in one case water was administered 
without the intended diluted thiopental). BIS or entropy monitor-
ing was used in one-third of cases.61

The Fifth National Audit Project (NAP5) of the Royal College 
of Anaesthetists of Great Britain and Ireland was published 
in 2014 and looked at 3 million GAs delivered over 1 year in 
public hospitals in these countries.62 NAP5 reported an over-
all incidence of awareness during GA of 1/19,000, much lower 
than previously reported. However, as previously recognized, 
the incidence was considerably higher in the obstetric popula-
tion (1/670). Most cases were at caesarean delivery—at induc-
tion or an early stage of surgery. A key message was to ‘mind 
the gap’ between waning concentrations of intravenous induc-
tion agent and attainment of adequate vapour tension following 
traditional RSI.

Inhalation induction
There is neither historical nor contemporary evidence upon which 
to declare inhalation induction with sevoflurane as inherently 
unsafe. Sevoflurane causes minimal airway irritation and has 
been used successfully for inhalation induction of anaesthesia for 
CD in the absence of vascular access and in acute severe asthma. 
The smooth, rapid onset and lack of coughing or vomiting suggest 
that the technique does not necessarily cause an increased risk 
of aspiration. Tidal breathing of 8% sevoflurane in N2O/O2 66:33 

can induce anaesthesia as rapidly as an IV bolus.63 The following 
approach is suggested:
◆	 20–30° head-up tilt
◆	 Breathing system primed with sevoflurane 8% in N2O/O2 (2:1)
◆	 Tidal respiration
◆	 Avoid cricoid pressure
◆	 IV cannulation after loss of consciousness
◆	 NMB, tracheal intubation.

Uterine tone
Maintenance of uterine tone is crucial in reducing intraopera-
tive blood loss. A  dose-dependent reduction in uterine mus-
cle contractility has been shown in vitro with sevoflurane and 
desflurane64—a finding that agrees with earlier studies of halo-
thane, enflurane, and isoflurane. However, myometrial respon-
siveness to Syntocinon® at different end-tidal volatile tensions 
has never been studied in vivo. Whereas recent work has found 
that adequate uterine tone can be attained with small bolus 
doses (0.5–3 IU) of Syntocinon® in patients undergoing elec-
tive CD under spinal anaesthesia, there is no evidence to sup-
port reducing the magnitude of the bolus dose from 5 IU in GA 
cases.65

Neuromuscular blockade
There are many diverse risks associated with the administration of 
succinylcholine, including anaphylaxis, increased masseter tone, 
malignant hyperthermia, hyperkalaemia, vagal arrest, myotonic 
crisis, and myalgia. Belief that spontaneous recovery will neces-
sarily be sufficiently rapid to allow retrieval of a failed ventilation 
scenario is incorrect.66

Rocuronium is licensed for CD at 0.6 mg/kg. In its original 
evaluation for CD, conditions for tracheal intubation were good 
or excellent at 90 seconds or disappearance of the third twitch 
of a train of four (TOF) only after the thiopental dose had been 
increased from 4 to 6 mg/kg.67 Mean duration of NMB (time to 
reappearance of the second TOF twitch) was 32.7 minutes. The 
ratio of umbilical venous:maternal venous rocuronium concen-
trations was 0.16, similar to other fully ionized and water-soluble 
quaternary ammonium compounds.

A comparison of rocuronium 0.6 mg/kg and succinylcholine 
1.0 mg/kg for non-obstetric RSI found that intubation scores were 
superior after succinylcholine—although limb movement/cough-
ing in response to intubation rather than inferior conditions for 
laryngoscopy (jaw relaxation/resistance to the blade) or vocal cord 
adduction/movement accounted for the difference.68 The median 
time to completion of intubation was shorter after succinylcholine 
than rocuronium 0.6 mg/kg.

There is a body of evidence that rocuronium becomes an 
increasingly acceptable alternative to succinylcholine for RSI as 
doses are increased to 0.9 mg/kg or greater.69 The onset time of 
rocuronium is inversely related to the intubating dose; histamine 
release remains insignificant after rocuronium 1.2 mg/kg.70 The 
duration of action of this dose (at least an hour until sufficient 
spontaneous recovery for evoked reversal with neostigmine) pre-
cluded its use at CD until the advent of sugammadex.
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The incidence of anaphylaxis to different neuromuscular block-
ing drugs varies according to geographical location. A recent 
analysis from Western Australia found that rocuronium and suc-
cinylcholine were responsible for 56% and 21%, respectively, of 
cases of anaphylaxis to neuromuscular blocking drugs. The study 
estimated the number of patients exposed to neuromuscular 
blocking drugs from ampoule sales data.71

Reversal of rocuronium with sugammadex
Sugammadex is a cyclodextrin that can chelate or encapsulate 
rocuronium and (to a lesser extent) vecuronium. Sugammadex 
has a dose-dependent speed of onset. Unlike neostigmine, there is 
neither acetylcholinesterase inhibition nor simultaneous require-
ment for (antimuscarinic) anticholinergic agents.

Reversal of rocuronium 0.6 mg/kg with sugammadex at 
2–4 mg/kg has been studied at CD.72 In an evaluation of rocu-
ronium 1.2 mg/kg at CD, tracheal intubation was undertaken at 
60 seconds. Intubating conditions were ‘excellent’ in two-thirds 
and ‘good’ in one-third of women. The three neonates who were 
admitted for neonatal intensive care were all delivered after inter-
vention for pre-existing fetal compromise. Umbilical cord venous 
blood was not sampled for rocuronium assay. All women received 
sugammadex 4 mg/kg at the end of surgery.73

It might be expected that the mass of rocuronium transferred 
across the placenta will be broadly proportional to the maternal 
dose. It is uncertain whether the fraction of 1.2 mg/kg transferred 
in the event of prolonged surgical delivery would impair neonatal 
respiratory effort. Emergency reversal of rocuronium 1.2 mg/kg 
with sugammadex 16 mg/kg has not been reported in obstetrics. 
Figure 22.3 represents data from two subjects recruited to a non-
obstetric study which found that spontaneous recovery of suc-
cinylcholine 1.0 mg/kg to TOF greater than 0.9 was slower than 
recovery evoked by sugammadex 16 mg/kg 3 minutes after rocu-
ronium 1.2 mg/kg.74

Role of rocuronium/sugammadex 
after failed intubation
When the original failed intubation drill was conceived in the mid 
1970s,75 GA was undertaken for a much greater proportion of CD 
and succinylcholine was used for NMB almost exclusively. The key 
principle of the drill30 was that in the event of failed intubation, 
either a woman could be allowed to wake up and a neuraxial tech-
nique used, or surgery could proceed with facemask and sponta-
neous ventilation. Nowadays, the indications for the vast majority 
of GA CD are immediate threat to life of the mother or fetus, or 
failure of neuraxial blockade.

If maternal compromise is life-threatening (e.g. massive haem-
orrhage), surgery must proceed to secure haemostasis, even if a 
definitive airway (tracheal tube) has not been secured and there 
is difficulty ventilating the lungs effectively. The usefulness of 
the emergency reversal dose of sugammadex is therefore lim-
ited. Moreover, sustained profound rocuronium blockade might 
be expected to offer conditions for airway management that are 
superior to those offered by succinylcholine. The period of initial 
recovery from succinylcholine increases maternal oxygen con-
sumption and, as muscle tone increases and the patient begins to 
move, can make ventilation of the lungs difficult on account of 
decreased thoracic compliance. There is a distinct possibility of 

retching/vomiting and a heightened risk of aspiration of gastric 
contents. Proceeding to rapid reversal of profound rocuronium 
blockade in the event of ‘can’t intubate, can’t ventilate’ at category 
1 CD would be more likely if fetal as opposed to maternal compro-
mise was the indication for operation (see Table 22.1).

Data on placental transfer of sugammadex are sparse, and limited 
to animals. The manufacturer has indicated that less than 2–6% is 
transferred in rat and rabbit populations. There is no information 
about placental transfer of the sugammadex–rocuronium com-
plex. However, adverse fetal effects of sugammadex-encapsulated 
rocuronium are unlikely.

General anaesthesia and the developing 
fetal brain
There is accumulating evidence from primate studies that neu-
rotoxicity (a pathological increase in apoptosis—programmed 
cell death) can follow fetal exposure to general anaesthetics.76 
However, the induction dose of ketamine administered to preg-
nant Rhesus macaque females at 120  days’ gestation (full term 
165 days) in one prominent study was 10 mg/kg, which was fol-
lowed by a continuous infusion at 10–85 mg/kg/h for 5 hours.77 
The relative dose of GA transferred to a human fetus at CD, par-
ticularly in an emergency case with impaired uteroplacental per-
fusion, would be inevitably smaller by many orders of magnitude. 
Concerns about the impact of GAs on the developing fetal brain 
should therefore be focused on in utero fetal surgical procedures 
(see Chapter 7), where volatile agents might be administered at 
high doses many weeks before term to facilitate uterine relaxation, 
for significant durations.

Postoperative analgesia
IV opioids such as morphine or diamorphine should be adminis-
tered after delivery of the neonate, supplemented by IV paraceta-
mol 1 g and a non-steroidal inflammatory drug (NSAID) such as 
diclofenac, provided there are no contraindications. Armstrong 
and Stocks describe detailed strategies for postoperative analge-
sia, including wound infiltration and TAP blocks, in Chapter 24.

General anaesthesia and obstetric 
haemorrhage
If there are signs of significant blood loss such as pallor and tachy-
cardia—which can develop before significant hypotension—the 
approach to IV induction of anaesthesia must be particularly 
careful. Options include decreasing the dose of thiopental or 
using ketamine (1.5–2 mg/kg) or etomidate (0.2–0.3 mg/kg). The 
sympathomimetic effect of ketamine is a contradiction to its use 
in hypertensive disorders of pregnancy. It is uncertain whether 
concern about etomidate-induced adrenal insufficiency78 is war-
ranted in obstetric haemorrhage. Although there is little evidence 
that small doses of volatile agents in the presence of Syntocinon® 
exacerbate uterine atony, substitution of volatile agent by IV 
agent(s) (e.g. increments of ketamine 50 mg) for maintenance of 
anaesthesia might be considered. NSAIDs are absolutely contrain-
dicated in women whose kidneys might have sustained hypoper-
fusion secondary to haemorrhage. The risk of acute kidney injury 
will be compounded by pre-eclampsia.
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General anaesthesia and pre-eclampsia
There are very few comparative studies of anaesthetic tech-
niques in women with pre-eclampsia. A study that randomized 
pre-eclamptic women with a ‘non-reassuring’ fetal heart trace to 
spinal or GA found that 1-minute Apgar scores were lower after 
GA—explicable by the transient, reversible effects of residual 
anaesthetic agents. However, GA was associated with increased 
mean umbilical cord arterial pH compared with the spinal 
group.79 When uteroplacental perfusion is compromised, GA 
might predispose to a better neonatal acid–base outcome com-
pared to spinal anaesthesia.

In pre-eclampsia, obtunding the dangerously exaggerated 
maternal hypertensive response to laryngoscopy and tracheal 

intubation is of critical importance. A death described in the 
‘Pre-eclampsia and eclampsia’ chapter of the 2003–2005 UK 
Confidential Enquiries was attributable to lack of supplementa-
tion of a ‘standard’ GA induction regimen.80 A woman suffered 
prolonged systolic hypertension secondary to difficult intubation, 
and was subsequently found to have sustained a massive intrac-
ranial haemorrhage. The ED95 for remifentanil in women with 
severe pre-eclampsia has been defined as 1.34 mcg/kg (the ‘effec-
tive’ dose was defined as that which prevented systolic arterial 
pressure increasing to > 160 mmHg for > 1 minute). Women were 
pretreated with a loading dose of magnesium sulphate and received 
thiopental 5 mg/kg.81 Alfentanil 10 mcg/kg (1 mg maximum) is a 
suitable alternative.
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Figure 22.3  Acceleromyographic comparison of onset and offset of neuromuscular blockade with Succinylcholine and a rocuronium/sugammadex combination.
(A) Recovery of the train-of-four (TOF) ratio after administration of rocuronium 1.2 mg/kg followed 3 minutes later by sugammadex 16 mg/kg. Recovery to first 
twitch height (T1) 90% and TOF ratio 0.94 took 110 seconds. The onset–offset time with this sequence (i.e. the time from the end of the injection of rocuronium to T1 
recovery to 90%) was 4 minutes 47 seconds. (B) Effects of administering 1.0 mg/kg succinylcholine with spontaneous recovery to T1 90% after 9 minutes 23 seconds.
Reproduced with permission from Mohamed Naguib, Sugammadex: Another Milestone in Clinical Neuromuscular Pharmacology, Anesthesia & Analgesia, Volume 104, Issue 3, pp. 575–581, 
Copyright © 2007 Wolters Kluwer Health, Inc.
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Although the duration of action of all non-depolarizing neuro-
muscular blocking agents is significantly prolonged by therapeu-
tic serum concentrations of magnesium, the onset and duration of 
succinylcholine is unaffected.82

A population-based study of 303,862 Taiwanese women identi-
fied an increased risk of stroke over a 1–6-year follow-up period 
following GA (compared to neuraxial anaesthesia) for CD in the 
presence of pre-eclampsia.83 Speculative mechanisms include 
the neuroendocrine stress response to CD, increased incidence 
of thromboembolism after GA, and endothelial cell dysfunction 
mediated by nitrous oxide. There was no increased risk of stroke 
associated with GA in women without pre-eclampsia.

Before extubation, additional antihypertensive therapy (e.g. 
labetalol in 10–20 mg increments) should be considered in order 
to avert a dangerous pressor response.

Any woman whose larynx is noted to be swollen at laryngoscopy 
for GA, or in whom intubation is traumatic, will be at particular risk 
of laryngeal oedema. Postoperative care must therefore be under-
taken in a critical care area with an anaesthetist immediately availa-
ble. Midwives should be vigilant for the development of stridor, which 
signifies airway obstruction and a possible need for re-intubation.

Antibacterial prophylaxis
A further analysis of the Taiwanese population in which incidence 
of stroke was studied revealed an increased 30-day surgical site 
infection rate when GA was compared with neuraxial anaesthe-
sia (odds ratio of infection 3.7).84 It is unclear if this difference 
reflected greater immunosuppression and impairment of host 
defences associated with GA or vasodilatation and better surgical 
site tissue oxygenation mediated by neuraxial anaesthesia.

The recent UK NICE guideline suggests administration of antibi-
otics with efficacy against endometritis, urinary tract infections, and 
wound infections.6 Although NICE in the United Kingdom and the 
American College of Obstetricians and Gynaecologists85 recommend 
that antibiotic administration should precede skin incision, adminis-
tration after delivery in a category 1 emergency is more realistic.

Conclusion
In many obstetric units, the regimen for GA for CD has changed 
little in 50 years—apart from use of increased doses of volatile 
agents. Thiopental can be replaced with propofol; the rocuro-
nium/sugammadex combination is an acceptable alternative to 
succinylcholine. Diverse new devices have been developed to aid 
conventional tracheal intubation and offer an alternative means of 
airway management in the event of difficulty.

Recognition of the importance of human factors and univer-
sal implementation of the WHO surgical safety checklist have 
the potential to make a significant contribution to the safety of 
women undergoing CD under GA around the world.

References
	 1.	 Hamer Hodges RJ, Bennett JR, Tunstall ME, et al. General anaesthe-

sia for operative obstetrics. Br J Anaesth 1959; 31:152–63.
	 2.	 Stept W, Safar P. Rapid induction/intubation for prevention of 

gastric-content aspiration. Anesth Analg 1970; 49:633–6.
	 3.	 Morgan M. Anaesthetic contribution to maternal mortality. Br J 

Anaesth 1987; 59:842–55.

	 4.	 Scott DB. Awareness during Caesarean section. Anaesthesia 1991; 
46:693–4.

	 5.	 Neilipovitz DT, Crosby ET. Evidence-based clinical update. No 
evidence for decreased incidence of aspiration after rapid sequence 
induction. Can J Anesth 2007; 54:748–64.

	 6.	 National Institute for Health and Clinical Excellence. Caesarean 
Section. Clinical Guideline 132. London: NICE; 2011. http://www.
nice.org.uk/guidance/cg132

	 7.	 Royal College of Obstetricians and Gynaecologists, The Royal 
College of Anaesthetists. Classification of Urgency of Caesarean 
Section—A Continuum of Risk. Good Practice No. 11, April 2010. 
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/RCoA/
Good%20Practice%2011%20CS%20FINAL.pdf

	 8.	 The Royal College of Anaesthetists. Chapter 8.8: Caesarean 
section anaesthesia: technique and failure rate. In Raising the 
Standard: A Compendium of Audit Recipes. 2012. [Online] http://
www.rcoa.ac.uk/system/files/CSQ-ARB-2012_1.pdf

	 9.	 Mendelson CL. The aspiration of stomach contents into the lungs 
during obstetric anesthesia. Am J Obstet Gynecol 1946; 52:191–205.

	10.	 American Society of Anesthesiologists Task Force on Obstetric 
Anesthesia. Practice guidelines for obstetric anesthesia: an updated 
report by the American Society of Anesthesiologists Task Force. 
Anesthesiology 2007; 106:843–63.

	11.	 Centre for Maternal and Child Enquiries (CMACE). Saving Mothers’ 
Lives: reviewing maternal deaths to make motherhood safer: 2006–8. 
The Eighth Report on Confidential Enquiries into Maternal Deaths in 
the United Kingdom. BJOG 2011; 118 Suppl 1:1–203. http://onlineli-
brary.wiley.com/doi/10.1111/j.1471-0528.2010.02847.x/pdf

	12.	 Templeton A, Kelman GR. Maternal blood gases, (PAO2–PaO2), physi-
ological shunt and VD/VT in normal pregnancy. Br J Anaesth 1976; 
48:1001–4.

	13.	 Khaw KS, Ngan Kee WD, Chu CY. Effects of different inspired 
oxygen fractions on lipid peroxidation during general anaesthesia for 
elective Caesarean section. Br J Anaesth 2010; 105:355–60.

	14.	 Chatterjee DJ, Bukunola B, Samuels TL. Resuscitation in massive 
obstetric haemorrhage using an intraosseous needle. Anaesthesia 
2011; 66:306–10.

	15.	 Cluver C, Novikova N, Hofmeyr GJ, et al. Maternal position during 
caesarean section for preventing maternal and neonatal complica-
tions. Cochrane Database Syst Rev 2010; 6:CD007623.

	16.	 Resuscitation Council (UK). Resuscitation Guidelines 2010. [Online] 
http://www.resus.org.uk/pages/guide.htm

	17.	 Pandit JJ, Cook TM. National Institute for Clinical Excellence guid-
ance on measuring depth of anaesthesia: limitations of EEG-based 
technology. Br J Anaesth 2013; 110:325–8.

	18.	 Armstrong S, Fernando R, Columb M. Minimally- and non-invasive 
assessment of maternal cardiac output: go with the flow! Int J Obstet 
Anesth 2011; 20:330–40.

	19.	 Fanning N, Balki M, Sermer, M, et al. Noninvasive cardiac output 
monitoring during general anesthesia for Cesarean delivery in a 
patient with severe aortic stenosis. Can J Anesth 2011; 58:837–41.

	20.	 Butwick A, Hilton G, Carvalho B. Non-invasive haemoglobin 
measurements in patients undergoing elective Caesarean section. Br J 
Anaesth 2012; 108:271–2.

	21.	 Butwick AJ, Hilton G, Riley ET, et al. Non-invasive measurement of 
hemoglobin during cesarean hysterectomy: a case series. Int J Obstet 
Anesth 2011; 20:240–65.

	22.	 Skelton VA, Wijayasinghe N, Sharafudeen S, et al. Evaluation of 
point-of-care haemoglobin measuring devices: a comparison of 
Radical-7TM Pulse CO-Oximetry, HemoCue® and laboratory 
haemoglobin measurements in obstetric patients. Anaesthesia 2013; 
68:40–5.

	23.	 McClelland SH, Bogod DG, Hardman JG. Pre-oxygenation in preg-
nancy: an investigation using physiological modelling. Anaesthesia 
2008; 63:259–63.

	24.	 Hignett R, Fernando R, McGlennan A, et al. A randomized crosso-
ver study to determine the effect of a 30° head-up versus a supine 

 

 

 

http://www.nice.org.uk/nicemedia/live/13620/57162/57162.pdf
http://www.nice.org.uk/nicemedia/live/13620/57162/57162.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/RCoA/Good%20Practice%2011%20CS%20FINAL.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/RCoA/Good%20Practice%2011%20CS%20FINAL.pdf
http://www.rcoa.ac.uk/system/files/CSQ-ARB-2012_1.pdf
http://www.rcoa.ac.uk/system/files/CSQ-ARB-2012_1.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2010.02847.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1471-0528.2010.02847.x/pdf
http://www.resus.org.uk/pages/guide.htm


Part 6  anaesthesia for caesarean delivery348

position on the functional residual capacity of term parturients. 
Anesth Analg 2011; 113:1098–102.

	25.	 Lumb AB. Editorial. Just a little oxygen to breathe as you go off to 
sleep … is it always a good idea? Br J Anaesth 2007; 99:769–71.

	26.	 Taha SK, El-Khatib MF, Baraka AS, et al. Effect of suxamethonium vs 
rocuronium on onset of oxygen desaturation during apnoea follow-
ing rapid sequence induction. Anaesthesia 2010; 65:358–61.

	27.	 Tang L, Li S, Huang S, et al. Desaturation following rapid sequence 
induction using succinylcholine vs. rocuronium in overweight 
patients. Acta Anaesth Scand 2011; 55:203–8.

	28.	 Mhyre JM, Healy D. Focused review: the unanticipated difficult 
intubation in obstetrics. Anesth Analg 2011; 112:648–52.

	29.	 Quinn AC, Milne D, Columb M, et al. Failed tracheal intubation in 
obstetric anaesthesia: 2 yr national case–control study in the UK. Br J 
Anaesth 2013; 110:74–80.

	30.	 Tunstall ME, Sheikh A. Failed intubation protocol: oxygenation 
without aspiration. Clin Anaesth 1986; 4:171–87.

	31.	 Harmer M. Difficult and failed intubation in obstetrics. Int J Obstet 
Anesth 1997; 6:25–31.

	32.	 Cook TM, Woodall N, Frerk C, et al. 4th National Audit 
Project: Major Complications of Airway Management in the UK. 
London: Royal College of Anaesthetists; 2011. http://www.rcoa.ac.uk/
nap4

	33.	 Han T-H, Brimacombe J, Lee EJ, et al. The laryngeal mask airway is 
effective (and probably safe) in selected healthy parturients for elec-
tive Cesarean section: a prospective study of 1067 cases. Can J Anesth 
2001; 48:1117–21.

	34.	 Halaseh BK, Sukkar ZF, Hassan LH, et al. The use of the ProSeal 
laryngeal mask airway in caesarean section—experience in 3000 
cases. Anaesth Intensive Care 2010; 38:1023–8.

	35.	 Paech MJ. ‘Pregnant women having cesarean delivery under general 
anaesthesia should have a rapid sequence induction with cricoid 
pressure and be intubated’. Can this ‘holy cow’ be sent packing? 
Anaesth Intensive Care 2010; 38:989–91.

	36.	 Yao WY, Li SY, Sng BL, et al. The LMA Supreme™ in 700 parturients 
undergoing Cesarean delivery: an observational study. Can J Anesth 
2012; 59:648–54.

	37.	 Habib AS. Is it time to revisit tracheal intubation for Cesarean deliv-
ery? Can J Anesth 2012; 59:642–7.

	38.	 Cook T, Howes B. Supraglottic airway devices: recent advances. 
Contin Educ Anaesth Crit Care Pain 2011; 11:56–61.

	39.	 McGuire BE, Younger RA. Rigid indirect laryngoscopy and optical 
stylets. Contin Educ Anaesth Crit Care Pain 2010; 10:148–51.

	40.	 Priebe HJ. Cricoid pressure: an alternative view. Semin Anesth 
Perioper Med Pain 2005; 24:120–6.

	41.	 Haslam N, Parker L, Duggan JE. Effect of cricoid pressure on the 
view at laryngoscopy. Anaesthesia 2005; 60:41–7.

	42.	 Palmer JH MacG, Ball DR. The effect of cricoid pressure on the cri-
coid cartilage and vocal cords: an endoscopic study in anaesthetised 
patients. Anaesthesia 2000; 55:263–8.

	43.	 Turgeon AF, Nicole PC, Trépanier CA, et al. Cricoid pressure does 
not increase the rate of failed intubation by direct laryngoscopy in 
adults. Anesthesiology 2005; 102:315–19.

	44.	 Ellis DY, Harris T, Zideman D. Cricoid pressure in emergency 
department rapid sequence tracheal intubations: a risk benefit analy-
sis. Ann Emerg Med 2007; 50:653–65.

	45.	 Meek T, Gittins N, Duggan JE. Cricoid pressure: knowledge and 
performance amongst anaesthetic assistants. Anaesthesia 1999; 
54:59–62.

	46.	 Murdoch H, Scrutton M, Laxton CH. Choice of anaesthetic agents 
for caesarean section: a UK survey of current practice. Int J Obstet 
Anesth 2013; 22:31–5.

	47.	 Duggal K, Russell R. Propofol should be the induction agent of choice 
for caesarean section under general anaesthesia. Int J Obstet Anesth 
2003; 12:275–9.

	48.	 Reynolds F. Anaesthesia for Caesarean section: no need for night-
mares. Anaesthesia 1986; 41:652.

	49.	 Heesen M, Klöhr S, Hofmann T, et al. Maternal and foetal effects of 
remifentanil for general anaesthesia in parturients undergoing cae-
sarean section: a systematic review and meta-analysis. Acta Anaesth 
Scand 2013; 57:29–36.

	50.	 de Souza DG, Doar LH, Mehta SH, et al. Aspiration prophylaxis and 
rapid sequence induction for elective cesarean delivery: time to reas-
sess old dogma? Anesth Analg 2010; 110:1503–5.

	51.	 Van de Velde M, Teunkens A, Kuypers M, et al. General anaesthesia 
with target controlled infusion of propofol for planned Caesarean 
section: maternal and neonatal effects of a remifentanil-based tech-
nique. Int J Obstet Anesth 2004; 13:153–8.

	52.	 Crawford JS. The place of halothane in obstetrics. Br J Anaesth 1962; 
34:386–90.

	53.	 Moir DD. Anaesthesia for Caesarean section. An evaluation of a 
method using low concentrations of halothane and 50% of oxygen. 
Br J Anaesth 1970; 42:136–42.

	54.	 Reynolds F. Commentary on reference 51. Br J Anaesth 1998; 80:688–9.
	55.	 Crawford JS. Editorial. Fetal well-being and maternal awareness. Br J 

Anaesth 1988; 61:247–9.
	56.	 Gambling DR, Sharma SK, White PF, et al. Use of sevoflurane during 

elective Cesarean birth; a comparison with isoflurane and spinal 
anesthesia. Anesth Analg 1995; 81:90–5.

	57.	 Abboud TK, Zhu J, Richardson E, et al. Desflurane: a new volatile 
anesthetic for cesarean section. Acta Anaesth Scand 1995; 39:723–6.

	58.	 Ebert TJ, Muzi M. Sympathetic hyperactivity during desflurane 
anesthesia in healthy volunteers. A comparison with isoflurane. 
Anesthesiology 1993; 79:444–53.

	59.	 Chin KJ, Yeo SW. A BIS-guided study of sevoflurane requirements 
for adequate depth of anaesthesia in Caesarean section. Anaesthesia 
2004; 59:1064–8.

	60.	 Yoo KY, Jeong CW, Kang MW, et al. Bispectral index values during 
sevoflurane-nitrous oxide general anesthesia in women undergoing 
cesarean delivery: a comparison between women with and without 
prior labor. Anesth Analg 2008; 106:1827–32.

	61.	 Paech MJ, Scott KL, Clavisi O, et al. A prospective study of awareness 
and recall associated with general anaesthesia for caesarean section. 
Int J Obstet Anesth 2008; 17:298–303.

	62.	 The Royal College of Anaesthetists, Royal College of Anaesthetists of 
Great Britain and Ireland. Report and Findings of the 5th National Audit 
Project: Accidental Awareness during General Anaesthesia in the United 
Kingdom and Ireland. London: The Royal College of Anaesthetists. 
http://www.nationalauditprojects.org.uk/NAP5home#pt

	63.	 Levy DM. Inhalational induction of anaesthesia for caesarean sec-
tion: not to be sniffed at? Int J Obstet Anesth 2002; 11:235–7.

	64.	 Turner RJ, Lambros M, Kenway L, et al. The in-vitro effects of 
sevoflurane and desflurane on the contractility of pregnant human 
uterine muscle. Int J Obstet Anesth 2002; 11:246–51.

	65.	 Butwick AJ, Coleman L, Cohen SE. Minimum effective bolus dose 
of oxytocin during elective Caesarean delivery Br J Anaesth 2010; 
104:338–43.

	66.	 Levy DM. Traditional rapid sequence induction is an outmoded 
technique for caesarean section and should be modified. Int J Obstet 
Anesth 2006; 15:227–9.

	67.	 Abouleish E, Abboud T, Lechevalier T, et al. Rocuronium (Org 
9426) for Caesarean section. Br J Anaesth 1994; 73:336–41.

	68.	 Sluga M, Ummenhofer W, Studer W, et al. Rocuronium versus succi-
nylcholine for rapid sequence induction of anaesthesia and endotra-
cheal intubation: a prospective, randomised trial in emergent cases. 
Anesth Analg 2005; 101:1356–61.

	69.	 Kopman AF. Rocuronium versus succinylcholine for rapid tracheal 
intubation. Anesth Analg 2006; 102:1912.

	70.	 Levy JH, Davis GK, Duggan J, et al. Determination of the hemo-
dynamics and histamine release of rocuronium (Org 9426) when 
administered in increased doses under N2O/O2-sufentanil anesthe-
sia. Anesth Analg 1994; 78:318–21.

http://www.rcoa.ac.uk/nap4
http://www.rcoa.ac.uk/nap4
http://www.nationalauditprojects.org.uk/NAP5home#pt


Chapter 22  general anaesthesia for caesarean delivery 349

	71.	 Sadleir PHM, Clarke RC, Bunning DL, et al. Anaphylaxis to neuro-
muscular blocking drugs: incidence and cross-reactivity in Western 
Australia from 2002 to 2011. Br J Anaesth 2013; 110:981–7.

	72.	 Pühringer FK, Kristen P, Rex C. Sugammadex reversal of 
rocuronium-induced neuromuscular block in Caesarean section 
patients: a series of seven cases. Br J Anaesth 2010; 105:657–60.

	73.	 Williamson RM, Mallaiah S, Barclay P. Rocuronium and sugam-
madex for rapid sequence induction of obstetric general anaesthesia. 
Acta Anaesth Scand 2011; 55:694–9.

	74.	 Lee C; Jahr JS, Candiotti, KA. Reversal of profound neuromuscular 
block by sugammadex administered three minutes after rocuro-
nium: a comparison with spontaneous recovery from succinylcholine 
Anesthesiology 2009; 110:1020–5.

	75.	 Tunstall ME. Failed intubation drill. Anaesthesia 1976; 31:850.
	76.	 Sanders RD, Hassel J, Davidson AJ, et al. Impact of anaesthetics and 

surgery on neurodevelopment: an update. Br J Anaesth 2013; 110 
(S1):i53–72.

	77.	 Brambrink AM, Evers AS, Avidan MS, et al. Ketamine-induced 
neuroapoptosis in the fetal and neonatal Rhesus macaque brain. 
Anesthesiology 2012; 116:372–84.

	78.	 Legrand M, Plaud B. Etomidate and general anesthesia: the butterfly 
effect? Anesth Analg 2013; 117:1267–9.

	79.	 Dyer RA, Els I, Farbas J, et al. Prospective, randomized trial 
comparing general with spinal anaesthesia for Cesarean delivery 

in preeclamptic patients with a nonreassuring fetal heart trace. 
Anesthesiology 2003; 99:561–9.

	80.	 Lewis G (ed). The Confidential Enquiry into Maternal and Child 
Health (CEMACH). Saving Mothers’ Lives: Reviewing Maternal 
Deaths to Make Motherhood Safer—2003–2005. The Seventh Report 
on Confidential Enquiries into Maternal Deaths in the United 
Kingdom. London: CEMACH; 2007.

	81.	 Yoo KY, Kang DH, Jeong H, et al. A dose-response study of remifen-
tanil for attenuation of the hypertensive response to laryngoscopy 
and tracheal intubation in severely preeclamptic women undergoing 
caesarean delivery under general anaesthesia. Int J Obstet Anesth 
2013; 22:10–18.

	82.	 Dean C, Douglas J. Magnesium and the obstetric anaesthetist. Int J 
Obstet Anesth 2013; 22:52–63.

	83.	 Huang CJ, Fan YC, Tsai PS. Differential impacts of modes of anaes-
thesia on the risk of stroke among preeclamptic women who undergo 
Caesarean delivery: a population-based study. Br J Anaesth 2010; 
105:818–26.

	84.	 Tsai PS, Hsu CS, Fan YC. General anaesthesia is associated with 
increased risk of surgical site infection after Caesarean delivery 
compared with neuraxial anaesthesia: a population-based study. Br J 
Anaesth 2011; 107:757–61.

	85.	 Camann W, Tuomala R. Antibiotic prophylaxis for cesarean deliv-
ery: always before skin incision! Int J Obstet Anesth 2011;20:1–2.



CHAPTER 23

The aetiology and management 
of hypotension during spinal 
anaesthesia for caesarean delivery
Robert A. Dyer, Michelle J. Arcache, 
and Eldrid Langesaeter

Background
The benefits of neuraxial anaesthesia in obstetrics were first rec-
ognized in July 1900, when the obstetrician Oscar Kreis adminis-
tered spinal cocaine to six parturients in labour. Cleland’s classic 
experiments on anaesthetized dogs provided the anatomical basis 
for neuraxial anaesthesia in obstetrics in 1933.1 However, these 
pain relief methods in obstetrics were initially to fall into disre-
pute, since inadequate training and monitoring led to a high mor-
bidity and mortality; an editorial points out that the mortality 
after spinal anaesthesia (SA) was 1/1000 surgical patients prior to 
1944, and as high as 1/139 in obstetrics.2

As understanding of maternal and fetal physiology developed, 
outcomes improved. Of particular importance was the early 
work on aortocaval compression in the third trimester.3 A major 
advance in SA in obstetrics was the introduction of atraumatic 
pencil-point needles by Hart and Whitacre in 1951, which reduced 
the incidence of significant postdural puncture headache to less 
than 1%.4

Since the first Confidential Enquiry into Maternal Deaths was 
performed (1952–1954), the decreasing mortality associated with 
obstetric anaesthesia in the United Kingdom has been due both 
to the adoption of SA for caesarean delivery (CD) as the preferred 
method, and to safer general anaesthesia. Although recent litera-
ture reports a lower incidence of failed intubation5 than an earlier 
study (1/250),6 this complication continues to contribute signifi-
cantly to maternal deaths.7,8 The development of obstetric anaes-
thesia as a subspecialty, and the introduction of strict supervision 
of junior anaesthetists have also influenced obstetric anaesthesia 
safety.

In the United States, general anaesthesia for CD was shown to 
be associated with a 16.7 times higher case fatality rate than neu-
raxial anaesthesia for the period 1985–1990.9 More recently, the 
case fatality rate for general anaesthesia has decreased, and the 
fatality rate has increased from 2.5 (1991–1996) to 3.8 (1997–2002) 
per million neuraxial anaesthetics, so that the risk ratio for gen-
eral versus neuraxial anaesthesia has decreased during this period 
from 6.7 to 1.7.10 This shows that SA does have an associated mor-
bidity and mortality, although mortality is rare.

The Eighth Report on Confidential Enquiries into Maternal 
Deaths in the United Kingdom, published in 2011, showed that 
mortality as a direct result of anaesthesia remains low. For the tri-
ennium 2003–2005 there were only 6/132 deaths directly attribut-
able to anaesthesia and in 2006–2008, there were 7/107 deaths. On 
analysis of the seven deaths, it was felt that substandard care was 
delivered to six (86%) of the women, with half of them receiving 
‘major’ substandard care which significantly contributed to the 
death of the mother; different treatment may well have altered the 
outcome.11

South Africa is the only country with predominantly lim-
ited resources in which an extensive audit of maternal mortal-
ity has been in progress for many years. During the triennium 
2005–2007, the report of the National Committee for the 
Confidential Enquiries into Maternal Deaths showed that there 
were 74 direct anaesthesia deaths, of which 53 were associated 
with spinal and 18 with general anaesthesia. For the triennium 
2008–2010, 73/92(79%) of direct anaesthesia deaths were associ-
ated with SA.12 Two-thirds of these fatalities were due to poor 
management of spinal hypotension or high motor block, and 
most were assessed as avoidable. This shows the importance of 
the provision of detailed recommendations for the management 
of haemodynamic instability during SA for CD. Such recommen-
dations, as well as ongoing research into this important subject, 
should contribute to improved maternal and neonatal safety and 
greater maternal comfort during and after the procedure.

Haemodynamic consequences of spinal 
anaesthesia
Haemodynamic instability during single-shot SA for CD is the 
result, first and foremost, of the effects of SA in a pregnant patient 
predisposed to aortocaval compression.

The splanchnic vasculature provides a major reservoir for 
venous return in the parturient. This blood returns to the inferior 
vena cava via the hepatic vein, above the level of potential aorto-
caval compression. During a state of hypovolaemia, typically after 
blood loss in obstetrics, the transmural pressure of the compliant 
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splanchnic veins is predominantly above zero,13 due to activation 
of the sympathetic nervous system. The sympathectomy associ-
ated with SA would inhibit these compensatory changes, result-
ing in a marked decrease in venous return, due to a precipitous 
decrease in mean circulatory filling pressure. This may result in 
cardiovascular collapse. SA is thus absolutely contraindicated in 
this situation.

Even in the healthy parturient with her expanded blood volume, 
SA for CD is associated with hypotension, due to a combination 
of increased venous capacitance and decreased systemic vascular 
resistance (SVR). Since uterine blood flow is pressure dependent, 
hypotension results in a decrease in uterine blood flow and poten-
tial compromise to fetal oxygenation. Hypotension is commonly 
associated with unpleasant symptoms such as maternal nausea 
and vomiting, and cardiovascular collapse may rarely occur.

The definition of hypotension varies considerably between prac-
titioners. A literature search examined 63 publications between 
1999 and 2009. The two commonest definitions were a decrease in 
systolic blood pressure below 80% of baseline and a systolic blood 
pressure below 100  mmHg, or simply a decrease of 20% from 
baseline.14

Predicting hypotension in the individual case remains dif-
ficult, although the use of a supine stress test,15 preoperative 
positional blood pressure change,16 correlation between baseline 
heart rate (HR) and vasopressor requirements,17 or preopera-
tive assessment of sympathovagal balance by analysing HR vari-
ability may be useful.18–20 Intraoperative assessment tools have 
included maternal symptoms, non-invasive measures such as HR 
and manual or oscillometric blood pressure readings, as well as 
central venous pressure and cardiac output (CO) measurements, 
including non-invasive, minimally invasive, and invasive meth-
ods.21,22 Short-term neonatal outcome has most commonly been 
assessed by umbilical arterial and venous blood gas values and 
Apgar scores.23

Potential haemodynamic responses to SA are:
◆	 hypotension and increase in HR
◆	 hypotension and bradycardia
◆	 persistent refractory hypotension
◆	 high motor block with cardiorespiratory failure

These responses will be influenced by:
◆	 aortocaval compression
◆	 baricity and dose of local anaesthetic and opioid employed
◆	 rational use of fluids
◆	 goal-directed use of vasopressors.

This chapter will describe these scenarios and the mechanisms 
involved, and conclude with a management strategy for each one. 
Special considerations apply in the management of SA for patients 
with severe pre-eclampsia and cardiac disease.

Haemodynamic effects of aortocaval compression 
and spinal anaesthesia
Aortocaval compression
The association between arterial hypotension and the supine posi-
tion in late pregnancy was first recognized by the Swedish obste-
trician Gideon Ahltorp in 1931, as described in a review of the 

subject.24 The correct aetiology was described in 1951, and clas-
sic case reports alerted anaesthetists to the importance of avoid-
ing this complication.25 Early studies demonstrated both vena 
caval and aortic compression in late pregnancy. The methodology 
included the measurement of right heart filling and inferior vena 
caval pressures, CO, differences in brachial arterial and femoral 
arterial pressures in the supine and the lateral or lateral tilt posi-
tion, and abdominal angiography.3 Aortic compression, shown by 
a decrease in femoral artery pressure, occurs earlier in pregnancy 
than inferior vena caval compression, as indicated by a decreased 
femoral artery pressure in the supine position.26 Whilst CO may 
be reduced in the supine position, most women respond with com-
pensatory increases in SVR and HR. The result is that less than 
20% of women experience arterial hypotension and the ‘supine 
hypotensive syndrome’, and the quoted incidence varies greatly 
between studies.24 However, the fetus may be subjected to dimin-
ished intervillous blood flow because of a rise in uterine vascular 
resistance secondary to aortic compression. Fetal bradycardia has 
been shown to occur when hypotension occurs with the mother 
in the supine position,27 and HR decelerations can be reversed by 
turning the mother into the lateral position.

Positioning during spinal anaesthesia
During SA for CD, CO has been shown to be greatly improved by 
a change from the supine to the left lateral position.28 Umbilical 
venous and arterial saturation was demonstrated to improve dur-
ing SA in patients receiving lateral tilt.29 A recent investigation 
suggests that CO is 5% higher if the patient is tilted by more than 
15°.30 However, as much as 34° of lateral tilt may be necessary 
to completely eliminate the effects of aortocaval compression,31 
and some investigators have recommended the performance of 
SA for CD in the lateral or modified lateral position.32 It may be 
that the position of the parturient prior to tilting is important. 
One investigation showed that when women were tilted from a 
previous fully supine position, there was evidence of aortocaval 
compression. However, if they were tilted from a previously fully 
left lateral position, there was no evidence of aortocaval compres-
sion.33 Interestingly, in the only published study comparing hypo-
tension during CD in multiple gestation pregnancy with singleton 
pregnancy, there were no differences detectable in haemodynamic 
instability.34 However, aortocaval compression may be of greater 
concern in patients with multiple or a large singleton pregnancy.

The effects of maternal position on the human fetal circula-
tion have been studied using umbilical artery scanning with 
real-time Doppler signals during epidural anaesthesia. The results 
showed a higher umbilical artery vascular resistance in the supine 
position.35

Effects of spinal anaesthesia
The typical response: hypotension and an increased heart rate
During SA, sympathetic blockade diminishes the compensatory 
mechanisms and results in a high incidence of clinically signifi-
cant hypotension. An early study of intermittent CO measurement 
during SA for CD, using indicator dilution, showed that SA was 
associated with a significant depression of CO in 10/12 patients.28 
A  further study employing intermittent suprasternal Doppler 
flow measurements, showed that SA employing a median dose 
of 11 mg hyperbaric bupivacaine was associated with a decrease 
in CO of greater than 1 L/min in 9/16 patients.36 By contrast, a 
further investigation employing lower doses of local anaesthetic  
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(7  mg and 10 mg hypobaric bupivacaine) in conjunction with 
subarachnoid sufentanil, demonstrated a marked decrease in SVR 
and an increase in CO following SA, using pulse waveform analy-
sis37 (Figure 23.1).

Another study, employing both pulse waveform analysis and 
bioimpedance changes in the same patient, confirmed that the 
typical response to SA for elective CD is a decrease in SVR, which 
causes hypotension and a partially compensatory increase in CO, 
mediated by increases in both stroke volume (SV) and HR.38 The 
important difference in findings between the old studies28,36 and 
the more recent studies37,38 is the methods applied. The older 
studies using intermittent measurements of CO 5, 10, and 15 
minutes after SA, would not be able to detect the initial effects 
of SA as shown in the two more recent studies using continuous 

monitoring of CO. In addition, the modern practice of using lower 
doses of spinal bupivacaine, together with the recognition of the 
importance of patient positioning and the judicious use of fluids 
and vasopressors, may contribute to more stable haemodynamics 
once SA is established. In most women, the baroreceptor response 
is well preserved soon after induction of SA, despite sympathetic 
blockade. In the non-obstetric population, sympathovagal bal-
ance usually does not alter to complete vagal dominance during 
the sympathetic block associated with SA, and sinus bradycardia 
is therefore infrequent.39

Hypotension and bradycardia
Sudden severe bradycardia may occur in approximately 7% of 
patients,40 and occasional cardiac arrest has been described.41–44 
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Figure 23.1  Mean differences in haemodynamic variables between the four treatment groups. (A) Cardiac output. (B) Systolic blood pressure. (C) Systemic vascular 
resistance. (D) Mean arterial pressure. Baseline is marked on the y-axis. Standard error (SE) for each group is marked as error bars.
Reproduced with permission from Langesæter, Eldrid; Rosseland, Leiv Arne, Continuous Invasive Blood Pressure and Cardiac Output Monitoring during Cesarean Delivery: A Randomized, 
Double-blind Comparison of Low-dose versus High-dose Spinal Anesthesia with Intravenous Phenylephrine or Placebo Infusion, Anesthesiology, Volume 109, Issue 5, pp. 856–63, Copyright © 
2008 Wolters Kluwer Health, Inc.
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In many of the cases describing cardiac arrest, high doses of local 
anaesthetics were used, some with inadvertent spinal placement 
of an intended epidural top-up. The cause of the profound vagal 
activity that occurs in a small proportion of women is unknown, 
but it may be triggered by several different causes such as aor-
tocaval compression, high block, emotional stress, peritoneal 
manipulation, or sudden haemorrhage.45 Reflex phenomena such 
as the pacemaker stretch reflex,46 Bezold–Jarisch reflex (BJR),47 
and the ‘reverse’ Bainbridge reflex48,49 may be causatory, but there 
is no strong evidence to support this theory.

The BJR was initially described as a chemoreflex: precipitous 
bradycardia followed the injection of toxic steroidal alkaloids into 
dogs’ coronary arteries. More recently, it has been postulated that 
there may be mechanical stretching during contraction of the 
poorly filled left ventricle, which results from a sudden decrease 
in venous return following induction of SA for CD, or in severe 
hypovolaemia. This may result in increased afferent input into the 
vasomotor centre via C-fibres in the inferoposterior wall of the left 
ventricle. This is followed by profound bradycardia and peripheral 
vasodilatation. A review supports the possibility of the involve-
ment of the BJR in acute bradycardia during neuraxial anaesthe-
sia, but states that there is probably more than one physiological 
precipitating factor or mechanism.50 The Bainbridge reflex was 
described in 1915. An infusion of saline into anaesthetized dogs 
produced tachycardia, on the basis of activation of stretch recep-
tors in the atria. The ‘reverse’ Bainbridge reflex has been proposed 
to explain slowing of the HR when venous return decreases.49 
Whatever the mechanism, the final common efferent pathway is 
the vagus nerve, and the result is occasional profound bradycardia.
Persistent refractory hypotension
Having ensured adequate uterine displacement, hypotension 
resistant to vasopressors should raise the suspicion that either an 
error has been made concerning the volume status of the patient, 
or there is undiagnosed cardiac pathology. In low-resourced 
areas,51 the diagnosis of valvular heart disease and cardiomyopa-
thy may be missed in patients presenting close to term.
High motor block
This scenario is fortunately rare, of the order of 1/3000.44 The 
doses are not mentioned in this study. If the currently recom-
mended doses of spinal local anaesthetic and details of tech-
nique are employed, this incidence is likely to be much lower. 
Therefore, when teaching SA for CD, it should be emphasized that 
cardiovascular instability requires immediate treatment, and is 
by far the more common scenario than high spinal block.52 SA 
for CD is associated with a reduction in respiratory function of 
approximately 25%, which may impair cough strength in some 
patients.53,54 High motor block results in increasing dyspnoea and 
weak respiratory effort, followed by apnoea. Concomitant sympa-
thetic block may result in cardiovascular collapse.

Overall, maternal and fetal morbidity have been greatly reduced 
by the recognition of the effects and the avoidance of aortocaval 
compression during SA for CD. However, an editorial discusses 
the relative contribution of the venous and arterial circulation to 
spinal hypotension during CD.55 The point is made that despite 
careful attention to fluid management and positioning in order 
to minimize aortocaval compression, significant hypotension 
still occurs in a large percentage of patients, due to the effects of 
SA on the arterial circulation. This thought-provoking editorial 

suggests that there is a ‘lesson’ to be learned ‘from pre-eclampsia’, 
in that one would expect greater haemodynamic instability in 
these patients if intravascular depletion and decreased venous 
return were the predominant contributor to spinal hypotension. 
Research employing continuous pulse waveform analysis (previ-
ously discussed) supports the contention that spinal hypotension 
is usually in large part due to effects on the arterial circulation 
during SA for elective CD.

Baricity, dose, and volume of spinal local 
anaesthetic, and combination with an opioid
Currently, most anaesthetists employ hyperbaric bupivacaine for 
SA for CD. In support of this practice, a randomized trial sug-
gested that isobaric and hypobaric solutions were associated with 
more motor block, as well as more hypotension and a higher num-
ber of cervical level blocks than hyperbaric bupivacaine, if SA was 
performed in the sitting position.56 A study comparing the effects 
of 7 and 10 mg hypobaric bupivacaine, with and without a pro-
phylactic phenylephrine infusion during elective CD, showed that 
greater haemodynamic instability occurred in the higher-dose 
group (Figure 23.1).37

Since the early adoption of 0.5% bupivacaine for SA for CD, 
interest has focused on the optimal local anaesthetic/opioid 
combination and dose to achieve the goals of effective surgical 
anaesthesia and postoperative analgesia, with minimal maternal 
and neonatal side effects. This is particularly important in view 
of the fact that maternal pain is the commonest reason for fail-
ure of technique, particularly if the uterus is exteriorized. Pain 
is also the most commonly cited anaesthetic cause of litigation 
in obstetric practice.57 Despite several studies on dose response 
and efficacy, currently there seems no advantage of either lev-
obupivacaine or ropivacaine over bupivacaine. Most anaesthe-
tists employ hyperbaric 0.5% bupivacaine in a dose of 7.5–15.0 mg 
(1.5–3.0 mL). The incidence of visceral pain has been shown to 
be related to the dose of spinal bupivacaine. The use of less than 
10 mg alone or 8 mg in combination with an opioid is consid-
ered ‘low dose’. Some investigators have examined the lower dose 
range, with a view to reducing side effects such as hypotension, 
nausea and vomiting, and prolonged motor blockade. In a com-
parative study of three different doses of hyperbaric bupivacaine, 
the use of 7.5 mg of bupivacaine was advocated in the interests of 
haemodynamic stability; however, many patients rated analgesia 
as poor.58 Furthermore, a study employing a suprasternal Doppler 
flow technique was unable to demonstrate improved haemody-
namic stability when comparing the initiation of SA for CD with 
a standard local anaesthetic dose versus a smaller dose as part of a 
combined spinal–epidural (CSE) technique.59

The addition of various doses of different intrathecal opi-
oids may allow the reduction of the local anaesthetic dose, with 
an equivalent success rate and less severe side effects. Adequate 
surgical anaesthesia has been reported in parturients receiving 
only 5 mg hyperbaric bupivacaine, to which 25 mcg fentanyl was 
added, with less hypotension, and less nausea and vomiting than 
the group receiving 10 mg of bupivacaine only.60 Other investiga-
tors reported that 8 mg of bupivacaine was sufficient if 10 mcg 
fentanyl was added.61 All studies suggest that a combination of 
local anaesthetic and opioid allows for a reduction in local anaes-
thetic dose. Most studies investigating low local anaesthetic doses 
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have employed hyperbaric bupivacaine, which allows the use of 
positioning to manipulate dermatomal spread. In this regard, 
low-dose (6.6 mg) hyperbaric bupivacaine has been shown to pro-
duce more reliable cephalad spread of anaesthesia, with less hypo-
tension and nausea, than the hypobaric solution.62

When the effects of low-dose SA are studied, a CSE technique 
is often employed, since this allows for epidural supplementa-
tion should analgesia be inadequate. It should be noted that the 
interpretation of the results of these studies may, however, be 
influenced by the fact that single-shot SA may result in less senso-
rimotor anaesthesia than an identical dose administered as part of 
a CSE technique for elective CD.63

One recent investigation into the dose–response relationship 
for intrathecal hyperbaric bupivacaine co-administered with 
intrathecal fentanyl and morphine, demonstrated an ED50 of 
7.6 mg and an ED95 of 11.2 mg for bupivacaine.64 In addition, a 
recent meta-analysis suggests that if less than 8 mg bupivacaine 
is employed, there is an increased requirement for intraoperative 
analgesic supplementation (risk ratio 3.76; 95% confidence inter-
val (CI) 2.38–5.92).65 There is good evidence that a dose of less 
than 10 mg should also not be used in morbidly obese patients, 
since the ED95 was estimated at 15 and 12 mg respectively in two 
papers.66,67 In view of the fact that the patient’s experience of pain 
is by far the most important outcome, low-dose single-shot SA can 
no longer be recommended, and such low doses should only be 
administered as part of a CSE technique.68

In summary, surgical anaesthesia during single-shot SA should 
not be compromised due to concerns about the management of 
cardiovascular instability.65,69 A dose of no less than 8 mg hyper-
baric bupivacaine combined with an opioid, or 10 mg of hyper-
baric bupivacaine alone, would seem appropriate. If doses lower 
than these are envisaged, SA should only be performed as part 
of a CSE technique. The use of a long-acting opioid as part of a 
single-shot SA technique depends upon facilities available for 
postoperative monitoring. Having selected the optimal com-
bination of local anaesthetic and opioid for SA in this manner, 
with a view to attaining ideal surgical anaesthesia and a mini-
mal requirement for intraoperative supplementation of analgesia, 
haemodynamic instability will still occur in a significant percent-
age of patients, despite positioning the mother in left lateral tilt. 
This requires careful attention to fluid and vasopressor therapy.

Fluid management
Considerable controversy exists as to the most appropriate IV 
fluid regimen for SA for elective CD. Widespread use of crystal-
loid preload was initiated by the demonstration of improvements 
in uterine blood flow in pregnant ewes in response to rapid fluid 
administration after SA-induced hypotension.70 The rationale for 
‘preload’ was that SA-induced venodilatation results in a decrease 
in SV which more than offsets the increase due to afterload reduc-
tion, and thus CO may decrease precipitously. Early promising 
results71,72 may have been due to the inclusion of patients in labour, 
an inadequate understanding of the importance of prevention of 
aortocaval compression, and other aspects of study design such as 
blinding, randomization, and local anaesthetic dose. Patients in 
labour may be less susceptible to hypotension during CD, possibly 
due to autotransfusion during contractions.73

A qualitative systematic review evaluated the efficacy of increas-
ing blood volume in reducing the incidence of hypotension during 

elective SA for CD.74 Secondary outcomes were maternal nausea, 
vasopressor use, and umbilical cord pH and Apgar scores. The 
studies fell into four categories:  large versus small volumes of 
crystalloid, colloid versus crystalloid, different colloid regimens, 
and mechanical methods for increasing blood volume (total 
N = 1504). Crystalloid solutions were ineffective as a preload. Of 
the nine studies examining crystalloids, only three showed a sig-
nificant reduction in the incidence of hypotension in the group 
receiving a higher volume of preload.71,75,76 There were considera-
ble differences in the study protocols, which probably accounts for 
the heterogeneity of the results.74 Colloids were effective in reduc-
ing, but not eliminating, hypotension in all but one of a total of 
23 randomized controlled trials. Of the seven studies comparing 
crystalloid and colloid (albumin, hetastarch, gelatin, pentastarch, 
or dextran), five showed a decreased incidence of hypotension in 
the colloid relative to the crystalloid group.77–81 Only one study 
showed a better neonatal outcome in the colloid group.79 A limi-
tation of the results was the variability in the volumes of colloids 
chosen in the studies, as well as differing definitions of hypoten-
sion and ephedrine protocols. Due to variation in study design, 
it was also not possible to determine whether prophylactic fluid 
administration affected vasopressor requirements. Some small 
studies have shown that wrapping the legs consistently reduced 
the incidence of hypotension compared with leg elevation or con-
trols.82 However, this is not a method that is easy to apply in rou-
tine clinical practice.

The latest update of the Cochrane Database in this field includes 
75 studies with only eight trials reporting adequate allocation 
concealment methods, and blinding was reported in 28 tri-
als. This review is in general agreement with findings from the 
above-mentioned systematic review,74 reporting that ‘Crystalloids 
were more effective than no fluids (relative risk 0.78, 95% confi-
dence interval 0.60 to 1.00; one trial, 140 women, sequential analy-
sis) and colloids were more effective than crystalloids (relative risk 
0.68, 95% confidence interval 0.52 to 0.89; 11 trials, 698 women) 
in preventing hypotension following SA at CD. No differences 
were detected for different doses, rates or methods of adminis-
tering colloids or crystalloids’.83 Despite the proven advantages of 
colloids in terms of reducing hypotension, colloids have not been 
uniformly adopted for fluid management for elective CD. This is 
partly because of their expense, as well as the risk of anaphylactic 
reactions, albeit very low with most available solutions.

Many studies have therefore investigated the timing of admin-
istration of crystalloid. The relevance of the duration and timing 
of infusion of a crystalloid preload prior to SA for CD, has been 
evaluated.84 This study demonstrated that there was no differ-
ence in the incidence of hypotension whether 20 mL/kg of crys-
talloid was given over 10 or 20 minutes prior to induction of SA. 
Central venous pressure increases were greater, but increases in 
HR were less, and HR returned to baseline in a shorter period in 
the 10-minute group than in the 20-minute group, suggesting a 
benefit in administering the fluid closer to the time of induction of 
SA. In a subsequent investigation, the authors hypothesized that 
in order for a fluid bolus to effectively reduce post-spinal hypoten-
sion, the administration of the fluid should produce a sustained 
increase in CO. Patients were preloaded with 1.5 L Ringer’s lac-
tate, or 0.5 L or 1.0 L hydroxyethyl starch. CO and blood volume 
were assessed before and 30 minutes after fluid loading, using a 
non-invasive pulse spectrophotometric technique for detecting 
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indocyanine green. All groups had an increase in blood volume 
after fluid loading, but only 28% of the Ringer’s lactate solution 
remained in the intravascular space after 30 minutes, compared 
with 100% of the hydroxyethyl starch solution. CO was only 
increased in the hydroxyethyl starch groups, and only in the 1.0 
L hydroxyethyl starch group was spinal hypotension statistically 
and clinically significantly reduced, with an incidence of 17%, ver-
sus 75% in the Ringer’s and 58% in the 0.5 L hydroxyethyl starch 
group.81

In the non-obstetric population, a sustained rise in CO has 
been demonstrated in a group of patients given lactated Ringer’s 
solution after the initiation of SA.85 A kinetic analysis of an IV 
infusion of Ringer’s solution as preload suggested that a rapid 
fluid load given over 2 minutes after induction of both spinal 
and general anaesthesia for non-obstetric surgery, might prevent 
hypotension caused by central hypovolaemia.86 These findings 
prompted a study of crystalloid administration after initiation of 
SA for CD (‘co-load’ or co-hydration), to overcome the problem 
of rapid redistribution of crystalloid fluid. The co-load group (20 
mL/kg) required a lower median dose of ephedrine for the treat-
ment of maternal hypotension prior to delivery.87 Subsequent to 
this study, crystalloid co-loading has been employed in combina-
tion with phenylephrine infusion, in an attempt to obtain optimal 
haemodynamic stability during SA for CD.88 Patients receiving 
rapid co-loading in combination with phenylephrine had an 
almost zero incidence of hypotension, which was an improvement 
on the use of phenylephrine infusions alone. This paper forms the 
basis for current practice, with the reservation that most practi-
tioners use lower doses of phenylephrine than in this investigation 
(see ‘Vasopressor Use’).

Several studies have also examined the optimal volume and tim-
ing of colloid administration. In this regard, a pentastarch preload 
of 10 mL/kg has been found to be more effective than 5 mL/kg 
at preventing hypotension following SA.89 As might be expected, 
colloid co-loading with 6% hydroxyethyl starch was found to be 
similarly effective in reducing hypotension compared with pre-
loading.90 Similar results were shown using hetastarch.91 There 
was no difference in CO or vasopressor requirements in women 
randomized to colloid or crystalloid co-load.92 However, interpre-
tation is difficult, since a prophylactic phenylephrine infusion was 
used. There have been no studies comparing crystalloid co-load 
with colloid preload.93

In summary:
◆	 Crystalloid preload is not effective.76

◆	 Preload with crystalloid or colloid increases CO but this does 
not reduce the incidence of arterial hypotension.94,95

◆	 Crystalloid co-load is partially effective and superior to crys-
talloid preload, however the benefit most likely depends on 
the volume of fluid infused (higher volume best) and the rapid 
administration of the fluid over the first 5–10 minutes after 
induction of SA, timed with the onset of the sympathectomy.96,97

◆	 Colloid co-load is as effective as colloid preload.98

◆	 Colloid co-load is equally effective—and possibly more 
effective—than crystalloid co-load.92,97

To conclude, colloids are more effective than crystalloids in pre-
venting hypotension during SA for elective CD, particularly 
in women who have a positive preoperative supine stress test.15 

Routine use of colloids is not uniformly accepted in view of the 
expense, the potential for anaphylactic reactions, and the efficacy 
of rapid, high-volume crystalloid co-loading,97 in combination 
with appropriate use of vasopressors.

Vasopressor use
Fluids alone are inadequate to treat spinal hypotension in 40–60% 
of cases.99 The most commonly used vasopressors worldwide are 
ephedrine and phenylephrine; this discussion is therefore limited 
to the intravenous administration of these agents, since prophy-
lactic intramuscular administration may cause hypertension100 
or inadequate reduction of hypotensive episodes,101 depending on 
the exact timing. The choice of vasopressor should be based upon 
a knowledge of the maternal haemodynamic effects of the agent, 
efficacy (preferably rapid onset and short duration), maternal and 
fetal side effects.

Ephedrine is a slow onset and relatively long-acting, 
non-catecholamine, direct-acting β-receptor agonist, with indi-
rect α-effects via norepinephrine release. However, the exact 
mechanism of action remains controversial; one study in a rat 
model suggested mainly indirect effects via norepinephrine 
release,102 and another supported direct α-effects.103 In either 
case, the fact that the uteroplacental circulation is relatively 
devoid of sympathetic innervation, suggests a resistance to uter-
ine arterial vasoconstrictive effects of this agent.102 In support of 
this finding, ephedrine has been found to cause relatively more 
femoral than uterine artery vasoconstriction in pregnant ewes.104 
The vasodilatory effects of increased nitric oxide synthase activ-
ity in the uterine artery endothelium of pregnant ewes105 suggests 
that ephedrine might preferentially shunt blood to the uterus in 
pregnancy.99 A dose response meta-analysis of prophylactic IV 
ephedrine for the prevention of spinal hypotension, suggested a 
dose of 12 mg as a balance between benefit as a vasopressor and 
risk of causing hypertension.106 Clinical disadvantages in terms 
of haemodynamic effects include a low efficacy for vasopres-
sor effect,106 the development of tachyphylaxis to the pressor 
effects,107 and tachycardia and arrhythmias.108 The rapid onset α1 
agonist phenylephrine may be more effective for the reduction of 
nausea and vomiting during SA.109

The basis for the long-established use of ephedrine as a first-line 
drug for the management of spinal hypotension in obstetrics was 
a paper showing reductions of uterine blood flow in pregnant ewes 
following administration of α-agonists.110 However an elegant 
subsequent study comparing pregnant with non-pregnant ewes, 
has shown that the pregnant uterine artery is less responsive to 
α1 agonist stimulation than the non-pregnant artery.111 In the 
human haemochorial placental system, flow is very dependent 
upon pressure in the uterine arteries; thus phenylephrine main-
tains flow by its predominant effect on the systemic arterial pres-
sure, while causing relatively little uterine arterial constriction.

One of the further chief objections to ephedrine is the fetal 
acidosis associated with its use. The decreased umbilical arte-
rial pH and increased base deficit have been attributed to an 
ephedrine-generated increase in fetal metabolic rate, evidenced 
by an increase in an umbilical arteriovenous PCO2 difference 
in patients receiving ephedrine when compared with phenyle-
phrine.109 Ephedrine also increases fetal catecholamine concen-
trations.112 Transplacental transfer of ephedrine is more efficient 
than that of phenylephrine. When large doses are used (median 
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dose 60 mg ephedrine and 1.3 mg phenylephrine by infusion), 
umbilical arterial pH is lower (7.25 vs 7.34), and base deficit and 
lactate significantly higher (4.8 vs 1.9, and 4.2 vs 2.2  mmol/L 
respectively) in the ephedrine group.113 Some neonates may have 
a genetic predisposition to fetal acidosis, based upon their β2 
adrenoreceptor haplotype.114 Overall, both ephedrine and phe-
nylephrine have been demonstrated to be safe for the fetus when 
used in healthy pregnant women in normal clinical doses.115. 
Minor increases in fetal metabolic rate may even be beneficial to 
the normal fetus; one investigation showed that neonatal respira-
tory rates were higher in patients randomized to placebo than the 
β-agonist terbutaline prior to elective CD. Neonates in the treated 
group also had lower airways resistance and higher pulmonary 
compliance.116

In the only published paper involving non-elective CDs, there 
were no significant differences in fetal acid–base status after ran-
domization to phenylephrine or ephedrine.117 It is, however, pos-
sible that in compromised infants already at risk of acidosis and 
intrapartum hypoxia, large doses of ephedrine may have a clini-
cally deleterious effect, particularly by virtue of increased fetal 
oxygen consumption.

Phenylephrine is a potent direct-acting α1 agonist which has a 
rapid onset and is shorter acting by virtue of metabolism by mon-
oamine oxidase. Two excellent reviews discuss the overall effects 
of phenylephrine on the human circulation, and specifically dur-
ing obstetric SA.118,119 A study comparing infusions of phenyle-
phrine and ephedrine suggested a potency ratio of 81.2 (95% CI 
73.0–89.7).120 The time to peak pressor effect has been studied 
employing beat-by-beat finger arterial pressure. Phenylephrine 
has a significantly shorter time to peak effect than ephedrine 
(median 27 vs 78 seconds, P-value = 0.006).121 A  further study 
employing the LiDCO pulse waveform analysis system showed 
that baseline MAP was restored in approximately 40 and 90 sec-
onds by phenylephrine and ephedrine IV boluses respectively.38 
Two investigations employing non-invasive blood pressure moni-
toring have examined the ED95 and ED90, respectively, of bolus 
phenylephrine, using up-down sequential allocation. The ED95 of 
phenylephrine has been found to be 137 and 159 mcg for prevent-
ing hypotension and nausea, respectively.122 However, the authors 
comment that a bolus of 120 mcg was effective and safe in all of the 
50 patients. Another investigation estimated the ED90 of phenyle-
phrine to be approximately 150 mcg for the prevention of hypo-
tension.123 In view of the finding of a 75% increase in SVR after a 
bolus of 80 mcg phenylephrine,37 the estimated ED90 and ED95 are 
too high for recommendation in routine clinical practice.

Overall, the selection and method of administration of a vaso-
pressor to prevent hypotension should therefore be based on 
the efficacy in preventing maternal symptoms, and the maternal 
haemodynamic changes in response to SA.124

There are few available data comparing maternal CO responses 
to ephedrine and phenylephrine during SA for elective CD. Three 
published investigations have employed intermittent suprasternal 
Doppler flow measurements. In the first study, comparing bolus 
doses of the vasopressors, overall CO changes were not different 
between groups; however, bradycardia in the phenylephrine group 
was treated with atropine, which make the results difficult to inter-
pret.125 The primary outcome variable in this study was umbili-
cal artery pH, and not maternal haemodynamic changes. Two 
further studies, employing infusions of vasopressors, suggested 

that phenylephrine may depress maternal CO.126,127 Two studies 
employing beat-by-beat CO changes using the LiDCO monitor, 
have demonstrated the effects of phenylephrine on CO during 
elective CD.37,38 In the latter investigation, the haemodynamic 
effects of boluses of phenylephrine (80 mcg) and ephedrine (10 
mg), were studied using minimally invasive CO monitoring (both 
LiDCOplus and transthoracic bioimpedance measurements).38 
Vasopressor was administered in response to a 20% decrease in 
mean arterial pressure, at which point SVR had decreased by 35% 
and HR and CO had increased from baseline pre-SA values (~12% 
and 20% respectively). Figure 23.2 shows that phenylephrine 
reduced CO and HR to values approximating pre-SA baseline 
measurements, by reversing the SA-induced decrease in SVR and 
increase in CO. The study suggested that HR could guide phenyle-
phrine dosing, in that HR correlated strongly with CO. In most 
cases, simply titrating phenylephrine to maintain the baseline 
HR will thus restore blood pressure and CO. When this typical 
response to SA is observed, it is not logical to use ephedrine to 
further increase CO, which in most cases is already elevated as a 
response to SA. A further disadvantage of ephedrine is that the 
peak pressor effect occurs later than in the case of phenylephrine 
(Figure 23.2).

Several investigators have examined the advantages of bolus 
versus infusion or a combination of these methods of adminis-
tration of phenylephrine.88,128,129 A comparison of a prophylactic 
infusion of 100 mcg/min phenylephrine with the administration 
of 100 mcg boluses in response to a decrease in blood pressure 
to less than 80% of baseline, showed a greater number of hypo-
tensive episodes in the latter group, with no benefit in terms of 
cord blood gases. The prophylaxis group received approximately 
three times the dose of phenylephrine.128 A subsequent investiga-
tion, using phenylephrine infusions to control blood pressure at 
80%, 90%, or 100% of baseline values, suggested that tight control 
of blood pressure was associated with a lower incidence of nau-
sea and vomiting, and a significantly higher umbilical arterial 
pH, which was, however, not clinically relevant.129 A closed-loop 
feedback computer-controlled infusion has been used to main-
tain baseline blood pressure, using an on–off algorithm for a 
phenylephrine infusion at 100 mcg/min.130 No patients were 
symptomatic, and umbilical arterial pH was above 7.2 in all 53 
cases. Hypertension occurred in 38% of patients. Closed-loop 
feedback computer-controlled phenylephrine infusion has been 
shown to provide better arterial pressure control with fewer inter-
ventions required than with manual controlled infusion.131 This 
is, however, not a readily practicable method in most units. The 
well-preserved cord gas values after high-dose phenylephrine,129 
suggest that phenylephrine is effective in sustaining uterine blood 
flow during SA by its effects on uterine artery perfusion pressure.

Initiation of a phenylephrine infusion immediately after induc-
tion of SA, rather than treating established hypotension, may be 
beneficial.128 This was supported by a study in which 120 healthy 
women were randomized to a low-dose phenylephrine infusion 
(0.15 mcg/kg/min), an initial bolus of phenylephrine (50 mcg), 
or treatment of hypotension with phenylephrine (50 mcg).132 In 
a further study using a suprasternal Doppler flow technique to 
measure changes in CO, three different phenylephrine infusion 
rates (25, 50, or 100 mcg/min) were administered after crystalloid 
preload in 75 patients.127 An infusion rate of 100 mcg/min resulted 
in a clinically significant reduction in both HR and CO. Larger 
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total doses of phenylephrine were required to maintain equivalent 
control of the blood pressure when the infusion rate was 100 mcg/
min, suggesting a dose-related decrease in venous return. A fur-
ther investigation compared placebo with four different fixed rates 
of phenylephrine infusion (25, 50, 75, and 100 mcg/min) in combi-
nation with a crystalloid co-load, using non-invasive blood pres-
sure measurements in 101 patients.133 There was no hypotension 
in the high-dose infusion group (100 mcg/min), but the incidence 
of hypertension in this group was 82%, and 32% of the patients 
developed bradycardia. There were no differences in the mean 
changes in systolic blood pressure when comparing the 50 and 
100 cg/min groups. None of the patients in the 50 mcg/min group 
developed bradycardia, suggesting that the lower dose range of 
phenylephrine should be used. The authors also suggested that 
variable rate infusions would be more effective. The studies 
reviewed above provide valuable information on the dosing of 
phenylephrine when administered by bolus or infusion. However, 
research protocols follow a strict setup. Interpatient variability in 
response to SA and vasopressors require that treatment is guided 
both by the individual response and published recommendations.

Combinations of ephedrine and phenylephrine have also been 
studied. Phenylephrine added to an infusion of ephedrine halved 
the incidence of hypotension and increased umbilical cord pH,134 
but there is no apparent benefit over phenylephrine alone. In a 
study employing varying proportions of the two vasopressors 
by infusion, increasing proportions of ephedrine resulted in less 
favourable haemodynamic control as assessed by HR and blood 
pressure, and decreasing umbilical arterial pH and base excess.135

Overall, the studies confirm the finding from research pio-
neered by Ngan Kee et al.108 that phenylephrine is the first line 
drug for the prevention or treatment of spinal hypotension. 
A potential disadvantage of prophylactic administration of phe-
nylephrine is that the individual response, particularly in terms of 
HR, may be difficult to interpret. Many investigations suggest that 

the dose should be tailored to prevent hypertension and bradycar-
dia. A review on vasopressor use during CD points out that the 
increase in blood pressure due to excessive doses of phenylephrine, 
is to some extent limited by a baroreceptor-mediated slowing of 
the HR.136 Blocking the vagus nerve by the use of anticholinergic 
agents in this situation may therefore result in dangerous hyper-
tension, as shown in two case reports.136–138 This practice should 
thus be avoided.139 In addition, administration of glycopyrrolate 
prior to induction of SA for CD, does not reduce the severity of 
hypotension, or vasopressor requirements.140

Despite documentation and recommendations for the use of 
phenylephrine and co-load,88 a recent survey of practice amongst 
obstetric anaesthetists showed that the use of preload and ephed-
rine for prevention and treatment of spinal hypotension is still 
common practice.141 This apparent reluctance of obstetric anaes-
thetists to change practice in response to convincing evidence 
from randomized trials, is highlighted in an editorial.142

In summary:
◆	 Hypotension and an increased HR is the typical response. This 

response reflects a decrease in SVR, and a partial compensatory 
increase in CO, via an increase in HR and SV. Therefore, appro-
priate management is left lateral tilt, rapid crystalloid or colloid 
co-load, and the administration of IV phenylephrine. Given that 
this haemodynamic response is so common, good practice is to 
administer the vasopressor prophylactically. Since the haemo-
dynamic response varies between patients, it is also reason-
able to administer phenylephrine in immediate response to an 
increase in the HR. Current evidence is that the best approach 
is to titrate the rate of phenylephrine administration in order 
to maintain the baseline HR, since this restores SVR, CO, and 
blood pressure to baseline values. The initial dose should be a 50 
mcg bolus, followed by intermittent 50 mcg boluses or infusion 
(25–50 mcg/min), or both as required. There is no evidence to 
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support the use of anticholinergic agents in the setting of a nor-
mal or raised blood pressure and a decreased HR in response to 
phenylephrine. This can cause tachycardia and hypertension.

◆	 Hypotension and bradycardia. Since the final common pathway 
is the vagus nerve, anticholinergics should be administered, 
preferably atropine 0.5 mg if bradycardia is severe, together with 
attention to maternal position and accelerated fluid administra-
tion. Ephedrine may also be used in conjunction with anticho-
linergic agents, but theoretically it may worsen bradycardia if 
the BJR is involved, since β1 agonist-induced mechanical stretch 
of an empty left ventricle may initiate the reflex.

◆	 Persistent refractory hypotension. Since a possible misdiagno-
sis has been made with respect to fluid balance or underlying 
cardiac pathology, adequate uterine displacement should be 
ensured, larger doses of vasopressor and/or small bolus doses 
of positive inotropes such as adrenaline (10 mcg) may then be 
necessary, together with close attention to fluid balance.

◆	 High motor block. This results in increasing dyspnoea and weak 
respiratory effort, followed by apnoea. Concomitant sympa-
thetic block may result in cardiovascular collapse, requiring full 
cardiopulmonary resuscitation.

Special considerations in pre-eclampsia
When one considers the cardiovascular pathophysiology of severe 
pre-eclampsia, including decreased intravascular volume and 
markedly raised SVR,143 there has been an understandable cau-
tion as regards neuraxial anaesthesia in these patients, due to the 
theoretical possibility of precipitous hypotension, decreased CO, 
and associated placental hypoperfusion. Epidural anaesthesia for 
labour has been found to be associated with remarkable haemody-
namic stability, as demonstrated by the use of pulmonary artery 
catheterization, in patients with severe pre-eclampsia who were 
receiving magnesium therapy.144 SA has only recently been recog-
nized to have a place in operative management in pre-eclampsia. 
In 1995, three groups of patients with severe pre-eclampsia were 
randomized to receive epidural, CSE, or general anaesthesia for 
CD, with similar haemodynamic stability (as assessed by HR 
and blood pressure) and fetal outcome in each group. Patients 
with non-reassuring fetal heart traces were excluded from this 
study.145 Subsequently an editorial highlighted a study which 
showed that haemodynamic stability was equivalent in patients 
receiving spinal or epidural anaesthesia for non-emergency 
CD.146,147 Fluid requirements were, however, higher in the spi-
nal group. Despite the gradually emerging evidence that SA was 
safe in pre-eclampsia, at least one editorial called for caution, and 
stressed the value of epidural anaesthesia.148 In a randomized 
multicentre study, SA was associated with a higher incidence of 
hypotension and a higher ephedrine requirement than epidural 
anaesthesia for CD for pre-eclampsia, but these differences were 
not of clinical significance.149

Early investigations showed that withdrawal of sympathetic 
activity, both by SA and by autonomic ganglion blockade, has 
less effect in pre-eclamptic women than in healthy pregnant and 
non-pregnant women.150,151 More recently, several authors have 
confirmed that SA for CD in severe pre-eclampsia is associated 
with less hypotension and/or vasopressor requirements than in 
healthy parturients.152–155 One such study used a control group 
consisting of healthy patients having a preterm CD, in whom 

the neonatal weights were similar to those in the pre-eclampsia 
group. This ensured that observed differences in blood pressure 
were not due to varying degrees of aortocaval compression in the 
two groups, as might have been the case in a previous study by the 
same authors.153

There are no definitive data on fluid management during SA for 
CD in patients with severe pre-eclampsia. Mean central venous 
pressure has been shown to increase significantly after a preload of 
1 L of crystalloid, but returned to normal shortly after induction 
of anaesthesia.156 Atrial natriuretic peptide release after a crys-
talloid preload is exaggerated in patients with pre-eclampsia rela-
tive to healthy parturients, and this may aid in the adaptation of 
maternal circulation to a volume load at elective CD.157

There are limited CO data in the setting of SA for CD in severe 
pre-eclampsia. Owing to a significant incidence of complica-
tions using the pulmonary artery catheter, the research focus has 
moved to non-invasive technologies. In only a few studies has CO 
been monitored during SA for CD. Whole-body impedance car-
diography was used in a study to evaluate maternal CO changes 
in ten pre-eclamptic women, of whom six had severe disease, 
undergoing CD with SA.158 After recovery from SA, stroke index 
and cardiac index in the pre-eclamptic group were significantly 
lower than pre-surgery levels. By contrast, using the LiDCOplus 
monitor in 15 women with severe pre-eclampsia, CO was shown 
to be stable during SA, suggesting that SA is well tolerated in 
these patients.159 The main effect was a modest afterload reduc-
tion. On first principles this is desirable in severe pre-eclampsia, 
since SVR is often raised. This suggests that vasopressor ther-
apy during SA should be conservative in patients with severe 
pre-eclampsia, and a modest lowering of blood pressure should 
be allowed before treatment is initiated. There are no randomized 
trials comparing the maternal or fetal effects of phenylephrine 
and ephedrine in this patient population. In this study, phenyle-
phrine 50 mcg effectively raised SVR in cases in whom hypoten-
sion required treatment.

Detailed investigations employing transthoracic echocardiog-
raphy have shown that the cardiac abnormality in patients with 
severe pre-eclampsia is diastolic dysfunction.160,161 This work 
confirms and clarifies earlier findings using pulmonary artery 
catheterization.162 Inotropy is usually well preserved or increased, 
and an ‘inovasoconstrictor’ state is accepted as the usual response 
in severe disease. Early-onset disease may be associated with 
greater myocardial impairment,163,164 as well as a higher SVR at 
an early stage.165 The resistance to hypotension during neuraxial 
anaesthesia may thus be due to a combination of factors. Firstly, 
there is an imbalance between pro- and anti-angiogenic factors 
in pre-eclampsia, due to vascular endothelial damage caused 
by the release of proteins derived from the placenta.166,167 This 
results in vasoconstriction. Secondly, the increased inotropic 
state of the myocardium161 results in adequate compensation for 
any decrease in SVR induced by SA. In complicated cases with 
established pulmonary oedema and hypoxia, neuraxial anaesthe-
sia may be relatively contraindicated. There are no good data in 
these cases concerning the concomitant development of systolic 
hypofunction. An interesting laboratory study postulates that 
there may be a link between peripartum cardiomyopathy and 
severe pre-eclampsia. Peripartum cardiomyopathy may be due to 
an imbalance of angiogenesis in pregnancy, and markedly raised 
levels of soluble tyrosine kinase in severe pre-eclampsia may also 
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be associated with antiangiogenic effects, with resultant systolic 
hypofunction.168

Neuraxial anaesthesia in patients with cardiac disease
Due to improved cardiac surgical techniques and follow-up, 
more patients with congenital heart disease reach fertile age.169 
Increasing numbers of women with congenital and acquired 
heart disease require operative delivery. Pregnant women with 
cardiac disease should be managed by a multidisciplinary team 
including an obstetrician, a cardiologist, and an anaesthesiolo-
gist.148–150 Patients at high risk for cardiac instability should have 
a planned delivery at a tertiary centre with specialized cardiac ser-
vices, including options like the intra-aortic balloon pump, and 
high-quality critical care.

Several case reports describe the use of titrated neuraxial anaes-
thesia in high-risk patients with cardiac disease.170,171 Favourable 
outcomes have also been documented in case series using neurax-
ial anaesthesia for elective CD in high-risk patients,172–174 despite 
recommendations to the contrary.175

One of these papers describes the management of ten pregnan-
cies in nine women with pulmonary hypertension, all delivered by 
an elective CD, using an epidural or a CSE technique with periop-
erative CO monitoring, including admission to a critical care unit 
postpartum. This paper highlights the importance of antepar-
tum treatment, an early elective CD using neuraxial anaesthesia, 
and postoperative monitoring in a critical care unit.173 Another 
survey from the United Kingdom described continuous spinal 
anaesthesia in 34 women with congenital or acquired cardiac dis-
ease. Patients had continuous invasive arterial monitoring. Using 
a mean dose of spinal bupivacaine of approximately 10 mg, the 
mean dose of phenylephrine required was 550 mcg, and 18% had 
transient symptomatic hypotension with no adverse effects.172 
A  third survey from Norway reported favourable outcomes in 
moderate- and high-risk patients receiving SA or CSE, with spi-
nal bupivacaine doses of 8–10 mg (combined with opioids).174 One 
patient with severe peripartum cardiomyopathy (ejection fraction 
15%, HR 150) had continuous spinal anaesthesia. The anaesthesia 
was well tolerated by all patients. The patients were monitored with 
continuous arterial blood pressure and pulse waveform-derived 
CO. Haemodynamic changes were prevented and treated with 
carefully titrated phenylephrine infusion and boluses.

Anaesthetists should understand both the cardiovascular 
pathophysiology and potential risks of neuraxial anaesthesia in 
the individual patient. A favourable outcome is dependent upon 
careful haemodynamic monitoring and close control of fluid bal-
ance. Patients with high risk for morbidity and mortality during 
pregnancy are those with Eisenmenger’s syndrome, pulmonary 
hypertension, severe aortic and mitral stenosis, hypertrophic 
obstructive cardiomyopathy (HOCM), and poor ventricular func-
tion with New York Heart Association (NYHA) functional class 
greater than II independent of underlying cause.176

The same principles as described above in healthy patients can 
be applied in cardiac compromised women. These are the avoid-
ance of aortocaval compression, the use of judicious doses and 
volumes of combinations of spinal local anaesthetic and opioids, 
co-loading, and the use of phenylephrine to counteract the ini-
tial vasodilatation and avoid tachycardia. A focus on the maternal 
circulation, both in terms of pressure and flow is mandatory in 
high-risk patients.177

In summary:
◆	 Pregnant women with cardiac disease should be managed by a 

dedicated multidisciplinary team, and high-risk patients should 
have a planned elective delivery during daytime hours in a ter-
tiary centre with specialized expertise in the peripartum man-
agement of these patients.

◆	 A suggested approach to prevent haemodynamic instability and 
tachycardia during neuraxial anaesthesia in pregnant women 
with moderate and high-risk cardiac disease, is as follows:

•	 Position:  cardiac compromised pregnant women are more 
vulnerable to aortocaval compression and must be placed in 
left lateral tilt.

•	 Monitoring:  an arterial line is mandatory to detect 
rapid haemodynamic changes, and minimally invasive 
CO-monitoring is recommended. A pulmonary artery cath-
eter may be indicated postoperatively in women with severe 
pulmonary hypertension in need of controlled ventilation.

•	 Titrated anaesthesia:

• Single-shot spinal, CSE, epidural, or continuous spinal 
anaesthesia should be chosen according to the specific lesion 
and NYHA classification. NYHA class III–IV patients with 
severe ventricular failure are especially vulnerable to rapid 
haemodynamic changes and tachycardia, and continuous 
spinal anaesthesia is recommended with small titrated 
doses of IV phenylephrine to counteract vasodilatation. 
In cases with moderate/severe mitral or aortic stenosis or 
HOCM, single-shot spinal (or CSE) anaesthesia may be 
tolerated, with co-load and initial more aggressive use of 
phenylephrine to compensate for the SA-induced induced 
vasodilatation.

• General anaesthesia still has a significant role to play, espe-
cially in complex urgent or emergency cases.

•	 Small titrated doses of oxytocin (0.1 IU) should be used, to 
avoid haemodynamic instability.

•	 Postoperative monitoring is crucial to ensure a negative fluid 
balance during the first 72 hours after delivery.

Conclusion
An improved understanding of maternal physiology, and of the 
haemodynamic changes associated with SA for CD, has made 
single-shot SA a safer and more comfortable experience for mil-
lions of mothers.

Key recommendations are as follows:
◆	 Appropriate case selection (SA contraindicated in 

hypovolaemia).
◆	 Left lateral tilt greater than 15°.
◆	 Reducing the dose of spinal local anaesthetic reduces the inci-

dence and severity of hypotension. However, the primary con-
sideration is adequate maternal anaesthesia, and the dose of a 
single-shot spinal local anaesthetic should be not less than 10 
mg bupivacaine alone or 8 mg with opioid. It can be reduced if 
CSE anaesthesia is used. There is no convincing evidence that 
the dose should be reduced in obese patients.
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◆	 Combination of crystalloid co-load 20 mL/kg (or occasionally 
colloid preload), and phenylephrine to prevent hypotension.

◆	 The appropriate use of vasopressors and/or anticholinergics (see 
‘Vasopressor use’).

◆	 Co-morbidities:

•	 In pre-eclampsia, single-shot SA is recommended, using at 
least as high a dose as employed in healthy term patients, if 
there is no epidural catheter in place.

•	 CSE, and to a limited extent continuous spinal anaesthesia, 
appear to have a significant role to play in the management of 
CD in patients with cardiac disease.

Prevention is better than cure, but should spinal hypotension 
occur, rapid intervention is essential, based upon the exact clini-
cal scenario and individual haemodynamic response. Thus future 
research in healthy patients should include the prediction and 
prevention of patients at risk of hypotension; for example, the 
development of a simple test of sympathovagal balance would be 
useful. In addition, for research purposes, haemodynamic moni-
toring during CD should be continuous—either minimally inva-
sive, which allows for CO monitoring, or non-invasive, in which 
case beat-by-beat blood pressure can be measured. This would 
inform clinicians as to how to reduce the incidence and severity 
of hypotension.

The incidence of obesity is increasing in the pregnant popula-
tion, and more work is required on the haemodynamic effects of 
SA and the correct doses of spinal local anaesthetic in women 
with a high body mass index. In patients with cardiac disease, 
the increasing sophistication of transthoracic echocardiogra-
phy allows for more accurate preoperative diagnosis, which 
can be followed by the intraoperative use of minimally inva-
sive monitors and reduction of spinal hypotension by careful 
titration of vasopressors. Further echocardiographic investiga-
tion of the haemodynamics of patients with complicated severe 
pre-eclampsia could identify patients with both diastolic and 
systolic dysfunction, and who are therefore at high risk of spinal 
hypotension.
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CHAPTER 24

Postoperative analgesia 
after caesarean delivery
Sarah L. Armstrong and Gary M. Stocks

Introduction
In 1985, the World Health Organization stated that there was no 
justification for any region to have caesarean delivery (CD) rates 
higher than 10–15%, but it is recognized that in many countries 
around the world CD rates continue to escalate.1 It is estimated 
that 18.5 million CDs are performed yearly worldwide with some 
South American countries reporting CD rates as high as 45% 
and many countries in Europe quoting rates of between 20% and 
30%.2 Postoperative pain after CD is therefore a problem affecting 
many millions of women each year.

Providing good quality postoperative analgesia is important not 
only for humanitarian reasons. It is well documented that effec-
tive pain relief after any type of surgery leads to earlier mobili-
zation, fewer pulmonary and cardiac complications, a reduced 
risk of deep vein thrombosis, an earlier return of gastrointestinal 
function, and faster recovery.3 Specifically for mothers after CD 
there are further benefits. Poor analgesia can impair the ability to 
look after the newborn infant and pain and/or anxiety can reduce 
effective breastfeeding. Furthermore inadequate treatment of 
acute pain can lead to chronic pain.4 In a multicentre, prospective 
study of 1288 women hospitalized after CD or vaginal delivery, 
10.9% experienced severe pain and women with severe acute post-
partum pain had a 2.5-fold increased risk of persistent pain and a 
3.0-fold increased risk of depression 8 weeks after delivery.5

Quite apart from the advantages of good pain relief for mothers 
we must increasingly respond to maternal demands and expecta-
tions. What do women think are the most important aspects of a 
good quality anaesthetic? Using written questionnaires Carvalho 
et  al. asked patients to rank various anaesthetic outcomes and 
showed that pain during and after CD were the two most feared 
outcomes with minor side effects such as shivering and itching 
thought to be of only moderate concern.6

Both anaesthetists and patients therefore appreciate the impor-
tance of effective postoperative analgesia but there is evidence to 
suggest that provision of analgesia may not be as good as it could 
be. There are several ways to objectively measure pain intensity. 
One way is to use a visual analogue pain scale (VAPS) score, 
which is a unidimensional measure of pain intensity. When using 
a numerical VAPS score where ‘no pain’ is given a score of 0 and 
‘worst pain imaginable’ scores 10, then by convention a VAPS 
score of greater than 3/10 is regarded as moderate to severe pain. 
Dolin et  al. reviewed studies examining the incidence of pain 
(VAPS score > 3) after major surgery including CD and reported 

an incidence of 20.9% in patients with epidural analgesia, 35.8% 
for patient-controlled analgesia (PCA), and 67.2% for intramus-
cular (IM) analgesia.7 Results from a US national survey suggest 
that a patient has a 50–71% chance of experiencing moderate to 
severe pain after surgery.8 For CD there is little definitive evidence 
regarding achievable parameters in best practice.9 Good practice 
guidelines from the United Kingdom have in the past suggested 
that over 90% of women after CD should have a worst pain score 
of less than 3/10,10 but Wrench et al., using a multimodal anal-
gesic approach for CD, reported that only 37.9% of their patients 
achieved a pain score of 3 or less and suggested, along with oth-
ers, that this target was unachievable.11 Subsequently the target 
for best practice has been revised, aspiring to 95% of women being 
‘satisfied’ with analgesia the day after CD, but it would appear that 
there is still room for improvement.

A better understanding of the neurophysiology of pain trans-
mission and pharmacology of analgesics has led to the realization 
that postoperative pain relief is best provided by using a variety of 
different analgesic techniques and drugs as part of a multimodal 
approach. This chapter will first look at the physiological basis 
for pain after CD before examining and evaluating the methods 
used for managing pain such as neuraxial, systemic, and regional 
techniques.

Pain pathways
Anatomy and physiology of pain transmission
In a healthy individual, pain is a complex sensory experience 
associated with actual or potential tissue damage. Noxious inputs 
stimulate the unspecialized, peripheral nociceptors which trans-
mit signals to the dorsal horn of the spinal cord via small unmyeli-
nated C fibres and medium A delta fibres12 At the molecular level, 
pain stimulates the release of many mediators from keratino-
cytes and blood vessels in the dermis, including prostaglandins, 
substance P, and calcitonin gene-related peptide (CGRP) which 
depolarize nociceptive fibres and cause neurotransmitter release 
from the nerve itself into the periphery. This phenomenon, called 
axon reflex, causes vasodilation and inflammation. It results in a 
positive feedback loop that begins to recruit silent nociceptors and 
pain fibres in close proximity to the initially activated nerve.12

Pain fibres synapse with their secondary fibres at the superfi-
cial laminae (Rexed’s I and II) of the dorsal horn where neuro-
peptides such as tachykinins (substance P and neurokinin A) and 
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glutamate are released at the presynaptic level. Opioid receptors 
and their ligands are present on the superficial dorsal horn, par-
ticularly on Rexed’s lamina II (substantia gelatinosa).

The current nomenclature (approved by the International 
Union of Pharmacology) for identification of the opioid receptors 
is that of MOP, KOP, DOP, and NOP receptors. Opioids have both 
presynaptic (indirect) and postsynaptic (direct) facilitatory and 
inhibitory actions on synaptic transmission in many regions of 
the nervous system via G-protein coupled receptors. These effec-
tor systems can be divided into two categories: short-term effec-
tors involving potassium and calcium channels and longer-term 
effects involving second messengers such as cyclic adenosine 
monophosphate (cAMP). Spinal opioids exert their analgesic 
effects by reducing neurotransmitter release at the presynaptic 
level, and by hyperpolarizing the membrane of dorsal horn neu-
rons at the postsynaptic level.13

Opioid receptor activation can inhibit the release of CGRP, 
glutamate, and substance P from nerves, thereby preventing 
the forward-feeding mechanism of pain that typically results in 
sensitization at the site of injury.14 These injury-induced neuro-
modifications (which may include microglial cell activation) can 
be perceived as allodynia (pain due to a stimulus which does not 
normally provoke pain) or hyperalgesia (an increased response to 
a normally painful stimulus). Moreover, peripheral sensitization 
drives the repeated release of molecular mediators at the dorsal 
horn, causing secondary hyperalgesia.

Descending pathways from the somatosensory cortex also 
modulate the perception of pain. Opioids exerting their effect 
at the supraspinal level promote descending pain modulation 
by increasing the release of inhibitory gamma-aminobutyric 
acid (GABA) from the periaqueductal grey and rostral ventral 
medulla.15 This opioid disinhibition activates descending inhibi-
tory pathways and increases the concentrations of serotonin and 
norepinephrine at the presynaptic level thereby modulating pain 
signals at the spinal cord.

Pain pathways after caesarean delivery
Post-CD pain has both somatic and visceral components. Somatic 
pain arises from cutaneous and deep nociceptors within the 
abdominal wound which are transmitted within the anterior divi-
sions of the spinal segmental nerves, usually T10–L1. These nerve 
fibres run laterally in the abdominal wall between the layers of the 
transversus abdominis and internal oblique muscles.16 Visceral 
uterine nociceptive stimuli return via afferent nerve fibres that 
ascend through the inferior hypogastric plexus and enter the spi-
nal cord via the T10–L1 spinal nerves.17,18

An ideal post-CD analgesic regimen would be one that is 
cost-effective and simple to implement providing high-quality 
pain relief despite wide interpatient variability with a low inci-
dence of side effects and complications. This ideal regimen would 
not interfere with the maternal care of the newborn or breastfeed-
ing, with minimal drug transfer into the breast milk. Achieving 
these goals requires a multimodal approach.19,20

Multimodal analgesia
An appreciation of the complexity of the neurophysiology of pain 
transmission and the numerous potential sites of action for anal-
gesics to work has resulted in many different ways of providing 
analgesia after CD. Approaches can be divided into opioid-based 

techniques using intrathecal, epidural, or systemic routes with or 
without the use of adjuvant agents, wound infiltration, and nerve 
blocks and the use of oral analgesics such as paracetamol and 
non-steroidal anti-inflammatory drugs (NSAIDs). It is unlikely 
that utilization of one method alone will be effective and so the 
concept of multimodal analgesia is now well established in clini-
cal practice. This is a technique intended to improve analgesia and 
to reduce the incidence of unpleasant opioid-related side effects. 
It is achieved by combining analgesics which work by differ-
ent mechanisms and at different sites in the nervous system and 
results in an additive or even synergistic effect whilst at the same 
time reducing side effects (Figure 24.1). For CD, many of the tech-
niques described in this chapter should be used as part of a multi-
modal approach to analgesia. A growing number of studies seem 
to support a multimodal approach for post-CD analgesia.20 For 
example, NSAID medications combined with intravenous (IV) 
patient-controlled morphine administration may decrease nausea 
and sedation in patients when compared with those using patient-
controlled morphine alone.21 However, only NSAIDs (in combi-
nation with morphine) reduce pain intensity and the incidence of 
morphine-related side effects. Neither paracetamol nor the selec-
tive COX-2 inhibitors have been shown to affect the incidence of 
opioid-induced nausea, vomiting, or sedation when used in com-
bination with these agents. Different classes of analgesics with dif-
ferent routes of administration (i.e. IV versus epidural methods) 
are used to produce fewer side effects such as sedation, nausea, 
vomiting, pruritus, and constipation, and also improve pain relief.
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Figure 24.1  Multimodal analgesia.
Reproduced with permission from Henrik Kehlet and Jørgen Dahl. The Value of “Multimodal” 
or “Balanced Analgesia” in Postoperative Pain Treatment. Anesthesia & Analgesia, Volume 77, 
Issue 5, pp. 1048–1056, Copyright © 1993 Wolters Kluwer Health, Inc.
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Neuraxial techniques for postoperative 
pain relief
Benefits
Most CDs are performed using spinal, epidural, or combined 
spinal–epidural (CSE) anaesthesia techniques. Data from the 
United Kingdom shows that neuraxial anaesthesia is used for 
94.9% of elective and 86.7% of emergent CDs.22 The safety benefits 
of neuraxial anaesthesia over general anaesthesia in the pregnant 
patient are well documented, and neuraxial opioid administration 
augments intraoperative anaesthesia and optimizes postoperative 
analgesia.23,24

In the non-obstetric population, the MASTER (Multicentre 
Australian Study of Epidural Anaesthesia and Analgesia in Major 
Surgery) trial was the largest prospective study to date compar-
ing epidural and intravenous patient-controlled opioid analge-
sia (PCA) for postoperative analgesia. The study used random 
sampling to evaluate mortality and major morbidity outcomes 
in high-risk patients undergoing non-obstetric surgery.25 Of the 
seven predefined major morbidity complications assessed in this 
study, respiratory failure was the only outcome with a lower inci-
dence in the epidural infusion group than in the PCA group.

Administration of subarachnoid or epidural opioids to parturi-
ents, however, offers several advantages when recovering from CD. 
These include excellent postoperative analgesia with a decrease 
in total dose of opioid required, a low level of sedation, minimal 
accumulation of the drug in breast milk and facilitation of early 
ambulation. Neuraxial analgesic techniques appear more likely 
to reduce perioperative morbidity in high-risk obstetric patients 
than systemic analgesic techniques. The benefits include a lower 
rate of perioperative cardiovascular complications, a lowered 
incidence of pulmonary infections and pulmonary embolism, a 
faster return of gastrointestinal function, fewer coagulation dis-
turbances, and reduction in inflammatory and stress responses 
to surgery.26 Potency, onset, duration of action, and side effects 
vary depending on the opioid used and the route of its administra-
tion with pruritus, nausea, and vomiting being the most common 
side effects of these agents, resulting in a decrease in maternal 
satisfaction.

Pharmacology of neuraxial opioids
Neuraxial opioids have the advantage of producing analgesia 
without motor or sympathetic blockade. Opioids, especially 
diamorphine and preservative-free morphine, are central to many 
neuraxial post-CD analgesic regimens. They appear to act princi-
pally on MOP receptors in the substantia gelatinosa of the dorsal 
horn by suppressing the release of excitatory neuropeptides from 
C fibres.27 Lipid solubility of the individual drug determines the 
degree of uptake from the cerebrospinal fluid (CSF) by the dorsal 
horn. Lipid soluble drugs like fentanyl or sufentanil have better 
direct diffusion into neural tissue as well as greater delivery to the 
dorsal horn by spinal segmental arteries. Highly soluble fentanyl, 
for instance, has a relatively rapid uptake into the lipid-rich dorsal 
horn and consequently has a rapid onset of action but a short dura-
tion. Studies that measure 24-hour opioid consumption confirm 
its limitations for adequate postoperative analgesia.28 Conversely, 
lipid-insoluble opioids, such as morphine, are retained in the CSF, 
providing a longer supply to the spinal cord and consequently a 

slower onset, but longer duration of analgesia after the adminis-
tration of a single dose.29 As morphine resides for a longer period 
of time in the CSF it may spread rostrally, from which complica-
tions such as respiratory depression may arise.30

Lipophilicity, as assessed by octanol:buffer distribution coeffi-
cient, correlates with the meningeal permeability coefficient but 
in a non-linear fashion. After a drug is deposited in the epidural 
space but before it reaches the spinal cord, it must first cross a 
hydrophilic zone (extracellular and intracellular fluids) and then 
a hydrophobic zone (cell membrane lipids) of the arachnoid mem-
brane.29 Lipophilic drugs (i.e. those with high octanol:buffer par-
tition coefficients, e.g. fentanyl and sufentanil) readily dissolve in 
the lipophilic component of arachnoid mater and can cross the 
region easily. Conversely, they penetrate the hydrophilic zone 
with difficulty creating the rate-limiting factor in their diffusion 
through the arachnoid membrane. Drugs with intermediate lipo-
philicity move more readily between the lipid and the aqueous 
zones, and their meningeal permeability coefficients are corre-
spondingly greater (e.g. alfentanil, hydromorphone, and pethi-
dine).29 These physical and chemical properties of the opioids will 
also determine vascular permeability. Lipophilic opioids such 
as fentanyl and sufentanil move more easily to the intravascular 
compartment than to the subarachnoid compartment. In this way 
spinal cord concentrations of an opioid following epidural admin-
istration are the result of the net difference between the rate of 
uptake and distribution to the vascular and subarachnoid spaces. 
These differences explain why morphine, despite having a menin-
geal permeability coefficient similar to fentanyl and sufentanil, 
which are well below the optimal range of meningeal penetration, 
is a useful agent for epidural analgesia.

There has been some debate in the past concerning the site of 
action of epidurally administered opioids with some studies sug-
gesting that epidural fentanyl produces analgesia by systemic 
absorption and redistribution to the brain rather than by act-
ing through a spinal mechanism. It would appear that the site of 
action depends on firstly whether the epidural fentanyl is given as a 
bolus or infusion, and secondly whether it is co-administered with 
local anaesthetic. Several studies have shown that when given as 
a bolus, epidural fentanyl has a spinal effect but when given as an 
infusion, without local anaesthetic, others have shown a systemic 
mechanism of action.31–33 This is probably because low concen-
trations of lipophilic opioid are subject to rapid vascular uptake. 
However, when given as an infusion in the presence of epidural 
bupivacaine fentanyl appears to act spinally rather than systemi-
cally. Ginosar et al. performed a prospective, randomized, double-
blinded study in which women in active labour received epidural 
bupivacaine until pain free. The women were then randomized to 
receive either IV or epidural fentanyl infusions. It was found that 
an equivalent dose of fentanyl was more than three times as potent 
when administered epidurally than by the IV route, suggesting a 
predominantly spinal mechanism of opioid action.34

Intrathecal opioids
Intrathecal morphine
Morphine is highly ionized and hydrophilic and does not pen-
etrate lipid-rich tissues as rapidly as fentanyl. Morphine remains 
within the CSF for a prolonged period of time, spreading ros-
trally and reaching the trigeminal nerve distribution 3 hours after 
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intrathecal injection in healthy volunteers.35 Morphine requires 
45–60 minutes to achieve a peak effect, and the duration of anal-
gesia is 14-36 hours. This duration may be dose dependent.

A variety of intrathecal morphine doses have been investi-
gated. Palmer et al. studied patients receiving intrathecal doses 
from 25 to 500 mcg and found a ceiling effect with doses greater 
than 75 mcg, as measured by patient-controlled IV morphine con-
sumption with no clear dose–response relationship demonstrated 
using doses greater than 100 mcg.36 Higher doses conferred no 
additional analgesic benefit but caused a dose-dependent increase 
in side effects, particularly pruritus. It was also noted that despite 
high doses of intrathecal morphine, most parturients contin-
ued to administer additional opioid analgesia at a low but con-
stant rate, possibly explaining the interaction between spinal 
and supraspinal sites of action. Yang et al. administered 100 or 
250 mcg of morphine as a component of spinal anaesthesia to 60 
women undergoing elective CD. Women also received 20 mcg of 
intrathecal fentanyl and perioperative and postoperative NSAIDs 
routinely. There was no significant difference between the small 
and larger-dose morphine groups in pain relief, as measured by 
a VAPS.37 In a systematic review of intrathecal opioid usage in 
patients undergoing CD, Dahl et al. reported a median time to 
first analgesic request of 27 hours (range 11–29 hours) and recom-
mended an intrathecal dose of 100 mcg.

Adverse effects of intrathecal morphine have been reported 
widely and include pruritus, nausea and vomiting, urinary reten-
tion, and early or delayed respiratory depression. The most com-
mon side effect, pruritus, increased in severity as morphine doses 
increased. If a morphine dose of 100 mcg is used, it is estimated 
that 43% of women will experience pruritus, and 12% will experi-
ence nausea and vomiting.30

Intrathecal diamorphine
Diamorphine (3,6-diacetylmorphine, also known as morphine 
diacetate) is a semi-synthetic opioid produced by acetylation of 
morphine. The administration of neuraxial diamorphine for the 
treatment of pain relief after CD is a common practice in the 
United Kingdom even though it is not licensed for intrathecal 
use.38 In contrast, in the rest of the world diamorphine is unavail-
able for clinical use. Diamorphine has many of the ideal physico-
chemical properties to provide good pain relief during and after 
surgery with the potential to decrease side effects. The intermedi-
ate lipid solubility of diamorphine (oil/water partition coefficient 
280), increases permeability to both hydrophobic and hydrophilic 
tissue compartments when compared either with morphine or 
fentanyl. Diamorphine undergoes metabolism within spinal cord 
tissue, generating active compounds (6-acetyl morphine and mor-
phine) which increases the analgesic effects. These metabolites are 
less lipid soluble than the parent drug, which limits their back 
diffusion into the CSF. Other important physicochemical char-
acteristics of diamorphine are lower PKa (PKa 7.8), low protein 
binding (40%), and a high unionized fraction (27%) that increases 
the bioavailability for opioid receptors within the spinal cord and 
increases clearance from CSF, decreasing the potential for serious 
side effects such as respiratory depression.39

These physicochemical properties explain why intrathecal 
diamorphine is effective for both intraoperative and postopera-
tive analgesia. Cowan et  al. randomized 74 parturients under-
going elective CD to receive either 20 mcg fentanyl or 300 mcg 

diamorphine intrathecally with hyperbaric bupivacaine.40 They 
found no difference in intraoperative analgesia requirements 
between the groups but also demonstrated reduced VAPS score 
12 hours postoperatively in the diamorphine group compared to 
only 1 hour in the fentanyl group. They found no difference in 
pruritus postoperatively between the opioid groups. In a study of 
200 women undergoing CD, Saravanan et al. concluded that the 
effective dose (ED)95 for intrathecal diamorphine to prevent intra-
operative supplementation was 0.4 mg and that this provided a 
mean time interval to first request for analgesia of 601 minutes.41

There have been other studies looking at intrathecal diamor-
phine doses for pain relief after CD. Skilton et al. and Kelly et al. 
looked at doses up to 0.375 mg and found improved analgesia (as 
determined by the amount of rescue analgesia required) as the 
dose increased without a ceiling effect.42,43 Stacey et al. randomly 
allocated 40 women undergoing elective CD to receive either 
0.5  mg or 1 mg of intrathecal diamorphine.44 They found the 
time to request for rescue analgesia was significantly longer and 
24-hour morphine consumption was significantly lower in the 1 
mg group (45% using no opioids postoperatively at all) and that 
pain scores in this group tended to be lower. Minor side effects 
were found to be present in both groups but the incidence did 
not differ between groups. In the United Kingdom, the National 
Institute for Health and Care Excellence (NICE) recommends 
women should be offered diamorphine (0.3–0.4 mg intrathecally) 
for intra- and postoperative analgesia.45

Alternative intrathecal opioids
Other less commonly used intrathecal opioids include pethi-
dine (meperidine), buprenorphine, and nalbuphine. Pethidine is 
the only member of the opioid family with local anaesthetic-like 
effects and it has a tendency to sometimes result in motor block. It 
has historically been used as a sole spinal drug for CD.46

Fentanyl is arguably one of the most commonly administered 
intrathecal opioids worldwide. Its relatively high lipid solubil-
ity results in a greater restriction of segmental activity and rapid 
onset of action when compared to morphine. Although intrath-
ecal fentanyl offers a relatively short duration of analgesia, it is 
shown to improve intraoperative analgesia, especially during 
uterine exteriorization, and provides the patient with a better 
postoperative transition to other pain medications during recov-
ery from intrathecal anaesthesia. The short duration of action of 
fentanyl generally makes it an unfavourable sole choice intraoper-
atively to provide post-CD analgesia but one study has suggested 
intrathecal fentanyl may also offer a longer-term analgesic ben-
efit when administered alongside a local anaesthetic at the time 
of CD.47 In many units, intrathecal fentanyl is combined with 
intrathecal preservative-free morphine to give superior intraop-
erative analgesia combined with the benefits of analgesia extend-
ing into the second postoperative day. In contrast to morphine, 
intrathecal fentanyl does not appear to predispose the patient to 
nausea and vomiting following CD and causes less severe pruritus 
and respiratory depression.30,48 Sufentanil is a thienyl derivative 
of fentanyl but has higher potency due to greater lipid solubility. 
Intrathecal sufentanil offers some theoretical advantages over fen-
tanyl including faster onset, reduced rostral spread, and a lower 
level of placental transfer. Several studies have been performed 
comparing fentanyl and sufentanil for analgesia for CD and have 
found them to be equivalent but those women in the sufentanil 
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groups experienced more pruritus. Again, the short duration of 
action of intrathecal sufentanil prevents routine use for postop-
erative analgesia for CD.49–51

Epidural opioids
When anaesthesia for CD is provided by using an epidural top-up 
or a CSE technique then the epidural catheter provides another 
useful route to administer neuraxial opioids and a number of dif-
ferent opioids are used in this way

Epidural morphine
Epidural morphine is most commonly administered as a single 
bolus dose. Because of its low lipid solubility it has a relatively slow 
onset of action with its peak analgesic effect occurring after 60–90 
minutes. However, its duration of action has been shown to pro-
vide pain relief for approximately 24 hours.52 A recent systematic 
review of ten studies comparing analgesia efficacy and/or adverse 
effects of a single bolus dose of epidural morphine versus systemic 
opioids after elective CD proved that a single bolus of epidural 
morphine provides better analgesia than parenteral opioids but 
with an effect limited to the first postoperative day after CD and 
with an increase in side effects.53

A range of doses have been investigated. Palmer et al. per-
formed a dose–response study looking at varying doses of epi-
dural morphine between 0 and 5 mg for post-CD pain and found 
a ceiling effect in terms of analgesia. They found no difference in 
cumulative systemic morphine use above 3.75 mg used epidurally 
while 3 mg of morphine epidurally appeared equivalent to 100 
mcg intrathecally and was found to provide analgesia for 12–24 
hours.36,54 Based on this study and a systematic review, the gen-
eral practice is to use 3 mg of preservative-free morphine in the 
epidural space.53

Due to its prolonged analgesic effects, epidural morphine can 
be administered as an intermittent bolus or as a continuous infu-
sion. It appears that some clinical advantages exist using con-
tinuous epidural morphine infusions over intermittent bolus for 
epidural analgesia. Studies in the non-obstetric population eval-
uating morphine’s cephalad migration after a lumbar epidural 
bolus suggest that respiratory depression may occur as a result 
of significant amount of the drug reaching the respiratory centre 
in the brainstem after the administration of a bolus dose in the 
lumbar epidural area.29,55 In fact, large-scale studies suggest that 
respiratory depression requiring treatment may be higher with 
intermittent bolus than with continuous infusions.56,57 When 
mean doses between 7 and 13 mg/day were utilized in the inter-
mittent bolus group and mean doses of 6–14 mg/day were used 
in the continuous infusion group, the incidence of respiratory 
depression was different. In the bolus study group, the incidence 
of respiratory depression was 1/500.56 In contrast, in the continu-
ous infusion group, the incidence was 1/1500. Based on these data, 
in the non-obstetric population the maximum risk of respiratory 
depression within the 95% confidence intervals are 1/100 versus 
1/5000 respectively. Moreover, the concurrent use of parenteral 
opioids for breakthrough pain, a practice which has been discour-
aged when intermittent dosing of epidural morphine is used, may 
be administered without an increased risk of delayed respiratory 
depression even on the surgical wards.56

Interestingly, the quality of analgesia appears to be more com-
plete when utilizing continuous infusions compared with an 
intermittent bolus. A study in the non-obstetric population eval-
uating the quality of analgesia produced by epidural morphine 
administered either as bolus doses or via continuous infusion 
demonstrated that patients who received continuous infusion 
of epidural morphine experienced a higher quality of analgesia 
than those who received intermittent bolus injections.58 Based 
on apparent greater clinical efficacy and a lower incidence of res-
piratory depression it would appear that patients would derive a 
greater benefit from receiving epidural morphine via a continuous 
infusion.

Epidural diamorphine
Diamorphine is commonly administered epidurally in the United 
Kingdom because its high lipid solubility provides rapid onset of 
action and its main metabolite (morphine) provides a prolonged 
duration of action. Doses have been used in the range of 2.5–5 mg 
and have demonstrated prolonged duration of analgesia with 
5 mg doses expected to provide analgesia for a mean duration of 
14 hours.39,59 However smaller epidural doses are associated with 
a lower incidence of nausea and vomiting suggesting that 3 mg is 
the optimum dose of diamorphine to administer epidurally.59–61

Single-dose extended-release epidural morphine
The goal of current postoperative pain research and development 
is to find a medication that can work locally to give long-lasting 
pain relief at the site of surgical focus with as little negative impact 
as possible. Single-dose, extended-release epidural morphine 
(EREM) (DepoDur®, Endo Pharmaceuticals, Chadds Ford, PA) 
is a recently developed drug that delivers conventional morphine 
sulphate using DepoFoam® (SkypePharma, San Diego, CA) tech-
nology. DepoFoam® is a revolutionary drug delivery system con-
taining multivesicular lipid particles comprised of non-concentric 
aqueous chambers that fully encapsulate the active drug. These 
naturally occurring lipids are broken down by erosion and reor-
ganization, resulting in a locally contained morphine depository 
for up to 48 hours after a single administration.62

Clinical studies within the obstetric population show EREM’s 
postoperative analgesia consistently extending into the second day 
with no significant side effects. This is of notable benefit as a sin-
gle dose of neuraxial morphine would lose its efficacy in this time 
frame and peak post-CD pain levels are not typically reached until 
24–48 hours following surgery.63 When an EREM dosage of 10 mg 
was compared to that of a standard 4 mg dose of epidural mor-
phine, the supplemental opioid dose usage during the 24–48 hours 
postoperatively was significantly decreased by 60% in patients 
receiving EREM. Additionally, no significant differences in the 
occurrence of nausea, pruritus, sedation, respiratory depression, 
or hypoxic events were observed between these two groups.

Clinical trials have demonstrated the efficacy of EREM for 
postoperative pain relief following hip arthroplasty and elective 
CD.64,65 Recent pharmacokinetic data obtained by Gambling 
et al. have described the effective use of EREM in a controlled, 
dose-ranging study of 114 patients following lower abdominal sur-
gery.66 The authors observed that the best balance of maximum 
analgesia with the lowest occurrence of side effects was achieved 
by administration of 15 mg of EREM and as such recommended 
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that a multimodal pain management approach—such as the addi-
tion of a NSAID to the regimen—could further reduce the dose 
required to provide effective analgesia and reduce concomitantly 
the occurrence of adverse side effects.

While the prolonged analgesic effect during the first 48 hours 
using EREM is quite attractive, this advantage must be weighed 
against the potential disadvantages. One of these includes the 
instability of the formulation in the presence of local anaesthetics. 
Local anaesthetics other than a test dose cannot be administered 
immediately before or after the administration of EREM which 
has obvious implications when topping-up an existing epidural 
for CD. An in-line epidural filter cannot be used due to the viscos-
ity of the preparation. No clinical studies have evaluated the safety 
of administration of EREM into the intrathecal space. In cases of 
accidental intrathecal injection, in post-marketing experience 
there were signs of prolonged respiratory depression requiring 
naloxone administration or ventilatory support. In terms of safety, 
there is the need for prolonged monitoring of patients following its 
administration, and the cost of the formulation may be prohibi-
tive.67 In September 2009, the US Food and Drug Administration 
(FDA) approved safety labelling revisions for EREM to emphasize 
the need for individualized dosing adjustments, as well as the need 
for monitoring capabilities, resuscitative equipment, and opioid 
antagonist availability. When EREM is given correctly in the epi-
dural space, monitoring should be continued for up to 48 hours.

Alternative epidural opioids
The quality of analgesia experienced after hydromorphone admin-
istration appears to be similar to that produced by morphine.68 
Based on unpublished clinical observations, a ratio of 5:1 between 
morphine and hydromorphone has been utilized when adminis-
tering the drug in a bolus form, and a ratio of 3:1 has been rec-
ommended for continuous infusions. Hydromorphone appears to 
have a faster onset and shorter duration of action than morphine 
with a lower incidence of pruritus.

Fentanyl, which has a high octanol:buffer coefficient, appears 
to undergo preferential vascular absorption rather than menin-
geal penetration after epidural administration. In fact, the value 
of utilizing fentanyl for epidural analgesia is controversial. Several 
studies have demonstrated that the quality of analgesia, the inci-
dence of side effects, daily fentanyl utilization, and plasma levels 
after 24 hours of infusion are similar between patients receiving 
either epidural or IV therapy after non-obstetric surgery and at 
CD.69–72

Sevarino et al. performed a double-blinded randomized study 
on 40 American Society of Anesthesiologists (ASA) I/II women 
undergoing elective CD under lidocaine epidural anaesthesia who 
received after delivery either saline or 100 mcg fentanyl through 
the epidural catheter.73 All patients were provided with an IV 
pethidine PCA postoperatively and it was noted that no differ-
ences in PCA use were recorded between the groups. The authors 
concluded that a single bolus of epidural fentanyl does not pro-
vide an advantage for postoperative pain relief in this patient 
population.

Patient-controlled epidural analgesia
The first study of patient-controlled epidural analgesia (PCEA) 
following CD, by Parker and White, described it as a safe, effective 

alternative to IV PCA with less opioid use and more rapid recov-
ery.74 In a follow-up study, the same investigators found that the 
efficacy of PCEA was not improved by adding a background infu-
sion.75 PCEA has been compared with IM opioid analgesia where 
it was found that PCEA pethidine resulted in better analgesia, 
earlier ambulation, and improved ability to care for the neonate.76 
PCEA has been shown to provide improved quality pain relief 
when compared with patient-controlled IV fentanyl, morphine, 
or pethidine, although no difference was found when epidural 
hydromorphone was also infused.68,74,76–78 PCEA without a back-
ground infusion can provide adequate analgesia after CD, using 
either fentanyl or pethidine.76,79 PCEA has been repeatedly shown 
to reduce opioid requirements and could potentially be an excel-
lent method of postoperative pain relief for CD.20,80,81 The combi-
nation of local anaesthetics and opioids in PCEA postoperatively 
for CD appears to have the benefit of achieving postoperative 
analgesia without significant motor blockade. This is extremely 
important to allow the mother to take care of her baby. However, 
the overall popularity of the technique is limited. The requirement 
for prolonged epidural catheterization can result in failures and 
interfere with thromboprophylactic low-molecular-weight hepa-
rin (LMWH) administration and removal of the urinary catheter. 
Furthermore, carrying an epidural infusion pump can be cum-
bersome whilst ambulating and caring for a newborn. In addition, 
Vercauteren et al. considered the cost-effectiveness of PCEA by 
randomizing 53 women for elective or semi-urgent CD to receive 
either PCEA with bupivacaine and sufentanil or intrathecal 
bupivacaine and morphine. They found that in the PCEA group 
patients had lower VAPS scores both at rest and during mobiliza-
tion. Manpower and drug costs were equal in both groups. The 
total cost per head was more expensive in the PCEA group mainly 
as a result of the more costly equipment required.82

Intrathecal and epidural opioids compared
When a CSE is used to provide anaesthesia for CD, longer-acting 
opioids could be administered either intrathecally with the initial 
spinal injection of local anaesthetic or epidurally towards the end 
of the operation. When an opioid is administered intrathecally, 
the analgesic effects and side effects such as respiratory depres-
sion, pruritus, and nausea and vomiting are caused by the drug 
gaining access to the spinal cord and brainstem via the CSF. In 
contrast, when an opioid is administered epidurally, a small pro-
portion of the dose crosses the meningeal layer whilst the remain-
der gains access to the central nervous system via IV absorption 
through the epidural venous plexus, potentially leading to side 
effects. The rate of dural transfer of an opioid has been shown to 
be inversely proportional to the molecular weight of the drug with 
the exception of fentanyl which has a much higher rate of transfer 
possibly due to its linear molecular shape.83 Deciding whether to 
administer an opioid intrathecally or epidurally therefore needs to 
balance the benefits of analgesia and the occurrence of side effects 
and is complicated by an incomplete understanding of equivalent 
intrathecal and epidural doses and the different physicochemical 
properties of various opioids.

There are, however, several studies in the literature comparing 
the use of epidural and intrathecal opioids for post-CD analgesia. 
Sarvela et al. performed a double-blinded, randomized controlled 
trial comparing 3 mg epidural morphine with either 100 mcg 
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or 200 mcg intrathecal morphine and found no significant dif-
ferences in pain scores. However, rescue analgesia was requested 
more frequently in the 100 mcg group suggesting this dose was 
less effective for post-CD analgesia and perhaps unsurprisingly 
this group were shown to have less pruritus.84 When Bloor et al. 
compared intrathecal diamorphine 0.3 mg with 3.0 mg epidural 
diamorphine they demonstrated that the duration and quality of 
analgesia was comparable in the two groups but the incidence of 
pruritus was higher and more severe in the intrathecal group.61 In 
contrast, Hallworth et al. showed a high incidence of pruritus in 
both groups but more nausea and vomiting in the epidural group 
when comparing intrathecal diamorphine 0.25 mg with diamor-
phine 5 mg epidurally.39 Again, duration and quality of analgesia 
were similar. It would appear that in terms of analgesic efficacy 
there is little to choose between the two routes; however, intrath-
ecal and epidural opioids can result in significant levels of pru-
ritus and larger epidural opioid doses produce more nausea and 
vomiting.

Side effects of neuraxial opioids
There are certain side effects associated with neuraxial blockade 
although it is widely accepted that the benefits outweigh the risks. 
The main adverse effects are that of respiratory depression, nausea 
and vomiting, pruritus, and urinary retention and these appear 
to be associated with the degree of rostral migration of the opi-
oid in the CSF. The timing for the appearance of these side effects 
varies between lipophilic and hydrophilic opioids after epidural 
administration. Morphine’s rostral migration is a phenomenon 
which is dose dependent and follows a predictable time course.55 
Lipophilic opioids also exhibit rostral migration, but on a less pre-
dictable timescale than morphine.

Respiratory depression
Although rare, respiratory depression is a serious concern when 
considering the use of neuraxial opioids. It is thought to occur 
through depression of the brainstem respiratory centres through 
either direct or indirect mechanisms.52,85,86 Respiratory depression 
is an uncommon but potentially serious side effect, though the inci-
dence in the obstetric population is difficult to determine. Lipophilic 
opioids such as fentanyl may cause early-onset respiratory depres-
sion due to significant vascular uptake, rostral spread within the 
CSF, and possibly direct transit in epidural veins although the 
incidence of this occurrence in obstetric patients is unknown.86,87 
Respiratory depression has been described after administration of 
epidural fentanyl 90–100 mcg for CD.88 In a study by Arai et al., 
intrathecal fentanyl 20 mcg in combination with bupivacaine was 
not shown to cause a reduction in peak expiratory flow rate, or 
vital capacity despite improving the quality of anaesthesia.89 These 
opioids have a relatively low incidence of late-onset respiratory 
depression in contrast to the biphasic pattern of respiratory depres-
sion seen with neuraxial morphine.90 Abouleish et al. studied 856 
parturients who received 200 mcg of intrathecal morphine during 
CD and found respiratory depression, as defined by SpO2 less than 
85% or respiratory rate of less than 10 breaths per minute, in eight 
patients (0.93%), all of whom were markedly obese.91 It should be 
noted, however, that smaller dosages of intrathecal morphine (75 
mcg) therapy may result in a reduced duration of analgesia and may 
therefore require an increased need for supplemental analgesics. 

Also, due to the variability in patient response to intrathecal mor-
phine, some patients may additionally experience inadequate post-
operative analgesia and/or opioid-related side effects. Systemic 
vascular absorption may lead to early-onset respiratory depression 
(30–90 minutes after administration) followed by rostral spread 
within the CSF and slow penetration into the brainstem causing 
delayed respiratory depression up to 18 hours after neuraxial mor-
phine administration.27,35 As noted previously, EREM has not been 
reported in small studies looking at post-CD analgesia but has been 
reported when used in larger doses in the non-obstetric popula-
tion.63–66 The physiological changes of pregnancy, specifically the 
higher respiratory rate associated with elevated progesterone lev-
els, may provide a greater margin of safety in comparison to other 
patient populations.

Respiratory depression from neuraxial opioids can be prevented 
by the identification of high-risk patients such as those who are 
obese or have coexisting disease such as sleep apnoea. Caution 
should be particularly exercised in those women receiving seda-
tive drugs or pre-eclamptic women receiving magnesium therapy. 
Several studies have demonstrated that there is a ceiling effect for 
analgesia and thus caution should be exercised to limit the dose 
used in clinical practice.30,36,54 The ASA has formulated guide-
lines to address the prevention, detection, and management of 
respiratory depression associated with neuraxial opioid adminis-
tration in non-obstetric patients but there are no specific guide-
lines for the parturient.92 All patients should ideally be monitored 
for level of consciousness, oxygenation, and adequacy of ventila-
tion for the duration of the opioid action and it has been suggested 
that vigilant hourly assessments are probably adequate in low-risk 
patients as long as there is anaesthetic support immediately avail-
able to manage the complications of respiratory depression. The 
guidelines recommend that the lowest efficacious dose of neurax-
ial opioids should be administered to minimize the risk of respira-
tory depression and that parenteral opioids or hypnotics should 
be carefully administered in the presence of neuraxial opioids. If 
there is concomitant administration of neuraxial opioids and par-
enteral opioids, sedatives, hypnotics, or magnesium, this requires 
increased monitoring (e.g. intensity, duration, or additional meth-
ods). Patients receiving EREM should be monitored for 48 hours.

Nausea and vomiting
Nausea and vomiting are common complaints during and after 
CD and the causes may be multifactorial including hypotension, 
increased vagal activity, surgical manipulation, and the use of 
uterotonic agents.93 In addition, neuraxial opioids may increase 
the risk of postoperative nausea and vomiting either from rostral 
spread of the opioids in the CSF to the brainstem or from vascular 
uptake and subsequent effects on the chemoreceptor trigger zone 
and vomiting centre.35,94 There have been multiple studies looking 
at regimens to reduce postoperative nausea and vomiting after CD 
in those patients who have received neuraxial opioids. However, the 
ability to interpret comparative data in these studies is hindered by 
the lack of standardization of nausea and vomiting outcome meas-
ures and lack of risk stratification or predictive models for postop-
erative nausea and vomiting in these groups of patients.95

Pruritus
Pruritus is another regular complaint from patients receiving 
neuraxial opioids for CD with one study reviewing almost 5000 
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CDs in patients receiving epidural morphine 2–5 mg reporting 
pruritus in 58%.96 Approximately 40% of patients receiving epi-
dural morphine request treatment for pruritus.96–98 The incidence 
and severity is more common after increasing opioid dose and 
intrathecal administration although patients who have received 
intrathecal opioids rank pain and nausea and vomiting as more 
undesirable than pruritus.6,99

Urinary retention
The non-specific definition of urinary retention post CD makes an 
assessment of the potential effects of neuraxial opioids on urinary 
function difficult. The mechanisms by which neuraxial opioids 
affect specific components of micturition are not fully understood 
although spinal and supraspinal sites of action are likely to be 
involved. Other risk factors for post-CD urinary retention include 
low body mass index and multiparity.100 One observational study 
investigating the effects of epidural morphine and methadone in 
120 women undergoing CD found a higher rate of urinary reten-
tion and catheterization in the morphine group (57% and 50% 
respectively).101 Currently there is a relative lack of research in 
this area.

Reactivation of oral herpes simplex
Neuraxial morphine administration has also been linked to 
reactivation of oral herpes simplex. In a study of women with a 
past history of oral herpes simplex, reactivation occurred in 38% 
receiving intrathecal morphine compared with 16% of those 
receiving IV morphine.102

Local anaesthetics
Transversus abdominis plane block
The transversus abdominis plane (TAP) block is performed by 
introducing local anaesthetic into the plane between the fascia of the 

transversus abdominis muscle and the internal oblique muscle. It is 
possible to block the sensory nerves of the anterior abdominal wall 
before they leave this plane and pierce the musculature to inner-
vate the anterior abdominal wall (Figure 24.2). It has a high mar-
gin of safety and is technically simple to perform, especially under 
ultrasound guidance but despite this, TAP blocks remain over-
whelmingly underutilized in both the obstetric and non-obstetric 
populations. Duration of action is dependent on the type of local 
anaesthetic used and if prolonged analgesia is needed, a catheter for 
continuous infusion can also be placed using ultrasound imaging.

There are a number of studies in the literature looking at TAP 
blocks for analgesia after CD. Baaj et al. randomized 40 women 
to receive either local anaesthetic or saline TAP blocks in addi-
tion to a hypobaric bupivacaine spinal block for elective CD.103 
A  significant reduction in 24-hour morphine requirement was 
observed in the local anaesthetic TAP block group versus controls 
(26 vs 63 mg). Although the authors reported lower postopera-
tive nausea and vomiting, lower 24-hour VAPS scores, and higher 
satisfaction in the local anaesthetic TAP block group, no statisti-
cal measures were reported.104 McDonnell et al. randomized 50 
women to receive either bilateral TAP blocks with 0.75% ropiv-
acaine or saline placebo.105 They found that the median time to 
first morphine request was extended from 90 to 220 minutes in 
the TAP block group. The TAP block group were also found to 
have lower morphine requirements in the first 48 hours postop-
eratively and a corresponding reduction in sedation and nausea. 
However, not all studies have confirmed this finding. Belavy et al. 
performed a similar study which showed a decrease in postop-
erative IV opioids use between groups but no difference in pain 
scores whereas Costello et al. found no difference between groups 
in either opioid use, satisfaction, or pain scores with the additional 
TAP block.106,107 McMorrow et  al. compared the TAP block to 
intrathecal morphine for analgesia post CD. They randomized 80 
patients to one of four groups (n = 20 in each arm) to receive (in 
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Figure 24.2  Transversus abdominis plane block. Line drawing of a transverse section through the abdominal wall at the level of the lumbar triangle of Petit (TOP). The 
floor of the triangle is composed, from superficial to deep, of the fascial extensions of external oblique, internal oblique, and transversus abdominis, respectively, and the 
peritoneum. The needle is inserted through the triangle, using the loss-of-resistance technique. The needle is shown in the transversus abdominis plane, and the fascial 
layers have separated as a result of the injection of local anaesthetic.
EO, external oblique; IL, longissimus iliocostalis; IO, internal oblique; LD, latissimus dorsi; LS, lumbar spine; pm, psoas major; MM, multifidus muscle; QL, quadratus 
lumborum; ST, subcutaneous tissue; TA, transversus abdominis.
Reproduced with permission from John McDonnell, Gerard Curley, John Carney, et al., The Analgesic Efficacy of Transversus Abdominis Plane Block After Cesarean Delivery: A Randomized 
Controlled Trial, Anesthesia & Analgesia, Volume 106, Issue 1, pp. 186–191, Copyright © 2008 Wolters Kluwer Health, Inc.

 

 

 

 



Chapter 24  postoperative analgesia after caesarean delivery 373

addition to spinal anaesthesia) either spinal morphine 100 mcg, or 
saline and a postoperative bilateral TAP block with either 2 mg/kg 
bupivacaine or saline.108 Pain on movement and early morphine 
consumption were lowest in the groups receiving spinal mor-
phine and they found no incremental benefits of TAP block when 
intrathecal morphine was used. They also reported similar overall 
patient satisfaction among groups despite more frequent pruri-
tus in the intrathecal morphine group. In a study by Singh et al., 
60 women having CD under spinal anesthesia were randomized 
to receive ultrasound-guided TAP blocks using either high-dose 
ropivacaine (3 mg/kg), low-dose ropivacaine (1.5 mg/kg), or  
placebo. Patients received intrathecal 0.75% bupivacaine 10–12 mg,  
fentanyl 10 mcg, and morphine 150 mcg, and standard multi-
modal analgesia.109 The primary outcome was the difference in 
pain with movement using a numeric rating scale at 24 hours. 
They found that neither high- nor low-dose TAP blocks as part of 
a multimodal analgesia regimen including intrathecal morphine 
improved pain scores with movement at 24 hours after CD when 
compared to placebo TAP blocks. They found that high-dose TAP 
blocks may improve pain scores up to 12 hours after CD.

In response to these varying studies, Abdallah et al. performed 
a systematic review and meta-analysis looking at TAP blocks for 
postoperative analgesia after CD performed under intrathecal 
anaesthesia.110 They looked at five trials including 312 patients 
and concluded that TAP blocks provide superior analgesia com-
pared with placebo and can reduce the first 24-hour morphine 
consumption in the setting of a multimodal analgesic regimen 
that excludes morphine.

Few studies have compared TAP blocks to epidural anaes-
thesia. Kadam and Moran performed a retrospective matched 
case–control study on 30 patients comparing continuous TAP 
block catheters to thoracic epidural analgesia in the non-pregnant 
population.111 There were no appreciable differences in patient 
satisfaction between the two groups over a 3-day follow-up 
period. The TAP group was found to require a significantly higher 
amount of supplemental fentanyl for breakthrough pain over the 
study period. There was a higher therapeutic failure rate and rate 
of hypotension seen in the thoracic epidural group.

Tap blocks are not without their limitations. In non-obstetric 
patients, complications include visceral perforation, peritoneal 
injection, femoral nerve palsies, and local anaesthetic toxicity.112 
From these conflicting studies it would seem reasonable to con-
clude that TAP blocks should currently not be used in preference 
to neuraxial opioids for post-CD analgesia and should probably be 
reserved for a parturient undergoing general anaesthesia or where 
neuraxial opioids have not been used either because they are con-
traindicated or unavailable.

Wound infiltration
There has been recent interest in wound infiltration using both 
local anaesthetic and NSAIDs. Results after general abdominal 
surgery are mixed, probably due to differences in the site of cath-
eter placement, the drugs used, and the outcome with continuous 
versus bolus techniques. A Cochrane review in 2009 looked at 20 
studies involving local anaesthetic wound infiltration during CD 
and found that:
◆	 local anaesthetic infiltration and abdominal nerve blocks as 

adjuncts to regional and general anaesthesia are of benefit by 
reducing opioid consumption

◆	 NSAIDs as an adjuvant in the local anaesthetic mixture may 
confer additional pain relief.113

Lavand’homme et  al. found that diclofenac alone via a wound 
infusion catheter decreases 48-hour morphine requirements com-
pared with ropivacaine infusion or IV diclofenac, suggesting that 
diclofenac may have peripheral analgesic properties in addition to 
its systemic effects.114 Further studies are required to assess local 
anaesthetic infusions and NSAIDs on outcomes beyond analgesic 
efficacy such as wound healing and the formation of adhesions.

Systemic opioid analgesia
In developed countries, most women will receive neuraxial opioids 
for post-CD pain relief. Large reviews indicate that the neuraxial 
approach provides superior analgesia over systemic administra-
tion but many patients will require additional systemic analgesics 
to further improve pain relief and to limit side effects.30,115 Also 
patients who receive general anaesthesia will usually require sys-
temic analgesics.

Patient-controlled analgesia
PCA, which permits the patient to self-administer small doses of 
IV opioid analgesic at frequent intervals, often provides effective 
and sustained analgesia after major surgery. However, when neu-
raxial opioids are used, studies have shown that IV PCA is not 
usually required. Pain scores equivalent to mild to moderate pain 
are achieved using an average of only 5 mg PCA morphine in 24 
hours and 15% and 32% of patients required no morphine at all 
when intrathecal diamorphine was used.116,117 However, for those 
patients who receive no neuraxial opioids such as in CD under 
general anaesthesia and in whom potent analgesia via the IV route 
is required, different opioids can be delivered utilizing a PCA 
pump, including fentanyl, morphine, and hydromorphone. When 
comparing IV PCA with IM administration of opioid most stud-
ies conclude that the IV PCA route is preferable resulting in bet-
ter analgesia, earlier ambulation, less sedation, and greater patient 
satisfaction regardless of which opioid is used.118,119

When deciding which opioid to use for PCA, most experience 
is reported using morphine. In a study by Howell et al. comparing 
PCA fentanyl with PCA morphine post CD, both analgesic solu-
tions provided effective pain relief for a mean of 37 hours postop-
eratively with high levels of patient satisfaction and no differences 
in VAPS scores between groups.120 However, more patients in the 
fentanyl group required supplementary boluses or alterations to 
the PCA settings and one patient in this group had to be removed 
from the study due to inadequate analgesia. The authors concluded 
that morphine PCA should be used in preference to fentanyl PCA 
for routine use after CD.120 Pethidine has also been used for PCA 
but its use is now discouraged because of concerns about accumu-
lation of the metabolite norpethidine in the neonate which may 
affect neurobehavioural scores.121

PCA is associated with all the usual opioid-related side effects, 
including potentially lethal respiratory depression, so close moni-
toring including continuous pulse oximetry and frequent nursing 
assessments is recommended.

Common oral opioids and combinations
Once patients are tolerating an oral diet, analgesics are given 
via the oral route as a convenient ‘step-down’ after primary 
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management with neuraxial or IV opioids as part of a multimodal 
regimen.

Common regimens used worldwide include:
◆	 hydrocodone (dihydrocodeine) + paracetamol
◆	 oxycodone + paracetamol
◆	 hydromorphone
◆	 oxycodone
◆	 oral morphine.

There are a number of studies looking at these regimens in the 
literature. Davis et  al. performed a randomized controlled 
trial comparing IV patient-controlled morphine with oral 
oxycodone–paracetamol after CD.122 They assessed pain at 6 and 
24 hours after delivery and found that the oral group experienced 
less pain at both time intervals. They also found that this group 
had less nausea and drowsiness at 6 hours but slightly more nausea 
at 24 hours. Another study by Jakobi et al. assessed patient satisfac-
tion with oral analgesia following CD and found that it provided 
satisfactory pain relief, was easily administered and was substan-
tially less expensive compared to IV methods of analgesia.123

Codeine
Codeine (3-methylmorphine) is a naturally occurring opioid, 
which is also synthesized synthetically and used for analgesia, 
antitussive, antidiarrhoeal, sedative, and hypnotic properties. It 
is used to treat mild-to-moderate pain and is marketed both as a 
single-ingredient drug and in combination preparations with par-
acetamol (as co-codamol) and NSAIDs such as aspirin and ibu-
profen. Common side effects include drowsiness and constipation. 
Codeine is metabolized to codeine-6-glucoronide (C6G) by uri-
dine diphosphate glucoronosyl transferase in the liver.124 About 
5% of codeine is metabolized by cytochrome P450 (CYP)-2D6 and 
the current evidence suggests that C6G is the primary active com-
pound. About 0.5–2% of the population are ‘extensive metaboliz-
ers’ having multiple copies of the gene for CYP2D6 and producing 
high levels of CYP2D6 which metabolize drugs through that path-
way more quickly.

CYP2D6 has been implicated in the toxicity and death of neo-
nates when codeine is administered to lactating mothers, particu-
larly those who are ‘ultrafast metabolizers’ and as a result, codeine 
phosphate has been withdrawn from use in many maternity 
units.125,126

Tramadol
Tramadol is a synthetic, centrally acting analgesic, acting as a 
weak serotonin and norepinephrine re-uptake inhibitor, as well 
as a weak MOP receptor agonist. It is indicated for moderate to 
severe pain. It is supplied as 50 mg tablets (immediate release) 
and 100 mg, 200 mg, and 300 mg tablets (extended release). Side 
effects may include nausea/vomiting, dizziness, and constipa-
tion, amongst others. There is an increased risk of seizure in those 
with history of epilepsy. It should be avoided in those with ana-
phylactoid reactions to codeine and used with caution in those 
on medications that affect serotonin (risk of serotonin syndrome). 
There have been case reports suggesting a neonatal withdrawal 
including seizure activity after maternal antenatal use of trama-
dol but this appears rare and associated with long-term, high-dose 

maternal use.127 Dosage adjustments should be made in those 
with renal or hepatic impairment and in those with advanced age. 
In severe impairment, it should be avoided. A randomized clini-
cal trial by Ollé Fortuny et al. compared tramadol to ketorolac 
for postoperative pain after abdominal hysterectomy.128 Seventy-
six women were enrolled for this study and two treatment groups 
were formed: the TRA (tramadol) group received 100 mg of tram-
adol orally, while the KET (ketorolac) group received 30 mg of 
ketorolac IV every 6 hours. During the first 12 hours after surgery, 
the 100 mg dose of tramadol was shown to be more effective for 
pain relief compared to the 30 mg ketorolac every 6 hours. There 
was, however, increased incidence of postoperative vomiting in the 
TRA group. Epidural tramadol was evaluated in women undergo-
ing CD with epidural anaesthesia.47 Addition of tramadol 50 mg 
to 2% lidocaine with adrenaline extended the mean (SD) duration 
of postoperative analgesia from 2.46 (±0.45) to 15.39 (±0.54).

Methadone
Methadone is a MOP receptor agonist more commonly used to 
treat opioid dependency. However, there is interest in methadone 
administration as an analgesic and possibly as a preventative of 
chronic wound pain. Shahrkai et al. performed a prospective ran-
domized double-blinded study on 102 elective CD patients who all 
received spinal anaesthesia followed by a single IM dose of pethi-
dine 50 mg in the recovery room.129 They were then randomized 
to receive either 0.7 mL/kg pethidine every 6 hours or 0.07 mg/kg 
methadone orally every 6 hours. There was no statistical difference 
found in terms of analgesia, patient satisfaction, or requirements 
for breakthrough pain relief between the two groups. In a retro-
spective case–control study of parturients undergoing general 
anaesthesia for CD and multimodal analgesia, Russell et al. com-
pared 25 women who had received a single IV bolus of methadone 
(mean dose 14 mg) at the time of delivery with 50 matched con-
trols.130 Women in the methadone group had lower pain scores, 
lower IV PCA opioid consumption, and were less likely to require 
IV opioid supplementation. Further work is needed in this area.

Paracetamol and non-steroidal 
anti-inflammatory drugs
Paracetamol
Paracetamol inhibits cyclooxygenase-2 (COX-2) resulting in 
decreased production of prostaglandin E2 and the activation of 
descending serotonergic pathways. In the general surgical popu-
lation, it has been shown to have a useful opioid-sparing effect by 
reducing postoperative IV PCA morphine consumption.131,132 
In patients receiving PCA morphine after CD, Alhashemi et al. 
compared the effects of IV paracetamol with those of oral ibupro-
fen with respect to pain control and morphine requirements.133 
They measured both VAPS scores and patient satisfaction. VAPS 
scores were found to decrease similarly in both groups over time; 
however, there were no differences between groups at any time. 
Patient satisfaction was high in both groups. They concluded that 
IV paracetamol was a reasonable adjunct to IV PCA morphine. 
There have been surprisingly few trials looking at paracetamol 
alone after CD. Munishankar et al. compared oral paracetamol, 
diclofenac, and the combination of these for pain relief after CD 
in a double-blind randomized controlled trial of paracetamol.134 
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Patients given the combination of diclofenac and paracetamol 
required 38% less morphine than patients given paracetamol 
alone. Morphine use in patients given diclofenac alone was not 
significantly different from morphine use in the other two groups. 
Nauta et al. performed a systematic review of randomized trials 
comparing a combination of codeine–paracetamol versus NSAIDs 
in the treatment of postoperative abdominal pain.135 They found 
that none of the studies showed the codeine–paracetamol to be 
superior to NSAIDs in controlling post-laparotomy pain and that 
fewer adverse effects were reported in the NSAID group. There are 
currently no similar studies that have been performed in obstetric 
patients.

Diclofenac sodium
NSAIDS are now widely established as a basic analgesic in the 
management of severe postoperative pain both in the general 
postoperative setting and post CD where they have been shown 
to potentiate opioid effect, decrease opioid consumption, and 
reduce side effects. They seem to be particularly effective against 
the visceral pain originating from the uterus and wound site and 
complement the somatic pain relief provided by opioids. They are 
usually used immediately post CD and then continued regularly 
for at least 48 hours postoperatively. They are thought to work by 
inhibiting COX, an enzyme which converts arachidonic acid to 
prostaglandins and thromboxane. NSAIDS are associated with 
side effects such as increased bleeding, renal impairment, gastro-
intestinal bleeding, and acute bronchospasm and should be used 
with caution in at-risk patients. Diclofenac sodium is commonly 
used to treat pain, inflammatory disorders, dysmenorrhea, endo-
metriosis, and mild-to-moderate postoperative or post-traumatic 
pain. As with similar NSAIDs it predisposes to gastrointestinal 
bleeding but is amongst the better tolerated NSAIDs. As well as 
inhibiting COX there is some evidence that diclofenac inhibits 
lipoxygenase pathways, thus reducing leukotriene formation and 
may also inhibit phospholipase A2. These actions may explain the 
high potency of diclofenac—it has a wide variety of effects includ-
ing anti-inflammatory, antipyretic, and analgesic actions.136 
Approximately half of the diclofenac dose is metabolized during 
first-pass hepatic metabolism. Sixty per cent is excreted renally, 
with 1% remaining unchanged in the urine.

Diclofenac has been shown in a number of studies to have a sig-
nificant opioid sparing effect. When given in the recommended 
dose of 150 mg daily, opioid consumption can be reduced by 
35–40%.137,138 So-called high-dose diclofenac (rectal diclofenac 
200 mg daily) has also been shown to be morphine sparing with-
out increased side effects and has been adopted by many units 
because of the simplicity of administration.139 Diclofenac has 
been shown previously to confer significant pain relief when 
used in combination with paracetamol. Mitra et  al. compared 
this combination with a diclofenac–tramadol combination when 
considering pain relief after CD in a randomized double-blinded 
parallel-group controlled trial involving 204 parturients.140 They 
found both combinations to provide satisfactory postoperative 
pain relief after CD. The diclofenac–tramadol combination was 
overall more efficacious but associated with a higher incidence of 
postoperative nausea.

Available recent data indicate that the cardiovascular risk with 
diclofenac is similar to that of the selective COX-2 inhibitors and 
as a result is now contraindicated in those with ischaemic heart 

disease, peripheral arterial disease, cerebrovascular disease, or 
established congestive heart failure (New York Heart Association 
classification II–IV) and this applies to all systemic formulations 
including suppositories.141 As a result, many units have switched 
to ibuprofen as the preferred NSAID for use after CD in doses of 
up to 2.4 g daily.

Ketorolac
Ketorolac is a NSAID indicated for short-term use (5 days or less 
due to gastric ulceration, bleeding, and perforation risk) in man-
aging moderate-to-severe acute pain. Routes of administration 
are oral, IV, or IM. When given by the IV route, usual adult dos-
ing is 15–30 mg IV every 6 hours, with a maximum of 120 mg 
in 24 hours. Side effects and adverse effects are similar to other 
NSAIDs.

Ketorolac has been evaluated as a perioperative analgesic, as it 
appears to have greater potency (similar to opioids) than other 
NSAIDs and an opioid-sparing effect. El-Tahan et  al. studied 
the effect of preoperative ketorolac for CD, randomly assigning 
90 patients to receive either IV ketorolac bolus at 15 mg prior to 
induction followed by infusion at 7.5 mg/h, or saline placebo.142 
The results showed, in part, that 15.6% of patients in the ketorolac 
group requested postoperative tramadol for analgesia, compared 
with 31.1% in the control group. The conclusion was that pro-
phylactic ketorolac improved analgesia after CD. A randomized, 
controlled trial by Lowder et al. compared ketorolac with placebo 
after CD in 44 patients.143 The ketorolac group was found to have 
significantly reduced morphine IV PCA requirements at 24 hours 
compared to the control group. It was concluded that ketorolac 
reduced opioid usage and postoperative pain. Another study was 
performed by Tzeng and Mok to determine the analgesic effect 
from a combination of ketorolac and low-dose epidural morphine 
after CD.144 Ninety patients were enrolled in the study and rand-
omized to three groups to receive postoperatively either (a) epi-
dural morphine 2 mg and IV placebo, (b) epidural morphine 2 
mg and IM ketorolac 30 mg, or (c) epidural saline placebo and 
IM ketorolac 30 mg. Group (b) had significant superior pain relief 
compared to the other two groups. The addition of ketorolac 
was thought to enhance the analgesic effect of low-dose epidural 
morphine.

Cyclooxygenase-2 inhibitors
These drugs work by selectively inhibiting the COX-2 enzyme, 
which is involved in prostaglandin synthesis as part of the 
inflammatory response pathway. COX-2-specific inhibition both 
reduces the risk of gastrointestinal adverse events and lacks effect 
on platelet aggregation, in comparison to non-selective COX 
inhibitors (that block both the COX-1 and COX-2 enzyme), such 
as naproxen or ibuprofen. A number of COX-2 inhibitors have 
been withdrawn from the market because of concerns over seri-
ous cardiovascular events including valdecoxib and parecoxib.145 
Carvalho et al. randomized patients undergoing CD under spinal 
anaesthesia with intrathecal morphine 0.1 mg into two groups 
to receive either valdecoxib 20 mg or placebo. They were unable 
to demonstrate any significant analgesic effect of this COX-2 
inhibitor.146

Celecoxib is a COX-2 inhibitor that is still available but it car-
ries a FDA black box warning for possible increased risk of serious 
cardiovascular and gastrointestinal adverse events.
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It is supplied as 50 mg, 100 mg, 200 mg, and 400 mg capsules 
and is metabolized hepatically, thus dosage adjustments must be 
made in those with impairment in hepatic function. It should 
be used with great caution in those with renal insufficiency, as 
NSAIDs may decrease renal perfusion. Celecoxib has been used in 
the perioperative period as an adjuvant analgesic and a Cochrane 
review evaluated the efficacy of a single dose of oral celecoxib for 
postoperative pain.147 Eight trials were included. A 200 mg dose of 
celecoxib was as effective as 600/650 mg of aspirin and 1000 mg of 
paracetamol for relieving postoperative pain. A dose of 400 mg was 
as effective as 400 mg of ibuprofen. Adverse event rates were similar 
with celecoxib and placebo. The conclusion of the study was that a 
single dose of celecoxib was effective for postoperative pain relief. 
A 400 mg dose was recommended for acute pain. However, in the 
obstetric population there is little published work. Lee et al. evalu-
ated a 200 mg oral dose compared to placebo and demonstrated no 
analgesic benefit whilst Fong et al. reported some analgesic benefit 
after CD with a 400 mg dose.148,149 Because of concerns about the 
cardiovascular side effects of these drugs, currently there is very 
little evidence to support their use for post-CD pain relief.

Patient-controlled oral analgesia
One of the disadvantages of IV PCA is that once the opioid PCA is 
discontinued, patients are no longer in charge of their own analge-
sia and must traditionally rely on nursing staff to administer med-
ication. This has led to increased interest in patient-controlled oral 
analgesia (PCOA) programmes using short-acting oral medica-
tions for postoperative pain relief. This is gaining particular inter-
est in the United Kingdom as part of enhanced recovery pathways 
in both obstetric and non-obstetric surgery. CD patients are often 
given a supply of three types of oral analgesia—paracetamol, ibu-
profen, and a opioid-based oral analgesic in hospital with written 
instructions discussing how and when to take the medication and 
reinforcing the importance of regular administration to prevent 
breakthrough pain. Early PCOA studies suggest the benefits of 
PCOA are similar to IV PCA—that of improved pain control and 
increased patient satisfaction.150,151 It is also a simple, low-cost 
system of analgesia delivery that teaches patients how and when to 
take pain medication before they are sent home. Further research 
and controlled trials are necessary to validate its role in the obstet-
ric population.

Conclusion
Failure to treat acute postoperative pain after CD can have adverse 
physical and psychological consequences for the patient and the 
potential to progress to a persistent, chronic pain state. The main-
stay of postoperative analgesia for CD encompasses a multimodal 
regimen based on neuraxial opioids. This provides excellent post-
operative analgesia with a decrease in total dose of parenteral 
opioid, low level of sedation, early ambulation, early return of 
bowel function, and better maternal–infant bonding with mini-
mal accumulation of the drug in breast milk. However, neuraxial 
opioids may have side effects and complications; the most seri-
ous of which is delayed respiratory depression and these patients 
must be monitored appropriately postoperatively. Oral analgesia 
continues to have an important role in the subsequent step-down 
management of post-CD pain.
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Persistent pain after caesarean 
delivery and vaginal birth
Patricia Lavand’homme and Fabienne Roelants

Introduction
Acute pain following surgical intervention is one of the most fre-
quent reasons for patients to seek medical care with some suffer-
ing chronic pain and long-lasting disabilities. Among the 20% of 
the US and European population who report chronic non-cancer 
pain, the majority are female.1 Studies on sex-gender differences 
show that females have a higher incidence of severe pain, which 
is more anatomically diffuse and longer lasting compared to 
males2 with the prevalence of visceral pain being more frequent 
in females. The abdomen (47%) and the perineal region (38%) are 
often mentioned as sites for persistent postsurgical pain (PPSP) by 
patients attending pain clinics.3

Few studies have examined long-term health outcomes for 
women after pregnancy.4 Although childbirth may be considered 
a natural process, some deliveries need instrumentation and/or 
surgical intervention. Since caesarean delivery is one of the most 
common surgical procedures performed, the assessment of persis-
tent pain after childbirth is therefore of significant interest5 espe-
cially since the majority of women will not spontaneously consult 
a health professional about their chronic pain.6 Furthermore, the 
prevention of chronic pain post surgery is currently a challenge 
for clinicians as an indicator of the quality of healthcare.

This chapter will review the different persistent pain symptoms, 
which are seen after vaginal and caesarean delivery, their preva-
lence, and nature. The possible risk factors as well as some preven-
tive and therapeutic measures will also be discussed

The definition of persistent pain 
after childbirth
If we superimpose the definition of persistent pain after childbirth 
on that of PPSP,7 persistent pain after childbirth (vaginal delivery 
or caesarean delivery) is defined as:
◆	 new pain that has developed after childbirth
◆	 pain that lasts at least 2 months after delivery
◆	 other causes for the pain having been excluded (e.g. infection, 

malignancy) as well as pain from a condition pre-existing to or 
developing during the pregnancy.

There are some limitations to the application of the definition of 
PPSP to persistent pain after childbirth. Firstly, so far, few studies 
designed to find the prevalence of persistent pain after childbirth 

have met this definition because the majority of them did not 
exclude pre-existing pain. Secondly, the time frame of 2 months 
usually considered for PPSP has been strongly debated because 
the exact duration of the inflammatory process caused by tis-
sue injury still remains undetermined. Actually, some authors 
consider persistent pain as pain still present beyond 3–6 months 
(often > 6 months) after tissue damage.8 Finally, as observed in the 
context of PPSP, the prevalence of persistent pain after childbirth 
shows some variability caused by the differences in study design 
including the criteria used to define patients suffering chronic 
pain, for example, pain intensity, frequency, and impact on the 
quality of life.

Outcome of common pain syndromes 
reported during pregnancy
Chronic pain conditions may exist before pregnancy, as it is not 
uncommon for women of childbearing age to suffer from chronic 
pelvic pain, backache, and headaches.

Pelvic pain of visceral origin
Epidemiological data show that 15% of women of reproductive age 
report chronic pelvic pain defined as non-cyclic pelvic pain of at 
least 6 months’ duration, of sufficient severity to cause functional 
disability or to lead to medical care.9 Chronic pelvic pain before 
pregnancy, that is, pain at ovulation, dysmenorrhea, or level of 
cramps during a menstrual period, and suspicion of endometrio-
sis or interstitial cystitis can predispose to preterm delivery10 and 
often persists after delivery.11

Pelvic girdle pain and back pain
Pain may also develop during pregnancy and then persist after 
delivery. Sacroiliac joint and pelvic girdle pain are frequently 
reported as well as back pain.12,13 However, symptoms may greatly 
vary and individuals are affected to different degrees. The preva-
lence of low back pain episodes may reach 72–77% during preg-
nancy.14 Pelvic girdle pain is also common with an incidence rate 
of 18–56%. The most frequent complaints are located around the 
sacroiliac joints (76.6%) and the pubic symphysis (57.2%).13 The 
pain usually starts in the first trimester of the first pregnancy and 
worsens with subsequent pregnancies. As with low back pain, the 
cause of pelvic girdle pain during pregnancy remains unclear. 
A large cohort follow-up study in Norway reported the presence of 
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pelvic girdle pain in more than 55% of women during pregnancy 
with the onset of pain around 17 weeks of gestation.15 Within 
6 months after delivery, 78% of these women had recovered, while 
18.5% reported persistent pain at one or two pelvic locations with 
severe persistent pelvic girdle pain syndrome affecting 0.5% of the 
women.15 The recovery rates were lower if women experienced a 
high level of pain severity at 30 weeks of gestation and ‘emotional 
distress’ (as defined in the original paper) during pregnancy.15 
A recent study among women continuing to work during their 
pregnancy has shown a 43% prevalence of pelvic girdle pain at 12 
weeks postpartum.17 Although the occurrence of back pain or pel-
vic girdle pain does not affect the outcome of pregnancy, their per-
sistence is often associated with postpartum absence from work, 
which represents an important socioeconomic problem. Finally, 
results from a prospective observational cohort have highlighted 
an incidence of 21% of persistent low back pain developed dur-
ing pregnancy 2 years after delivery. Patients with persistent low 
back pain were older, had an earlier onset of severe low back pain 
symptoms during their pregnancy, and had a higher weight gain, 
that is, a lower weight loss (inability to reduce weight to their 
pre-pregnant level) after delivery.18

New postdelivery backache is a very frequent complaint 
expressed by 28–49% of women at 6 months postpartum and by 
10–15% at 12 months and later.19,20 In a prospective study regard-
ing health outcome after delivery, primigravida women who had 
a caesarean delivery were more likely to report back pain at 6 and 
12 months postpartum than women who had a spontaneous vagi-
nal delivery.20 That finding, however, was not observed in another 
prospective study showing a prevalence of 11% of back pain at 
2 years whatever the mode of delivery.21 A possible relationship 
between the use of epidural analgesia during labour and postpar-
tum backache has been questioned but numerous studies do not 
confirm an increased risk of low back pain after epidural use.22 
According to Breen et al.,19 the incidence of back pain at 2 months 
postpartum was unrelated to the use of epidural analgesia and 
unrelated to the mode of delivery. Predictive factors for back pain 
included pain during the pregnancy and higher body mass index. 
Thompson et  al.23 found no statistically significant difference 
between the use of epidurals or not during labour and backache at 
8, 16, and 24 weeks after delivery.

Headaches
Headaches, either primary (migraine, tension headache) or sec-
ondary (postdural puncture headache, pregnancy-related hyper-
tensive disorders, intracranial pathology), are frequently reported 
in the peripartum period making headache one of the most com-
mon reason for seeking medical care during the puerperium.24,25 
Primary headaches represent 75% of the postpartum headaches 
and are 20 times more frequent than postdural puncture head-
aches. While migraine headaches generally improve during the 
pregnancy due to a rapid increase of oestrogens, a high rate of 
migraine recurrence occurs after delivery.

Approximately 30% of mothers experience severe headaches 
within the first week of delivery.25 In a large survey questioning 
women’s health after delivery, the incidence increased from 5.7% 
up to 25.4% between hospital stay and 18 months postpartum.20 
Interestingly, breastfeeding until 6 months postpartum seems to 
be a protective factor as it significantly reduces migraine recur-
rence. In a prospective study dedicated to persistent pain after 

childbirth, Eisenach et  al.26 reported a headache incidence at 
6  months of 18% after vaginal delivery and 0% after caesarean 
delivery. A  history of headaches prior to pregnancy seemed to 
be the most relevant risk factor to present with headaches dur-
ing the pregnancy and at 8 weeks postpartum.25 Other risk fac-
tors for postpartum headaches include analgesic use surrounding 
pregnancy, multiparity, shorter pushing during the second stage 
of labour, and increasing maternal age.25 Patients who have head-
aches during their pregnancy are nearly four times more likely to 
report headaches shortly after delivery and are three times more 
likely to experience headaches if they receive needle-based neu-
raxial anaesthesia for delivery pain treatment. However, the pres-
ence of headaches during pregnancy or shortly after delivery does 
not predict persistent headaches at 8 weeks after childbirth.25

Key points

◆	 Pelvic pain of visceral origin before pregnancy might predis-
pose to preterm delivery and often persists after childbirth.

◆	 Pelvic girdle pain can start around 17 weeks of pregnancy; its 
prevalence is 18–56% during pregnancy with an incidence of 
18.5% of persistent pain at 6  months postdelivery. Low back 
pain: 72–75% during pregnancy and 21% persisting 2 years after 
delivery. Predictive risk factors include older patients, large 
weight gain, and early onset of severe low back pain during 
pregnancy.

◆	 Postpartum headaches: primary headaches in 75% of the cases. 
Usually, migraine headaches improve during the pregnancy but 
with a high rate of recurrence after delivery (30% within the 
first week).

Prevalence and characteristics of persistent 
perineal pain after vaginal delivery
In a large prospective multicentre study, severe acute perineal 
pain within 36 hours postpartum was present in 10.9% of the 
women after vaginal delivery while persistent pain at 8 weeks 
postpartum affected 10% of the women.27 Patients experiencing 
severe acute pain after childbirth had a 2.5-fold increased risk of 
persistent pain and 3.0-fold risk of postpartum depression at 8 
weeks postpartum compared with women having mild pain after 
delivery. In another prospective study, the degree of perineal 
trauma was responsible for the immediate intensity of pain (from 
24 hours until day 7 postpartum), but by 6 weeks postpartum 
the incidence of perineal pain (around 9%) did not differ among 
the patients.28 Therefore, the degree of tissue injury after vaginal 
birth appears to be independent of the risk to develop persistent 
pain.27,28 Studies assessing persistent pain after vaginal delivery 
have found 2–10% of women with pain at 6 months and later after 
delivery, almost exclusively in mothers who had an assisted vagi-
nal birth.21,29,30 The prospective Pain After Delivery (PAD) study 
reported a much lower prevalence with less than 1% of persistent 
pain at 1 year.26

Two observations, however, need mentioning. First, the nature 
of persistent pain after vaginal delivery is poorly characterized 
perhaps because pain complaints localized to perineal areas that 
are related to sexual function, defaecation, and urination are often 
considered taboo.9,31 A  survey aimed to determine the preva-
lence and characteristics of postpartum-onset genital or pelvic 
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pain found 9% of women continuing to experience pain trig-
gered by both sexual and non-sexual activities at 12 months after 
delivery, with none receiving treatment.31 Among these women, 
90% reported genital pain and 50% pelvic pain, which began at 
delivery. A survey assessing postpartum sexual dysfunction after 
delivery demonstrated that 27.6% of women present with late 
dyspareunia defined as pain during intercourse at 1  year after 
childbirth.32 There was no relation between late postpartum dys-
pareunia and the mode of vaginal delivery, that is, spontaneous 
versus instrumental delivery, perineal lacerations or episiotomy. 
Recent publications suggest that women consult specialists in 
urology or pain medicine because of severe perineal pain and the 
interval between birth and the consultation is often long (mean 
interval from genital tract trauma (i.e. childbirth or surgery) to 
consultation for pain: 8 months, range 3 months to 20 years).33,34 
Difficult labour with a prolonged second stage and assisted vagi-
nal delivery with/without episiotomy are frequently mentioned 
as the triggering event. Prospective studies also report the pres-
ence of deep abdominal, pelvic, and even buttock/leg pain associ-
ated with pain in the genital area.21,26 Secondly, persistent pain 
after vaginal delivery might be worse than PPSP after caesarean 
delivery. Slowly resolving inflammatory reaction and scar tissue 
formation in the perineum, sometimes associated with deep pel-
vic pain, causes chronic lower genital tract pain, which may have 
a major impact on daily life. Indeed, around 11–15% of women 
complain that such persistent pain interferes significantly with 
their daily life.35,36 Women not only mention dyspareunia but also 
complain when walking or sitting. Genital pain is often described 
as severe pain (i.e. visual analogue scale score ≥6 out of 10) in both 
intensity (5.6 ± 1.6) and unpleasantness (5.9 ± 1.9).31 Retrospective 
data report intense, unbearable pain in 30% of women after vagi-
nal delivery versus similar pain severity in 10% of women at 1 year 
after caesarean delivery.30 In the PAD study, persistent pain at 
2 months after childbirth is described as constant daily pain in 
60% of women who had a vaginal delivery versus 36% of women 
who experienced caesarean delivery.27 At 6 months, average worst 
pain severity was significantly higher after vaginal delivery (pain 
scores of 4.5 ± 2.7 out of 10 with 73% of these women taking anal-
gesics) than after caesarean delivery (pain scores of 1.8 ± 1.0 out of 
10 with 0% analgesics intake).26 Finally, although the incidence of 
pain at 12 months was extremely low, it is worth noting that all the 
women who had pain underwent a vaginal delivery.26

Key points

◆	 Incidence of perineal pain after vaginal delivery: 10.9% at 24–48 
hours; 1–10% at 2–6 months; less than 1% at 1 year

◆	 The degree of perineal trauma:

•	 is responsible for the immediate intensity of the pain (from 
24 hours to 7 days after delivery)

•	 does not seem to be associated with persistent pain (at 
2 months and later)

◆	 Dyspareunia (incidence: 9–27% at 12 months after delivery) is 
not associated with:

•	 mode of vaginal delivery (spontaneous, instrumental 
delivery)

•	 presence of lacerations or episiotomy.

Prevalence and characteristics of persistent 
pain after caesarean delivery
A majority of studies investigating chronic pain after caesarean 
delivery are retrospective, including the small original study from 
Nikolajsen et al.37 and the large survey ‘Listening to Mother II’.29 
These studies report a prevalence after 6 months of approximately 
18% of women who complain of pain following their caesarean deliv-
ery.29,30,37 However, the prevalence of disabling pain with a nega-
tive impact on the mother’s quality of life and on the mother–child 
relationship is consistently approximately 6% among retrospective 
studies.38 Prospective studies are scarce but include a large cohort 
of patients. Their strength relies on the fact that they focus on ‘new’ 
pain related to the surgery and have excluded pre-existing pain. 
A Canadian study following 917 women with a breech presentation 
found a persistent pain incidence of 20% at 2 years after caesarean 
delivery, which reduced to 10% when the pain was restricted to the 
abdominal wall and within the abdominal cavity but, excluding 
backache and headache.21 An Australian cohort survey examining 
long-term health outcomes after childbirth among 1507 nulliparae 
reported a similar prevalence of persistent pain in the long term, 
that is, 8% at 18 months including 1.8% scar pain.20 Questioning 
1228 women, the US PAD study from Eisenach et al.26 shows an 
even lower incidence of persistent pain after delivery, as low as 1.8% 
(95% confidence interval (CI) 1.4–5.3%) at 6 months and 0.3% (95% 
CI 0.3–1.2%) at 12 months. This study only considered pain that 
began at delivery and that was not already present before preg-
nancy nor developed during pregnancy, such as back pain or pelvic 
girdle pain. Finally, a prospective Australian cohort study includ-
ing 426 women reports persistent pain at the abdominal wound in 
4.2% of women at 12 months after caesarean delivery, with only 
1.1% of patients reporting mild constant daily pain.39 By compari-
son, the first large study aimed to assess the prevalence of chronic 
postsurgical pain in a general population reported a prevalence of 
18.3% moderate to severe pain in the area of surgery 3–36 months 
after the procedure.40 In this survey, 62% of patients had local pain 
in the area of surgery before surgery. When excluding all these 
patients from the analysis, 6.2% of patients were left with chronic 
postsurgical pain. According to a recent meta-analysis, the inci-
dence of persistent pain after gynaecologic surgery (hysterectomy 
for benign causes) is around 13.7%.41 By contrast, the very low 
prevalence of persistent pain observed after childbirth in Eisenach 
et  al.’s26 and Liu et  al.’s studies39 is intriguing. However, only 
those subjects who reported pain at 2 months after delivery were 
followed-up at 6 months, and similarly, only those who reported 
pain at 6 months were contacted at 12 months.5 Such follow-up 
assumes that chronic postsurgical pain is a continuum from acute 
postoperative pain, an assumption which may be far from the real-
ity. Indeed, other surgical procedures suggest that persistent post-
surgical pain may develop later, that is, within the first months as 
found after inguinal hernia repair and thoracotomy.42 A  recent 
study assessing persistent pain and sensory disturbances after 
surgery for breast cancer demonstrated that persistent pain is not 
static but seems to fluctuate considerably over time.43 Therefore, 
the PAD study might have missed some patients who developed 
neuropathic pain later than within the first 2 months after surgery. 
Similarly, very little is known about the evolution of visceral pain 
and deep abdominal pain resulting from a uterine scar or pelvic 
adherences should not be excluded (Table 25.1).
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The nature of persistent postsurgical pain is still unclear in 
many cases because inflammatory mechanisms play an impor-
tant role even in the development of neuropathic pain.8 Recent 
arguments are in favour of a predominant neuropathic origin as 
there is a strong association between sensory disturbances such as 
hypoesthesia and hyperesthesia and the presence and the intensity 
of chronic postsurgical pain;40 some surgical procedures appear 
to carry a higher risk than others.41 After caesarean delivery, pain 
may result from nerve entrapment, caesarean scar problems, or 
pelvic adhesions.44 In other words, scar pain (i.e. neuropathic 
pain) and deep intra-abdominal pain (i.e. visceral pain) may 
develop and even coexist. Retrospective studies usually mention 
pain as located at the site of (or very close to) the surgical inci-
sion.29,30,37 In the prospective studies, deep intra-abdominal pain 
and pelvic pain are also reported although pain in the area of 
incision seems to dominate.21,26 A Pfannenstiel incision is com-
monly used for caesarean delivery; its advantages include a low 
incidence of incisional hernia and an aesthetic scar. However, the 
risk of ilio-inguinal and ilio-hypogastric nerve entrapment related 
to the technique is real; up to 32% of women who have undergone 
obstetric or gynaecologic procedures with a Pfannenstiel incision 
report PPSP at incision site up to 2 years after surgery (7% suffer-
ing severe pain).45 Few studies have used adequate screening tools 
to characterize abdominal pain after caesarean delivery. Bollag 
et al.46 have found persistent pain as predominantly neuropathic 
in 56%, 50%, and 26% of the patients at 3, 6, and 12 months after 
caesarean delivery, respectively. The French study ‘EDONIS’,47,48 a 
prospective epidemiological study, aimed to assess the prevalence 
and possible neuropathic character of postsurgical pain mentions 
a 6-month cumulative incidence of persistent pain after caesarean 
delivery of approximately 20%, with an established neuropathic 
origin in 61% of the cases. It is interesting to note that the reported 
pain intensity was generally low (pain score > 3/10 in only 2% of 
the patients). The low intensity of neuropathic pain diagnosed 
after caesarean delivery is intriguing. According to the EDONIS 
results, neuropathic pain following other procedures (e.g. breast 
surgery, thoracotomy, and varicose vein surgery) is perceived as 

much more painful.47,48 Furthermore, in the literature, chronic 
pain of neuropathic origin is usually associated with higher pain 
intensity (average pain scores of approximately 7–8/10) than 
non-neuropathic chronic pain.49 In other published studies as 
well, more than 85% of patients with persistent pain at 6 months 
after caesarean delivery rated their pain as low (average pain score 
of 2/10),21,26,30,39 including the affective descriptors associated 
with the pain experience.46

As previously highlighted, childbirth may cause persistent pain 
located in the pelvic area and/or the deep abdomen. Chronic 
pelvic pain is a common gynaecological problem which con-
cerns 15–24% of women of reproductive age.9,50 Chronic pelvic 
pain is defined by the American College of Obstetricians and 
Gynecologists as non-cyclic pelvic pain localized in the lower 
abdomen, anatomical pelvis, lumbosacral back, or buttocks, pre-
sent for at least 6 months, and which is of sufficient severity to 
cause functional disability or lead to medical care.9 According to 
the prospective studies published to date, persistent pelvic pain 
and deep abdominal pain may occur independent of the type of 
delivery, that is, vaginal or caesarean delivery. In the PAD study, 
among the few women reporting persistent pain at 6 months after 
childbirth, 53% mention a pelvic pain location and 24% a deep 
intra-abdominal pain, whatever the type of delivery.26 Two other 
large surveys which have examined persistent health problems 
after childbirth report a 6–10% incidence of persistent pelvic and 
deep intra-abdominal pain at 12 months and later after either vag-
inal or caesarean delivery.20,21 Not surprisingly, in women under-
going a laparoscopy for diagnostic investigation of chronic pelvic 
pain, among risk factors like pelvic inflammatory diseases and 
endometriosis, a history of caesarean delivery may be found as the 
aetiology in 67% of the cases (odds ratio (OR) 3.7).51 Otherwise, 
previous caesarean delivery is also an established risk factor for 
PPSP after hysterectomy for a benign indication (OR 1.5).50

Key points

◆	 Persistent pain after caesarean delivery is uncommon (inci-
dence at 6 months and later, 0.3–1.8%) compared to the rate of 
PPSP observed after other surgical procedures in a general adult 
population (average incidence 6.2–18%).

◆	 Although visceral pain, that is, pelvic pain and deep 
intra-abdominal pain, is also reported after caesarean delivery, 
the nature of persistent pain is neuropathic (abdominal wall 
pain) in more than 50% of the cases with a very low intensity 
which contrasts with the severity of neuropathic pain usually 
reported by the patients after other surgical procedures.

◆	 A history of caesarean delivery is a risk factor for the develop-
ment of chronic pelvic pain as well as for PPSP after hysterec-
tomy for non-malignant indication.

Risk factors for persistent pain 
after childbirth
Predictive factors for PPSP can be surgery specific, that is, related 
to tissue trauma, or patient specific.8 Some studies have tried to 
predict the risk factors for severe acute pain after delivery, either 
by vaginal or caesarean delivery. Principal predictors for severe 
acute postdelivery pain revealed in the PAD study were history 

Table 25.1  Prevalence of pain after caesarean delivery compared 
with other surgical procedures

Severe 
acute pain 
(<36 hours)

Sub-acute 
pain (at 
2 months)

Persistent 
pain 
(>6 months)

Neuropathic 
component in 
persistent pain

Caesarean 
delivery

17% 9%

(9–16%)

0.3–1.8%

(4–10%)

53–60%

Hysterectomy 
(non-malignant)

– – 4.8%

(13.7%)

19%

Inguinal hernia – 14% 7%

(2.5–19%)

31–45%

All procedures 
(general adult 
population)

30% – 6.2%

(18.3%)

24.5%

Percentages in brackets are found in retrospective studies; other percentages were 
determined in prospective studies and/or concern new pain directly related to the 
surgical procedure.

References are in the text.
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of pain during the pregnancy (relative risk 0.70), pain during 
menstruation (relative risk 0.44), and giving birth by caesarean 
delivery (relative risk 1.08).27 Regarding chronic pain, the low 
incidence of persistent pain found in prospective studies make 
further analysis of the potential risk factors difficult (Table 25.2).26

Surgery- and tissue damage-specific risk 
factors
Mode of delivery: caesarean versus vaginal delivery, 
spontaneous versus assisted vaginal delivery
As the rate of caesarean delivery is increasing worldwide for both 
medical indications and maternal choice, an important debate 
is now arising over the relationship of the method of delivery to 
maternal postpartum physical health.29,44 Three large prospective 
studies published to date did not find differences in maternal pain 
outcomes at 12 months and beyond postpartum between caesar-
ean and vaginal delivery.20,21,26 In the context of vaginal child-
birth, the degree of tissue injury appears to be independent of the 
risk of persistent pain as the extent of perineal trauma was respon-
sible for the immediate intensity of pain (from 24 hours until day 
7 postpartum), but by 6–8 weeks postpartum, the incidence of 
perineal pain did not differ among the patients.27,28 Finally, retro-
spective studies indicate no correlation between the mode of birth 
and persistent pain including late dyspareunia at 12 months after 
delivery.31,32,35

Elective versus emergency caesarean delivery
One might hypothesize that having an unplanned caesarean 
delivery could increase the risk of reporting persistent pain as 
the risk of abdominal wall nerve injury may be higher during 
emergency procedures.45 Furthermore, the depth of anaesthesia 
provided by either general anaesthesia or epidural anaesthesia, 

two techniques commonly used in cases of non-elective caesar-
ean delivery, might be less effective to prevent nociceptive inputs 
to reach and to sensitize the central nervous system than spi-
nal anaesthesia usually used in elective procedures.52 Although 
an earlier study by Nikolajsen et  al.37 found that patients with 
persistent pain had more often undergone the procedure under 
general anaesthesia than spinal anaesthesia (37% versus 17.1% 
persistent pain at 10 months), a recent prospective study did not 
find an apparent increase in incidence of persistent pain associ-
ated with general versus neuraxial anaesthesia.39 Furthermore, 
no published study so far either retrospective35,36 or prospective39 
mentions emergency caesarean delivery as a significant risk fac-
tor for persistent pain by comparison with an elective procedure. 
Interestingly a trial of vaginal birth has not been associated with 
an increased risk of developing persistent pain after previous cae-
sarean delivery.35,36

Extent of tissue damage during caesarean delivery
Surgical factors such as operative technique have also been inves-
tigated. Closure of the parietal peritoneum is currently debated as 
this technique not only seems to increase acute postpartum pain 
but also to enhance the risk of persistent discomfort at 8 months 
after surgery.53 The type of incision (i.e. vertical or Pfannenstiel 
incision) only has an impact on acute pain and does not affect 
persistent pain.35,36 Most of the procedures are performed via a 
Pfannenstiel incision which carries a risk of injury of the lower 
abdominal wall nerves, with a risk of developing chronic neuro-
pathic pain.45 Neuropathic pain is frequently involved in persis-
tent pain after caesarean delivery but the reported pain intensity 
is surprisingly low by comparison with that of neuropathic pain 
observed in other PPSP. It is worth noting that, not all lesions in 
the somatosensory system lead to neuropathic pain.42 Persistent 
sensory dysfunction can be highlighted in pain-free postsurgi-
cal patients (e.g. 20% after hernia repair54). Individual related 
co-factors such as poor capacity of nerve regeneration, decreased 
pain tolerance related to altered endogenous pain processes, and 
particular psychological profile play a major role in the devel-
opment of persistent neuropathic pain after a peripheral nerve 
lesion.55

Patient-specific risk factors for persistent 
pain after childbirth
The fact that the degree of tissue trauma by itself (e.g. caesarean 
delivery versus vaginal delivery, and peripheral nerve damage) 
is not a risk factor to develop persistent pain suggests that some 
individuals may be predisposed to the development of persistent 
pain. To support this, the recent literature on PPSP, specifically 
the research on the transition from acute to chronic postsurgi-
cal pain, has moved from general risk factors such as gender, age, 
obesity, and so on to more individualized risk factors.42,56–58 This 
view is confirmed by recent studies aiming to develop a risk index 
for the prediction of chronic postsurgical pain.59

Severe early postpartum pain as an individual 
risk factor
Poorly relieved acute pain is commonly mentioned as a striking 
risk factor for PPSP and severe acute pain is involved in the transi-
tion from acute to chronic pain.4,8 It is still unclear why acute pain 

Table 25.2  Risk factors involved in the development of acute and 
persistent pain after childbirth

Incidence (%) Risk factors

Severe acute 
pain (< 36h 
postpartum)

CD: 17

VD: 10

History of pain during pregnancy

Intensity of menstruation pain

Tissue damage caused by delivery

Presence of mechanical hyperalgesia 
surrounding the scar (central 
sensitization caused by a previous CD)

Pain at 8 weeks CD: 9.2

VD: 10

Severity of acute postpartum pain, 
i.e. individual pain response to injury

Pain at 6 months CD and 
VD: 1.8

Not identified (small sample size)

Pain at 
12 months

CD and 
VD: 0.3

Not identified (small sample size)

CD, caesarean delivery; VD, vaginal delivery.

Data from Eisenach JC et al., Severity of acute pain after childbirth, but not type of 
delivery, predicts persistent pain and postpartum depression, Pain, Volume 140, pp. 87–94, 
Copyright © 2008 Elsevier and Bollag L et al., Effect of transversus abdominis plane 
block with and without clonidine on post-cesarean delivery wound hyperalgesia and 
pain, Regional Anesthesia and Pain Medicine, volume 37, pp. 508–514, Copyright © 2012 
Wolters Kluwer Health.
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severity may increase the risk for PPSP: the risk may be due either 
to an increased individual susceptibility to develop both acute and 
chronic pain condition or to the fact that inadequately managed 
postoperative pain itself enhances the risk to develop persistent 
pain. Whatever the mode of delivery, several retrospective studies 
mention that patients with persistent pain recalled severe acute 
postpartum pain.35,37,60 However, all of these studies may suffer 
major recall bias. Otherwise, the conclusions of two prospective 
studies, the PAD study and the study from Liu et al.,39 do not sup-
port that finding. Severe acute postpartum pain concerns 17% and 
13% of women within the first 36 hours of caesarean and vaginal 
delivery respectively, and caesarean delivery is associated with a 
32.5% increase in acute pain scores by comparison with vaginal 
delivery.27 However, acute pain severity, independent of the type 
of delivery, only predicted an 2.5-fold increase in the risk of per-
sistent pain at 2 months (incidence 10%) but not later (incidence 
0.3–1.8%).26,27

Pre-existing chronic pain condition as an individual 
risk factor
Preoperative pain found in more than 50% of patients undergo-
ing surgery,40,61 either at the operative site or elsewhere, is one of 
the most consistent patient-related factors for both severe postop-
erative pain and PPSP.4,58,59 Both the presence of a chronic pain 
condition and the potential regular intake of analgesics may con-
tribute to sensitize the central nervous system and so may favour 
pain chronicity after tissue injury.62 All the retrospective studies 
on chronic pain after childbirth mention the presence of pain 
elsewhere as a major risk factor for the development of persistent 
pain after delivery with an OR even superior to that related to the 
recall of intense acute postdelivery pain (OR 2.5 vs 1.3).60 In the 
initial study from Nikolajsen et al.,37 the occurrence of pain prob-
lems elsewhere was reported by 63% of the patients with persis-
tent pain (versus 19% in patients without pain). Kainu et al.35 also 
mention chronic pain after childbirth as significantly more com-
mon in women with previous pain or any chronic disease (22% 
versus 12%). In the study by Paterson et al.,31 only a history of 
non-genital chronic pain was significantly correlated with persis-
tent postpartum-onset genital pain. The large prospective study, 
the PAD study,26 mentions pain history predictors such as pain 
during pregnancy and pain ratings during menstruation as risk 
factors for postpartum pain at 24 hours but not later. It is notewor-
thy that the very low incidence of pain at 6 months later precluded 
further statistical analysis. Beyond the aforementioned findings, 
clinical observations show that patients reporting pelvic pain 
often suffer from more than one pain, that raises the question of 
potential alterations of endogenous pain modulatory mechanisms 
rather than only local organ-based mechanisms.9

Hyperalgesia, central sensitization, and altered 
endogenous pain processing as individual risk factors
Nociceptive inputs from injured tissues trigger a prolonged and 
usually reversible increased state of nervous system hyperexcit-
ability referred to as central sensitization.63 This amplification of 
neural signalling within the central nervous system elicits pain 
hypersensitivity, which translates into clinical hyperalgesia, 
mainly evoked by mechanical stimuli. Sustained central sensi-
tization is thought to be one of the mechanisms underlying the 

development of persistent pain after injury. Secondary hyper-
algesia (i.e. mechanical hypersensitivity in uninjured tissues 
surrounding the wound) has caught particular attention as a 
surrogate measure of central sensitization after surgery.64,65 The 
extent of secondary hyperalgesia may correlate with the risk for 
PPSP as demonstrated after major abdominal surgery. However, 
all individuals presenting with secondary mechanical hyper-
algesia at 24–48 hours after surgery will not develop PPSP.42 In 
humans, clinical data on the incidence, extent, and duration of 
postoperative secondary hyperalgesia are scarce as this objective 
parameter is rarely assessed.62 Moreover, the correlation between 
postoperative secondary hyperalgesia and the risk of persistent 
pain is even less frequently investigated. After caesarean deliv-
ery with a Pfannenstiel incision, 10–30% of the patients presented 
with secondary mechanical hyperalgesia surrounding the wound 
within the first 48 hours46,66 while less than 15% of the patients 
reported persistent pain at 3 months and later. In a different study, 
at 6 weeks postdelivery, the incidence of persistent pain was 16% 
but that of secondary mechanical hyperalgesia was only 8%.67 The 
prospective study from Liu et al.39 shows that a history of previous 
caesarean delivery is not a risk factor for persistent pain. Ortner 
et al.68 were the first to assess the presence of hyperalgesia sur-
rounding the scar of a previous caesarean delivery in women who 
came to undergo repeat caesarean delivery. Scar hyperalgesia was 
present in 41% of the women, at 22 months and later after a previ-
ous caesarean section. These women had overall higher acute post-
operative pain scores for both somatic pain and visceral cramping 
pain. Although the later study did not examine the development 
of persistent pain, it demonstrates that pre-existing hyperalgesia 
(i.e. a sign of central sensitization) correlated with enhanced acute 
postoperative pain. Similar findings also exist with hysterectomy 
where preoperative pain sensitization as reflected by cutaneous 
and vaginal hypersensitivity was associated with acute pain sever-
ity but less predictive to persistent pain.69

The preoperative assessment of pain sensitivity may predict to 
some extent the degree of postoperative pain and the probability 
to develop persistent pain.70 Nociceptive signals from damaged 
tissues undergo a central modulation leading to either attenua-
tion or enhancement of pain. Recent interesting developments 
have focused on dynamic test paradigms—in contrast with static 
tests like pain threshold—designed to measure endogenous pain 
processing and to depict individuals’ pain modulation capac-
ity.57,71 Inter-individual differences in the modulation of endog-
enous pain perception and modulation place patients at more or 
less risk to present with severe acute pain or chronic pain.56 As 
a consequence, the mechanisms involved in central sensitization, 
which result from the balance between endogenous inhibitory and 
excitatory processes, may differ among patients. Although human 
studies are still scarce, they seem to indicate that patients who dis-
play central hyperexcitability or impaired endogenous modulation 
would be more prone to have a poor outcome after a surgical proce-
dure as found after thoracotomy72 or major abdominal surgery.73 
Hyperexcitability of endogenous pain processes can be assessed 
by temporal summation, a surrogate measure of wind-up pain, 
defined as increased pain from repetitive tactile stimulation.74 
The presence of a positive temporal summation is highly sugges-
tive of an altered central nociceptive processing. As a matter of 
fact, the presence of a preoperative temporal summation has been 
associated with enhanced postoperative pain after thoracotomy,75 
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abdominal surgery,76 and also caesarean delivery.68 In the later 
study, the authors also found a positive correlation between the 
presence of a preoperative scar hyperalgesia and a preoperative 
positive mechanical temporal summation in women undergoing a 
repeat caesarean delivery.68 It is important to note that, beyond its 
association with postoperative pain intensity, temporal summa-
tion might also be predictive of a risk for persistent pain after sur-
gery or trauma as it predicted a poor outcome after spine injury.77 
Also, after herniorrhaphy, mechanical temporal summation was 
found in 51% of PPSP patients but only in 15% (and at low inten-
sity) in pain-free patients.54,78 Studies aiming to assess the func-
tion of endogenous pain processes during pregnancy and in the 
immediate postpartum period are currently ongoing.79

Psychosocial vulnerability as individual risk factors
Mental health has an important impact on the patient’s willing-
ness to recover. Psychological mechanisms of pain processing 
(emotion and when pain is perceived as a threat) already known 
to play a role in chronic pain conditions have recently attracted 
interest in trauma and perioperative conditions.42 Obviously, 
there is a vulnerable population who present with a reduced abil-
ity to cope with pain, to anticipate pain, and to control pain when 
confronted with it. Pain hypervigilance80 and catastrophization 
are currently investigated as important mental states to predict 
both severe postoperative pain and PPSP. In the context of child-
birth, their impact may extend beyond the trauma period as, for 
example, catastrophization not only plays a role in the experience 
of pain during labour and delivery but also compromises social 
functioning and recovery after delivery.81,82 A  novel emergent 
concept is the relation between persistent pain and post-traumatic 
stress symptoms, and emotional numbing, observed after some 
trauma or surgical procedures.42,58 Traumatic birth experiences 
may be associated with postpartum psychological impairment 
that could favour persistent pain. As an example, late postpartum 
dyspareunia seems to be linked more with the mother’s experi-
ence of childbirth (low satisfaction with delivery) than with per-
ineal trauma.32

Genetic predisposition as an individual risk factor
Over the last few years, major developments in genomic research 
have shown how genetic variability may affect not only the 
response to medications including analgesics but also may 
account for the side effects of the medication. An actual challenge 
would be to find ‘pain genes’ allowing to identify individuals with 
an increased vulnerability to pain and genes which confer an 
increased risk of developing intense acute pain and chronic pain 
after tissue injury.42,58,83 To date, a few reports have identified 
polymorphisms in human genes associated with some chronic 
pain conditions. However, none of these genes have been identi-
fied as specific markers for the generation of persistent pain after 
surgery or tissue trauma related to childbirth.84 Persistent pain 
after childbirth like PPSP is multifaceted, characterized by mul-
tiple sensory-discriminative, affective-emotive, and cognitive 
variables. By consequence, translating pharmacogenetics into 
clinical practice is and will remain particularly challenging.42,58 
Nevertheless, several investigators are currently assessing pain 
modulation tests in combination with genetics to predict an indi-
vidual’s risk of developing persistent pain after tissue trauma.79,83

Key points

◆	 The extent of tissue damage, that is, mode of delivery, influences 
intensity of acute postpartum pain within the first week but 
not later.

◆	 Other risk factors such as elective versus emergency caesarean 
delivery, trial of vaginal birth, or history of previous caesar-
ean delivery have not been associated with an increased risk of 
developing persistent pain.

◆	 An individual’s pain response seems to be the most relevant fac-
tor in the development of persistent pain.

◆	 In retrospective studies, patient-specific risk factors, for exam-
ple, pre-existing chronic pain conditions or pain elsewhere as 
well as severity of immediate postpartum pain, were predictive 
of an increased risk of persistent pain after childbirth.

◆	 Psychosocial vulnerability and genetic factors might be involved 
but further studies are needed.

Does childbirth have a protective 
mechanism against pain?
Lower incidence of persistent pain after delivery, independent of 
the degree of tissue injury, by comparison with common surgical 
procedures, questions whether it might not be due to protective 
biological or psychosocial factors occurring during the puer-
perium.26 Some experimental data support that hypothesis by 
demonstrating a reversal of hypersensitivity induced by periph-
eral nerve injury in rats during the postpartum period but not 
during the pregnancy itself.85 First, endogenous oxytocin might 
exert protective effects by spinal inhibitory modulation of pain 
transmission and/or central modulation of the negative emo-
tional experience related to pain at the supraspinal level (i.e. in 
the amygdale).85 Increased postpartum oxytocin levels have been 
associated with elevated mood and decreased anxiety.86 Second, 
the puerperium also seems to alter endogenous pain processes in 
favour of an inhibitory balance as the density of spinal noradr-
energic inhibitory fibres increases following nerve injury in the 
postpartum period.87

Prevention and management of persistent 
pain after childbirth
Although the prevalence of persistent pain after childbirth 
seems to be low, for the women who suffer persistent pain, this 
significantly affects their quality of life and also interferes with 
the mother–child bonding relationship. It is interesting to point 
out that a majority of women do not consult a health professional 
even if they feel that they need advice.6 Furthermore, there is still 
a lack of education regarding pain relief in the postpartum period. 
There may be inadequate analgesic intake during the breastfeed-
ing period for which both the caregivers and the mothers must 
take responsibility.

As ‘prevention is better than cure’, the evidence favours a pre-
ventive approach. However, very few studies have been designed 
to examine the possibility that PPSP can be prevented or atten-
uated.58 In the context of obstetrics, peripartum administra-
tion of intravenous magnesium sulphate,67 ketamine,88 oral 
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gabapentin,89 and spinal clonidine66 have failed to prevent the 
development of persistent pain after caesarean delivery. It is worth 
noting that these preventive treatments have been administered 
to all the women without any attempt of individualization which 
might explain the lack of effect observed.42

In a more practical way, the extent of tissue injury dur-
ing childbirth (e.g. a nerve injury) accounts for the intensity of 
acute postpartum pain and might cause persistent pain in pre-
disposed patients. Consequently, as a first-line preventive meas-
ure, the obstetrician should ensure the least traumatic delivery 
possible. More importantly, obstetricians and all care providers 
should offer any patient the opportunity to contact them in case 
of any postpartum problem. If dealing with pain postpartum, 
the patients might be directed as soon as possible to an obstetric 
anaesthetist in the first instance, then if pain persists, to a pain 
specialist.90 After tissue injury, the subacute pain period remains 
a grey zone which however might play an important role in the 
chronicity of the pain.42 Finally, it should be pointed out that the 
use of systemic analgesics is restricted in breastfeeding women 
due to the concerns about the excretion of drugs in the breast 
milk and hence the potential toxicity for the infant. Therefore, 
if indicated, local analgesic treatments will be preferable, for 
example, scar infiltration of the abdominal wall,91 intravaginal 
injection,33 or pudendal block,92 using a combination of corti-
costeroids and local anaesthetics. Beyond their diagnostic value, 
these nerve blocks may provide long-term pain relief in some 
patients. In case of intractable persistent pain caused by a nerve 
entrapment, the surgical neurectomy may represent an effective 
solution.90,91

Conclusion
Excluding pre-existing pain or pain which developed during preg-
nancy, prospective studies show a surprisingly low prevalence of 
persistent pain after childbirth, much lower than the prevalence 
reported in retrospective studies and that of PPSP in a general 
population for similar procedures. The nature of persistent pain 
itself remains poorly characterized, particularly after vaginal 
delivery, and seems predominantly neuropathic after caesar-
ean delivery but with a lower intensity than usually reported for 
chronic neuropathic pain. Finally, the fact that the type of delivery 
and the degree of tissue trauma do not seem to impact on the risk 
to develop persistent pain seems to suggest that individual factors 
may place people at risk for persistent pain, and furthermore, that 
protective mechanisms may occur during the peripartum as dem-
onstrated in experimental studies.
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CHAPTER 26

Management of the 
difficult airway
Mary C. Mushambi and Rajesh Pandey

Introduction
Over the past four decades, mortality primarily due to anaesthesia 
has declined from 1/2500 to 1/5000,1 but the causes of death dur-
ing anaesthesia have remained the same. Inadequate airway man-
agement is one of the four leading causes of anaesthetic-related 
deaths and the factors contributing to this are human error, inad-
equate communication, substandard care, lack of supervision and 
organizational issues.2,3

In the United Kingdom, the Confidential Enquiry into Maternal 
Deaths (CEMD) has been publishing reports continuously for the 
last six decades. The numbers of direct deaths from anaesthesia have 
declined from 30–50 deaths in each triennium until 1981 to seven 
deaths in the 2006–2008 triennium. Mortality is usually associated 
with general anaesthesia (GA) and only a minority of deaths are 
associated with neuraxial anaesthesia. The major causes of death 
from GA are either failure to oxygenate the lungs at the time of 
intubation or aspiration of gastric contents.4 The rates of caesarean 
delivery (CD) in the United Kingdom have increased over the last 
four decades (3.4% to 21% of all maternities) but the rate of direct 
deaths due to anaesthesia for CD has declined from 36 (1964–1966) 
to 1 (2000–2002) per 100,000 CDs. There has been a significant 
decrease in the rate of GA for CD from 77% in 1982 to 44% in1992 
to 10% in 2001.5,6 According to the National Obstetric Anaesthetic 
Database (NOAD), 91% of all CDs are performed under neuraxial 
anaesthesia7 and the Royal College of Anaesthetists’ audit recipe 
suggests that greater than 95% of elective CDs should be performed 
under neuraxial anaesthesia.8 In the latest Centre for Maternal and 
Child Enquiries (CMACE) report, two of seven anaesthetic deaths 
were a result of failure to ventilate and the recommendation was 
that effective management of failed tracheal intubation is a core 
anaesthetic skill which should be taught and rehearsed regularly 4 
and the use of simulation for teaching and rehearsing failed intu-
bation drills is strongly recommended.

The four obstetric cases reported to the 4th National Audit 
Project (NAP4) were associated with failed tracheal intubation 
during emergency CD.9 The learning points and recommenda-
tions of the audit are summarized in Box 26.1.

Definitions
Several attempts have been made to define the difficult airway. The 
practice guidelines of the American Society of Anesthesiologists 

(ASA) define a difficult airway as the clinical situation in which 
a conventionally trained anaesthesiologist experiences difficulties 
with face mask ventilation of the lungs, difficulty with tracheal 
intubation and ventilation, or both.10

The two main objectives of airway management during GA 
are maintaining oxygenation and ventilation of the lungs, which 
can be achieved either by mask ventilation or by means of an air-
way device (supraglottic airway device (SAD) or tracheal tube). 
Therefore an alternative method of defining a difficult airway 
is based on the stage of airway management when difficulty is 
encountered.

The ASA defined difficult mask ventilation as a clinical situ-
ation that develops when it is not possible for the anaesthe-
tist to provide adequate face mask ventilation as a result of 
one or more of the following problems: inadequate mask seal, 
excessive gas leak, or excessive resistance to ingress or egress 
of gas.10 They described the signs of inadequate face mask 
ventilation as:
◆	 absent or inadequate chest movement or breath sounds
◆	 gastric air entry or dilatation
◆	 decreasing or inadequate oxygen saturation
◆	 decreasing or inadequate expired carbon dioxide
◆	 haemodynamic changes associated with hypoxaemia or 

hypercapnia.

A four-point scale to grade difficulty in performing mask ven-
tilation was proposed by Han and colleagues and modified by 
Kherterpal:11,12

◆	 Grade 1—ventilation is possible with mask alone
◆	 Grade 2—ventilation achieved with an oropharyngeal airway or 

muscle relaxant (neuromuscular blockade (NMB))
◆	 Grade 3—difficult mask ventilation requiring additional man-

ual assistance ± NMB
◆	 Grade 4—ventilation is not possible with a mask.
(Adapted with permission from Han R, Tremper KK, Kheterpal  S et  al. 
Grading scale for mask ventilation. Anesthesiology, volume 101, issue 1, 
pp. 267. Copyright © 2004 Wolters Kluwer and Kherterpal S, Han R, Tremper 
KK et al. Incidence and prediction of difficult and impossible mask venti-
lation. Anesthesiology, volume 105, pp.  885–91 Copyright © 2006 Wolters 
Kluwer.)
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Grades 3 and 4 are most likely to alter a future anaesthetic 
plan hence these should be documented in the patient’s notes. 
However, the degree of difficult mask ventilation is also depend-
ent on the skill and experience of the anaesthetist. The incidence 
of difficult mask ventilation is 1.4–5% and impossible mask venti-
lation is 0.07–0.16%.12,13

The laryngeal mask airway (LMA) has an established role as a 
routine airway device and also as a rescue device in a difficult air-
way. A difficult LMA is when the LMA is unable to provide ade-
quate airway patency, oxygenation, and ventilation despite correct 
selection of the laryngeal mask size and provision of optimal air-
way opening manoeuvres when inserted. The signs of inadequate 
ventilation are similar to those with difficult mask ventilation.

Difficult laryngoscopy is the inability to visualize any portion 
of the vocal cords after multiple attempts at conventional laryn-
goscopy. A  definition of difficult laryngoscopy was proposed 
by Cormack and Lehane (CL),14 and this has been adopted by 
anaesthetists worldwide. They classified the view obtained at 
direct laryngoscopy using a Macintosh blade into four grades 
(Figure 26.1).

Subsequently, the CL classification has been modified to 
include a subdivided grade 2 (2a and 2b).15 An easy grade 2a is 
where part of the vocal cords can be seen and a difficult grade 2b 
is where only the arytenoids are visible. In 2000, Cook proposed 
another more practical modification of the CL classification and 
graded the degree of difficulty into easy, restricted and difficult16 
(Table 26.1).

Difficult tracheal intubation is considered if more than three 
attempts are required or it takes longer than 10 minutes to intu-
bate a patient in the presence or absence of tracheal pathology10 
and failed intubation occurs when placement of the endotracheal 
tube fails after multiple intubation attempts. A more appropriate 
definition reflecting events occurring in clinical practise is defini-
tion suggested by the Canadian Task Force17 which is when an 
experienced laryngoscopist, using direct laryngoscopy (i) requires 
more than two attempts with same blade or a change in the blade, 
(ii) requires an adjunct to a direct laryngoscope such as a bou-
gie, or (iii) uses an alternative device/technique following failed 
intubation with direct laryngoscopy. A UK national study aimed 
at estimating rate of failed intubation in obstetrics defined an 
obstetric failed intubation as failure to achieve tracheal intubation 
during a rapid sequence induction (RSI) for obstetric anaesthesia, 
thereby initiating a failed intubation drill.18

Incidence of difficult tracheal intubation
Approximately 2.9 million GAs are administered in the United 
Kingdom every year with tracheal tubes being used in 38% of 
patients.9 Of the airway deaths reported to the NAP4, 13% were 
associated with difficult tracheal intubation.9 The incidence of 
failed tracheal intubation is quoted to be 1/300–80019–21 for all 
types of emergency surgery (Table 26.2).

Box 26.1  Learning points and recommendations of the 4th 
National Audit Project (NAP4) on major complications of airway 
management in the United Kingdom

Learning points

	 1.	Physiological changes in pregnancy, active labour, and iso-
lated location increase the complexity of management of 
airway complications when they occur

	 2.	All theatre personnel (obstetricians, midwives, and ODPs) 
should be aware of the considerable difficulty in managing 
airway complications in obstetric patients

	 3.	Three of four parturients were obese and had complex 
obstetric, medical, and anaesthetic issues

	 4.	While preparing failed intubation strategies, it should be 
recognized that it is not always possible to wake the patient

	 5.	Decisions regarding management of complex patients 
require multidisciplinary collaboration when forming ini-
tial and back-up plans.

Recommendations

	 1.	Obstetric anaesthetists should maintain airway skills which 
include management of difficult and failed tracheal intuba-
tion and CICVa

	 2.	Obstetric anaesthetists should be competent in the use 
the second-generation SADsb which give better protec-
tion against aspiration and facilitate ventilation and/or 
intubation

	 3.	Anaesthetic departments should ensure airway skills and 
equipment are available whenever awake fibreoptic intuba-
tion is indicated

	 4.	Recovery staff including midwives should be trained and be 
competent to recover patients following an anaesthetic.

a Can’t intubate, can’t ventilate.
b Supraglottic airway devices.

Grade I Grade II Grade III Grade IV

Figure 26.1  Grading of laryngoscopic view. Grade I: vocal cords visible. Grade II: arytenoids and posterior part of vocal cords visible. Grade III: epiglottis visible. Grade 
IV: epiglottis not visible.
Reproduced with permission from G. L. T. Samsoon, J. R. B. Young, Difficult tracheal intubation: a retrospective study, Anaesthesia, Volume 42, Issue 5, pp. 487–490, Copyright © 1987 John 
Wiley and Sons.
Reproduced with permission from Cormack R.S, Lehane J, Difficult tracheal intubation in obstetrics, Anaesthesia, volume 39 issue 11, pp. 1105–11, copyright (©) 1984 John Wiley and Sons.
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Since 1985, the incidence of failed intubation in the obstetric 
patient has largely remained the same at 1/225–300.18,19,22–27 These 
studies are summarized in Table 26.3. However, there is a wide 
variation in the sample size and the experience of anaesthetists in 
these studies. One study looked at the incidence of failed intuba-
tion over a 6-year period in the same maternity unit22 and another 
study looked at a wider region including 13 maternity units over 
1 year.25 Despite this, all the studies have shown similar results. 
The exceptions to this are two studies, one by McKeen27 (1/1300) 
and the second by Djabatey26 (no case of failed intubation), who 
have shown improvement in the incidence of failed intubation. 
This improvement has been attributed to the fact that these studies 
took place in very busy maternity units where there was good ante-
natal anaesthetic consultation, anaesthetists who were experienced 
in GA for obstetrics, experienced anaesthetic assistance, and a high 
epidural rate (80% in the McKeen study27). Two studies have dem-
onstrated a relationship between failed intubation and increasing 
age and obesity.18,27 A UK national study conducted in 2008–2010 
reflects obstetric practice in clinical environments with diverse set-
tings.18 The incidence of failed intubation in this study was 1/224. 
With an increase in the prevalence of obesity, rate of CD, and an 
ageing maternal population, providing safe obstetric anaesthetic 
care will no doubt continue to be challenging in the future.

Assessment and prediction 
of the difficult airway

Poor airway assessment contributes to poor outcome; this is either 
due to omission, incomplete assessment or failure to alter the airway 

management techniques in response to findings at the assessment. 
(NAP49)

Assessment is one of the first steps in managing an airway. 
However, failure to assess the obstetric airway correctly is a con-
sistent finding in many studies.9,26 Airway assessment allows 
the anaesthetist to choose the most appropriate and safest 
management technique (with backup plans) together with any 
extra equipment, and anaesthetic and surgical help that may be 
required.

When to assess
The airway should be assessed as early as possible in the preg-
nancy. Ideally, every maternity healthcare professional should 
be able to identify and understand the consequences of a dif-
ficult airway. In the antenatal period, this is usually a midwife or 
obstetrician, but because of their lack of knowledge and experi-
ence, some patients with a difficult airway may not be identified. 

Table 26.1  Classification of laryngeal grade: Cormack and Lehane classification and new classification of view at laryngoscopy

Cormack 
and Lehane 
classification

Grade 1 Grade 2 Grade 3 Grade 4

Modification Grade 1 Grade 2A Grade 2B Grade 3A Grade 3B Grade 4

Laryngeal 
views

Most of cords
visible

Posterior cord visible Only arytenoids visible Epiglottis visible and 
liftable

Epiglottis adherent to 
pharynx

No laryngeal 
structures seen

Method of 
intubation

Direct Indirect Specialist

New grading Easy Restricted Difficult

Reproduced with permission from TM Cook, A new practical classification of laryngeal view, Anaesthesia, Volume 55, Issue 3, pp. 74–279, Copyright © 2002 John Wiley and Sons.

Table 26.2  Incidences of failed intubation19–21

General population 1/2000–3000

Obstetric population 1/225–1300

In all emergencies 1/300–800

Data from various sources (see references).

Table 26.3  Incidence of difficult and failed tracheal intubation 
in obstetric practice

Study Total 
GAs

Difficult 
intubation

Failed 
intubation

Lyons (1985)22 2331 NR 8 (1/291)

Hawthorne et al. (1996)19 5802 NR 23 (1/250)

Barnardo and Jenkins (2000)23 8970 NR 36 (1/249)

Rahman and Jenkins (2005)24 4768 NR 20 (1/238)

McDonnell et al. (2009)25 1086 36 (1/30) 4 (1/272)

Djabatey and Barclay (2009)26 3530 23 (1/156) 0

McKeen et al. (2011)27 2633 123 (1/21) 2 (1/1316)

Quinn et al. (2013)18 12800 NR 57 (1/224)

NR = not recorded.

Data from various sources (see references).
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This can be addressed by ensuring that an anaesthetic referral 
system is in place. In the United Kingdom, only 30% of hos-
pitals operate a formal anaesthetic clinic whereas the remain-
der have an ad hoc referral arrangement.28 A referral checklist 
(Box 26.2) to identify diseases associated with difficult intuba-
tion may increase early identification by non-anaesthetists. Any 
patient with a body mass index (BMI) higher than 40 at booking 
should be assessed in the antenatal anaesthetic clinic.29 Studies 
have shown an increase in the Mallampati scores with increasing 
gestation and at different stages of labour.30–32 Another study 
demonstrated an increase in Mallampati score at the end of 
pregnancy but no further changes were noted during labour.33 
The authors attributed their findings to the difference in the 
amounts of fluids given during labour when compared with pre-
vious studies (554 vs 2500 mL in Kodali et al. study31) and they 
postulated that a low-fluid regimen policy might provide bet-
ter Mallampati scores during labour probably by reducing neck 
oedema. It is recommended that the airway should be assessed as 

pregnancy progresses as well as during labour because of these 
changes in Mallampati scores.

How to assess
History, clinical examination, bedside tests, and investigations 
form the main components of assessing an airway. A good clini-
cal history should include a review of the patient’s notes with an 
emphasis on detecting previous airway difficulties. The presence of 
conditions such as morbid obesity, tumours of the neck, tumours 
or infection of the airway, cervical spine immobility, trauma, and 
congenital malformations of the upper airway are associated with 
potential airway difficulty. Risk factors for difficult mask venti-
lation include increased BMI, increased age, history of snoring, 
obstructive sleep apnoea, lack of teeth, Mallampati class  III or 
IV, and airway tumours. Hence the history should also exclude 
symptoms suggesting airway pathology such as snoring, obstruc-
tive sleep apnoea, dyspnoea, dysphonia, dysphagia, and hoarse-
ness of voice.

Several bedside tests have been described to predict a difficult 
airway. An ideal bedside test is one that is easy, quick to perform, 
has very low interobserver variability, and is highly sensitive (abil-
ity to detect difficult intubation) and specific (ability to detect easy 
intubations) with very low false-positive and false-negative values. 
Unfortunately all the bedside tests have high sensitivity, but low 
specificity values and moderate interobserver variability. Because 
of these limitations, when used individually, the tests have a poor 
positive predictive value (PPV).

Table 26.4 shows a list of simple bedside tests. A single abnor-
mal finding should act as a cautionary sign for GA. However, it 
is recommended that an alternative anaesthetic plan including 
awake intubation should be considered if abnormal findings are 
present.

Mouth opening is assessed with the mouth maximally opened 
and measuring the inter-incisor gap. Normal adults are capa-
ble of inserting at least three fingers which corresponds to a 
mouth opening of between 4 and 6 cm.34 An inter-incisor gap 
of greater than 3 cm allows insertion of a standard Macintosh 
blade. If mouth opening is less than 4  cm, it suggests an 
increased risk factor for difficult intubation and if it is less 
than 3  cm, it suggests significant temporomandibular joint 
dysfunction.35

Mandibular subluxation assesses the temporomandibular joint 
mobility. This is assessed by asking the patient to push the lower 
jaw in front of the upper jaw. If the lower incisors can be moved 
in front of the upper ones, the trachea is more likely to be easy to 
intubate but if they cannot, it is more likely to be difficult.36 The 
classification is as follows:
◆	 Class A:  the lower incisors can be protruded in front of the 

upper incisors
◆	 Class B: the lower incisors can be advanced to be in line with 

upper incisors only.
◆	 Class C:  the lower incisors cannot be protruded to reach the 

level of the upper incisors.
	 (Reproduced with permission from I. Calder, J. Calder, H. A. Crockard, 

Difficult direct laryngoscopy in patients with cervical spine disease, 
Anaesthesia, Volume 50, Issue 9, pp. 756–763, Copyright © 1995 John 
Wiley and Sons.)

Box 26.2  Airway related pre-assessment checklist for referral 
to anaesthetists in the antenatal period in order to identify 
potential airway problems

	 1.	Previous history of difficult or failed intubation

	 2.	High body mass index > 40

	 3.	Head and neck pathology:

◆	 Previous radiotherapy

◆	 Tumours

◆	 Trauma/burns

◆	 Previous surgery

	 4.	Musculoskeletal diseases:

◆	 Rheumatoid arthritis

◆	 Ankylosing spondylitis

◆	 Kyphoscoliosis

◆	 Cervical spine abnormalities

	 5.	History of obstructive sleep apnoea

	 6.	Congenital abnormalities such as:

◆	 Pierre Robins

◆	 Treacher Collins

◆	 Downs

◆	 Goldenhar

◆	 Achondroplasia

◆	 Klippel–Feil

	 7.	Endocrine disorders:

◆	 Acromegaly

◆	 Diabetes

	 8.	Autoimmune disorders:

◆	 Scleroderma.
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In 1983, Mallampati37 evaluated a simple grading system of clas-
sifying the pharyngeal view obtained with patients sitting upright, 
head in the neutral position, and asking them to open the mouth 
and protrude the tongue out maximally. He hypothesized that 
an increase in the size of the tongue made laryngoscopy difficult. 
Depending on the visibility of the faucial pillars, soft palate, and 
the uvula, the view obtained was classified into three grades. This 
was modified in 1985 when class IV was added when the soft palate 
was not visible38 (Figure 26.2). According to the authors, patients 
with a modified Mallampati score of class III or IV were at risk of 
a difficult intubation. In 1998, Ezri et al.39 added a further class 
zero where the epiglottis is seen, the incidence of class zero was 
1% and it was concluded that this was a good predictor of grade 
I laryngoscopy. However, anecdotal case reports have suggested 
that laryngoscopy may be difficult in patients with class zero view 
and this was attributed to a large epiglottis.40

A good range of neck movements is needed to achieve the opti-
mum intubating position. The patient is asked to touch the chin to 
the chest and extend the neck maximally. A sternomental distance 
of less than 12.5 cm,41 thyromental distance of 6.5 cm or less, and 
restricted neck movements caused by cervical spine immobility 
are associated with difficult laryngoscopy.

In spite of the use of several bedside predictors and their asso-
ciation with predicting airway difficulty it is hard to recommend 
a single test because of lack of good evidence. Although the 
Mallampati score is used commonly by anaesthetists, it has a low 
sensitivity and high interobserver variability.42 A meta-analysis of 

55 studies found only 35% of patients with Mallampati score III 
and IV had difficult intubation. As a stand-alone test of a difficult 
laryngoscopy or tracheal intubation, it has a low PPV but this is 
improved if it is combined with other tests such as the thyromen-
tal distance and jaw protrusion.43–45 The ASA Task Force practice 
guidelines recommend the use of several airway features for pre-
diction and management of difficult airway.10 Therefore in sum-
mary, multiple abnormal tests predicting difficult intubation are 
better than any single test.

Communication and documentation
Depending on the severity of the difficulty the anaesthetist 
should formulate an airway and anaesthetic management plan, 
discuss the risks and alternatives with the patient and their part-
ners, and document them in the notes. There are many reports 
on poor documentation of preoperative airway assessment of 
pregnant women.18,19,26 Good communication and documenta-
tion are extremely important to ensure details of the manage-
ment plan are available to the team and anaesthetists involved 
in the final care of the patient. If airway problems are identified 
antenatally, these patients should be encouraged to have an early 
epidural which should be reviewed regularly when in labour to 
ensure that the epidural is functioning well to reduce the chances 
of requiring a GA. One of the key contributing factors for mortal-
ity from inadequate airway management is inadequate, or lack of, 
communication.1,46

Causes of difficult tracheal intubation 
in obstetric practice
The reasons for difficult airway and intubation in obstetrics can be 
divided into anatomical and physiological changes, training, and 
situational factors and these are summarized in Box 26.3.

Anatomical and physiological changes
Airway oedema
During pregnancy, there is an increase in total body water leading 
to engorgement and swelling of the nasal mucosa, tongue, phar-
ynx, larynx, and trachea. An increased incidence of Mallampati 

Table 26.4  Suggested list of simple bedside tests to perform in the 
obstetric patient18,19, 22–27

Airway component to be 
assessed

Normal findings

Mouth opening Inter-incisor gap ≥ 4cm

Or 3 finger breadths

Pharyngeal view Uvula visible when tongue protruded, patient 
in sitting position (Mallampati ≤ II)

Temporomandibular joint 
movement

Protrusion of the lower jaw in front of upper 
jaw

Thyromental distance >6.5 cm

Neck mobility Flexion—can touch chin to chest

Extension—can extend the neck

Weight BMI < 30 or weight < 90 kg

(No snoring/obstructive 
sleep apnoea)

Obvious airway 
compromise or pathology

Upper airway tumours

Stridor

Voice changes

Oedema 
(pregnancy-induced 
hypertension)

Class I Class II Class III Class IV

Figure 26.2  Classification of the pharyngeal structures as seen when conducting 
the Mallampati test. Class 1: pharyngeal pillars, soft palate, uvula visible. 
Class II: soft palate and uvula visible. Class III: only soft palate visible. Class IV: soft 
palate not visible.
Reproduced with permission from G. L. T. Samsoon, J. R. B. Young, Difficult tracheal 
intubation: a retrospective study, Anaesthesia, Volume 42, Issue 5, pp. 487–490, Copyright © 
1987 John Wiley and Sons.
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score (class III/IV) has been demonstrated from the eighth month 
of pregnancy and these changes persist until 48 hours after deliv-
ery.32,47 Laryngeal oedema especially in pre-eclamptic women 
presenting with hoarseness may compromise the airway, therefore 
a wide selection of tracheal tubes down to 5.5 mm internal diam-
eter should be available when inducing GA in these patients.48 
Engorgement of blood vessels of the airway increases the risks of 
mucosal bleeding especially if the nasal route is used for fibreoptic 
intubation and the oral route is therefore the preferred choice.

Increased weight gain and breast enlargement
Weight gain during pregnancy is due to the growing fetus, 
increase in maternal fluid volume, and soft tissue. On average, a 
pregnant woman gains 20 kg during pregnancy of which 3.5 kg 
is due to storage of fat.49 Enlargement of the breasts make laryn-
goscopy difficult. Use of the short-handled laryngoscope or polio 
blade may overcome this difficulty.

Obesity in pregnancy is defined as a BMI of greater than 30 kg/
m2 at booking. The prevalence of maternal obesity in England 
has increased from 7% (1990) to 16% (2007).50 One in 1000 preg-
nant women have a BMI of greater than 50 and have a higher CD 
rate of 50% compared with 22%. The incidence of failed intuba-
tion in obese patients is 15%51 and for every 1 kg/m2 there is a 
7% increased risk of failed intubation.18 Airway complications are 
attributed to difficult mask ventilation, short and thick neck, large 

tongue, and large breasts which make laryngoscopy and intuba-
tion difficult. Obesity increases the risk of regurgitation and aspi-
ration because of hiatus hernia and increased gastric reflux and 
increased gastric volume.52

Effect of the gravid uterus
Enlargement of the uterus displaces the diaphragm cephalad 
and affects the lung volumes and capacities. A decrease in func-
tional residual capacity (FRC) and increase in oxygen demand 
decreases overall oxygen reserve. The FRC decreases by 20% in 
the sitting position and 25% in the recumbent position. As a 
result, the time taken to desaturate following apnoea is consider-
ably faster in pregnant patients (173 seconds) compared with the 
non-pregnant patients (243 seconds) and is unaffected by change 
to a head-up position (pregnant 153 seconds vs non-pregnant 
331 seconds).53

An increased risk of regurgitation and aspiration is caused by 
the displacement of the stomach by the gravid uterus and relaxa-
tion of the lower oesophageal sphincter. Labour is associated with 
delayed gastric emptying which is further exacerbated with the 
use of opioids. All patients should be considered at risk of aspira-
tion during pregnancy.

Training issues
There has been a considerable reduction in the sum total of all 
clinical experience gained by trainees because of the introduction 
of the European Working Time Directive (EWTD). The num-
ber of CD performed under GA has reduced over the past few 
decades54 and as a result, the number of GAs for CD performed 
by trainees is decreasing. There is a perceived lack of skill (and 
especially self-confidence) in mask ventilation because trainees 
favour the use of SADs. Many trainees have received very little 
training in the classic RSI using thiopentone and suxametho-
nium as many senior anaesthetists are choosing to use modified 
RSI using alternate induction agents and muscle relaxants in 
non-obstetric patients.55 The infrequency of difficult and failed 
intubation means that most trainees would never see a case dur-
ing their obstetric module.

Situational issues
The majority of cases of difficult or failed intubations in obstetrics 
occur during emergencies9 and the risk of aspiration is further 
compounded if the mother has recently eaten. The added pressure 
of delivering the baby quickly means that a relatively inexperienced 
practitioner in a stressful environment may feel rushed with the 
preoperative assessment; this compounded with suboptimal posi-
tioning and inadequate preoxygenation contribute to increased 
risk of failure. Incorrect application of cricoid pressure on a tilted 
table may impair the view at laryngoscopy and make intubation 
difficult. Some delivery suites in the United Kingdom, are located 
in separate buildings or isolated from the main operating theatres. 
Due to the remote location, help in the form of senior anaesthe-
tists and specialists (e.g. ear, nose, and throat (ENT) specialists), 
trained assistants, and equipment may not be easily accessible for 
anaesthetists in the delivery suite. Lack of awareness of difficulties 
faced during difficult intubation amongst non-anaesthetic staff in 
the delivery suite is of major concern.9 In the United Kingdom 
where electronic patient records are not routine practice in all 

Box 26.3  Causes of difficult airway and tracheal intubation in 
obstetric practice

Anatomical and physiological changes

◆	 ↑ airway oedema and engorgement
◆	 ↑ weight and breasts enlargement
◆	 ↓ FRC
◆	 ↑ oxygen requirements
◆	 ↓ lower oesophageal pressure and ↑ risk of aspiration
◆	 ↓ gastric emptying during labour.

Training issues

◆	 ↓ clinical experience of trainees
◆	 ↓ number of general anaesthetic cases for CD per trainee
◆	 ↓ number of CD under general anaesthetic
◆	 ↓ use of STP and suxamethonium for RSI in non-obstetric 

patients.

Situational issues

◆	 Emergency situation and time pressure to deliver the baby
◆	 Application of cricoid pressure on a tilted table
◆	 Remote location of the delivery suite
◆	 Lack of communication with senior staff and between the 

delivery suite team members.

CD, caesarean delivery; FRC, functional residual capacity; RSI, rapid 
sequence induction; STP, thiopentone.
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hospitals, handheld notes are vital if patients are admitted as an 
emergency or at another hospital.

Optimum airway management 
in the pregnant patient
Airway management and tracheal intubation in the pregnant 
patient require careful planning, preparation, and an optimal 
technique in order to reduce morbidity and mortality associated 
with the airway.

Planning and preparation
Communication
Good communication between the members of the delivery suite 
team is essential to ensure patient safety. Anaesthetists are encour-
aged to attend ward rounds with the obstetricians in order to iden-
tify high-risk women. Team briefing should be carried out daily to 
identify problems and allow time to plan any airway strategies. Good 
communication must occur between anaesthetists and obstetricians 
if there is a patient in labour with a potentially difficult airway. If there 
is fetal distress, this should be identified and communicated early so 
that an epidural top-up or de novo spinal can be used, thereby avoid-
ing the ‘crash’ GA. A World Health Organization checklist should 
be carried out on every patient.56 Junior anaesthetic staff should 
have appropriate supervision for their level of experience and should 
know who and how to call for help if this is required urgently.

Training
Because trainees are undertaking fewer obstetric cases under 
GA,57 all elective cases under GA should be used to teach RSI 
in the pregnant patient. The teaching of simulated failed intuba-
tion drills should involve obstetricians, midwives, and operating 
department practitioners (ODPs) in order to improve communica-
tion and non-technical skills between the team.58,59 ODPs should 
be trained in the correct application of cricoid pressure. ODPs and 
recovery staff should also be trained to the same national standard 
as staff in the general theatres.

Anaesthetic equipment
The obstetric theatre should be equipped to the same standard as the 
general theatres and monitoring should comply with the Association 
of Anaesthetists of Great Britain and Ireland (AAGBI) standards.60 
Equipment should include basic airway equipment and equip-
ment for the difficult airway (Box 26.4). The standardization of the 
contents of difficult intubation trolleys was a recommendation of 
NAP4.9 The layout of the difficult intubation trolley in plans A, B, C, 
and D of the Difficult Airway Society (DAS) unanticipated difficult 
airway guidelines may help the anaesthetist and assistant to progress 
through the Failed intubation guidelines during an unanticipated 
difficult airway61 and avoid fixation on one aspect of patient care to 
the detriment of other more clinically important areas.62 Figure 26.3 
is an example of a similarly designed difficult intubation trolley. The 
multiple use bougie with a coudé tip (gum elastic bougie) is tradi-
tionally the most commonly used adjunct to facilitate intubation in 
the United Kingdom.63,64 With increasing concern regarding cross-
infection,65 single-use bougies are now widely used. However, stud-
ies have shown that single-use plastic bougies are associated with 
lower success rates64 and more trauma.66

Video laryngoscopes have been shown to improve the grade 
of laryngoscopy at intubation compared with the standard 
Macintosh laryngoscope.67–76 They should be available for the 
management of a difficult airway on the delivery suite. Figure 26.4 
shows some examples of video laryngoscopes that are available. 
These can be classified into ‘channelled video laryngoscopes’ such 
as the Airtraq® and the Pentax Airway Scope® (AWS), and the 
‘non-channelled video laryngoscopes’ such as the Glidescope®, 
C-Mac® and McGrath MAC®.

Box 26.4  Airway equipment for the obstetric theatres

Routine equipment

	 1.	Masks of various sizes

	 2.	Oropharyngeal airways of different sizes

	 3.	Wide selection of tracheal tubes (including size 7 or less)

	 4.	Macintosh laryngoscopes with standard and long blades

	 5.	Short handle Macintosh laryngoscopes

	 6.	McCoy laryngoscope with sizes 3 and 4 blades

	 7.	Bougies

	 8.	Intubating stylet

	 9.	A video laryngoscope

	10.	Magill forceps.

Equipment for the unanticipated difficult airway

	 1.	Laryngeal mask airways (LMAs) including second-
generation SADs (e.g. The LMA ProSeal™, Supreme™ LMA, 
or i-gel®)

	 2.	Equipment for ‘can’t intubate can’t oxygenate’:

◆	 Narrow-bore kink-resistant cannulae and a high-pressure 
ventilating system such as the Manujet® (VBM)

◆	 Large-bore cannulae (Quicktrach® or Melker® cricothy-
roid cannulae)

◆	 Surgical cricothyroidotomy set and tracheostomy tube

	 3.	Fibreoptic scope

	 4.	Equipment for awake fibreoptic intubation:

◆	 Equipment to apply local anaesthetic to the upper airway 
such as the mucosal atomizer device (MAD®), or oxygen 
tubing, three-way tap, and cannula for the Mackenzie 
technique

◆	 Re-enforced or intubating LMA tracheal tubes

◆	 Epidural catheter

◆	 Berman airway or ‘Safe Bite’ to prevent the patient biting 
on the fibreoptic scope

◆	 Local anaesthetics such as 4% lignocaine, 2% lignocaine 
gel (Instillagel®), 5% lignocaine/0.5% phenylephrine 
mixture.
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The Airtraq® is a single-use laryngoscope with a guiding chan-
nel which acts as a conduit for the tracheal tube. The second chan-
nel has an optical system which transfers the image from the 
illuminated tip to the viewfinder. The laryngoscope has the option 
of a wireless video system.

The Pentax airway scope is a reusable, rigid, portable video 
laryngoscope that combines a camera, LCD screen, and a 

disposable blade. The blade has a side channel for tracheal tube 
placement.

The McGrath MAC® is a reusable laryngoscope with an integral 
display monitor mounted on the handle of the laryngoscope. It 
uses disposable blades.

The C-Mac® is a reusable laryngoscope which resembles a Macintosh 
laryngoscope but with an integral video camera. The camera projects 

Figure 26.3  An example of a difficult intubation trolley. The drawers are arranged according to layout plan A, B, C, and D of the DAS unanticipated difficult airway 
guidelines in order to help the anaesthetist and anaesthetic assistant to progress through the DAS guidelines during an unanticipated difficult airway.



(A)

(B)

     

(C)

Figure 26.4  Some of the types of video laryngoscopes available: (A) C-Mac®. (B) Airtraq®. (C) Pentax airway scope®. (D) Venner AP Advance®. (E) McGrath MAC®.
(A) © Storz; (B) Image courtesy of Prodol Meditec; (C) Image courtesy of Pentax Medical; (E) Image courtesy of Aircraft Medical (McGRATH® MAC).
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the image onto a portable screen. It may be used with a D-blade for a 
difficult intubation and a bougie may be required for this.

The Glidescope® is a reusable video laryngoscope with a video 
camera at the tip of the reusable baton. The camera is connected 
by a cable to a separate display monitor. The baton fits into dif-
ferent sizes of single-use blades. A stylet or bougie is required to 
facilitate intubation.

The Venner AP Advance® video laryngoscope is a new laryngo-
scope which has two types of disposable blades, the conventional 
size 3 and 4 Macintosh for standard laryngoscopy and the diffi-
cult airway blade which is angulated and has a guiding channel.77 
King Vision® video laryngoscope is another new video laryngo-
scope which has two types of disposable blades depending on the 
preferred technique. It has a standard blade that requires a stylet 
to direct the endotracheal tube and a channelled blade where one 
can guide the tube with the blade.

Most video laryngoscopes have been shown to improve laryn-
goscopy grades but an adequate view of the glottis does not always 
translate into quick intubation. This is because a good view of 
the glottis on the screen does not guarantee easy passage of the 
tracheal tube into the larynx, as hand–eye coordination may be 
impaired by the indirect view.

At least one type of a SAD including a second-generation SAD 
such as the LMA ProSeal™, Supreme™ LMA, or i-gel® (Figure 
26.5) should be available.

The LMA ProSeal™ is a reusable LMA with a better oropharyn-
geal seal (10 cm higher than the classic LMA (cLMA)) and a drain 
tube which forms a more effective seal with the gastrointestinal 
tract thereby decreasing aspiration risk. The drainage tube can be 
used to pass an orogastric tube for aspiration.78

The i-gel® has a gastric channel which allow early recognition 
of regurgitation of gastric contents and passage of a drainage tube, 
an epiglottic ridge, and a built-in bite block (a ridged flattened 
stem) which aids insertion and reduces the risk of axial rotation.

The Supreme™ LMA is a single-use second-generation LMA 
with the features of the LMA ProSeal™ and intubating LMA.

A fibreoptic scope should be readily available on the delivery suite.9

Reducing the risk of aspiration
Fasting guidelines for women undergoing elective surgery should 
be the same as in the non-pregnant patient. However, fasting 
guidelines for women in labour is less uniform. Oral intake of 
a light diet during labour increases gastric contents, incidence 
of vomiting, and volume of vomit significantly compared with 
those taking only sips of water.79 However, in 2007 the National 
Institute of Health and Clinical Excellence (now the National 
Institute of Health and Care Excellence (NICE)) published guide-
lines which classify women into low aspiration risk (LAR) for 
those with uncomplicated labour and high aspiration risk (HAR) 
for those who develop risks factors making GA more likely or who 

(D)

     

(E)

Figure 26.4  Continued
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received opioids. It is recommended that women in the LAR group 
receive a light diet while women in the HAR receive liquids only.80 
However, recent evidence shows that prediction of those women 
who may require a GA is inaccurate.81 Women who undergo GA 
for CD are at risk of aspiration at induction and at extubation. To 
reduce aspiration risk at tracheal extubation, an orogastric tube 
passed after induction of anaesthesia should be considered in any 
women with a history of recent food ingestion. This was high-
lighted in the only case of aspiration and death in the 2006–2008 

CEMD report in which the patient aspirated at extubation and an 
orogastric tube had not been used.82

Pharmacological agents should be used routinely to neutral-
ize acid in the stomach. A recent Cochrane review suggested that 
compared with no treatment or placebo, antacids, histamine 2 
receptor (H2) antagonists and proton pump antagonists reduced 
the risk of an intragastric pH of less than 2.5 at intubation.83 
However, for women in labour, proton pump antagonists are less 
effective compared with H2 antagonists and antacids alone.84 

(A)

     

(B)

(C)

Figure 26.5  Second-generation laryngeal mask airways: (A) The LMA ProSeal™ (showing the optional Introducer), (B) i-gel®, and (C) Supreme™ LMA. 
(A) Image courtesy of Intersurgical Ltd; (B) Image courtesy of Teleflex Incorporated.
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Women undergoing elective surgery should receive an H2 antago-
nist administered the night before and 2 hours prior to anaesthe-
sia (with or without a prokinetic drug such as metoclopramide) 
followed by an antacid immediately prior to the GA. High-risk 
women in labour should receive 6-hourly oral H2 antagonist and 
antacid immediately prior to GA. However, mothers who have not 
received an H2 antagonist in labour should be given an antacid to 
cover induction and intravenous H2 antagonists to cover tracheal 
extubation.

General anaesthetic techniques
As well having correct equipment available and appropriate 
choice of induction agents and muscle relaxants, an optimum RSI 
requires (a) good position, (b) effective preoxygenation, (c) correct 
application of cricoid pressure, and (d) optimum laryngoscopy.

Positioning
Good position is essential to optimize laryngoscopy views. Jackson 
described the method of laryngoscopy in which the head was 
elevated and neck extended 85 and in 1936, Magill suggested the 
term ‘sniffing position’.86 Bannister and colleague used X-rays to 
investigate which positions gave the best alignment of the mouth, 
pharyngeal and laryngeal axes and concluded that cervical flex-
ion and atlanto-axial extension provided the best alignment.87 
However, Adnet questioned Bannister’s conclusion and used mag-
netic resonance imaging to show that the sniffing position did not 
align the three axes in normal awake volunteers.88,89 They also 
demonstrated that the ‘sniffing position’ did not provide a better 
view of the glottis than with simple extension except in patients 
with morbid obesity and reduced cervical mobility.90 Therefore 
although the sniffing position is generally advocated for provid-
ing the best alignment of the three axes at laryngoscopy, there is 
evidence that this may not always be the case in all patients and 
other factors may need to be considered.91

Sitting patients in a 30° head-up position increases FRC and 
decreases the restriction caused by large breasts. Other methods 
which have been shown to improve laryngoscopic view espe-
cially in the obese patient is the ‘ramped’ position in which the 
patient’s upper body and head are elevated to create a horizontal 
alignment between the external auditory meatus and the sternal 
notch. Collins and colleagues demonstrated that the ‘ramped’ 
position was superior to the standard ‘sniffing position’ for direct 
laryngoscopy in morbidly obese patients.92 The ramped posi-
tion can also be achieved using commercial devices such as the 
Oxford H.E.L.P (Head Elevating Laryngoscopy Pillow)93,94 (see 
Figure 39.3 in Chapter 39). In patients with braided hair or knot-
ted scarves, these should be undone or removed as they may limit 
neck extension.95

Preoxygenation
An end-tidal O2 of 0.9 is regarded as the gold standard96 for opti-
mal preoxygenation. As a result of reduced FRC and increased 
oxygen consumption, oxygen reserves in the pregnant woman 
are rapidly depleted following apnoea. A useful concept is the 
‘safe duration of apnoea’ also termed duration of apnoea without 
desaturation (DAWD). This is defined as the interval between the 
onset of apnoea and the moment when SpO2 reaches a value of 
less than 90%. In healthy non-pregnant adults, DAWD is typically 

6.9 minutes after inhaling 100% oxygen.97 The DAWD is shorter 
in pregnant women (2 minutes). In non-pregnant subjects, the 
efficacy of preoxygenation in obese and non-obese subjects is 
improved by positioning the subject in a head-up position com-
pared with the supine position.98–100 However, in contrast with 
obese patients, the head-up position has not been found to confer 
any advantages in the pregnant women probably because parturi-
ents and morbidly obese patients have different fat distributions, 
and the gravid uterus significantly impairs diaphragmatic excur-
sion, irrespective of position.101 Leaks around the face mask dur-
ing preoxygenation which reduce the efficacy of preoxygenation, 
have been reported in up to 22% of preoxygenation sessions.102 
The effect of fresh gas flow rates on DAWD has also been investi-
gated. Russell and colleagues showed that flow rates of 10 L/min or 
more for 3 minutes provided optimal preoxygenation in the preg-
nant patient but this optimization was not improved by increasing 
the flow from 10 to 15 L/min.102 Thus a tight fit must be achieved 
between mask and the patient’s face and sufficient gas flow of at 
least 10 L/min must be provided. Air in the lungs is replaced with 
oxygen at a rate that depends directly on alveolar minute ventila-
tion and inversely on FRC. In normal adults, to obtain 95% gas 
exchange, that is FEO2 greater than 90%, approximately five half 
times are required and this equates to 2.9 minutes.101 Hence it is 
recommended that tidal volume breathing for a minimum of 3 
minutes is the most reliable if time allows. However, in emergency 
situations where time is crucial, the ‘fast technique’ which involves 
asking the patient to take deep or vital capacity breaths has been 
proposed. It has been shown that 8 deep breaths are as effective as 
3 minutes of tidal slow breaths and that 4 deep breaths are inef-
fective103 although more recent work has recommended 12 deep 
breaths as being more effective than 8 deep breaths.104 The use of 
10 cmH2O of positive end-expiratory pressure (PEEP) has been 
advocated in obese subjects to prolong safe apnoea time.105,106 
However, this may not translate to the pregnant woman where 
the gravid uterus limits the ability of PEEP to increase FRC. 
Insufflation of 5L/min oxygen using nasal canulae has also been 
tried to improve safe apnoea time in obese patients107 and may be 
used in obstetrics, particularly in the obese parturient. Apnoeic 
mass oxygen transfer can be used to delay the onset of desatura-
tion provided the oxygen mask is kept on with a good seal and a 
patent airway.108 Therefore, in summary, effective preoxygenation 
in pregnant patients should be as follows:
◆	 Tidal breathing 10 L/min for 3 minutes with tightly fitting 

face mask
◆	 In emergency situation with insufficient time for full preoxy-

genation, 8–12 deep breaths of 10 L/min with tightly fitting 
face mask.

Cricoid pressure
Cricoid pressure which was first described by Sellick in 1961109 
is aimed at occluding the upper oesophageal sphincter by apply-
ing pressure on the cricoid cartilage to prevent regurgitation 
and aspiration of gastric contents. However, there is controversy 
regarding the benefit, the technique, the timing, and the method 
of applying cricoid pressure.110–113 One prospective study dem-
onstrated that cricoid pressure did not have an effect on prevent-
ing regurgitation or reducing mortality.111 However, this study 
was not randomized and the possibility of bias could not be 
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excluded. In an editorial to accompany this paper, Vanner stated 
that cricoid pressure is probably effective in preventing regur-
gitation at induction of anaesthesia in patients at risk but rand-
omized controlled trials are awaited to confirm this. Although 
cricoid pressure can improve laryngoscopy view, it can also 
make the view worse in some patients. Insertion of a laryn-
geal mask is made more difficult, and ventilation with a face 
mask is more likely to be obstructed the more cricoid force is 
applied. It is therefore important that cricoid pressure is released 
or reduced if intubation or ventilation with a mask is difficult. 
In the United Kingdom, there is universal agreement amongst 
anaesthetists to use cricoid pressure during RSI114 whereas in 
France, cricoid pressure is used by only 66% of anaesthetists 
during GA for CD. 115 The amount of force applied is crucial. 
Too much force (e.g. >45 N) is associated with airway obstruc-
tion116,117 and insufficient force may not protect the patient from 
regurgitation. In a study in cadavers, 20 N of cricoid force pre-
vented regurgitation with oesophageal pressures of 25 mmHg 
and 30 N prevented regurgitation with oesophageal pressures 
of 40 mmHg.118 Therefore 30 N of cricoid force may replace the 
function of the upper oesophageal sphincter (UOS) which has 
a normal functioning pressure of 40 mmHg.119 Average gastric 
pressures are 11 mmHg at emergency CDs and below 25 mmHg 
in 99% of patients.120 This suggests that the optimum cricoid 
force in anaesthetized patients should be 30 N.121,122 The timing 
of cricoid pressure is important because too much force in the 
conscious patient will be uncomfortable and can cause retching 
and vomiting and increase the risk of oesophageal rupture.123 
Thiopentone causes a rapid reduction in the UOS pressure which 
starts before loss of consciousness.119 Therefore ideally cricoid 
pressure should be applied in the awake patient before loss of 
consciousness as described originally by Sellick.109 Awake sub-
jects tolerate up to 20 N cricoid pressure without discomfort.124

Incorrectly applied cricoid pressure may lead to inability to 
ventilate the lungs or a poor view of the glottis at laryngos-
copy125 and females are at a higher risk of airway occlusion.116 If 
cricoid pressure is applied correctly, it may improve the laryn-
goscopy grade and does not increase the rate of failed intuba-
tion in elective cases.126,127 There is debate as which hand to use 
and on which side of the patient to stand while applying cri-
coid pressure. The force applied by the left hand (non-dominant 
hand) with the ODP standing on the left side of the patient tends 
to be lower than that applied by the right hand (dominant hand) 
and that inadequate or excessive force is more frequent with the 
left hand.122 When prolonged cricoid pressure is required, for 
example, in a failed intubation scenario, incorrect cricoid force 
is applied more with the left hand than with the right hand.122 
There is no proven benefit in a two-handed technique128–131 
and there is no difference in the incidence of airway obstruc-
tion when cricoid pressure is applied in the supine or lateral tilt 
position.132 The use of cricoid pressure did not affect the success 
or duration of intubation when using the Airtraq® video laryn-
goscope.133 In a patient with a nasogastric tube, it is not neces-
sary to remove the tube but it should be left open to atmospheric 
pressure.134,135

Therefore in summary, evidence supports:
◆	 applying a force of less than 20 N (10 N should be adequate135) 

cricoid pressure in the conscious patient and 30 N after loss of 
consciousness

◆	 using one hand and preferably the right hand (dominant hand), 
applied at 90º to the tilt of the table by a trained assistant122

◆	 adjusting or releasing cricoid pressure during a difficult airway 
and/or intubation.

Optimal laryngoscopy
With correct positioning, optimal preoxygenation, correct 
choice of drugs, correct application of cricoid pressure, and 
correct choice of laryngoscope, the first attempt at intubation 
should result in successful tracheal intubation in the majority of 
patients. A short-handle or Polio blades are helpful in patients 
with enlarged breasts. A  size 3 Macintosh blade is the stand-
ard but size 4 should be selected if deemed necessary in larger 
women. A McCoy blade (size 3 or 4) may help to lift the epiglot-
tis and should be considered early. If the glottis is partially vis-
ible, the tracheal introducer (bougie) is useful but should be used 
carefully to avoid causing trauma. External laryngeal manipula-
tion consisting of applying backwards, upwards, and rightward 
pressure on the thyroid cartilage (BURP) and optimal external 
laryngeal manipulation (OELM) may be used to improve laryn-
geal view.136,137 However, it is important to clarify that the two 
manoeuvres (BURP and OELM) differ from cricoid pressure 
and the need for cricoid pressure may preclude the use of these 
manoeuvres. There is now a large amount of data to show that 
the laryngeal views obtained using video laryngoscopes are sig-
nificantly better than those using conventional Macintosh laryn-
goscopy. This has been shown in patients with normal airways, 
predicted difficult airways, and restricted cervical spine mobil-
ity.67–77 Video laryngoscopes have been used with success in 
obstetrics.133,138–140 As a result, video laryngoscopes are becom-
ing accepted as a rescue strategy and should be considered early 
should the first attempt at intubation fail. Smaller endotracheal 
tubes (<7 mm internal diameter) should be used routinely espe-
cially in patients with airway oedema.

Table 26.5 summarizes the ideal technique in order to optimize 
airway management and reduce the chance of either a difficult air-
way or a failed intubation.

Management of the anticipated 
difficult airway
Management of anticipated difficult airway and tracheal intuba-
tion in the pregnancy entails early recognition in the antenatal 
period and multidisciplinary discussion on the mode of delivery 
and an airway management strategy.

Antenatal management
Assessment
Any pregnant woman with a suspected or known difficult airway 
should be referred in the antenatal period to the anaesthetic team. 
The time of referral to the anaesthetic team should allow sufficient 
time to obtain previous notes and investigations and carry out any 
further investigations. Depending on the severity of the difficult 
airway, an airway and anaesthetic management strategy should be 
identified and documented in the notes.

Plan
If a difficult airway is anticipated, the anaesthetist should liaise with 
the obstetrician to decide on the mode of delivery to ensure safe 
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outcome for both mother and baby. The decision for vaginal birth 
will mean that an unscheduled operative procedure may occur 
with all the potential for a failed intubation. Elective CD allows the 
opportunity for timed planned delivery. The risks and benefits of 

management options should be clearly explained to the patient and 
partner. Neuraxial anaesthesia should be strongly recommended.

Communication
Communication with the multidisciplinary team regarding a 
management plan for the patient with a known difficult airway 
is essential in order to ensure a safe outcome for both mother 
and baby.144 The theatre team should be given sufficient notice to 
ensure that appropriate equipment and trained staff are available. 
Backup plans are necessary to recruit additional senior anaes-
thetic staff when necessary.

Management options
Airway management of a patient with anticipated difficult airway 
depends on whether the elected mode of delivery is a planned vag-
inal delivery or elective CD. A suggested algorithm in Figure 26.6 
summarizes pathways that could be followed. These are not the 
only approaches as patient co-morbidity and different situations 
vary significantly and will influence the final decision.

Planned vaginal delivery
When vaginal delivery is planned, the type of labour analgesia 
and anaesthetic management for unanticipated operative delivery 
should be documented in the notes. The best way to circumvent a 
difficult airway or a failed intubation is to avoid GA by siting an 
epidural early in labour and active management to ensure a good 
working epidural block which can be used confidently for any 
operative procedure. However, the risks of a failed regional, high 
or total spinal blockade, and inadvertent intravenous injection 
should be considered. It may be advisable therefore that regional 
block in such a patient should be carried out by a very experienced 
anaesthetist. Approximately 5% of women who have epidural anal-
gesia for labour and require topping up for operative delivery need 
conversion to GA141 and this should be anticipated. The patient 
should receive regular antacid prophylaxis during labour and oral 
intake should be restricted in case a GA is required. There should 
be a plan for the administration of a GA should this be required 
and this could entail either the use of awake fibreoptic intubation 
or awake intubation using other rigid airway devices.142–146 An 
awake tracheostomy or cricothyroid cannula may be considered 
before inducing GA in patients with a severe difficult airway.

Planned elective caesarean delivery
Ideally, an elective CD in a patient with known difficult airway 
should be carried out under neuraxial anaesthesia. The choice of 
anaesthesia can be either a single-shot spinal, epidural, combined 
spinal–epidural (CSE), or continuous spinal catheter147 anaes-
thetic. Despite meticulous technique, these techniques may fail to 
produce adequate anaesthesia for surgery and plans should be in 
place if this should happen. For this reason, a CSE may be prefer-
able to a single-shot spinal or epidural because of its added flex-
ibility should a top-up be required. However, even a CSE may fail 
as reported in a woman who had both failed CSE and failed intu-
bation.148 A backup plan such as an awake intubation or the use of 
a SAD should be in place for when neuraxial anaesthesia fails or 
serious complications of regional block occur.

Awake intubation using the fibreoptic scope or other airway 
devices is an alternative plan for elective CD when regional block 
is contraindicated, when regional anaesthesia fails, or when seri-
ous complications occur.

Table 26.5  Optimum GA to reduce the risks of difficult airway or 
failed intubation the obstetric patient

Staff Multidisciplinary team briefing/WHO check

Trained ODP staff

Fasting Nil by mouth for elective cases

Oral fluids only for HAR and light diet for LAR in labour

Premedication H2 antagonist/antacid ± prokinetics

Equipment Full AAGBI standard monitoring

Electric operating table capable of taking >160 kg on a tilt

Airway equipment (Box 26.3)

Suction

Position Slight head-up and optimize head and neck position

Ramping in obese patient (external auditory meatus is 
aligned horizontally with the sternal notch)

15° left lateral tilt

Pre-oxygenation End-tidal oxygen of >90%

3 minutes’ tidal breathing or 8–12 vital capacity breaths 
of 100% oxygen, 10 L/min with tight-fitting mask

Maintain mask on face and maintain a clear airway to 
allow apnoeic mass oxygen transfer

+/– use of insufflation of 5L of oxygen via nasal canuale

Drugs Correct doses of induction agent and muscle relaxant

Cricoid pressure At 90° to the tilted table

10 N with induction agent and 30 N at loss of 
consciousness

Optimal 
laryngoscopy

Correct choice of laryngoscope

Availability of an alternate laryngoscope

Appropriate use of a bougie

Confirm 
intubation

Confirm correct placement of the tracheal tube (visual/
chest movement/auscultation and end-tidal CO2 
measurement)

Maintenance of a balanced anaesthetic technique with 
volatile agents, muscle relaxants, and analgesia

Extubation Consider insertion and aspiration of orogastric tube 
where necessary

Suction under direct vision and insert bite block

Use of peripheral nerve stimulator

Use of reversal agents

Extubate awake

Position—left lateral or head-up

Recovery Monitoring and appropriately trained staff

HAR, high aspiration risk; LAR, low aspiration risk.
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Local anaesthetic infiltration as the sole anaesthetic for CD is an 
option but this is seldom carried out in the United Kingdom because 
of lack of experience. The majority of obstetricians are neither famil-
iar nor proficient with this technique. Large volumes of local anaes-
thetic are required with the possibility of toxicity especially when 
the maximum dose of local anaesthetic may already have been 
reached with previously attempted central neuraxial blockade.

Awake intubation techniques
Intubation may be performed by awake fibreoptic intubation, 
awake intubation via a SAD such as an intubating LMA143,144 
or an LMA142 or intubation using rigid laryngoscopes such as 
the Macintosh, a video laryngoscope146 or the Bullard laryngo-
scope.145 The classic and more conventional way for awake intuba-
tion is to use a flexible fibreoptic scope.

Awake fibreoptic intubation
Preparation

Consent: the patient should be well informed of the need for the 
awake intubation. The procedure should be explained and 
informed consent obtained.

Fasting:  for an elective procedure, the patient should be starved 
for 6 hours as normal practice.

Premedication:  premedication should include an H2 antago-
nist and 30 mL of 0.3 M sodium citrate immediately prior to 

starting sedation. An antisialogogue—glycopyrrolate 200 mcg 
intravenously—should be administered as soon as an intrave-
nous cannula has been inserted.

Team: two experienced anaesthetists are required, one to perform 
the endoscopy and the other to monitor and administer seda-
tion. An experienced ODP is essential. Neonatologists should 
be made aware in advance of the use of sedation and its poten-
tial effects on the neonate.

Equipment—the following equipment should be available:

-	 full monitoring

-	 fibreoptic scope with camera and monitor

-	 an airway adjunct to stop the patient biting and damaging the 
fibreoptic scope, such as the Berman airway (Figure 26.7)

-	 equipment to apply local anaesthetic to the upper airway, 
for example, mucosal atomizing device or cannula, oxygen 
tubing, and three-way tap for the Mackenzie technique149 
(Figure 26.8)

-	 epidural catheter fed through the working channel of the 
scope for administration of local anaesthetic

-	 tracheal tube size 6–7 mm (re-enforced or intubating LMA 
tracheal tube are recommended)

-	 syringe pump for administration of drugs by infusion.

Management of the Anticipated difficult Airway in the Pregnant Patinet

Anaesthetic antenatal referral
MDT decision on mode of delivery

Discussion with patient
Airway management strategy (Plan A&B)

Documentation
Communication

Planned Elective Caesarean section Planned Vaginal delivery

Failed RA or RA contraindicated
Early epidural, regular antacid prophylaxis, restrict

oral intake

Anaesthetic plan for
emergency procedures

NVD

RA

Delivery

RA

GASpinal
CSE

Epidural
CSA

Have plan B if
GA required

MDT-Multidisciplinary team, GA-General anaesthetic, NVD-Normal vaginal delivery, CSE-Combined spinal epidural, CSA-Continuous
spinal anaesthetic, RA-Regional anaesthetic

Awake intubation
Awake tracheostomy

Failed RA

GA (See under planned elective GA)

Figure 26.6  A suggested algorithm for the management of the anticipated difficult airway in the pregnant patient.
This article was published in Chestnut’s Obstetric Anesthesia, Principles and Practice, Chestnut DH et al., Copyright Elsevier (2014).
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Performance of intubation
Conscious sedation
Although it is possible to carry out awake fibreoptic intubation 
with local anaesthetic alone,150 it is more comfortable for the 
patient to receive some form of sedation/analgesia using mida-
zolam, fentanyl, alfentanil, remifentanil, or propofol. Midazolam 
0.5–1 mg is useful to ensure a degree of amnesia. Remifentanil is 
gaining popularity as it provides the best analgesia for the mother 
with conscious and cooperative sedation and suppression of the 
gag reflex which gives good intubating conditions. Infusion rates 
of 0.05–0.175 mcg/kg/min151 or target-controlled infusion (TCI) 
of up to 3 ng/mL have been used in non-obstetric patients. TCI 
with propofol has been used for awake fibreoptic intubation in 
obstetrics when a target concentration of 0.8–1.2 mcg/mL was 
used successfully combined with midazolam 1 mg and topical 
anaesthesia.152 A recent extensive review on conscious sedation 
for awake fibreoptic intubation by Johnston and Rai, recom-
mended remifentanil TCI (effect-site concentration 3–5 ng/mL) 
in conjunction with midazolam 1–2 mg or with propofol TCI 
(effect-site concentration 0.5–0.8 mcg/mL).153 Excessive seda-
tion should be avoided as it makes the larynx incompetent and 
increases the likelihood of aspiration. Antagonists such as fluma-
zenil and naloxone should be readily available. Oxygen should 
be administered. Dexmedetomidine, which has found favour 
for sedation in critical care, has been enthusiastically advocated 
for awake fibreoptic intubation on the grounds of its ability to 

(A)

   

(B)

Figure 26.8  Two methods for applying local anaesthetic to the upper airway during awake fibreoptic intubation. (A) LMA MADgic™ (Mucosal Atomising Device).  
(B) Oxygen tubing, three-way tap, and a cannula for the Mackenzie technique. Image courtesy of Teleflex Incorporated.

Figure 26.7  The Berman airway used to protect the fibreoptic scope during 
awake fibreoptic intubation.
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provide profound sedation without causing respiratory depres-
sion. However, experience of its use in the United Kingdom either 
in the general or the obstetric population is limited. There is some 
evidence in case reports of its use in obstetrics.154,155

Topical anaesthesia
Concern has been raised in the use of topical airway anaesthe-
sia in patients at risk of regurgitation and aspiration. However, 
Ovassapian et al. showed that provided sedation was not exces-
sive, there was no evidence that there is increased risk of regurgi-
tation and aspiration.156

The nose, mouth, and pharynx may be anaesthetized by direct 
spray using a device such as the commercially produced mucosal 
atomizing device (MAD®) (Figure 26.8A) or the Mackenzie tech-
nique which uses a size 18 or 20 G cannula attached by a three-way 
tap to oxygen tubing which is connected to 2 L/min oxygen 
supply149 (Figure 26.8B). The patient may also be asked to gargle 
using 6 mL of 2% lignocaine gel (Instillagel®). The remainder of the 
airway can be anaesthetized using one of three techniques: spray 
as you go (SAYGO), nerve blocks, and nebulized lignocaine:
◆	 SAYGO:  this involves dripping local anaesthetic into the air-

way via an epidural catheter fed through the working channel 
of the fibreoptic scope. Aliquots of 1–2 mL of 4% lignocaine are 
injected into the supraglottic, glottis, and subglottic area.

◆	 Nerve blocks: this is seldom carried out. It involves blocking the 
lingual branch of the glossopharyngeal nerve which supplies the 
base of the tongue. Injection is made into the base of the ante-
rior tonsillar pillar with 2 mL of 1% lignocaine. The second nerve 
block is the internal branch of the superior laryngeal nerve which 
is performed by locating the greater cornu of the hyoid bone and 
injecting 2–3 mL of 1% lidocaine into the thyrohyoid membrane. 
This is followed by transtracheal injection of 2–3 mL of 2% ligno-
caine through the cricothyroid membrane using a cannula.

◆	 Nebulized lignocaine:  nebulized 4% lignocaine (4–6 mL) 
anaesthetizes the nose, mouth, pharynx, larynx, and trachea. 
However, when used alone, it is not fully effective and requires 
supplementation with the SAYGO technique.

In general, the total dose of lignocaine for awake fibreoptic intu-
bation exceeds the normal recommended dose of 200 mg. This is 
because a large proportion is swallowed and because of the high 
first-pass metabolism, toxic blood concentrations are not reached 
when using doses up to 9 mg/kg in non-pregnant patients.157,158 
However, this may need to be reduced in the pregnant patient 
because of the increased vascularity of the upper airway.

Route of intubation
The oral intubation is the preferred route of intubation because 
of the risks of nasal bleeding from the congested nasal and air-
way mucosa. Occasionally, this route is not possible due to oral 
or temporomandibular joint pathology or trismus and the nasal 
route must be used and if so, the type of vasoconstrictor should 
be considered carefully.159 Cocaine is a very effective vasocon-
strictor but it is associated with reduced placental blood flow and 
placental abruption and therefore is best avoided during preg-
nancy.160,161 Phenylephrine 0.5%/lignocaine 5% combination 
and xylometazoline hydrochloride 0.1% spray are safer alterna-
tives. Vasoconstrictors should be used with care in pre-eclamptic 
patients as they may cause hypertension.

Position
It is important that aortocaval compression is avoided during the 
procedure by positioning the patient in either the sitting posture 
or with left lateral tilt.

Intubation
A small size tracheal tube such as size 6–7 should be used to 
reduce the chance of impingement on the arytenoids. The design 
of the tip of the tube may also make a difference and the intu-
bating LMA tracheal tube with a Huber tip is the least likely 
to impinge. When the trachea is intubated, the cuff should be 
inflated and the position of the tube confirmed before the patient 
is anaesthetized.

Management of unanticipated difficult 
intubation
The unanticipated difficult intubation in the pregnant patient pre-
sents problems different from those in the non-pregnant patient 
(Box 26.5).

If tracheal intubation fails after the first attempt despite reduc-
ing or removing  cricoid pressure, external laryngeal manipula-
tion, adjustment of head and neck position and use of a bougie if 
appropriate, then  gentle mask ventilation is recommended to oxy-
genate the lungs, assess the ease of ventilation and provide time 
to prepare equipment for the second intubation strategy.162–165 

However care should be taken to avoid insufflation of the stom-
ach. A second attempt at intubation should be with an alternative 
laryngoscope with cricoid pressure removed.  In order to avoid 
bleeding and airway oedema, the number of attempts to intubate 
should be limited to a maximum of two as excessive attempts 
at airway manipulation may  convert a ‘can’t intubate, can oxy-
genate’ scenario to a ‘can’t intubate, can’t oxygenate’ scenario. If 

Box 26.5  Factors to consider during unanticipated difficult 
intubation in the pregnant patient

	 1.	Physiological changes which accelerate the onset of 
hypoxaemia—may need mask ventilation between attempts 
at intubation

	 2.	Risk of upper airway oedema and bleeding—avoid excess 
multiple attempts, avoid the use of nasopharyngeal airway

	 3.	Enlarged breasts which obstruct the insertion of the 
laryngoscope—use short-handle laryngoscope

	 4.	Remote site which means that help make take a while to 
arrive—call for help earlier

	 5.	The presence of a fetus which confounds the decision of when 
to wake the mother up or continue with the surgery—an 
advance multidisciplinary decision is recommended

	 6.	Application of fundal pressure may exacerbate the risk of 
regurgitation and aspiration if anaesthesia is continued 
using a supraglottic airway device—ask obstetrician to 
avoid or minimize during delivery of baby

	 7.	Choice of anaesthesia to minimize uterine relaxation—be 
prepared for postdelivery haemorrhage.
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intubation fails after the second attempt, the anaesthetist should 
declare a failed intubation, communicate this to the obstetrician 
and theatre team and help urgently summoned. Help should be 
sought from senior anaesthetists including a consultant, a senior 
obstetrician and an additional ODP.

The decision needs to be made whether to proceed or to wake 
the patient. This decision is complicated because of the two lives 
at risk and ideally this decision should be made with the team 
prior to the administration of  GA. The new OAA/DAS obstet-
ric airway guidelines166 propose a list of factors to be considered 
to help with this decision making and is shown in Box 26.6. The 
table demonstrates clearly that the decision to wake the mother or 
proceed with surgery is influenced by multiple factors relating to 
the woman, fetus, staff and clinical situation and this information 
is available prior to the induction of GA. Factors relating to the 

rescue device and airway patency are only available once failed 
intubation has occurred.

Failed intubation algorithm
Traditionally, the teaching has been to awaken the woman  if 
failed intubation occurs, in order to avoid continuing with an 
unprotected airway. However in a recent article, 8 anaesthetists 
describe continuing GA with cLMA for non-urgent cases (category 
3 and 4)18. This is in contrast with previous publications in which 
anaesthetists tended to wake patients up during a failed intuba-
tion.19,23 This change of practice may be as a result of increased 
experience in the use of SAD in the non-pregnant patients and 
publications of the use of supraglottic airway devices for elective 
Caesarean delivery.167–169 Traditionally, SADs are used for elective 
surgery when the patient is considered at low risk of regurgitation 

Box 26.6  Proceed with surgery?

Factors to consider WAKE PROCEED

Before 
induction

Maternal condition ◆	 No compromise ◆	 Mild acute compromise ◆	 Haemorrhage 
responsive to 
resuscitation

◆	 Hypovolaemia requiring 
corrective surgery

◆	 Critical cardiac or 
respiratory compromise, 
cardiac arrest

Fetal condition ◆	 No compromise ◆	 Compromise corrected 
with intrauterine 
resuscitation pH < 7.2 
but > 7.15

◆	 Continuing fetal heart 
rate abnormality 
despite intrauterine 
resuscitation pH < 
7.15

◆	 Sustained bradycardia
◆	 Fetal haemorrhage
◆	 Suspected uterine 

rupture

Anaesthetist ◆	 Novice ◆	 Junior trainee ◆	 Senior trainee ◆	 Consultant / specialist

Obesity ◆	 Supermorbid ◆	 Morbid ◆	 Obese ◆	 Normal

Surgical factors ◆	 Complex surgery or 
major haemorrhage 
anticipated

◆	 Multiple uterine scars
◆	 Some surgical difficulties 

expected

◆	 Single uterine scar ◆	 No risk factors

Aspiration risk ◆	 Recent food ◆	 No recent food
◆	 In labour
◆	 Opioids given
◆	 Antacids not given

◆	 No recent food
◆	 In labour
◆	 Opioids not given
◆	 Antacids given

◆	 Fasted
◆	 Not in labour
◆	 Antacids given

Alternative 
anaesthesia
◆	 regional
◆	 securing airway 

awake

◆	 No anticipated 
difficulty

◆	 Predicted difficulty ◆	 Relatively 
contraindicated

◆	 Absolutely 
contraindicated 
or has failed

◆	 Surgery started

After failed 
intubation

Airway device / 
ventilation

◆	 Difficult facemask 
ventilation

◆	 Front-of-neck

◆	 Adequate facemask 
ventilation

◆	 First generation 
supraglottic airway 
device

◆	 Second generation 
supraglottic airway 
device

Airway hazards ◆	 Laryngeal oedema
◆	 Stridor

◆	 Bleeding
◆	 Trauma

◆	 Secretions ◆	 None evident

Criteria to be used in the decision to wake or proceed following failed tracheal intubation. In any individual patient, some factors may suggest waking and 
others proceeding. The final decision will depend on the anaesthetist’s clinical judgement.
Reproduced from Mushambi MC, Kinsella SM, Popat M., et al. Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for the 
management of difficult and failed intubation in obstetrics. Anaesthesia 2015; 70: 1286–1306, copyright © 2015 The authors. Anaesthesia published by John 
Wiley & Sons Ltd on behalf of Association of Anaesthetists of Great Britain and Ireland.
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and aspiration. As a result, the use of SADs for Caesarean deliver-
ies had been limited to failed intubations.170–176 In 2001, Han eval-
uated the use of classic LMAs in 1,067 elective Caesarean sections  
and recommended it for experienced users and selected patients.168 
However in an editorial following this publication, Preston argued  
that the use of SAD in selected patients in this study  should not be 
accepted as safe  for airway management in the pregnant patient 
who is at risk of aspiration.177 The conclusion in this editorial was 
that the SAD is acceptable as an emergency rescue device for air-
way management in the parturient but not as the sole chosen air-
way device. The UKOSS survey showed that the commonest airway 
rescue device was the cLMA with 39 out of 57 cases using it.18 The 
choice of the cLMA over other types of SADs such as the second 
generation SADs in this survey is likely to be related to experience 
and familiarity with the cLMA. The LMA ProSeal™ and Supreme 
LMA have also been evaluated in selected patients for elective 
Caesarean section with no adverse effects.167,169

In the past, several failed intubations algorithms for the preg-
nant patient have been described166,180–185 and in 2004 DAS pub-
lished guidelines for the management of  unanticipated difficult 
intubation in the non-pregnant patient186 and these have recently 
been updated.187 However it is only recently that the OAA and 
DAS published the obstetric specific airway guidelines which are 
based around four algorithms and two tables.166 The master algo-
rithms Figure 26.9, gives a composite overview of three specific 
algorithms that deal with induction of general anaesthesia, failed 
intubation and can’t intubate can’t oxygenate situation.

Oxygenation of the  patient following a failed intubation should 
be with the use of either a face mask with or without simple 
adjuncts such as an oropharyngeal airway or the use of a supra-
glottic airway device. A nasopharyngeal airway should be avoided 
because of the risk of epistaxis which may then worsen the situ-
ation. If an oropharyngeal airway fails, this is followed by two 
person mask ventilation technique and then a removal of cricoid 
pressure. If a supraglottic airway is used, a second generation 
supraglottic airway device such as LMA ProSeal™, LMA Supreme, 
i-gel® is  recommended. It is necessary to remove cricoid pres-
sure during insertion of the supraglottic device. If ventilation and 
oxygenation fails, the anaesthetist should declare a can’t intubate, 
can’t oxygenate situation and  ensure muscle paralysis before pro-
ceeding  to a front-of-the-neck access.

Front-of-neck access is a rescue technique which is used when 
there is increasing hypoxaemia and inability to ventilate the lungs 
and the three options for oxygenating the patient are:

(i) � Cricothyroidotomy with a narrow bore  non-kinking cannula 
and oxygenation with a high pressure system (eg. Manujet®)

(ii) � Cricothyroidotomy with large bore  cannula  and ventilation 
of lungs using normal anaesthetic circuit.

(iii) � Surgical cricothyrodotomy or tracheostomy with ventilation 
using normal anaesthetic circuit.

Narrow bore cricothyroidotomy has the advantage of being quick 
and simple to perform but has a high failure rate particularly in 

Figure 26.9  Obstetric Anaesthetists’ Association/Difficult Airway Society: Master algorithm—Obstetric general anaesthesia and failed tracheal intubation with 
permission from OAA.
Reproduced from Mushambi MC, Kinsella SM, Popat M., et al. Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for the management of difficult and failed 
intubation in obstetrics. Anaesthesia 2015; 70: 1286–1306, copyright © 2015 The authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists of Great 
Britain and Ireland.
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the obese patient.9 It  only provides a temporary airway and is 
associated with complications such as barotrauma from the high 
pressure ventilating system. Large bore cannulae have a higher 
success rate but are associated with more complications at inser-
tion such as haemorrhage and damage to neck structures. These 
may be inserted using the Seldinger technique. The use of surgical 
cricothyroidotomy using a scalpel, bougie and tube technique is 
now recommended by the new 2015 DAS Unanticipated difficult 
airway guidelines.187 Tracheostomy requires an ENT surgeon and 
may not be practical because most labour wards in the UK are 
sited remotely from the central operating department.

How to proceed with general anaesthesia  
or awaken the patient
Should a decision be made to either continue with general anaes-
thesia to allow surgery to continue or awaken the patient, Table 2 of 
the OAA/DAS obstetric guidelines (Figure 26.10) provides infor-
mation on positioning, mode of anaesthesia and ventilation and 
prevention of aspiration and awareness. The choice of airway will 
depend on what has already been used as a rescue airway strategy 
and this could be mask ± oropharyngeal airway (less preferable) 
or a SAD (preferably a second generation SAD). Further attempts 
to intubate the trachea are discouraged as this may lead to loss of 
airway from airway trauma and oedema. Intubation of the trachea 
in this situation should only be considered if the patient requires 
admission to the ITU for further ventilation of the lungs. In this 
situation, the SAD may be used to facilitate fibreoptic laryngos-
copy to achieve tracheal intubation. However, only an anaesthetist 
skilled in fibreoptic intubation skills should undertake this task. 
A ventilation- exchange bougie such as the Aintree Intubating 
Catheter (AIC) may be used to facilitate intubation and removal 

of the SAD if prolonged intubation is anticipated.188 The AIC is 
loaded onto the fibreoptic scope and placed into the trachea under 
direct vision. The SAD is then removed and an endotracheal tube 
is railroaded over the AIC and passed into the trachea using the 
AIC as a bougie. This task should again only be carried out by an 
anaesthetist who is trained and experienced in its use as its mis-
use has been associated with significant morbidity and mortality. 
A tracheostomy may be an alternative choice of airway. Uterine 
relaxation from the inevitable use of higher inspired concentra-
tions of a volatile agent may cause postpartum haemorrhage. 
The choice of agent depends on the anaesthetist’s experience, but 
sevoflurane offers an advantage in being less irritant to the airway. 
Measures should be taken to prevent postpartum haemorrhage 
such the use of an oxytocin infusion. At delivery, the surgeons 
should be warned about minimising fundal pressure to avoid 
reflux, regurgitation and the risk of aspiration. 

Tracheal extubation and recovery
In the NAP4 report, 28% of the reported cases were airway com-
plications at emergence and in the recovery period emphasizing 
that both these periods are high risk for airway complications.9 
Some of the recommendations of NAP4 were that patients at high 
risk of airway problems at emergence require specific extubation 
and re-intubation plans; recovery staff should be trained to an 
agreed standard in all hospital sites and this must include pre-
vention, early recognition, and management of airway obstruc-
tion; and the use of capnograph in the recovery area especially in 
high-risk cases. In the 2006–2008 CMACE report,4 one mother 
died from aspiration of gastric contents on emergence from a GA 
following emergency CD. She had had a full meal shortly before 

Management after failed tracheal intubation 

• Maintain oxygenation

• Maintain cricoid pressure if not impeding ventilation

• Either maintain head-up position or turn left lateral
   recumbent

• If rocuronium used, reverse with sugammadex

• Assess neuromuscular blockade and manage awareness
   if paralysis is prolonged

• Anticipate laryngospasm / can’t intubate, can’t oxygenate

• Maintain anaesthesia

• Maintain ventilation -consider merits of:

controlled or spontaneous ventilation

paralysis with rocuronium if sugammadex
available 

• Anticipate laryngospasm/ can’t intubate, can’t
  oxygenate
• Minimise aspiration risk: 

Maintain cricoid pressure until delivery
(if not impeding ventilation)
after delivery maintain vigilance and reapply
cricoid pressure if signs of regurgitation  
empty stomach with gastric drain tube if using
second generation supraglotticairway device 

minimise fundal pressure

• Senior obstetrician to operate

• Inform neonatal team about failed intubation

• Consider total intravenous anaesthesia 

Wake

• Review urgency of surgery with obstetric team

• Intrauterine fetal resuscitation as appropriate

• For repeat anaesthesia, manage with two anaesthetists

• Anaesthetic options:

Regional anaesthesia preferably inserted in lateral position  

Secure airway awake before repeat general anaesthesia  

After waking

Proceed with surgery

Figure 26.10  OAA/DAS obstetric airway guidelines—Management after failed tracheal intubation.166

Reproduced from Mushambi MC, Kinsella SM, Popat M., et al. Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for the management of difficult and failed 
intubation in obstetrics. Anaesthesia 2015; 70: 1286–1306, copyright © 2015 The authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists of Great 
Britain and Ireland.
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the decision for an emergency (category 1) CD and an orogas-
tric tube was not used. In a series of anaesthesia-related deaths 
from Michigan, United States,189 five of eight anaesthesia related 
deaths, occurred from obstruction or hypoventilation during 
emergence and recovery. Inadequate postoperative monitor-
ing was recognized in five patients and in two of these continu-
ous pulse oximetry was not used. In a paper by McDonnell and 
colleagues, regurgitation of gastric contents occurred in 8/1095 
patients (0.7%); four episodes were at induction, five at extubation 
(one patient regurgitated at induction and extubation), and two 
of these cases were elective.25

DAS has recently published guidelines for the management of 
extubation190 and these may be used for both the pregnant or 
recently pregnant patient (Figure 26.11).

The guidelines describe four steps of the extubation process:

1.	 Planning extubation:  the risk factors such as known difficult 
airway, risk of aspiration, airway oedema, obesity, obstructive 
sleep apnoea, and any special medical conditions which may 
have an impact on the airway at extubation should be identi-
fied and included in the decision-making of how to extubate 
the trachea.

2.	 Preparing for extubation: this requires optimizing the patient 
and the environment for extubation. Equipment, monitoring, 
and skilled assistance should be available and the location for 
extubation should be chosen according to the patient’s risk fac-
tors. In cases where there are concerns about airway oedema 
(e.g. in pre-eclampsia), tracheal extubation can be delayed until 
the swelling has subsided and a leak around the tracheal tube is 
present.

3.	 Performing extubation:  because of the nature of increased 
aspiration risk, obstetric patients are in the ‘at-risk’ category 

of the algorithm. If the patient has a difficult airway, this 
should be taken into account whether the trachea is extubated 
awake, delayed, or a tracheostomy is required prior to extuba-
tion. The advanced techniques in the algorithm are unlikely 
to apply in the obstetric patient who is at high risk of aspi-
ration. Oropharyngeal suction should occur under direct 
vision and with the patient in a deep plane of anaesthesia. The 
use of a bite block can prevent occlusion of the airway if the 
patient bites down on the tube. NMB should be checked with a 
peripheral nerve stimulator and antagonized and the patient’s 
lungs pre-oxygenated. Traditionally, all obstetric patients 
underwent awake tracheal extubation and in the left lateral 
head-down position. There is a general trend towards extubat-
ing patients awake but in the head-up position, especially the 
obese patient.

4.	 Post-extubation care: after extubation, the patient should be 
given oxygen and safely transferred to the recovery ward where 
full monitoring should be used and the patient looked after by 
trained recovery staff.

Post-failed intubation/difficult airway 
management plan
The team
Difficult airway or failed intubation can be very stressful to the 
staff involved in the management of the patient. The psychological 
impact of a failed intubation and the aftermath on the staff should 
not be underestimated. It is vital that all members of staff are sup-
ported and a mentor assigned if necessary. Debriefing of the team 
at a time to suit all staff but preferably within a few hours of the 
incident is recommended as it may help allay anxiety and provide 

DAS Extubation Guidelines: ‘At risk’ algorithm

Step A
Plan 
extubation

Step 2
Prepare for
extubation

Step 3
Perform
extubation

Prepare
Optimise patient and other factors

Key question: is it safe to remove the tube?

Plan
Assess airway and general risk factors

Yes No

Awake
extubation

Advanced Techniques*
Postpone

extubation TracheostomyA Laryngeal mask exchange
2 Remifentanil technique
3 Airway Exchange Catheter

Recovery/HDU/ICU

Optimise patient Factors
Cardiovascular
Respiratory
Metabolic/temperature
Neuromuscular

Optimise other Factors
Location
Skilled help/assistance
Monitoring
Equipment

Analgesia
Staffing
Equipment
Documentation

‘At risk’ extubation
Ability to oxygenate uncertain
Reintubation potentially difficult
and/or general risk factors present

Step 4
Postextubation
care

*Advanced techniques: require training and experience

Figure 26.11  The Difficult Airway Society extubation guidelines—‘at-risk’ patient.
Reproduced with permission from V. Mitchell et al. Difficult Airway Society Guidelines for the management of tracheal extubation, Anaesthesia, Volume 67, Issue 3, pp. 318–30, Copyright © 
2012 John Wiley and Sons.
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reassurance to the staff. Another aim is to provide and record 
information and to gain feedback while the details are still fresh.191

The patient
Following management of difficult airway or failed intubation, 
the patient should be followed up to inform the patient about 
the difficulties which were encountered and to carry out a clini-
cal review to exclude morbidities arising from the difficult airway 
management process. Minor injuries to the airway may include 
dental damage, minor bruises to the lips, and sore throat. Serious 
morbidities include damage to the larynx (oedema or perforation) 
and perforation of the pharynx or oesophagus. Perforation might 
present with pyrexia, retrosternal pain, and surgical emphysema. 
This can be associated with high mortality and therefore if sus-
pected, urgent review by the ENT specialist and early treatment 
with antibiotics and nil by mouth regimen is recommended.192

Reviewing the patient is a good opportunity to explain what 
happened, express regret, and provide apologies for any morbidi-
ties that may have been caused. The nature of the problem should 
be explained to the patient and it is paramount for the patient to 
understand the seriousness of the problem and that they should 
convey this to clinicians, especially anaesthetists, in the future. The 
possibility of awareness should be explored as there is an increased 
incidence in the obstetric patient with a difficult airway.193

Documentation
The patient’s case notes should have the full documentation of the 
incident and any discussions with the patient. A summary of air-
way management should be fully documented on the anaesthetic 
chart. The airway management information should state what the 
difficulty was (e.g. difficulty with mask ventilation), direct laryn-
goscopy or tracheal intubation, grade of laryngoscopy, how the 
airway was managed, airway equipment or adjuncts used, and any 
advice about management in the future if appropriate (e.g. recom-
mend an awake fibreoptic intubation).

Communication regarding the airway problem should be in the 
form of a medical alert bracelet, documentation in the notes, a 
letter to the general practitioner, and a copy of the letter should be 
given to the patient to present to the clinicians at future. An exam-
ple of a form which can be used is available on the DAS website.194

Conclusion
Management of difficult airway in obstetrics still remains challeng-
ing. Over the past 6 decades, increasing use of neuraxial anaesthe-
sia has helped to decrease the mortality and morbidity associated 
with anaesthesia. However, the incidence of difficult airway in 
obstetrics remains largely unchanged. This may be due to lack of 
training opportunities, and increase in maternal obesity and age 
with the associated comorbidities. Early referral to the anaesthe-
tist for antenatal planning and preparation, involvement of multi-
disciplinary teams, use of skills drills and simulation, availability 
of advanced airway management devices, and the skills to use the 
devices can be helpful in managing both unanticipated and antici-
pated difficult intubation. During a failed or difficult intubation, 
the primary goal is to maintain maternal and fetal oxygenation 
and the decision-making whether to proceed or wake the patient 
during a failed intubation should involve the senior anaesthetist 
and obstetrician. Extubation remains a high-risk period and there-
fore requires careful planning and preparation. When a failed or 

difficult intubation has occurred, full documentation of the inci-
dent should be performed, the patient should be followed up, and 
documentation to inform future anaesthetists put into place.
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CHAPTER 27

Postdural puncture headache
Michael J. Paech and Patchareya Nivatpumin

Introduction
In obstetric anaesthesia, postdural puncture headache (PDPH) is 
an important potential complication of neuraxial anaesthesia and 
analgesia or diagnostic lumbar puncture, and follows both spinal 
techniques and unintentional (also termed accidental or inadvert-
ent) dura and arachnoid mater (hereafter ‘dural’) puncture during 
epidural needle or catheter insertion. Pregnant women appear a 
high-risk population for PDPH because of their gender, age, and, 
arguably, hormonal status. The headache and associated symp-
toms can cause considerable suffering and dissatisfaction, usually 
prolong hospital stay, and sometimes persist for weeks or months. 
This has implications for healthcare costs, subsequent loss of pro-
ductivity, and litigation, making correct diagnosis and effective 
early management vital.

Pathophysiology of postdural puncture 
headache
PDPH is initiated by loss of cerebrospinal fluid (CSF) and the 
subsequent changes in intracranial CSF volume when the head is 
elevated or the body erect.1,2 Normal CSF formation, largely by 
ependymal cells of the choroid plexuses in the ventricles, is 450– 
500 mL/day (approximately 0.35 mL/min) in adults. A volume of 
150 mL is located within the cerebral ventricles (~25 mL) and sub-
arachnoid spaces (~125 mL). Absorption into the venous circula-
tion occurs via cranial and spinal arachnoid villi, but if CSF efflux 
through a dural hole exceeds replacement, CSF pressure dynam-
ics alter significantly with changes in body position. On assuming 
an upright position, redistribution causes low intracranial pres-
sure (ICP) and this may precipitate headache, not only after dural 
puncture but also among patients with spontaneous intracranial 
hypotension, which follows spontaneous CSF leak.2–4

One possible explanation for pain (and some associated symp-
toms and complications) is loss of buoyancy when the head is 
elevated, leading to brain descent, traction on cranial nerves, 
meninges, and intracranial and meningeal veins. This pathology 
can be seen as pachymeningeal enhancement on cranial magnetic 
resonance imaging (MRI), although tonsillar descent or change 
in intracranial structure position is not necessarily evident.1,5 
Dilatation of the anterior internal vertebral venous plexus and spi-
nal hygromas appears common.5 A further plausible explanation 
for headache is the compensatory cerebral vasodilatation seen on 
imaging.2,5 This is thought to be mediated by adenosine recep-
tors in response to reduced ICP and the theory is supported by 
the changes that occur during induced hypercapnia or hypocap-
nia that maintain the intracranial volume; and by the immediate 

reduction in cerebral blood flow that follows an epidural blood 
patch (EBP).6

The individual’s predisposition to headache varies, with several 
postulated explanations. CSF substance P concentrations have 
been implicated,7,8 as have differences in CSF loss secondary to 
orifice occlusion by the intrinsic elastic recoil of the dura mater. 
The histological and anatomical characteristics of the dura mater 
vary, even within different areas of adjacent dura within an indi-
vidual.9 Differences in baseline ICP and cerebrovascular responses 
may also be relevant,10,11 with patients having lower baseline ICP 
possibly more susceptible. Higher levels of oestrogen in women 
alter cerebral vessel tone responsiveness and possibly increase vas-
cular distension in response to CSF hypotension.11

Incidence of postdural puncture headache
The incidence of PDPH is largely determined by physical fac-
tors such as the size and configuration of the meningeal perfo-
ration, which influences the volume of CSF loss until the breach 
has healed; and patient factors that determine the subsequent 
response to changes in CSF compartment dynamics. In vitro stud-
ies of CSF loss associated with various needles and human obser-
vational or randomized trials show that the characteristics of the 
needle are critical determinants of risk, with higher rates of PDPH 
after use of larger gauge (G)  spinal, and possibly also epidural, 
needles (Table 27.1).

A meta-analysis of obstetric studies found an incidence of 
PDPH of 1.5–11% from spinal needles and 52% after unintentional 
puncture by an epidural needle.12 The incidence following use of 
small-gauge pencil-point needles is as low as 0.4–0.5%13,14 com-
pared with 80–100% after puncture by a 16–17 G Tuohy epidural 
needle.15–17

Risk factors for postdural puncture 
headache
Needle characteristics
For spinal-induced PDPH, the relevance of needle gauge and tip 
configuration is well recognized.18,19 A  larger-diameter needle 
with a traumatic tip results in more CSF loss and a cadaver study 
found a fivefold increase in the volume lost after puncture by the 
same-gauge Quincke versus Whitacre needle and a sixfold greater 
loss from a 22 G versus 25 G spinal needle of the same design.18 
Clinical observations confirm that the lowest risk is conferred by 
smaller-gauge needles of pencil-point or non-cutting bevel design 
(Whitacre, Sprotte, or other atraumatic needle tip).13,14,20–23 
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Meta-analysis shows a threefold reduction in the risk of severe 
PDPH (odds ratio (OR) 0.26; 95% confidence interval (CI) 
0.11–0.62) compared with cutting needles.19 The relative risk of 
developing PDPH from a 27 G pencil-point needle compared with 
a 27 G Quincke needle is 0.38 (95% CI 0.19–0.75).24

Despite the frequency of PDPH after epidural needle dura pen-
etration (50–90%), the contribution of needle size and design (and 
thus the characteristics of the meningeal perforation) is unclear 
because of the absence of randomized trials. Low levels of evidence 
from studies in which PDPH was a secondary outcome suggest 
that smaller-gauge epidural needles reduce risk.17,25–27 However, 
there was no difference in either the severity of PDPH or the need 
for repeat EBP after puncture by 16, 17, or 18 G Tuohy needles in 
a prospective trial with an open choice of needle gauge (unpub-
lished data).28 The incidence of PDPH from an 18 G Sprotte tip 
epidural needle is lower than that from a 17 G Tuohy needle.17

Needle bevel orientation
Electron microscopy shows that the lumbar dura mater consists of 
collagen fibre bundles oriented in various directions, plus elastic 
fibres arranged mainly longitudinal to the long axis of the spine.29 
Consequently, inserting a cutting-edge spinal needle with the 
bevel parallel to the longitudinal axis is thought to decrease the 
tendency of a dural hole to remain open under tension when 
the patient is erect, reducing the PDPH risk (OR 0.29; 95% CI 
0.17–0.50).30 On this basis, some have advocated epidural needle 
insertion with the bevel facing laterally, but subsequent needle 
rotation to facilitate catheter placement has been condemned by 
others, because it could tear the dura mater, which can lie close to 
the ligamentum flava in the posterior epidural space.31

Reinsertion of the needle stylet
Reinserting the stylet of a large (21 G) spinal needle prior to its 
withdrawal from the subarachnoid space may reduce the risk of 
PDPH, perhaps by avoiding strands of arachnoid mater being 
pulled into the dural defect and prolonging the duration of CSF 

leak.32 This is of little relevance to obstetric practice, in which 
smaller-gauge needles should always be used.

Direction of needle approach
It has been suggested that approaching the dura at an angle creates 
a tissue flap and valvular closure of the meningeal hole, reduc-
ing the risk of PDPH, but a cadaver study found no difference in 
CSF loss through holes made at a 30° versus 90° puncture angle18 
and clinical studies report no advantage from a paramedian 
approach.33

Multiple needle insertions
Repeated needle passes during unsuccessful attempts to locate the 
subarachnoid space may result in multiple dural holes, increasing 
CSF loss, and the risk of PDPH.34

Neuraxial technique: combined spinal–epidural versus 
epidural only
A needle-through-needle combined spinal–epidural (CSE) tech-
nique provides a secure conduit for spinal needle puncture. 
Although it might be anticipated that PDPH rates would be higher 
after CSE than epidural-only approaches, given a deliberate dural 
puncture, it has been suggested that the risk of unintentional 
puncture is lower because the operator is more cautious, using 
CSF efflux from the spinal needle to confirm correct epidural 
needle-tip location. A large obstetric observational study involv-
ing small-gauge needles and meta-analysis both indicate that CSE 
and epidural-only techniques are associated with similar rates of 
PDPH and EBP.16,35

Operator experience
During epidural techniques, operator inexperience (and possibly 
fatigue) is associated with increased risk of unintentional dural 
puncture.36

Epidural loss of resistance with air or saline
A loss-of-resistance technique using normal saline has been advo-
cated on the basis that saline allows continuous advancement of the 
epidural needle and on entry into the epidural space, saline pushes 
the dura away from the needle tip. A  large quasi-randomized 
non-obstetric study by a single operator found no difference in the 
rate of dural puncture between saline and air, but a higher inci-
dence of PDPH due to subarachnoid injection of air. Intracranial 
pneumocephalus may be visible on brain computed tomography 
(CT) scans and the ensuing headache is of earlier onset but shorter 
duration than typical PDPH.37 A meta-analysis of five trials found 
no difference in the risk of headache between use of saline or air.38

Ultrasound-guided epidural insertion
Although the incidence of PDPH was a secondary outcome, ran-
domized trials comparing an ultrasound-guided pre-scan to a 
conventional landmark-guided epidural insertion report no dif-
ference in PDPH risk.38

Patient age
Observational studies indicate that patient age is an important 
risk factor, with young children and the geriatric population very 
resistant to PDPH.39 Pregnant women appear at high risk, with 

Table 27.1  The incidence of PDPH associated with different needles 
used in obstetric anaesthesia

Needle characteristics Incidence (%) and references

Spinal needle

24 G Sprotte 0.7–420–22

25 G Quincke 7–920,21

25 G Whitacre 2.5–313,21,23

26 G Atraucan 521

27 G Quincke 3.5–820

27 G Whitacre 0–0.513,14

29 G Whitacre 014

Epidural needle

16–18 G Tuohy 52–10012,15–17,27,28

18 G Sprotte 5517

G, gauge. 
Data from various sources (see references).
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possible explanations being different dural elasticity, vascular 
responsiveness, and lower epidural space compliance (greater 
tamponade of CSF loss) compared with older populations.

Patient gender
Non-pregnant females are at greater risk of PDPH than males 
(OR 0.55; 95% CI 0.44–0.67).40 Possible explanations include 
oestrogen-inf luenced differences in cerebral vasodilatory 
responses and nociceptive processing; and in pregnancy the 
effects of further hormonal changes, although it is not known 
whether pregnancy per se confers an additional risk.

Patient history
Patients with a history of previous PDPH appear at greater risk 
of developing PDPH following a subsequent spinal technique.41 
Those who suffer from migraine are also postulated to be at greater 
risk, because of their vascular responsiveness.

Body habitus and anatomy
Although women with an epidural space located at the shallow-
est depth beneath the skin (2–3 cm) or those with abnormal liga-
mentous anatomy might be at increased risk, logistic regression 
of a large obstetric anaesthetic database identified only one sig-
nificant factor, namely increasing depth to the epidural space.42 
Retrospective data suggest that parturients of body mass index 
(BMI) greater than 35 kg/m2 are less likely to develop PDPH after 
unintentional dural puncture with a 17–18 G epidural needle, 
although conflicting data also exist.43–45 A postulated explana-
tion is that higher intra-abdominal pressure limits CSF loss from 
smaller breaches of the meninges.43,46

Pushing during labour
Retrospective data suggest an increased incidence of PDPH and 
EBP among women who bear down in the second stage of labour 
after unintentional dural puncture with a 17 G epidural needle.47 
It was suggested this was due to increased CSF loss, but a prospec-
tive study after 22 G Quincke needle spinal anaesthesia did not 
confirm that bearing down was a risk.48 There are no prospective 
studies associated with use of small-gauge pencil-point needles or 
after unintentional dural puncture.

Features of postdural puncture headache
Symptoms
The pathognomonic feature of PDPH is its postural or orthos-
tatic component, such that it is precipitated or exacerbated by 
erect postures and relieved by recumbency, although paradoxi-
cal (reverse) postural headache can occur.49 Pain is located in a 
bifrontal and/or occipital distribution, and in almost 50% of cases 
is accompanied by shoulder or neck stiffness.25,50 The characteris-
tics are a throbbing or dull headache of mild to excruciating inten-
sity. Lybecker et al. graded the severity from mild to severe based 
on interference with activities and related symptoms,50 defining 
PDPH as moderate if it confined the patient to bed at times. Severe 
PDPH rendered the patient incapable or reluctant to raise their 
head or to stand and was always associated with other symptoms. 
Paech et al. defined a severe PDPH as one which prevented nor-
mal ambulation and care of the neonate.15 Approximately half the 

obstetric cases after unintentional dural puncture meet this latter 
definition.15,25

Most associated symptoms appear consequent to low ICP or 
nerve traction, with neck stiffness due to irritation of upper cer-
vical nerves. Nausea is also common, whereas ocular symptoms 
such as diplopia and photophobia are rare.50 Most case reports 
describe an abducens (sixth) cranial nerve palsy, due to its long 
intracranial route from the pons across the petrous bone.51–53 
Diplopia usually presents a few days after dural puncture but may 
outlast, by several weeks, the resolution of PDPH51,53 and can be 
resolved by an EBP.54,55

Hearing loss is demonstrable after spinal anaesthesia with 
(inappropriately) large-gauge needles56 and is due to reduced 
pressure transmitted to the cochlear aqueduct through the inner 
ear, causing an endolymphatic hydrops that affects hair cell posi-
tion. Auditory symptoms or tinnitus are associated with PDPH in 
10% of patients.50

A variety of other neurological complications may be caused 
by dural puncture, so imaging should always be considered as a 
means of excluding concurrent intracerebral pathology.57

Diagnosis of postdural puncture headache
The International Headache Society introduced the International 
Classification of Headache Disorders. In its third edition 
(ICHD-3), diagnostic criteria for postdural (post-lumbar) punc-
ture headache were provided58 (Box 27.1).

The diagnostic key is headache or neck pain, occurring hours 
to days after dural puncture, and resolving when supine or exac-
erbated when upright. Supporting features of low ICP may or may 
not be present on MRI. A sitting epigastric pressure test to raise 
abdominal pressure and momentarily relieve headache has been 

Box 27.1  ICHD-3 diagnostic criteria for postdural puncture 
headache

Description

Headache occurring within 5 days of a lumbar puncture, caused 
by cerebrospinal fluid (CSF) leakage through the dural punc-
ture. It is usually accompanied by neck stiffness and/or subjec-
tive hearing symptoms. It remits spontaneously after 2 weeks, or 
after sealing of the leak with autologous epidural lumbar patch.

Diagnostic criteria

	A.	Any headache fulfilling criterion C

	 B.	Dural puncture has been performed

	C.	Headache has developed within 5 days of the dural puncture

	D.	Not better accounted for by another ICHD-3 diagnosis

ICHD-3, The International Headache Society’s International 
Classification of Headache Disorders, 3rd edition, 2013.

Reproduced with permission from Headache Classification Subcommittee 
of the International Headache Society (IHS), The International 
Classification of Headache Disorders, 3rd edition (beta version), 
Cephalalgia, Volume 33, pp. 629–808, Copyright © 2013 SAGE.
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described but has low sensitivity and is not widely used.25 Given 
that PDPH is principally a clinical diagnosis and that it is asso-
ciated with potentially life-threatening pathologies, the myriad 
of causes of postpartum headache need to be excluded from the 
differential diagnosis.59,60 Atypical presentations of apparent 
PDPH warrant investigation,57 by reviewing the patient’s history, 
repeating a physical examination, especially neurological, and 
sometimes by blood tests and brain imaging. Symptoms can be 
mimicked by preeclampsia; tension, migraine, and sinus head-
ache; muscular pain; sleep deprivation; and caffeine withdrawal. 
Rarely the differential includes meningitis,61,62 cerebral tumour,63 
arteriovenous malformation,64 neurocysticercosis,65 or a number 
of complications directly related to dural puncture.

Onset of postdural puncture headache
In approximately 85% of cases, PDPH begins within 48 hours 
of dural puncture.15,50 Onset as early as 20 minutes after spinal 
anaesthesia with a 27 G Whitacre needle has been reported, 66 
although immediate or rapid onset is typical following intrathe-
cal injection of even only a few millilitres of air.37,67 The ICHD-3 
criterion is onset within 5 days, but delayed onset, 12 days after 
epidural analgesia for labour, has been described.68

Duration of postdural puncture headache
The duration of PDPH varies considerably. Symptom sever-
ity and duration tends to be greater after epidural needle dural 
puncture, making interpretation of the literature, including about 
interventions such as EBP, more difficult. Post-spinal headache 
usually lasts 1–12 days (mean 5 days).50 Pneumoencephalus may 
cause severe headache of shorter duration (lasting hours to a 
maximum of 3–5 days) compared with headache from CSF loss.37 
Post-epidural PDPH frequently lasts at least 4–6 days and at least 
10% of women will remain symptomatic after a month.16 Surveys 
suggest that women with PDPH are more likely to develop chronic 
headache (not necessarily postural), with reported incidences of 
almost 30% at 18 months 69 and almost 20% at 3–6 years.70

Low ICP headache is a rare condition (incidence 2–5/100,000) 
which is thought to be precipitated by a spontaneous dural 
tear and CSF leak somewhere in the neuraxis.3,4,71 This type of 
headache can be of gradual onset and very persistent, such that 
it is often treated conservatively for 2–3 weeks after presenta-
tion and may persist for months, despite treatment with an EBP. 
Nevertheless the response to a non-targeted lumbar EBP is good, 
with two-thirds of patients experiencing relief. If repeatedly 
unsuccessful, blood patching or fibrin glue administration at the 
site of a leak located by radionucleotide cisternography may be 
required. Of note, an EBP can effectively resolve long-standing 
PDPH up to years later.72

Serious complications associated 
with postdural puncture headache
Although individually very rare, many pathologies warrant consid-
eration in the differential diagnosis of PDPH or occur concurrently 
with PDPH after dural puncture. Cranial nerves other than ocular 
nerves may be involved73 and severe upper limb or back pain has 
been successfully treated by an EBP.74,75 Due to traction on intracer-
ebral vessels, especially cortical bridging veins, subdural haematoma 

appears to be the most frequently reported of the rare serious neuro-
logical complications.76 Extremely rare but potentially fatal cerebral 
tonsillar77 or uncal brain herniation has been described.78

Although a direct relationship is difficult to establish, some 
patients with PDPH present with other neurological events, such 
as cortical vein thrombosis,53,79 posterior reversible leucoenceph-
alopathy,80 generalized tonic–clonic seizures,81,82 subarachnoid 
or intracerebral haemorrhage,83 ischaemic stroke,84 and acute 
psychiatric illness.85

Prevention of postdural puncture headache
No intervention is very effective in preventing PDPH after unin-
tentional dural puncture and the evidence supporting some meas-
ures is too weak to permit firm recommendations (Figure 27.1).86 
The lack of efficacy of some widely advocated therapies has been 
demonstrated with high (e.g. hydration) or moderate (e.g. caf-
feine) levels of evidence. For others (e.g. oral opioids) there is no 
supporting evidence (Table 27.2).

Bed rest, manipulation of posture, or abdominal 
binders
It was thought that bed rest for 24 hours might decrease CSF hydro-
static pressure and reduce CSF leak, this has proven ineffective for 
obstetric patients after spinal anaesthesia.87 A Cochrane review of 
studies comparing bed rest with early ambulation found no sig-
nificant difference in the incidence (OR 1.21; 95% CI 0.94–1.55) 
or severity (OR 1.10; 95% CI 0.79–1.53) of PDPH.87 An abdominal 
binder increases intra-abdominal and epidural pressure, which 
theoretically might help tamponade CSF loss, but is unsupported 
and has been abandoned because of the impracticalities.

Fluid intake
There is no apparent relationship between PDPH and the volume 
of oral fluid ingested.88 Administering intravenous (IV) fluid or 
encouraging additional oral intake, with the hope of maximiz-
ing CSF production, does not prevent PDPH (OR 1.00; 95% CI 
0.44–2.25)87 and makes management more difficult.

Intrathecal saline
A small non-randomized study89 of patients who experienced an 
unintentional dural puncture suggested that either immediate 
injection of intrathecal saline 10 mL through the epidural needle, 
or later injection through an intrathecal catheter prior to removal, 
might decrease the incidence of PDPH and need for EBP. This 
has not been confirmed by larger series or randomized trials and 
severe radicular pain and paraesthesia have been reported,90 so 
this approach cannot be recommended.

Intrathecal insertion of an epidural catheter
Deliberate subarachnoid placement of the epidural catheter at the 
time of dural puncture is a useful analgesic management option 
and several case series suggest it lowers the risk of PDPH after 
catheter removal.91–94 The rationale is that the presence of a cath-
eter mechanically obstructs CSF loss when bearing down dur-
ing childbirth and promotes an inflammatory response that aids 
puncture closure, although the latter supposition is based on an 
animal study involving weeks, not days, of catheterization. Initial 
opinions that the intrathecal catheter should be retained for more 
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than 24 hours have not been supported by larger case series.92,93 
An updated meta-analysis of nine studies found no significant 
reduction in PDPH (RR 0.82; 95% CI 0.067–1.01) but a signifi-
cantly lower risk of EBP (RR 0.64; 95% CI 0.49–0.84)94 (Figure 
27.2). Since then, a retrospective analysis of accidental dural 

punctures with 18 G needles, followed by intrathecal catheteriza-
tion for at least 24 hours and post-delivery intrathecal saline infu-
sion, found a reduction in PDPH from 62% to 42% (OR 2.3; 95% 
CI 1.04–4.86) and a reduced need for EBPs.95 If there is a benefit, 
it is probably modest, because the best quality but underpowered 

Figure 27.1  Forest plots for risk ratio of PDPH after various interventions. (A) PDPH non-randomized controlled trials for headache. (B) PDPH randomized controlled 
trials for headache.
RR, relative risk. RR <1 favours the intervention.
Reproduced with permission from C. C. Apfel et al., Prevention of postdural puncture headache after accidental dural puncture: a quantitative systematic review, British Journal of Anaesthesia, 
Volume 105, Issue 3, p. 86, Copyright © 2010 Oxford University Press.



Table 27.2  Best levels of evidencea and grade of recommendation supporting various prophylactic measures 
against development of PDPH

Treatment Post-spinal Recommendation Post-epidural Recommendation

Avoiding pushing during labour and delivery 2b48 B for NOT 
recommended

447 C

Bed rest, manipulation of posture or abdominal 
binders

187 A for NOT 
recommended

N/A

Fluid intake 187 A for NOT 
recommended

N/A

Intrathecal saline 389 C

Spinal catheter (epidural catheter intrathecal) 2b94 B

Oral non-opioid and opioid analgesics N/A N/A

Epidural morphine N/A 2b103 B

Subarachnoid morphine 2b102 B for NOT 
recommended

N/A

Caffeine and cerebral vasocontrictors 397 B for NOT 
recommended

N/A

Triptans 4101 C N/A

Cosyntropin N/A 2b104 B

Epidural blood patch 1114 B for NOT recommended

Epidural saline or colloid 186 B for NOT recommended

Grades of recommendation A = consistent level 1 studies. B = consistent level 2 or 3 studies or extrapolations from level 1 studies. C = level 4 studies or 
extrapolations from level 2 or 3 studies. D = level 5 evidence or troubling inconsistent or inconclusive studies of any level.
aCenter for Evidence-based Medicine Levels of Evidence. Accessed 16 November 2012 at http://www.cebm.net/index.aspx?o=1025

N/A, not available.

Data from various sources (see references).

Figure 27.1  Continued
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study, a quasi-randomized trial in obstetric patients,27 found no 
reduction in PDPH or EBP associated with intrathecal catheter 
placement.

Cerebral vasoconstrictors (caffeine and triptans)
Caffeine is a central adenosine receptor antagonist while the 
triptans are 5-hydroxytriptamine-1D and -1B agonists, and ami-
nophylline a phosphodiesterase inhibitor and adenosine recep-
tor antagonist. These drugs cause vasoconstriction of cranial and 
basilar arteries. Low-quality investigation of IV caffeine sodium 
benzoate 500 mg suggested PDPH after non-obstetric spinal 
anaesthesia was less severe,96 but multidose oral caffeine 75–150 
mg combined with paracetamol (acetaminophen) 500 mg, started 
prior to spinal anaesthesia and repeated regularly for 3 days after, 
is ineffective.97 A review concluded that caffeine is insufficiently 
supported to warrant prophylaxis against PDPH.98 Caffeine is 
often poorly tolerated due to insomnia and agitation and it may be 
a risk factor in postpartum seizures.99

IV aminophylline appears of no value.100 Subcutaneous 
sumatriptan and oral frovatriptan, which has a longer half-life, 
are effective for migraine headache. A small open study indicates 
frovatriptan might have promise, but this has not been tested in a 
high-quality trial or an obstetric setting.101

Neuraxial morphine
A small randomized trial found no effect of subarachnoid mor-
phine,102 but a blinded study among parturients suffering 
unintentional puncture with a 17 G epidural needle reported a 
significantly reduced incidence of PDPH and EBP if epidural mor-
phine 3 mg was given after delivery and again 24 hours postpar-
tum.103 This therapy requires validation in larger trials and may 
not always be an appropriate strategy because of the potential side 
effects and monitoring requirements.

Intravenous cosyntropin (tetracosactide) 
or dexamethasone
A single, small randomized trial in obstetric patients suffering 
an unintentional dural puncture found that IV cosyntropin 1 mg 

reduced the incidence of PDPH from 69% to 33% and the need for 
an EBP from 40% to 31%.104 The authors postulated that cosyn-
tropin, a synthetic derivative of adrenocorticotrophic hormone 
(ACTH) that retains full activity, increases CSF volume through 
unspecified mechanisms. While encouraging, this finding 
requires confirmation. Studies of IV dexamethasone are conflict-
ing, with the largest randomized trial reporting that dexametha-
sone increased the incidence and severity of headache on the first 
postoperative day and had no effect thereafter.105

Prophylactic epidural blood patch
Injection of 15–20 mL of blood into the epidural space markedly 
increases subarachnoid pressure for 15 minutes106 and sustains 
this rise in CSF pressure compared to very transient increases 
after epidural saline or dextran.107 Epidural injection of blood 
also induces cranial vasoconstriction, immediately returning the 
elevated cerebral blood flow that is associated with reduction of 
CSF volume to normal.6 The mass effect of blood distributed along 
the epidural space is also thought to prevent CSF loss from, and 
promote healing of, the meningeal perforation.108,109

Prior to catheter removal, administration of autologous blood 
through a re-sited epidural catheter is a popular prophylac-
tic approach in some countries but rarely used in others.110,111 
A  number of low-quality studies with inadequate blinding 
describe good efficacy from a prophylactic epidural blood patch 
(PEBP) compared with no intervention, symptomatic expectant 
treatment (bed rest, oral fluid, and analgesics) or epidural saline. 
The two randomized trials, only one of which used a sham PEBP 
as the comparator, found conflicting results after accidental dural 
puncture. One found a clinically relevant reduction in the inci-
dence and severity of PDPH after PEBP (from 80% to 18%).112 
The study including a sham PEBP to reduce bias found that the 
incidence of PDPH and therapeutic EBP did not differ between 
groups, although the duration of PDPH was shorter.113 Prior to 
the positive study,112 a meta-analysis of randomized trials86 had 
shown no benefit (Figure 27.1) and both a Cochrane systematic 
and a focused review had concluded that there was insufficient 
evidence to recommend the routine use of a PEBP.114,115
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Figure 27.2  Forest plot for risk ratio of PDPH after intrathecal catheter placement.
RR, relative risk. RR < 1 favours the intervention.
Reprinted from International Journal of Obstetric Anesthesia, Volume 22, issue 1, M. Heesen et al., Insertion of an intrathecal catheter following accidental dural puncture: a meta-analysis, 
pp. 26–30, Copyright (2013), with permission from Elsevier.
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Epidural saline or colloid
Infusing saline into the epidural space causes a very brief pressure 
increase of a few centimetres of water116 and the possibility that 
this might translate to a clinical effect resulted in clinical studies 
investigating prophylaxis with either intermittent boluses of nor-
mal saline (40–60 mL) or a continuous infusion. Meta-analysis 
shows a non-significant relative risk reduction in PDPH (RR 0.65; 
95% CI 0.40–1.05)86 (Figure 27.1). Case reports describe severe 
interscapular or neck pain or intraocular haemorrhage during 
saline infusion.116,117 Low-quality studies have evaluated Dextran 
40 (20 mL) as an alternative injectate, but neither efficacy nor 
safety has been established.118

Treatment of postdural puncture headache
Symptomatic versus interventional management
Although headache usually resolves spontaneously within days 
to weeks, the high frequency of moderate to severe and function-
ally disabling headache15,25 makes relief an imperative. Regular 
counselling and psychological support is an essential compo-
nent of management irrespective of whether an expectant or 
interventional approach is planned. While awaiting spontane-
ous resolution, PDPH is traditionally managed with supine bed 

rest, fluid hydration, and analgesic drugs. This approach increases 
the length of hospital stay and number of emergency room vis-
its post discharge,119 and unfortunately symptomatic relief has 
proven very disappointing. Most drugs have either analgesic or 
cerebral vasoconstrictor properties, for example, non-opioid and 
opioid analgesics, caffeine, theophylline, triptans, ergot alkaloids, 
gabapentinoids, adrenocorticotrophic hormone, and steroids. 
The evidence base supporting these various drug therapies is very 
poor.120,121

The longest established and best supported therapy is an EBP.114 
Although an invasive procedure, EBP has withstood the test of 
time because it shows inconsistent but generally moderate to high 
efficacy122,123 and symptoms resolve rapidly (Table 27.3).

Pharmacological treatments
Oral non-opioid and opioid analgesics
Oral opioids presumably improve mood and provide sedation, but 
there are no data supporting relief of PDPH.

Epidural morphine
Case reports suggest that epidural morphine 3.5–4.5 mg can 
relieve PDPH after spinal anaesthesia124 but there are no evalu-
ations after unintentional dural puncture or clinical studies on 
which to base a positive recommendation.

Table 27.3  Best levels of evidencea and grade of recommendation supporting various treatments 
of PDPH

Treatment Post-spinal Recommendation Post-epidural Recommendation

Oral non-opioid and 
opioid analgesics

N/A N/A

Epidural morphine 4124 C N/A

Caffeine 2b125 C 2b125 C

Theophylline 2b126 C N/A

Triptans 2b127 C for NOT 
recommended

2b130 C for NOT 
recommended

Ergot alkaloid 4130 C N/A

Gabapentin

Pregabalin

2b132

2b133

C

C

N/A

Adrenocorticotrophic 
hormone

2b136 C for NOT 
recommended

2b136 C for NOT 
recommended

Hydrocortisone 2b137,138 B N/A

Occipital nerve block 2b140 C N/A

Acupuncture 4141 C

Epidural saline or colloid 3142 C 3142,144 C

Epidural fibrin glue 4150 C N/A

Epidural blood patch 2b123 B 3114 C

Grades of recommendation A = consistent level 1 studies. B = consistent level 2 or 3 studies or extrapolations from level 
1 studies. C = level 4 studies or extrapolations from level 2 or 3 studies. D = level 5 evidence or troubling inconsistent or 
inconclusive studies of any level.
aCenter for Evidence-based Medicine Levels of Evidence. Accessed 16 November 2012 at http://www.cebm.net/index.
aspx?o=1025

N/A, not available.

Data from various sources (see references).
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Caffeine
Caffeine 500 mg IV was proposed several decades ago as an appro-
priate treatment for post-spinal PDPH, but appears to have, at 
best, low efficacy.38,121 For example, a randomized controlled trial 
of single-dose oral caffeine 300 mg versus placebo for parturients 
suffering from PDPH due to 26 G spinal or 17 G epidural nee-
dles found that pain was reduced 4 hours after treatment but that 
the effect was short-lived and EBP requirement unchanged.125 
Therapeutic doses cause problematic excitatory side effects, with 
case reports describing dizziness, flushing, jitteriness,125 insom-
nia,99 and an association with convulsions.99 Adverse effects in 
the newborn are well documented126 and maternal ingestion of 
large quantities when breastfeeding may contribute to irritability 
and poor sleeping patterns in the infant.127

Theophylline
Theophylline is a methylxanthine causing cerebral vasoconstric-
tion. A pilot study suggested that theophylline might be effective 
against post-spinal PDPH and IV theophylline 200 mg showed 
efficacy but it is not clear whether the study was randomized or 
blinded and there was no patient follow-up.128 Until larger rand-
omized trials are conducted there is insufficient evidence or safety 
data to support this treatment.

Triptans
The triptans are serotonin agonists that are considered the most 
effective cerebral vasoconstrictors for treatment of acute migraine. 
Their side effects include injection site reactions, nausea, vomit-
ing, pressure and heat sensations, flushing, fatigue, tingling, and 
coronary vasoconstriction (making coronary artery disease or 
co-administration with other vasoconstrictors a contraindica-
tion). A small case series suggested possible efficacy but the only 
randomized, double-blind trial for PDPH, while probably under-
powered, found no improvement in severe PDPH after a single 
dose of subcutaneous sumatriptan 6 mg.129

Ergot alkaloids
Methylergonovine maleate (methergine) is an ergot alkaloid 
derivative with activity at serotonin, dopamine and noradrenaline 
receptors. Side effects are nausea and vomiting, numbness and 
tingling of digits, muscle pain, coronary and peripheral vasocon-
striction, hypertension, and rarely acute vasospasm. Despite some 
efficacy in treating migraine, there are several contraindications. 
A dose of 0.25 mg three times a day was reported to be effective 
for obstetric patients with spinal-induced PDPH, with only one of 
25 patients requiring an EBP.130 However the combination of oral 
ergotamine and caffeine is less effective than oral gabapentin,131 
so the ergot drugs are not recommended.

Gabapentinoids
Gabapentin and pregabalin are analogues of gamma-  
aminobutyricacid (GABA) and are effective against acute, 
neuropathic and inf lammatory pain. Small, non-obstetric, 
placebo-controlled randomized trials in patients with post-spinal 
PDPH found gabapentin 300 mg every 8 hours for 4  days sig-
nificantly reduced headache intensity, with side effects such as 
somnolence, ataxia, light-headedness and visual disturbance;132 
or was more effective and less nauseating than oral ergotamine 
1 mg and caffeine 100 mg.131 Pregabalin may be effective in 
the same population based on a case report and a randomized, 

single-blinded study (150 mg/day for 3 days, then 300 mg/day for 
2 days, versus placebo).133 Its side effects are short-lived dizziness 
and somnolence.

One unit reported encouraging improvement in PDPH from 
obstetric epidural dural puncture when gabapentin was titrated 
against sedation134 but currently the evidence-base is poor. Data 
on breast milk transfer is limited and potential effects on the 
developing brain have been raised based on adverse effects in 
rodent models. Thus gabapentinoids appear the most promising 
of the symptomatic treatments, but further evaluation is required.

Adrenocorticotrophic hormone and cosyntropin
It has been postulated that ACTH or cosyntropin (1-24 cortico-
tropin or tetracosactin) may reduce the severity of PDPH due 
to anti-inflammatory, salt and water retention and ß-endorphin 
enhancing properties.135,136 Potential side effects include hyper-
sensitivity reactions, flushing, malaise and dyspnoea; and post-
partum seizures have occurred contemporaneously.82 Open 
studies indicated successful relief of PDPH after single doses of 
intramuscular ACTH or cosyntropin (1.5 units/kg IV infusion 
over 30 minutes),135 but a small, randomized, double-blind trial 
in obstetric patients found no effect of Synacthen® Depot 1 mg 
(equivalent to ACTH 100 units) intramuscularly on the severity of 
headache or requirement for EBP.136 Based on this evidence, these 
agents cannot be supported.

Intravenous hydrocortisone
Although beneficial actions are speculative, possibly through sup-
pression of algogenic inflammatory mediators, steroids may be 
effective against low ICP headache. Efficacy against post-spinal 
PDPH has been found in obstetric and non-obstetric small, rand-
omized, double-blind trials, with IV hydrocortisone 100 mg every 
8 hours for 48 hours reducing headache severity within 6 hours 
compared with conventional symptomatic treatment.137,138 There 
were no apparent side effects, but very low rates of blood patch-
ing indicate that external validity and efficacy after unintentional 
dural puncture need to be established.

Non-pharmacological treatments
Occipital nerve block
PDPH is often experienced in the frontal and occipital regions, 
where the scalp is supplied by the greater and lesser occipital 
nerves of C2 and C3 roots. Occipital nerve block is a minimally 
invasive treatment for occipital neuralgia, cluster, and migraine 
headache. For PDPH, it has been postulated that this block might 
reduce central sensitization, by transiently disrupting nociceptive 
input to the dorsal roots and trigeminal nucleus.139 In addition to 
case reports of resolution of post-spinal and post-epidural PDPH, 
a randomized, single-blinded trial allocated a mixed group of 
obstetric and non-obstetric patients with post-spinal PDPH to 
either greater or lesser occipital nerve blocks with lignocaine, 
bupivacaine, fentanyl, and clonidine or conventional expectant 
treatment. Occipital block reduced pain, analgesic consumption, 
and provided complete relief for 68% versus 8% after 1 to 2 daily 
injections.140 Potential risks such as subcutaneous haematoma, 
local pain, or alopecia are minor. Larger randomized studies in 
obstetric patients and with different injectates are required, but 
occipital nerve block may prove to be a relatively straightforward 
treatment for patients who refuse an EBP.
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Acupuncture
Case reports suggest acupuncture can reduce the severity of 
PDPH, sometimes with immediate effect,141 but there is insuffi-
cient evidence to support this treatment.

Epidural saline
After epidural injection of saline 10–30 mL, epidural and suba-
rachnoid space pressures increase for 3–10 minutes. Whether this 
is of benefit in restoring ICP and reducing headache is uncertain, 
because although good success was reported in treating PDPH 
due to 25 G spinal needles, there was no benefit for post-epidural 
PDPH.142

Epidural normal saline infusions (15–30 mL/h for 24 hours) 
might sustain a rise in vertebral canal pressure more effectively 
and are claimed to have relieved PDPH following a failed EBP.143 
For patients with spinal deformity, caudal normal saline injection 
is an alternative. A small observational study of male and female 
patients with post-spinal PDPH used 80–220 mL of caudal saline 
infusion up to twice per day for 1–2  days and noted that 85% 
improved after 3–4 sessions, with only 7% requiring an EBP, but 
there was no control group.144 In practice, epidural saline infusion 
is limited by pressure-related adverse effects such as back, neck 
or ocular pain, and retinal haemorrhage has been reported.142–145 
Given the poor evidence base, this approach should only be con-
sidered for women for whom an EBP is contraindicated or has 
repeatedly failed.

Epidural colloids
Dextran, gelatins, and starch-based colloids show delayed reab-
sorption from the epidural space compared with normal saline. 
After lumbar puncture a small number of case reports describe 
the resolution of PDPH.146,147 No immunohistochemical evidence 
of neurotoxic change was seen in experimental animals receiv-
ing intrathecal Dextran 40 or 3.5% colloidal solution of polygeline 
(Haemaccel®),148 but some patients experience dysaesthesia or 
burning at the injection site. Given that the epidural colloids have 
not been adequately evaluated, they should only be considered 
when blood is contraindicated or refused; and specific informed 
consent would be essential.

Epidural fibrin glue
Gel-like fibrin glue has high tensile strength and successfully 
closes dural defects in neurosurgical patients and after removal 
of intrathecal catheters in cancer patients. An effective seal of a 
17 G epidural needle hole was obtained in a swine model149 and 
a case report described a non-pregnant patient who was suffer-
ing a post-spinal PDPH that had not responded to an EBP, but 
which resolved after injection of epidural fibrin glue 3 mL.150 This 
epidural medium has not been tested in obstetric patients or after 
unintentional dural puncture, but warrants investigation.

Epidural blood patch
Compared to conservative treatment
A Cochrane review concluded that EBP is more effective than 
either conservative treatment or a sham procedure (OR for 
PDPH 0.18; 95% CI 0.04–0.76 and OR 0.04; 95% CI 0.00–0.39 
respectively).114 The best quality randomized study, involving 42 
non-obstetric patients, found that EBP with 15–20 mL produced 
headache relief on the first and the seventh post-procedural day in 
42% and 84% of participants respectively, compared with 10% and 

14% of those receiving conservative treatment.123 EBP is thought 
to resolve symptoms through an immediate and sustained tam-
ponade, with the increase in intracranial CSF pressure leading 
to adenosine receptor inhibition, cerebral vasoconstriction, and 
fall in the elevated cerebral blood flow .6,107 Animal studies show 
a sustained CSF pressure increase for up to 240 minutes after 
epidural injection of blood or fibrin glue, compared with only a 
few minutes after epidural saline or Dextran.107 In humans, the 
increase in subarachnoid pressure is sustained for at least 15 min-
utes after EBP.106 CSF accelerates coagulation and it is thought 
that relief is then sustained if the blood clots over the meningeal 
hole, preventing further CSF loss108,151 and stimulating the fibro-
blastic proliferative response and collagen repair of the defect.
Contraindications to an epidural blood patch
Although relative contraindications, in a number of circum-
stances an EBP may present an unacceptable degree of risk. The 
injection of infected blood or tissue is inadvisable, precluding EBP 
in those with suspected or known systemic infection or skin infec-
tion at the puncture site. Injection of matched allogeneic blood 
into a febrile patient with severe PDPH has been described but 
is controversial, as the risk of creating suitable conditions for 
abscess formation still exists.147,152 The risk of spinal canal hae-
matoma may be unacceptable in those with defective haemostasis 
or on anticoagulant therapy. For example, patients on prophylac-
tic low-molecular-weight heparin should not receive a neuraxial 
block for at least 12 hours and most consider a platelet count of less 
than 50,000 × 109/L a contraindication. Oncological seeding of 
the central nervous system has been raised as an issue for patients 
with haematological malignancy147,153 but EBP is not contraindi-
cated in HIV-positive patients.154 Jehovah’s Witness patients may 
find EBP acceptable if a continuous circuit from the venous circu-
lation to the epidural space is used,155 but alternative solutions are 
saline or colloid.
Efficacy and success of an epidural blood patch
The efficacy of an EBP is thought to depend on several factors, 
such as the diameter and shape of the meningeal perforation, the 
timing of the procedure, the technique and volume of blood used, 
patient response, and post-procedural management. An EBP for 
PDPH from 20–27 G spinal needles has a short-term success rate 
of 88–96%, but relief is complete in only 50–75%.122,156 After dural 
puncture with a 16–18 G epidural needle in obstetric patients, par-
tial relief from EBP occurs in more than 70% and complete relief 
in 30–50%.28,157,158 After unintentional puncture in the obstet-
ric population, recurrent headache occurs after initial success in 
approximately 30%, of whom 30–60% request another EBP.157,158 
The success rate of a second EBP is similar to the initial.122,157 
A third EBP is only very occasionally indicated and re-evaluation, 
with possibly further diagnostic investigation, should first be 
undertaken.57 Back pain during injection may limit the volume 
of blood that can be administered .28 Nevertheless successful EBP, 
performed years after dural puncture, is reported.72,159

A large observational study identified two risk factors for the 
failure of an EBP, namely penetration of the dura and arachnoid 
by a needle of size 20 G or less (OR 5.96:  95% CI 2.63–13.47) 
and performing the procedure within 4 days (OR 2.63; 95% CI 
1.06–6.51).122 The failure rate of EBP was noted to be higher in 
those patients who received an EBP less than 24 hours after dural 
puncture, compared with beyond 24 hours.122 This finding is 
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supported by other observational studies, including in obstet-
rics, where success rates within 24 hours of dural puncture are 
extremely low158,160 and both partial and complete success rates 
of EBP performed after 48 hours are higher.28 The advantage of 
delaying an EBP is that the anticoagulant effect of local anaesthetic 
drugs in the epidural space will have waned161 and closure of the 
meningeal perforation may have commenced. Although selection 
bias cannot be discounted, it appears that EBP should ideally be 
delayed for at least 24 hours and possibly 48 hours after uninten-
tional dural puncture, keeping in mind that delay increases the 
period of suffering and hospitalization.119

Technique and volume of blood in the epidural blood patch
To minimize the risk of a repeat dural puncture, an EBP should 
be performed by experienced personnel after the patient has been 
informed about its efficacy and complications, found to be free of 
relative contraindications, and has given written informed con-
sent. The procedure should be performed under standard moni-
toring, due to the possibility of bradycardia and syncope.162 The 
lateral position is more comfortable for the patient but a short 
period of sitting is usually tolerated. A  full aseptic technique 
is obligatory and is easier if an assistant deals with the sterile 
venepuncture. A warning about mild (and occasionally moderate 
to severe) back pain during the injection of blood is mandatory, 
because this is experienced by 30–50% of patients, usually after 
at least 10 mL of blood has been administered. The risk increases 
as more blood is injected.28 Injection at an interspinous space at, 
or a space below, the level of the dural breach is common, but is 
not based on outcome data and only supported by imaging that 
demonstrates spread of blood across multiple segments, favouring 
cephalad distribution.1,109,163 Use of EBP in patients with spon-
taneous intracranial hypotension shows that injection of blood 
remote to the location of the CSF leak can be effective,3,4,71 so the 
level of insertion is probably not critical. A slow rate of injection 
is recommended because it limits the peak neuraxial pressure, 
which is thought to minimize nerve root pain. Intolerable back 
or leg pain may necessitate termination of the procedure—20% 
of women do not tolerate the injection of 20 mL and 50% do not 
tolerate 30 mL of autologous blood.28

The optimum volume of blood has been addressed in two rand-
omized trials in obstetric patients who had post-epidural PDPH. 
There was no difference in clinical outcome between 7.5 and 15 
mL.164 A three-arm study (15, 20, or 30 mL) found that immedi-
ate and permanent relief was more likely after 20 mL than 15 mL 
(OR 4.49; 95% CI 1.31–15.42), although all volumes were of similar 
efficacy in achieving partial or permanent relief.28 In addition to 
larger volumes of blood being more poorly tolerated, linear regres-
sion shows a direct relationship between increasing EBP volumes 
and worsening neurological compression syndromes.165 On this 
basis, injecting at least 20 mL of blood is recommended when 
treating PDPH after unintentional dural puncture in obstetric 
patients.
Post-epidural blood patch management
The lumbar CSF pressure is increased in the semi-erect or erect 
position, which in theory might overcome the proposed ‘dural 
plug’ effect of an EBP. Although observations suggest that out-
comes after EBP are not significantly affected by patient ambu-
lation, a small randomized trial in non-obstetric patients 
recommended placing patients in a supine position for 2 hours 

after the procedure rather than a shorter period of recumbency, 
because the headache was then of lesser intensity.166 Based on 
anecdotes of recurrent PDPH after EBP following heavy lifting, 
coughing, or abdominal straining, stool softeners may be advised. 
Occasional cases of fever122 mandate early observation of vital 
signs including temperature. Patients must be reviewed after EBP 
and their general or family practitioner informed, so that rare 
complications such as an epidural haematoma or abscess are diag-
nosed. The patient should be given advice about potential back 
pain and who to contact with post-discharge concerns.
Complications of epidural blood patch
More than half of those having an EBP experience post-procedural 
back, buttock, or leg pain for several days. This is usually mild but 
can be moderate to severe in up to a quarter of cases.28,122 Other 
complications include transient bradycardia,162 nausea, neck 
pain, dizziness, auditory disturbance, and fever.122,123 Serious 
neurological complications have not been quantified but appear 
very rare. These include radicular back pain, lumbovertebral 
syndrome (low back pain with neurological deficit in the lower 
extremities), cauda equina syndrome, arachnoiditis, seizures, and 
subdural haematoma.165 Adverse outcomes have resulted from 
cerebral ischaemia167 and VI and VIIth cranial nerve palsies are 
thought to be precipitated by changes in ICP that affect neural 
blood supply.168 The duration of cranial nerve palsy associated 
with PDPH correlates with days delayed before EBP, so early treat-
ment of cranial nerve palsy with EBP has been recommended.168 
Although imaging suggests there is rapid reabsorption of epidural 
blood,163 and success rates of subsequent epidural techniques are 
unaffected,169 it appears that rarely adhesions are formed, result-
ing in subsequent inadequate block, possible subdural block170 or 
chronic back pain due to calcification.171

Surgical closure of the dural tear
Surgery is the most invasive management of PDPH and may be 
required for the management of subdural haematoma, but menin-
geal repair is very rarely used and reserved for patients for whom 
all less invasive methods have failed to stop a chronic CSF fistula 
or persisting headache.

Conclusion
There is still much to be learned about the pathophysiology, risk 
factors (needle, technical, and patient related), natural history, 
diagnosis, and management of PDPH. High-level evidence sup-
ports prevention by using small-gauge, non-cutting spinal nee-
dles, but other preventative strategies against either unintentional 
dural puncture or PDPH are poorly supported. The absent or poor 
efficacy of commonly applied measures such as bed rest, hydra-
tion, cerebral vasoconstrictor therapy, epidural or intrathecal 
saline injection, intrathecal catheter placement, or PEBP, is noted. 
Validation of stronger evidence supporting epidural morphine or 
IV cosyntropin (tetracosactide) is required. Symptomatic treat-
ment of PDPH is also unreliable and the limited evidence that 
supports a modest benefit from caffeine, gabapentinoids, or IV 
hydrocortisone requires substantiation.

The intervention of an EBP is highly likely to relieve post-spinal 
PDPH, and is effective for PDPH after unintentional dural punc-
ture, but in the latter situation a single blood patch only completely 
resolves headache in a minority of cases. The mechanism of action 
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and best methodology for EBP also requires further research, but 
delayed intervention and injection of approximately 20 mL of 
autologous blood appear appropriate.
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CHAPTER 28

Neurological complications 
of neuraxial blockade
Vibeke Moen

Introduction
Neuraxial techniques for obstetric analgesia and anaesthesia 
are widespread, and serious complications are extremely rare. 
However, no medical procedure is completely without risks, and 
the symptoms of severe complications might present themselves 
after the woman has left the delivery suite. The knowledge of possi-
ble complications to central neuraxial blockade (CNB) is therefore 
essential not only to anaesthetists, obstetricians, and midwives, 
but also to general practitioners.1 A recent meta-analysis of stud-
ies published after 1990 estimated the incidence of persistent 
neurological injury following obstetric CNB as 1/260,000.2 The 
Third National Audit Project of the Royal College of Anaesthetists 
(NAP3) prospectively estimated complications of CNB and found 
that obstetric CNB accounted for more than 45% of all CNBs, but 
only 14% of all complications.3 More than 80% of all complications 
followed adult perioperative CNB. Twelve serious complications 
occurred in 320,425 obstetric CNBs, and the risk of permanent 
neurological injury was ‘optimistically’ estimated as 0.3/100,000, 
‘pessimistically’ as 1.2/100,000. These numbers indicate the safety 
of obstetric CNB, but it should also be remembered they apply 
to healthy parturients. Women with severe systemic disease, neu-
rological and haematological disorders become pregnant, and 
may expect the same methods for pain relief during labour and 
delivery. Risk factors that explain higher incidence of complica-
tions in perioperative patients might be present in these women. 
Some smaller studies are published regarding outcome of CNB 
in pregnant women with spinal pathology or haemostatic disor-
ders, but produce statistics that are not clinically useful, due to the 
extremely low incidence of complications in healthy women.4–6 
Previously healthy women may also develop haemostatic disor-
ders during labour caused by major obstetric haemorrhage, severe 
pre-eclampsia, or the syndrome of haemolysis, elevated liver 
enzymes, and low platelets (HELLP). Intravertebral spinal haema-
toma (SH), an otherwise rare complication of obstetric CNB, is 
predominantly described in these patients (Table 28.1).7–9

The possible injuries caused by CNB include direct trauma, 
cranial or spinal haematomas, and infectious complications. 
Arachnoiditis is a rare condition that in recent years has received 
renewed attention. Although the incidence of each single possible 
complication is extremely low, one study indicates that the major-
ity of women wish to be informed even of unlikely events; how-
ever, this may not be feasible in emergency situations.10 Intrinsic 
obstetric neuropathies, on the other hand, are not infrequent as 

they are reported to occur in 0.6–92/10,000 labouring women.11 
Due to the widespread use of neuraxial techniques for labour 
analgesia, many of the women suffering from an intrinsic obstet-
ric neuropathy will also have received CNB, and frequently obste-
tricians and midwives will assume the CNB to have caused the 
neuropathy. The anaesthetist must therefore be familiar even 
with these obstetric neuropathies, particularly as there is some 
inconclusive evidence that obstetric neuropathies could be more 
frequent in women receiving neuraxial labour analgesia.11,12 The 
explanation could be that the pain from impending damage to 
peripheral nerves would also be alleviated by the CNB along with 
the labour pain. Positional nerve compression in a person with-
out neuraxial anaesthesia will induce change of position, but pro-
found neuraxial anaesthesia may mask the experience of pain, and 
cause the woman to remain in an unaltered position for longer 
periods of time.11,13

Traumatic injuries
The last decades have seen an increase in the use of obstetric 
CNB, and this is also reflected in a related increase in insurance 
claims in different countries. Nerve injury has become the most 
frequent damaging event in obstetric anaesthesia reported in the 
American Society of Anesthesiologists Closed Claims Project, and 
a recent review of claims against the National Health Service in 
England revealed the same pattern.14,15 Only surpassed by claims 
for intraoperative pain, nerve injury was the second most com-
mon cause for litigation in England. Fortunately, most of these 
nerve injuries are less severe and temporary.15 A large prospective 
French study found 24 radiculopathies, accounting for an inci-
dence of 4.7/10,000 procedures using spinal anaesthesia (SA) and 
1.6/10,000 cases of epidural anaesthesia (EA). In most cases there 
was either paraesthesia or pain during performance of the CNB, 
and the symptoms of the following radiculopathy had the same 
topographic distribution.16 The usual presentation of a radicu-
lopathy was that of hypoaesthesia and in some cases also mus-
cle weakness.13 All were reversible, except one case following SA. 
The NAP3 reported permanent nerve injury following SA in two 
obstetric patients, accounting for an incidence of 1/67,000.3

More severe damage can occur when the conus medullaris or 
the medulla itself is damaged. Reynolds described seven cases of 
damage to the conus during SA in six obstetric and one female 
urological patient.17 All cases of SA were believed to have been per-
formed at the L2/3 interspace, whereas later magnetic resonance 
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imaging (MRI) of the patients showed damage at levels varying 
from T10 to L2. None had spinal cords ending at exceptionally 
low levels and all had experienced pain during performance of 
the SA. There were three obstetric patients among the nine who 
experienced damage to the conus in a Swedish study and the 
anaesthetist thought that the block had been performed at L1/2 
in only one case.8 In all other cases, a lower level was assumed. 
EA was performed on eight of these patients and SA in one. Pain 
was experienced during performance of the CNB in all cases but 
one, and all patients were left with neurological deficit. A recent 
case of traumatic damage to the conus medullaris followed SA for 
caesarean delivery. The SA was reported to have been performed 
at the L2/3 interspace; however, the MRI accompanying the case 
report apparently indicates damage of the conus at the level of 
L1/2 (Box 28.1 and Figure 28.1).18

Direct trauma to the cord or conus medullaris evidently occurs 
even when the anaesthetist believes the CNB to be performed at a 
safe interspace.17 This may be due to the spinal cord ending lower 

than usual, erroneous identification of the lumbar interspace, or 
an unfortunate combination of both these circumstances.

The cord usually terminates above the L1/2 interspace, but may 
extend further.17 Results from two separate studies, one using 
MRI, the other in cadavers, indicate that the spinal cord termi-
nates below L1 in 60–80% of adults, and below the lower part of 
L2 in 5–20% of adults.19,20 The MRI study indicates that the conus 
may end as high up as the middle-third of the T12 vertebral body, 
or extend to the L3 vertebral body.19 Moreover, the conus tends to 
end lower in women compared to men, and there are also racial 
differences, as the conus is reported to end at L2 or L2–3 in 32% of 
Africans compared to 20% of Europeans.21,22

The imaginary line joining the iliac crests, most often named 
Tuffier’s line, is commonly used as an anatomical landmark for 
neuraxial anaesthesia.17 When Tuffier’s line is determined by pal-
pation, it is considered to cross the spine at the L3/4 interspace (see 
Figure 20.4 in Chapter 20). However, Tuffier’s line was originally 
a radiological landmark, and on imaging, Tuffier’s line crosses 

Table 28.1  Spinal haematoma following CNB in three recent large series

Obstetric anaesthesia Non-obstetric anaesthesia (men 
and women)

SA EA CSE SA EA CSE

Sweden 1990–19998

Cases 1a 1a 7 24

Patients 55,000 205,000 1,210,000 245,000

Incidence 1/55,000 1/205,000 1/173,000 1/10,200

UK 2006–20073

Cases 0 0 0 0 6 0

Patients 133,525 161,550 25,350 189,000 97,925 16,525

Incidence 1/16,320

Finland 2000–20099

Cases 0 0 0 1 4 5

Patients 66,000 144,000 101,000 775,000 185,000 89,000

Incidence 1/775,000 1/46,250 1/17,800

Total

Cases 1a 1a 0 8 34 5

Patients 254,525 510,550 126,350 2,174,000 527,925 105,525

Incidence 1/254,525a 1/510,550a 1/271,750 1/15,527 1/21,105

The incidence of SH following SA, EA and CSE in three recent, large series. CSE was very rarely performed in Sweden during 
the actual period.
aBoth obstetric patients in Sweden had severe coagulopathy due to HELLP. In one case, SA was performed for emergency 
caesarean delivery, and although the patient had severe haemostatic compromise, SA was preferred to GA. A small SH 
developed, but the patient recovered completely with conservative management. In the other case, the epidural catheter 
was withdrawn while the coagulopathy was deteriorating. Diagnosis was delayed, and although laminectomy was 
performed, the patient did not recover completely.

Data from Cook TM, Counsell D, Wildsmith JA. Major complications of central neuraxial block: report on the Third National 
Audit Project of the Royal College of Anaesthetists. British Journal of Anaesthesia. Volume 102(2), pp. 179–90. Copyright 
2009. Data from Moen V, Dahlgren N, Irestedt L. Severe neurological complications after central neuraxial blockades in 
Sweden 1990-1999. Anesthesiology. Volume 101(4), pp. 950–9. Copyright 2004. Data from Pitkanen MT, Aromaa U, Cozanitis 
DA, Forster JG. Serious complications associated with spinal and epidural anaesthesia in Finland from 2000 to 2009. Acta 
Anaesthesiologica Scandinavica. Volume 57(5), pp. 553–64. Copyright 2013.
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the spine at the spinal process of L4 or at the L4/5 interspace, and 
therefore some authors may refer to Tuffier’s line as crossing the 
spine at this lower level.17,23,24 It is of course not surprising that 
the intercristal line determined by palpation lies higher than when 
it is determined on imaging, and the inaccuracy may be increased 
in the pregnant patient.25 In addition to hyperlordosis and weight 
gain, patient positioning may also lead to inaccuracy when deter-
mining Tuffieŕ s line in the obstetric patient when lying on her 
side. The width of the woman’s hips compared to that of her shoul-
ders will induce the imaginary intercristal line to cross the spine 
obliquely, and at a higher level.25

Two recent studies have assessed by ultrasound the level at 
which the intercristal line, determined by palpation, crossed the 
spine in pregnant women at term.23,24 The results from these two 
studies show that Tuffier’s line crossed the spine immediately 
above the L2–3 interspace in 27% and 35.5% respectively.

The inability even amongst experienced anaesthetists to cor-
rectly localize the interspace has been repeatedly documented.26,27 
Broadbent and colleagues found that the interspace identified was 
one to four interspaces higher than intended on 68% of all occa-
sions. Similar results were found in a more recent study that used 
ultrasound 24–72 hours after delivery to determine the actual 
level of insertion of CNB in 99 obstetric patients who had received 
CNB during labour.22 Ultrasound examination showed that the 
CNB had been performed higher than the level noted in the anaes-
thetic record in almost 50% of the patients, and at a lower level 
only in 15% of the patients. From these studies, it is apparent that 
SA is quite often performed at levels where many patients could 
still have underlying spinal cord.

A recent study found that in 29% of occasions even experienced 
anaesthetists perforated the dura with a 27 G Whitacre needle 
without experiencing the ‘pop-sign’ and the needle advanced 

further than intended.28 The authors recommend that in addition 
to choosing a low interspace, anaesthetists should advance the 
spinal needle with an incremental rather than continuous tech-
nique. It should also be remembered that the tip of the modern 
atraumatic needles is also approximately 1 mm beyond the orifice 
compared to the older cutting edge Quincke needles, so insertion 
to obtain cerebrospinal fluid (CSF) is deeper and the potential 
for cord damage is greater.17 Therefore, the practice of routinely 
performing SA in the L2/3 interspace exposes the patient to an 
unnecessary risk, and should be discouraged, as it is associated 
with a high probability of performing SA at an interspace with 
underlying conus.20

Ultrasound technology may prove a valuable tool for the safe 
placement of CNB, as this technique may correctly determine 
the midline and the interspace before performing CNB. Also, the 
ultrasound may predict the distance from the skin to the ligamen-
tum flavum.29 One study used ultrasound imaging of the spine to 
determine the depth of the epidural space in 61 patients requir-
ing EA for labour analgesia.30 The predicted depth of the epidural 
space correlated well with the actual needle depth, with a correla-
tion coefficient of 0.881 (95% confidence interval (CI) 0.820–0.942). 
However, the use of ultrasound in an emergency situation would 
be difficult in all but experienced hands, and palpation of Tuffier’s 

Box 28.1  Traumatic injury to the conus medullaris during spinal 
anaesthesia

A 28-year-old healthy woman at 40 weeks’ gestation was admit-
ted for urgent caesarean delivery. A  senior anaesthetist per-
formed SA in the L2/3 ‘where the inter-space was best palpated’ 
using a 26 G Atraucan needle. When the needle had been intro-
duced approximately 85 mm, the patient experienced shooting 
pain radiating from the lumbar region to the back of the left 
leg and foot. When the spinal needle was withdrawn 2–3 mm, 
CSF flowed freely, and the local anaesthetic was injected with-
out causing pain. The caesarean delivery was successfully com-
pleted with good anaesthesia. On the second postoperative day 
the patient complained of back pain, and severe pain radiating 
to the left leg. The left patellar and Achilles reflexes were weak, 
and there was also a sensorial deficit in the left L3 and L4 der-
matomes. MRI showed a hyperintense lesion in the conus med-
ullaris. The patient was treated with methylprednisolone for 24 
hours. After 2 months she had recovered completely.

On the MRI, the lesion would appear to be at the L1/2 level, 
not the L2/3 level (Figure 28.1). This case therefore also illus-
trates the difficulty of correctly determining the interspace.

Data from Erk G, Taspinar V, Akay M, Gokcil Z., Spinal hematoma as a 
result of spinal anesthesia for cesarean section. Neurosciences (Riyadh, 
Saudi Arabia), volume 14, Issue 2, pp. 182–3, Copyright 2009.

Figure 28.1  A hyperintense lesion at the conus medullaris (arrow) shown on the 
T2-weighted sagittal MRI scan of the patient.
Reprinted with permission from Erk G, Taşpınar V, Akay M, Gokçil Z. Spinal hematoma as a 
result of spinal anesthesia for cesarean section. Neurosciences. Volume 14, issue 2, pp. 182–3, 
Copyright © 2009 with special permission of Neurosciences.
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line will continue to be the standard technique in the future. 
Therefore, knowledge of anatomical details and caution particu-
larly when performing SA are of upmost importance. For further 
details, see Chapter 54.

Spinal haematoma following central 
neuraxial blockade
The development of intravertebral SH following obstetric CNB is a 
very rare event. Scott and Hibbard reported one case of SH follow-
ing 505,000 obstetric CNBs performed between 1982 and 1986.31 
A recent meta-analysis calculated the incidence of SH following 
obstetric EA as 1/562,628 in contrast to the incidence of 1/11,243 
in the general surgical population.32 Whereas the incidence of SH 
following SA is reported as 1/173,000 to 1/775,000 in non-obstetric 
patients, the rare case reports of SH following obstetric SA pre-
clude any statistic calculation (Table 28.1).8,13,33 Spontaneously 
occurring SH during pregnancy is also described.34 The few 
reported cases of obstetric SH following CNB have mostly, but 
not exclusively, occurred in patients with compromised haemo-
stasis due to major obstetric haemorrhage, severe pre-eclampsia, 
or HELLP (Table 28.1, Box 28.2, and Figure 28.2).7,8,14,33 In rare 
cases, previously asymptomatic arteriovenous malformations 
may cause SH following CNB.11

The haematomas may be localized in the spinal, epidural, or in 
the subdural space.35 With MRI this distinction is possible, and 
recent papers describe more accurately the localization. Most of 
the rare cases reported in the literature are reported simply as SH 
without further distinction of localization and are discussed as 

such in this section. Risk factors for the development of SH in the 
non-obstetric population are spinal pathology, vascular disease, 
anticoagulant therapy, and haemostatic disorders, including those 
caused by renal insufficiency.8,32,36 The performance of CNB in 
women with spinal pathology or previous spinal surgery may be 
technically difficult or unsuccessful, and in one study neurologi-
cal complications appeared to be more frequent.4 If an obstetric 
patient has risk factors she should be informed of the increased 
risks of developing a SH but the actual quantifiable risk is difficult 
to define.6 However, an individualized risk:benefit analysis should 
be performed in order to determine if a neuraxial block is justified.

Box 28.2  Spinal haematoma after large obstetric haemorrhage

During delivery of her first baby, a healthy 38-year-old woman 
had an epidural inserted for analgesia. Her coagulation status 
was normal, with a platelet count of 118 × 109/L. The epidural 
catheterization was uneventful with no bloody tap, and the 
catheter was introduced 3 cm in the L4/5 interspace. She was 
delivered by ventouse extraction because of a non-reassuring 
fetal heart rate. The baby had an Apgar score of 0 at birth, and 
did not respond to resuscitation. Massive postpartum haem-
orrhage ensued, with severe coagulopathy. The lowest platelet 
count was 16  × 109/L. Under general anaesthesia, ligation of 
the hypogastric arteries was performed, this being necessary 
to control haemorrhage. When the patient was extubated, 48 
hours after delivery, she was paraplegic. An emergency MRI 
showed a haematoma extending from T3 to T5 (Figure 28.2). 
No surgical intervention was considered necessary, because the 
cord had minimal compression, and the patient recovered com-
pletely. The epidural catheter had accidentally been withdrawn 
during the transfers between operating theatre and intensive 
care units, while her coagulation was severely compromised. 
This manipulation of the epidural catheter was considered to 
have caused the haematoma.

Data from Nguyen L, Riu B, Minville V, Chassery C, Catalaa I, Samii K., 
Epidural hematoma after hemorrhagic shock in a parturient, Canadian 
Journal of Anaesthesia, volume 53, issue 3, pp. 252–7, copyright © 2006 
Springer.

Figure 28.2  Sagittal view at the dorso-lumbar level; The arrows 
indicate: Hyperdense epidural collection reaching from T3 to L5 (white) in 
relation to the medulla (recent blood: methemoglobin) and hypodense (black) 
corresponding to old blood, hemosiderine at the borders of the collection.
Springer and the Canadian Journal of Anesthesia, volume 53, issue 3, 2006, pp. 252–7,  
Epidural hematoma after hemorrhagic shock in a parturient. Luc Nguyen. With kind 
permission from Springer Science and Business Media.
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Traumatic CNB insertion has also been considered a risk factor 
for the development of SH. European guidelines advise consider-
ing postponing non-obstetric surgery in the case of a bloody tap, 
particularly when intraoperative anticoagulation is planned.32,37 
However, in obstetrics, the luxury of postponing delivery is not 
possible, and the discrepancy between the low incidence of SH 
and the frequent bloody tap when performing obstetric EA is 
therefore of particular interest.38 The incidence of bloody tap, 
reported as varying between 1% and 12%, is influenced by the 
positioning of the obstetric patient during performance of the 
CNB.38 A  study involving 900 women reported the incidence 
of bloody tap when performing EA in the sitting, lateral recum-
bent, or lateral recumbent head-down position (25–30°) as 10.7%, 
6%, and 2% respectively. Women with a body mass index above 
35 kg/m2 were excluded from this study, and a subsequent study 
examined the influence of position in the morbidly obese.39 The 
results from this study showed that bloody tap occurred in 1.3% 
patients in the lateral recumbent head-down position compared 
to 12.9% and 12.0% in the lateral recumbent and sitting position 
respectively.

The lack of serious consequences of a bloody tap in obstetric 
patients is obvious from clinical practice. The state of hyperco-
agulability in the pregnant woman could limit bleeding following 
a bloody tap. Also, the young spine is more forgiving if there is 
bleeding in the spinal canal, as demonstrated by a series of MRIs 
performed between 30 minutes and 18 hours after blood patches 
in five individuals, all younger than 45 years.40 The MRI showed 
extensive leakage of blood into the subcutaneous tissue in all 
patients. In contrast, a case report showed that an epidural infu-
sion of local anaesthetic at a rate of 5 mL/h caused compression of 
the medulla in an elderly woman with severe scoliosis.41

Removal of the epidural catheter is as critical to the forma-
tion of a SH as the insertion of the EA. This is indicated by the 
fact that 30–50% of all SHs reported have occurred following 

catheter removal.8,36,42 The healthy obstetric patient can develop 
severe coagulopathy after placement of the epidural catheter, 
thus becoming a high-risk patient for SH.42 Postpartum haemor-
rhages resulting in coagulopathy is a contraindication to removal 
of an epidural catheter. Coagulopathy must be reversed before 
removal of the catheter, and the epidural catheter should not be 
removed within 12 hours of administration of thromboprophy-
laxis. Similarly, administration of anticoagulant must be delayed 
for more than 4 hours after an epidural catheter is removed.43,44 
Midwives should be aware of this, and there should be written and 
established routines regarding management and withdrawal of 
the epidural catheter.

Symptoms and diagnosis
Contrary to widespread belief, the first symptom of SH following 
CNB is usually not pain, but more often progressive motor block-
ade and sensory deficit. Bladder and bowel dysfunction may also 
be present.3,7,8,11,32,36 The possibility of SH should therefore not 
be dismissed by the absence of pain. Interestingly, a recent review 
describes pain, often intense, as the presenting symptom in all 
11 cases of spontaneous SH in pregnant women.34 These differ-
ences could have pathophysiological explanations. In more slowly 
progressing compression, an impairment of the venous drain-
age reduces circulation in the medulla, with slow development of 
symptoms.45,46 Abrupt interruption of circulation as caused by 
spontaneous SH may cause more dramatic symptoms.

Modern labour analgesia causes little or no motor impairment, 
therefore the greatest confounding factor in a newly delivered 
woman would be an obstetric neuropathy. Obstetric neuropa-
thies, compared to SH, are common and usually unilateral. 
Postoperative pain relief by epidural infusion of local anaesthet-
ics may, however, cause some motor block, thereby inducing the 
well-described mistake of attributing motor blockade to the local 
anaesthetic.

(A) (B) (C)

Figure 28.3  MRI images 48 hours after CSE anaesthesia, approximately 44 hours after the onset of sensorimotor symptoms. (A) Lumbar spine sagittal T1-weighted 
image showing haematoma up to L2–3 (arrow) which is difficult to identify due to isointensity with spinal cord and CSF. (B) Lumbar spine sagittal T2-weighted inversion 
recovery image with fat saturation showing heterogenous collection between L3 and L5 (arrow) in the caudal sac with compression of the cauda equina and nerve root 
displacement. (C) Sagittal turbo inversion-recovery image with fat saturation showing a hypointense area of the dural sac from L3 to S1 (arrow), consistent with CSF 
contamination with blood.
Reprinted with permission from Walters MA, Van de Velde M, Wilms G. Acute intrathecal haematoma following neuraxial anaesthesia: diagnostic delay after apparently normal radiological 
imaging. International Journal of Obstetric Anesthesia, 2012; 21: 181–5. Copyright © 2012 Elsevier.
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The presence of motor or sensory impairment in a newly deliv-
ered woman should generate prompt evaluation, and all anaesthe-
tists involved in obstetric anaesthesia should be able to recognize 
an obstetric neuropathy.11,47

Computed tomography (CT) is usually more readily avail-
able, but may not provide the correct information, thus delaying 
diagnosis.35 The definitive diagnosis of SH should be made by 
MRI, and as the MRI findings of a SH evolve over time, informa-
tion regarding time perspective is important for the radiologist 
(Figure 28.3).35 In the hyperacute phase (within 12 hours of hae-
matoma formation), the oxyhaemoglobin present will produce an 
isointense signal on T1-weighted images, and it may also be dif-
ficult to visualize the SH on the T2-weighted images. Therefore, a 
negative MRI in a patient with symptoms should not definitively 
rule out the diagnosis of SH. Diagnostic delay caused by a negative 
CT scan and misinterpretation of MRI images led to permanent 
neurological damage described in a recent tragic case report.35 
Laminectomy is most often warranted, and the time at disposal 
for diagnosis and surgery is very short. For a prognosis of full res-
titution, a time frame of 8 hours from appearance of symptoms to 
definitive treatment is usually quoted.36

Risk factors and prevention
Coagulopathies and haemostatic disorders are the most impor-
tant risk factors for SH in obstetric CNB.7,48 Guidelines regarding 
thromboprophylaxis and CNB are issued by government bodies 
and specialist subcommittees in many countries.37,43,49–53 The 
most recent guidelines issued in the United Kingdom include spe-
cific recommendations for obstetric patients, and are easily acces-
sible also in cases of emergency (Table 28.2).44 These guidelines 
also grade their recommendations according to level of risk asso-
ciated with CNB.

Guidelines may differ in their recommendations, reflecting the 
lack of robust data assessing specific risk. Consensus relies heav-
ily on expert opinion, and concern has been expressed regarding 
medicolegal implications of the guidelines.54 However, the lack of 
guidelines has also been recognized as a risk factor.3 Patient safety 
should therefore be expected to benefit from adherence to guide-
lines, with the knowledge that recommendations never can guar-
antee absolute safety, and all treatment must be individualized.

Thrombocytopenia and haemostatic disorders
Platelet count is not usually performed before placement of CNB 
in a healthy parturient, nor is it considered necessary without a 
history that indicates risk of abnormal bleeding.11,44,53 Platelet 
count should be performed whenever coagulation abnormal-
ity is suspected, and in women receiving thromboprophylaxis, 
as well as in women with pre-eclampsia, placental abruption, or 
intrauterine fetal death.44 Cholestasis may cause malabsorption 
of vitamin K, leading to coagulopathy due to a deficit in clotting 
factors.44 However, thrombocytopenia may be accidentally dis-
covered, and benign gestational thrombocytopenia accounts for 
75% of thrombocytopenic cases encountered during pregnancy.55

Gestational thrombocytopenia typically appears in the third 
trimester and may be repeated in subsequent pregnancies. Platelet 
count can decrease up to 20% during normal pregnancy, but 
remains above 150  × 109/L in most of these women. However, 
7% of pregnant women have platelet counts below 150 × 109/L; 
of these, 0.5–1% will have platelet counts below 100 × 109/L. The 

platelet count usually remains above 90 × 109/L, and platelet func-
tion is normal. Importantly, the fetus is not affected. The gesta-
tional thrombocytopenia is therefore usually without clinical 
significance, and does not preclude CNB.56 A stable platelet count 
above 75 × 109/L is proposed as adequate level for CNB in healthy 
women in the recent UK guidelines (Table 28.2).44,56

Idiopathic thrombocytopenic purpura (ITP) is an autoimmune 
disorder that accounts for 4% of the observed cases of thrombo-
cytopenia in pregnancy.55 Thrombocytopenia due to ITP may 
predate pregnancy, may worsen during pregnancy, and the plate-
let count may decrease below 50 × 10 9/L. One study found that 
detection of thrombocytopenia prior to 28 weeks of gestation and 
platelet levels lower than 50 × 10 9/L were highly sensitive indica-
tors of ITP.55 The maternal antibodies may be transferred to the 
fetus, leading to fetal platelet destruction, and caesarean delivery 
might be chosen to reduce fetal risk. The low platelet level associ-
ated with ITP has been considered a contraindication for CNB, 
but small studies report CNB performed without complications.5 
Douglas suggests that patients with ITP, and no history of bleed-
ing at that count, can receive CNB at a platelet count above 50 × 
10 9/L, and this view is supported by Abramovitz and Beilin.56,57 
The recent UK guidelines consider relative risk of CNB ‘normal’ 
in women with ITP and platelet count above 75  × 10 9/L, and 
‘increased risk’ with platelets 50–75 × 10 9/L (Table 28.2).44

Platelet count may also decrease in pre-eclampsia and 
HELLP, and together with gestational thrombocytopenia and 
ITP these conditions account for 99% of all cases of thrombocy-
topenia in pregnancy.57 Thrombocytopaenia may also be caused 
by treatment with heparin and low-molecular-weight heparin 
(LMWH).44

The platelet function is as important as the platelet number.44,57 
In gestational thrombocytopenia and ITP the platelet function is 
normal, whereas thrombocytopenia in association with decreased 
platelet function may be present in pre-eclampsia and HELLP.57 
HELLP is associated with a significantly increased risk of bleed-
ing, including risk of SH following CNB, but the risk of SH in 
pre-eclamptic women is more difficult to evaluate.7,48,58 One epi-
demiological study found a significant increase in postpartum 
bleeding in pre-eclamptic women compared to healthy women.59 
This population-based study did not find that bleeding was cor-
related to the severity of pre-eclampsia. However, Davis and col-
laborators found that while only women with HELLP had reduced 
clotting strength examined with thromboelastography, platelet 
function was decreased in all pre-eclamptic women when meas-
ured with a platelet function analyser.60

The safe level of platelet count has yet to be determined, and 
probably also varies according to the cause of thrombocytope-
nia, with stability and preserved function being more impor-
tant issues.57,61 In gestational thrombocytopenia and ITP, the 
number of platelets is more constant and the platelet function 
normal, whereas the platelet count might be rapidly diminish-
ing in pre-eclampsia and HELLP.57 Platelet count and evaluation 
of coagulation by activated partial thromboplastin time (aPTT) 
and prothrombin time (PT), usually measured by international 
normalized ratio (INR), should be performed in close temporal 
relationship to CNB in women affected by severe pre-eclampsia 
and HELLP. When considering the method of anaesthesia for cae-
sarean delivery in these patients, the indefinable risk of SH fol-
lowing SA must be weighed against the documented risk of lethal 

 

 



Table 28.2  Relative risks related to neuraxial blocks in obstetric patients with abnormalities of coagulation

Risk factor Normal risk Increased risk High risk Very high risk

LMWH–prophylactic dose >12 h 6–12 h <6 h <6 h

LMWH–therapeutic dose >24 h 12–24 h 6–12 h

UFH–infusion Stopped > 4 h and APTTR ≤ 1.4 APTTR above normal range

UFH–prophylactic bolus dose Last given > 4 h Last given < 4 h

NSAID + aspirin Without LMWH With LMWH dose 12–24 h With LMWH dose < 12 h

Warfarin INR ≤ 1.4 INR 1.4–1.7 INR 1.7–2.0 INR > 2.0

General anaesthesia* Starved, not in labour, antacids given Full stomach or in labour

Pre-eclampsia Platelets > 100 × 109.1–1 within 6 h of 
block

Platelets 75–100 × 109.1–1 (stable) and 
normal coagulation tests

Platelets 75–100 × 109.1–1 (decreasing) 
and normal coagulation tests

Platelets < 75 × 109.1–1 or abnormal 
coagulation tests with indices ≥ 1.5 or 
HELLP syndrome

Idiopathic thrombocytopenia Platelets > 75 × 109.1–1 within 24 h of 
block

Platelets 50–75 × 109.1–1 Platelets 20–50 × 109.1–1 Platelets < 20 × 109.1–1

Intra–uterine fetal death FBC and coagulation tests normal 
within 6 h of block

No clinical problems but no 
investigation results available

With abruption or overt sepsis

Cholestasis INR ≤ 1.4 within 24 h No other clinical problems but no 
investigation results available

LMWH, low molecular weight heparin; UFH, unfractionated heparin; APTTR, activated partial thromboplastin time; NSAID, non-steroidal anti-inflammatory drug; INR, international normalised ratio.

*Although general anaesthesia is not a risk factor per se for coagulation complications, it is included in this Table to highlight that the alternatives to regional anaesthesia are not free of risk; thus a risk-benefit comparison is required when 
choosing one over the other.  
Reproduced with permission from W. Harrop-Griffiths et al., Regional anaesthesia and patients with abnormalities of coagulation, Anaesthesia, Volume 68, Issue 9, pp.966–972, Copyright © 2013 John Wiley and Sons.
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intracerebral haemorrhage during intubation, in addition to the 
well-known risks of failed intubation in this group.44,58

Placental abruption and intrauterine fetal death may also be 
complicated by coagulopathy, therefore platelets, INR, and aPTT 
should be determined before performance of CNB.44

Thromboprophylaxis
Pregnant women are at high risk of thromboembolic events, and a 
large number of women receive thromboprophylaxis or even ther-
apeutic doses of anticoagulants, usually LMWH.43 The guidelines 
issued by the Royal College of Obstetricians and Gynaecologists 
suggest that women receiving thromboprophylactic doses of 
LMWH discontinue their medication at the onset of labour or 
prior to planned delivery to allow administration of CNB dur-
ing labour.43 For women receiving high prophylactic or thera-
peutic doses of LMWH, the dose of heparin should be reduced 
to thromboprophylactic levels the day before induction of labour. 
CNB should not be used until at least 12 hours after the previous 
prophylactic dose of LMWH, and if a woman receives therapeu-
tic doses of LMWH, CNB should not be administered for at least 
24 hours after the last dose of LMWH (Table 28.2).44 Likewise, 
the epidural catheter should not be removed within 12 hours of 
the most recent injection. Administration of LMWH should be 
delayed for 4 hours after SA or after an epidural catheter has been 
removed.43,44 NICE guidelines also recommend aspirin 75 mg 
daily to women at high risk of pre-eclampsia, and some of these 
women may also receive LMWH. However, aspirin per se is not a 
contraindication to receiving neuraxial anaesthesia.62 The recent 
UK guidelines recommend that CNB be delayed 12–24 hours after 
last dose of LMWH in these patients (Table 28.2).44

However, in the clinical setting, the anaesthetist will also have 
to consider the different risks and benefits related to EA for labour 
pain compared to SA for emergency caesarean delivery. Neuraxial 
anaesthesia is recommended for emergency caesarean delivery as 
it is considered safer than general anaesthesia.44,48,63 Therefore, 
the lower risk of SH following SA could permit its use in patients 
with a degree of haemostatic disturbance that would be consid-
ered a contraindication to EA.56 No case of SH is reported after 
CNB in obstetric patients receiving thromboprophylaxis with 
LMWH. As always, the final decision must rely on an individual-
ized evaluation and risk:benefit analysis.

Major obstetric haemorrhage
In the obstetric patient with deteriorating coagulation, most fre-
quently due to large obstetric haemorrhage or HELLP, haemostatic 
function should be monitored and INR should be interpreted with 
great caution.50

The correlation between the actual levels of vitamin K-dependent 
coagulation factors (II, VII, IX, and X) and PT expressed as INR 
are reliable indicators of adequate haemostasis only in the stable 
patient. The PT is most sensitive to factors II and VII, less to fac-
tor X, and does not measure the activity of factor IX at all. The 
half-life of factor VII is 6–8 hours, factor II has a half-life of 50–80 
hours, and the half-life of factor X lies in between, at 25–60 hours. 
Bleeding may occur if the level of any of the clotting factors is 
reduced to 20–40% of its baseline. In stable conditions, an INR of 
1.5 is associated with a reduction of factor VII to 40% of baseline, 
and is therefore considered an indicator of adequate haemostasis. 
In unstable conditions, however, these correlations are unreliable. 

The patient recovering from coagulopathy due to large obstetric 
haemorrhage may have an INR of 1.4, but INR will mainly reflect 
the increase of factor VII, as factors II and X will recover more 
slowly. Therefore, in these situations, an INR of 1.4 might not 
be associated with good haemostasis.50 Removal of an epidural 
catheter should not be considered before the INR has indicated 
adequate haemostasis for the time necessary for all coagulation 
factors to reach 40% of baseline. It would therefore seem prudent 
to wait until the INR has been stable at 1.4 or below for 24 hours 
before considering removal of an epidural catheter. One case 
report describes a SH that occurred following major obstetric 
haemorrhage, and it was later discovered that the epidural cath-
eter had been inadvertently withdrawn when severe coagulopathy 
was present (Box 28.2 and Figure 28.2).42

In summary, available data suggest that platelet level, and even-
tual rate of decline of platelet level, should be considered as well 
as platelet function before performing CNB in a woman with 
thrombocytopenia. Additional tests of haemostasis such as INR 
and aPTT should be performed in these women, and also after 
large obstetric bleeding, and in cases of intrauterine fetal death 
or placental abruption.44 Removal of the epidural catheter is as 
critical with respect to SH formation as the insertion of EA. SA 
performed with a small-gauge atraumatic needle carries a lower 
risk of SH than EA.8,44,56 Adherence to guidelines may enhance 
patient safety.

Cranial subdural haematoma
Cranial subdural haematoma (CSH) is a well-documented compli-
cation of accidental dural puncture as well as uncomplicated SA, 
and is usually considered extremely rare. Vos reported 45 cases of 
CSH before 1991 in the literature, and Errando and Perez-Caballero 
reported 57 cases from 1994 to 2010.8,64,65 However, a Medline 
search discloses eight cases reported in 2012 alone, including five 
obstetric cases.32,66–72 The incidence of CSH might be very low, 
but the large number of CNBs performed will most probably con-
tinue to cause this potentially life-threatening complication. The 
prevalence of obstetric patients amongst those suffering CSH after 
accidental dural puncture might reflect the larger proportion of 
obstetric EAs performed, but the presence of risk factors particular 
to the obstetric population cannot be ruled out.

A recent review described 25 cases of CSH following SA per-
formed with needle sizes varying between 19 and 27 G.73 The age 
of the patients varied between 20 and 88 years, and six of these 
patients were obstetric. The same review reported 21 patients with 
CSH after accidental dural puncture, of these 19 were obstetric 
patients. The earliest diagnosis of CSH following SA was made 6 
hours after SA, the latest after 29 weeks. The time intervals were 
similar following accidental dural puncture. Surgery was per-
formed in 35 patients, and of these six patients died.

Often the diagnosis was delayed, typically in a case of post-
dural puncture headache (PDPH) that despite change in sever-
ity or characteristics was left without further investigation until 
severe neurological symptoms developed. These symptoms vary 
from confusion and disorientation, hemiparesis, and seizures and 
obviously will depend on the size and localization of the haema-
toma. Thus, the severity and diagnostic difficulties of CSH are not 
to be neglected, as illustrated by a case report published in 2011 
(Box 28.3 and Figure 28.4).74
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Leakage of CSF and the consequent low intracranial pressure 
(ICP) are considered the cause of both PDPH and CSH.75 The 
downward displacement of the brain with traction of the bridg-
ing cerebral veins is believed to cause their rupture, leading to the 
formation of a subdural haematoma.70

However, based on data from experimental studies, Grände 
offers an alternative explanation to the mechanisms that cause 
PDPH, and in extension, also to the development of CSH.76 The 
subdural draining veins just inside the dura are normally col-
lapsed, as the ICP is higher than the venous pressure. These col-
lapsed veins prevent retrograde transmission of systemic venous 
pressure variations, creating a venous gate protecting the brain. 
Lumbar puncture (LP) causes distal opening to the atmosphere of 
the normally closed dural space, thereby reducing ICP. Lowering 
of ICP will reverse the normal subdural venous collapse, leading 
to venous dilation which causes pain and an increase in intracra-
nial blood volume. The effect of these changes in pressure gradi-
ents is most evident in the upright position, explaining the typical 
positional severity of PDPH.76 One study showed that bearing 
down after accidental dural puncture increased the incidence 
of PDPH.77 This could be explained by the loss of the protective 
venous gate as described by Grände, thereby permitting trans-
mission of increased venous pressure, and could also favour the 
development of CSH in obstetric patients. Brain size decreases by 
approximately 2% during pregnancy, and the ventricles increase 
proportionally, returning to original size 24 weeks after deliv-
ery.78 It is not known whether this physiological variation has any 
impact on the hydrostatic changes that follows perforation of the 
dura in the obstetric patient.

An epidural blood patch as treatment for PDPH has been pro-
posed also to prevent the development of CSH, but in several case 
reports the CSH occurred in patients who already had received a 
blood patch.65,70,73,79 However, the above-mentioned pathophysi-
ological mechanisms support the use of a blood patch in patients 
suffering from PDPH.

The diagnosis of CSH is best performed with MRI, but if only a 
CT scan is available, this must be contrast enhanced. A CT scan 
performed without contrast may be unreliable 7–21  days after 
all forms of subdural haematoma, because the haematoma and 
brain tissue have the similar radiographic density.70 For some 
patients with CSH, conservative treatment has been appropri-
ate, but craniotomy has been necessary in many of the cases 
described.65,70,74,79

Cranial nerve palsies
Focal neurological deficit due to isolated cranial nerve pal-
sies may be present in patients who have received CNB.12 It is 
believed that a dural puncture may cause low ICP leading to 
stretching of the cranial nerves as well as PDPH. Patients may 
complain of diplopia and hearing loss that may accompany or 
precede PDPH.42 Diplopia is most frequently caused by stretch-
ing of the abducens nerve (cranial nerve VI). The oculomotor 
nerve (cranial nerve III) and the trochlear nerve (cranial nerve 
IV) may also be affected. The palsy is usually unilateral, but can 
be bilateral. Low ICP is also reflected in a decreased pressure in 
the perilymph within the cochlea that causes hearing impair-
ment, typically in the low frequency area.12 Smaller-gauge nee-
dles more rarely cause cranial nerve palsies, and blood patches 
may not always resolve the condition once it has become mani-
fest.42 Patients may suffer from chronic palsies despite a blood 
patch for PDPH.8,42

Bell’s palsy is three times more common in the pregnant com-
pared to the non-pregnant patient, and may occur even after deliv-
ery.43 Facial nerve palsy is usually not related to CNB, but there 
are occasional reports of facial nerve palsy that have been consid-
ered associated with obstetric CNB.12

Ischaemic injury to the spinal cord
Ischaemic injury to the spinal cord is most often described fol-
lowing aortic surgery, but rare cases are reported in obstetric 
patients.13,45,80 Prolonged hypotension may cause cord ischae-
mia in obstetric patients, but also aortic compression, epidurally 
administered vasoconstrictors, as well as vasospasm elicited by the 
epidural catheter are believed to have caused cord ischaemia.81,82 
The anterior lumbar spinal cord is particularly sensitive to hypop-
erfusion, as its blood supply depends on a single unilateral artery, 
the artery of Adamkiewicz.46 A secondary blood supply arising 
from the internal iliac artery is described in 15% of individuals. 
Compression of this artery by the fetal head could cause ischae-
mia even in the absence of systemic hypoperfusion.83 The anterior 
spinal artery syndrome arises from ischaemic damage limited to 
the anterior part of the cord. The symptoms are therefore charac-
teristic, with motor deficit and dissociated sensory loss, as pain 
and sensation of temperature is lost, but sensation of vibration and 
position is preserved. MRI is the method of choice for visualiz-
ing ischaemic damage to the cord.80 Fluids and vasoactive drugs 

Box 28.3  Cranial subdural haematoma following epidural 
analgesia

A 43-year-old healthy woman received an uncomplicated EA 
for pain relief during labour. Delivery was uneventful. In the 
following 3 weeks, the woman developed headache, which was 
worse on standing. She sought medical attention for her com-
plaints, but as she had no other symptoms beside headache, no 
further investigations were made. Twenty-two days after deliv-
ery, she was taken to the emergency department with disorien-
tation and altered mental status. The Glasgow Coma Scale score 
was 9/15. A CT brain scan showed large bilateral chronic sub-
dural haematomas (Figure 28.4). She was immediately trans-
ferred to the neurosurgical department. On arrival she had 
fixed dilated pupils. The haematomas were evacuated, but the 
patient never recovered consciousness, and died 24 hours later.

This case report is very scant on details; however, it is also 
very illustrative. Most probably, an inadvertent dural perfora-
tion occurred during performance of the EA, and the headache 
was interpreted as PDPH, also when symptoms changed char-
acteristics. The case report also highlights the necessity not only 
for anaesthetists, but also for general practitioners and obstetri-
cians, to correctly diagnose intracranial pathology.

Data from Demetriades AK, Sheikh MF, Minhas PS., Fatal bilateral 
subdural haematoma after epidural anaesthesia for pregnancy, Archives of 
Gynecology and Obstetrics, volume 284, issue 6, pp. 1597–8, Copyright © 
2011 Springer.
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should be used to restore mean arterial pressure to normal val-
ues following spinal injury, but there are no clear guidelines for 
specific pharmacological treatment of spinal strokes.45 The out-
come of spinal cord infarction following aortic surgery is worse 
than when ischaemia has other causes.80 Some obstetric patients 
have recovered completely, whereas others have suffered severe 
damage.13,81,82

Infectious complications
Meningitis and epidural abscess are severe infectious complica-
tions of CNB. Their incidences are difficult to quantify, but these 
complications are often preventable, potentially life-threatening, 
and therefore of major concern. Although infectious compli-
cations are considered rare, they accounted for 46% of neu-
raxial complications following obstetric CNB reported in the 
American Society of Anesthesiologists Closed Claims Project 
from 1990 to 2003.14 The incidences reported in literature vary 
greatly, and whereas the lowest incidences are reported in large 
surveys and reviews of literature, smaller studies performed in 
a clinical setting report higher incidences, possibly as they iden-
tify cases that easily may be lost to follow-up.2,3,8,84–86 EA and 
SA cause different complications, as epidural abscess is most 
often caused by EA, and meningitis is most frequently a compli-
cation of SA.8,84,87

Epidural abscess and deep tissue infections following obstetric 
CNB are reported to occur in 0.2–48/100,000 cases.86 The inci-
dence of bacterial meningitis following obstetric CNB calculated 
on cases reported in surveys varies between 1/3000 and 25.5/
million.84 The number of cases reported in the literature is not 
in proportion to the reporting countries’ population, indicating 
a probable under-reporting, in addition to cases of meningitis, 
that although unrecognized as such, have been adequately treated 
with antibiotics.87 The several clusters of iatrogenic meningitis 
described in the literature confirm the consequences of breaches 
in aseptic technique.87–89

Bacterial meningitis
When meningitis occurs as a complication to CNB, it almost 
invariably follows a perforation of the dura, intended or acciden-
tal, and may therefore appropriately be renamed postdural punc-
ture meningitis (PDPM).87 Streptococci of the viridans group, 
also called α-haemolytic streptococci, are the most frequently 
encountered pathogens in cases of PDPM and accounted for 49% 
of all positive CSF cultures in Baer’s comprehensive review.87

Viridans streptococci are part of the normal flora of the upper 
airways, gastrointestinal tract, and female genital tract, but are 
usually not found on the skin.90 Streptococcus salivarius is the 
most frequent viridans pathogen of PDPM; other viridans strepto-
cocci encountered are S. anginosus, S. mitis, S. mutans, and S. san-
guinis.91 The viridans streptococci are facultative Gram-positive 
aerobic bacteria and their presence in saliva is in the magnitude of 
109 colony forming units per millilitre of saliva.92 Several clusters 
of PDPM are reported in literature, and when the origin of the 
pathogen has been determined, it has been found in the oral flora 
of the LP operator.87–89,93,94

Viridans streptococci lack the virulence of the bacteria caus-
ing community-acquired meningitis, Haemophilus influenzae, 
Neisseria meningitides, and Streptococcus pneumonia. Therefore 
viridans streptococci only very rarely cause spontaneously occur-
ring meningitis, but they do cause meningitis when inoculated 
directly into the CSF.87 No patient predisposition has been found 
in patients suffering PDPM, nor is it necessary for the develop-
ment of PDPM, as the breach of defences against infection are 
caused mechanically.

It is noteworthy, however, that almost all cases of obstetric 
PDPM have been in women who were or had been in labour when 
they received the CNB.84 The occurrence of meningitis could pos-
sibly be caused by bacteraemia induced by labour or bladder cath-
eterization, or indicate that the hygienic conditions in the delivery 
suite are less satisfactory. However, there are no cases of mater-
nal meningitis reported without the use of CNB, indicating that 
labour itself is not a risk factor for meningitis.90 Only in one case 

(A) (B)

Figure 28.4  CT brain scan showing large bilateral isodense chronic subdural haematomas with (A) lateral ventricle compression, and (B) significant mass effect on 
brain parenchyma.
Springer and Archives of Gynecology and Obstetrics, volume 284, issue 6, 2011, pp. 1597–8. Fatal bilateral subdural haematoma after epidural anaesthesia for pregnancy, Demetriades AK, 
Sheikh MF, Minhas PS, With kind permission from Springer Science and Business Media.
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published in 1989 was haematogenous spread of viridans strepto-
cocci considered to have caused postpartum meningitis follow-
ing but unrelated to EA. Streptococcus uberis was found in the 
patient’s CSF as well as in her blood, urine, and vaginal secretions.

Bacteraemia caused by brushing of teeth has also been pro-
posed as important for the development of PDPM.95 In one study, 
bacteraemia occurred following brushing of teeth in 23% of the 
study subjects, and the bacteraemia lasted for 60 minutes in 9% of 
these study participants.96 Roughly half of the bacteria detected 
belonged to the viridans group. However, polymerase chain reac-
tion (PCR) is not known to have linked any case of obstetric 
PDPM either to the woman’s own oral flora or to her vaginal flora.

Other bacteria occasionally found in PDPM are Staphylococcus 
aureus (5%), Pseudomonas aeruginosa (4%), and Enterococcus 
faecalis (2%).87 Two cases of PDPM caused by Serratia marescens 
have been described.97 Investigation disclosed the presence of 
Serratia in multi-use bottles, once again illustrating the impor-
tance of investigation following any case of PDPM (and discour-
aging the use of multi-use bottles). The most recent case report of 
PDPM was caused by Abiotrophia descens.98 Abiotrophia is also 
part of the oral flora, and the authors report that the anaesthetist 
might have omitted his/her mask during the performance of the 
blockade. One case of meningitis in an obstetric patient, reported 
in 2003, followed combined spinal–epidural anaesthesia (CSE), 
performed without the use of a mask.99 Neisseria meningitides 
was identified as the pathogen in this case, and the meningitis was 
therefore considered as community-acquired meningitis, only 
temporarily linked with the CSE. However, symptomatic carriers 
of N. meningitides are not uncommon, indeed, they are believed to 
spread the infection.100 N. meningitides might thus be contained 
in the same droplets as viridans streptococci. In this actual case, 
PCR was performed only for diagnosis, not for tracing bacterial 
origin, so no certain conclusions can be made regarding trans-
mission. However, the case serves as a reminder of the consider-
able risks involved when performing CNB with inadequate aseptic 
technique.

In a large series of 27 cases of PDPM from India, 11 cases fol-
lowed SA for caesarean delivery. The mortality was significantly 
higher amongst these obstetric patients, but the article does not 
disclose the exact number of obstetric deaths.101 The pathogens 
were different from the series originating in Western countries, 
as 37% were diagnosed with chronic meningitis caused by tuber-
culosis. The authors considered that the SA might have caused 
rupture into the CSF of a central nervous tubercle, causing acute 
deterioration. There were also five cases of meningitis caused by 
Aspergillus fumigatus, and of the 22% with positive CSF culture, 
there were three cases of Staphylococcus aureus, and one case each 
of Pseudomonas and Acinetobacter.

The risk of PDPM also highlights one long-lasting contro-
versy: should the dura routinely be breached during labour?90,102 
A 2012 Cochrane report did not find evidence of increased inci-
dence of PDPM following CSE, but the low number of patients in 
the studies included would not be expected to reveal an increase 
of such a rare complication.103 Interestingly, no case of PDPM has 
been reported from Scandinavian countries, where CSE is not 
routinely used for labour analgesia.

The oral flora of the performer of the CNB is often the most likely 
source of the pathogen in PDPM.84,87 One important exception 
is the cluster of PDPM in Sri Lanka 2005, caused by Aspergillus 

fumigatus and responsible for the death of three women follow-
ing caesarean delivery.104 These deaths prompted a major epide-
miological investigation and the most probable explanation found 
was Aspergillus contaminating syringes and needles used for SA, 
equipment that had been donated following the tsunami catastro-
phe and stored in a humid and hot environment. The onset time 
for Aspergillus to cause meningitis is long, 7–36 days in the series 
from Sri Lanka, making epidemiological research even more dif-
ficult.104 Aspergillus is an ubiquitous fungus that will cause infec-
tion only in immunocompromised patients, and meningitis only if 
inoculated directly into the CSF. Meningitis from Aspergillus car-
ries a high mortality rate, 50% was reported in the series from Sri 
Lanka. However, treatment before symptoms occur may prevent 
the development of meningitis, and in Sri Lanka no further deaths 
occurred after patients at risk were identified and treated.104 The 
management of this tragedy should be a learning point, indicat-
ing the need for scrupulous investigation of hygienic procedures 
whenever a case of iatrogenic meningitis occurs.

Lumbar puncture and bacteraemia
Performing a LP in the presence of bacteraemia has been pro-
posed as a possible cause of iatrogenic meningitis.105–107 The dural 
puncture could cause a breach in the blood–brain barrier, thus 
introducing bacteria into the CSF. Bacteria lacking the virulence 
necessary to breach the blood–brain barrier could by this mecha-
nism also cause meningitis. This could be of concern to the obstet-
ric patient, as bacteraemia may be present in 1–4% of women 
following uncomplicated delivery, and in 8% following bladder 
catheterization.84,108,109 One study found bacteraemia in 8% of 
women affected by chorioamnionitis, but no infectious compli-
cations developed following CNB, and only a minority received 
antibiotics.110 It can be assumed that bacteraemia is probably pre-
sent in many of the obstetric patients who also receive CNB, but 
the bacteraemia may be completely asymptomatic, and the febrile 
patient is not necessarily bacteraemic.111 However, it should also 
be taken into account that most of these are low-grade bacterae-
mias. The human and animal studies correlating LP to meningitis 
have had high bacterial blood counts.109 Epidemiological studies 
found significantly higher mortality from Staphylococcus aureus 
infection in patients with high-grade bacteraemia compared to 
mortality in patients with low-grade bacteraemia.112 Data pre-
sented in a review suggested that SA may be performed in patients 
at risk of low-grade bacteraemia.113 This is supported by the low 
incidence of infectious complications to CNB despite the probable 
high prevalence of low-grade bacteraemia in obstetric patients. 
However, patients with signs of systemic infection should be 
treated with antibiotics prior to administration of CNB.3,109

Symptoms, diagnosis, and treatment of bacterial meningitis
The symptoms of PDPM usually appear within 24 hours of the 
CNB, but may occur after only 8 hours, or after a delay of 8 days, 
probably caused by partially effective antibiotic treatment.8,87 It is 
difficult to mistake the typical symptoms of bacterial meningitis 
when a patient presents with the classical triad of fever, altered 
mental status, and nuchal rigidity.100 Intense headache and pho-
tophobia may be present together with other signs of menin-
geal irritation such as Kernig’s sign (the inability to lift the leg 
without bending the knee) and Brudzinski’s sign (spontaneous 
flexion of the hip during passive flexion of the neck). Severe men-
ingitis will increase ICP causing altered levels of consciousness 

 

 



Chapter 28  neurological complications of neuraxial blockade 445

and cause pupillary abnormalities as well as seizures and focal 
neurological signs.

The signs and symptoms of PDPM may, however, be more subtle, 
probably due to the lower virulence of the infective agent.8,87,114 
All patients in a large series presented with headache and fever, 
but in several cases the absence of more serious symptoms led 
to an initial diagnosis of PDPH, often with an additional diag-
nosis of infection such as urinary tract infection or endometri-
tis.8 Therefore, meningitis should be in the differential diagnosis 
whenever a woman who has received CNB for labour or delivery 
complains of headache and also presents with fever.

LP is usually performed when meningitis is suspected, but is no 
longer essential for aetiological diagnosis, as this can be provided 
by PCR long after live bacteria have disappeared from the CSF.93,94 
Moreover, LP is not completely without its own risks as it may 
precipitate herniation in patients with high ICP.76,87,115 Neither 
CT scan nor ophthalmoscopy are reliable methods of determin-
ing acutely increased ICP.76,116 CT scans were performed in an 
outcome study regarding active management of increased ICP in 
community-acquired bacterial meningitis.115 Radiological signs 
of brain swelling were evident only in five out of the ten patients 
who all had increased ICP measured with invasive monitoring. 
A retrospective assessment of CT scans performed in 103 patients 
with bacterial meningitis found that all patients with radiologi-
cal signs of cerebral oedema also had clinical signs of increased 
ICP.116 These studies indicate that increased ICP may be present 
despite normal CT scans, and that clinical signs of increased ICP, 
when present, are reliable indicators of increased ICP.

When LP is performed, CSF may be cloudy with increased white 
cell count, protein, and lactate, together with glucose content 
lower than plasma glucose, typical findings of bacterial menin-
gitis.100 Increased white cell count or C-reactive protein in blood 
may be delayed. Gram stain of the CSF may be done, and when 
suspecting PDPM, culture in broth medium will favour growth of 
viridans streptococci.84 In a large proportion of PDPM (36%), the 
CSF culture was negative, or was not reported.87 This may have 
several explanations: Viridans streptococci are usually not patho-
gens, so their presence might have been considered as contamina-
tion or in any case not significant.87,117 The failure to grow might 
erroneously lead to the diagnosis of chemical meningitis.84 Often 
antibiotics are administered prior to LP, effectively clearing the 
CSF within hours.100 Finally, viridans streptococci often do not 
grow well on agar, so broth culture is to be preferred.84 However, 
PCR may identify the pathogen in the CSF even when LP is per-
formed after antibiotics have been given.94

Empirical broad-spectrum antibiotics according to national 
guidelines for management of community-acquired bacterial 
meningitis should be administered.87 Treatment should not be 
delayed by the performance of diagnostic LP or CT scans.

Most of the patients with PDPM are successfully treated, but 
several deaths have been reported in the literature.84,87 At least 
seven previously fit obstetric patients have died following PDPM, 
reflecting the potentially lethal nature of this condition.87,88,104 
The latest obstetric death occurred in 2009 in Ohio, United States, 
when the anaesthetist, omitting the use of a mask, performed SA 
for pain relief during labour causing lethal meningitis in a previ-
ously healthy young woman. PCR was used in the epidemiological 
follow-up, and the origin of the pathogen (Streptococcus salivar-
ius) was traced to the anaesthetist (Box 28.4).88 Another issue, not 

to be dismissed, is the increasing resistance to antibiotics, also 
amongst the viridans streptococci.118 As PDPM is such a serious 
complication, a root/cause analysis should be done to investigate 
the sequence of events leading to the infection so that lessons can 
be learnt and preventative measures put in place.93,94,119

Epidural abscess
Spontaneously occurring epidural abscess is reported with 
an incidence of 2/10,000 hospital admissions per year.120 The 
reported incidence of deep epidural infection and epidural abscess 
following obstetric CNB varies between 0.2 and 48/100,000 with 
higher incidences reported in smaller series.86 However, obstet-
ric patients appear to develop epidural abscess after CNB less fre-
quently than non-obstetric patients. The recent NAP3 reported 13 
cases of epidural abscess in 312,450 perioperative CNBs, but only 
one case of epidural abscess occurring after 186,900 obstetric EAs 
(including 25,350 CSEs).3

The pathogens involved are most often Staphylococcus species 
both when epidural abscess occurs spontaneously or following 
CNB; therefore the microbial agent does not indicate route of 
transmission as in most cases of PDPM.84,121 However, in one case 
report, genetic fingerprinting identified the anaesthetist’s flora as 
the origin of the S. aureus responsible for the epidural abscess.122 
Another study could identify the origin of the S. aureus in the 

Box 28.4  Cluster of PDPM in Ohio 2009

Patient A: a 26-year-old healthy woman was admitted to the 
delivery suite in active labour. She received SA for labour anal-
gesia, and delivered a healthy baby. Approximately 15 hours 
after receiving the SA, the patient developed fever, nausea, and 
severe headache, and she later became lethargic and unrespon-
sive. She received treatment for meningitis, and recovered.

Patient B:  a second healthy 30-year-old woman in active 
labour was admitted to the same hospital 3 hours after patient 
A. Patient B also received SA, performed by the same anaes-
thetist, and delivered a healthy baby. Approximately 13 hours 
after the SA she developed symptoms of meningitis. Despite 
adequate treatment she died 12 hours after debut of symptoms.

Blood and CSF cultures from both patients revealed 
Streptococcus salivarius.

The subsequent investigation included culture of medication 
vials and a review of the SA procedure protocols. Staff inter-
views disclosed that the anaesthetists in the hospital did not 
always wear masks while performing SA. Culture and analysis 
by PCR of medication vials revealed no evidence of contamina-
tion. Cultures performed on swabs obtained from oropharynx, 
buccal mucosa, and tongue from the anaesthetist that had per-
formed the two SA resulted in no growth, as the anaesthetist had 
received post-exposure antibiotic prophylaxis for a presumed 
meningococcal meningitis. However, subsequent laboratory 
analysis enabled the identification of a strain of S. salivarius that 
was genetically indistinguishable from the S. salivarius of the 
two patients.

Data from Schroeder TH, Krueger WA, Neeser E, Hahn U, Unertl K, 
Spinal epidural abscessa rare complication after epidural analgesia for 
labour and delivery. British Journal of Anaesthesia, volume 92, pp. 896–8, 
Copyright © 2004 Oxford University Press.

 

 



Part 7  anaesthetic complications446

patient’s own skin flora.123 The predominant microorganism of 
the skin flora is S. epidermidis (65–69%), whereas S. aureus (1–2% 
of skin flora) is the prevalent pathogen in cases of epidural abscess 
complicating CNB.124 This discrepancy would indicate that dis-
infectants more effectively prevent further contamination from 
S. epidermidis compared to S. aureus.124

During spontaneous epidural abscess, the bacteria reach the 
epidural space by haematogenous spread, whereas the catheter is 
believed to facilitate the introduction of bacteria from the skin in 
cases of epidural abscess following CNB.125 This is supported by 
the results from a carefully conducted prospective study involving 
205 epidurals. The study results showed that a positive culture at 
the catheter tip following removal was significantly correlated to 
positive culture of the skin near the point of entry.125

The development of epidural abscesses is also related to the 
duration of catheterization, and it is well known that the risk of 
superficial infection increases with the duration of catheteriza-
tion.121 Loo and collaborators recommended that the indwelling 
time of epidural catheters on most occasions should be limited to 
24 hours in obstetric patients.13 Studies have reported 3–4 days as 
median time of catheterization in patients with catheter-related 
epidural abscesses, but epidural abscesses has also been described 
after only a few hours of catheterization.126–128

Risk factors for the development of epidural abscess also include 
immunosuppression of any origin and traumatic performance of 
blockade.126 The pregnant woman is often considered immuno-
suppressed. However, while cell-mediated immunity is decreased 
during pregnancy, normal humoral immunity is maintained.3,129 
The pregnant woman is therefore only more susceptible to certain 
intracellular organisms, such as viruses, parasites, and intracel-
lular bacteria. This may explain the increased number of infec-
tions during pregnancy from listeria and toxoplasmosis, and the 
increased severity of influenza in the pregnant patient, but at the 
same time less frequent epidural abscesses following CNB when 
compared to non-obstetric patients.3 However, diabetes is often 
found as a risk factor in cases of epidural abscess and one review 
found that 46% of the patients were diabetic.130 In a recent series 
from Australia, three out of the four obstetric patients who devel-
oped an epidural abscess or deep infection following EA were 
affected by gestational diabetes.86 With the exception of possible 
traumatic insertions, other risk factors usually associated with 
the development of epidural abscesses are absent in the healthy 
obstetric patient, thus possibly decreasing the risk of epidural 
abscess formation in the obstetric population.131

Symptoms, diagnosis, and treatment of an epidural abscess
The first symptoms of an epidural abscess usually appear 2–5 days 
following catheterization, but significant delay has been described 
in some cases.86,126,127 A  lapse of 6 weeks up to 4  months is 
reported.8,121 The development of symptoms is classically 
described as evolving in four phases. Phase I is characterized by 
backache, usually at the level of the developing abscess. The symp-
toms progress over 2 or 3 days into phase II with the development 
of radicular pain. After another 3 or 4 days, sensory and motor def-
icits, as well as sphincter dysfunction develop, typical of phase III. 
The progression to the paralysis characteristic of phase IV may be 
rapid.126,132 Fever and even severe signs of general infection might 
be present at any stage, confounding the picture. In a retrospective 
survey of 42 patients with catheter-related epidural abscesses, the 
correct diagnosis was considered initially only in 15 patients.126 

Other studies confirm the diagnostic difficulties, and the low rate 
of initial accurate diagnosis.128,130 The NAP3 reported 17 cases of 
epidural abscesses, and local signs of infection were present in the 
nine patients who made complete recovery, probably leading ear-
lier to the correct diagnosis. In seven of the eight patients who did 
not attain full recovery, there were no local signs of infection.3 The 
diagnostic difficulties of this rare condition may be even greater in 
an obstetric patient (Box 28.5 and Figure 28.5).128

The diagnosis of an epidural abscess should be performed by 
MRI, but when this is unavailable, a CT myelography may be 
performed. However, its invasiveness carries additional risks, 
and the CT scan may be falsely negative.128 Surgical treatment 
in addition to long-lasting antibiotic treatment is often neces-
sary. Unfortunately, complete recovery is less probable if diagno-
sis and treatment is delayed until the appearance of neurological 
deficit.120

Aseptic technique for performance of central neuraxial 
blockade
Medical costs and patient morbidity and mortality from 
hospital-acquired infections are increasing. In many countries, 
subspecialty societies and official government bodies issue guide-
lines regarding the importance and methods of strict aseptic tech-
nique during performance of CNB.133–135

Box 28.5  Epidural abscess after epidural analgesia for labour and 
delivery

A healthy woman received an epidural for pain relief dur-
ing labour. The skin was disinfected with chlorhexidine 0.5% 
in 70% alcohol, and the anaesthetist wore a mask and sterile 
gloves, but not a gown, and there is no mention of a cap. The epi-
dural insertion was uneventful, the baby was delivered 3 hours 
after catheter placement, and the catheter was removed approx-
imately 6 hours after placement.

During the following days, the patient complained of back 
pain of increasing intensity. She had no local or systemic signs 
of infection, and no neurological impairment. Five days after 
delivery, her back pain became unbearable. White blood cell 
count was 10.1 × 109/L, and C-reactive protein was 26 mg/dL. 
A contrast-enhanced lumbar CT scan was performed, but was 
inconclusive. However, a median, sagittal T2-weighted MRI 
showed an intraspinal, ellipsoid fluid collection in the dor-
sal epidural space at L2/3, with compression of the dural sac 
(Figure 28.5). Empirical antibiotic treatment was initiated. On 
the following day, the patient developed a sensory deficit in the 
left leg, necessitating a neurosurgical intervention, with decom-
pression and drainage of the abscess. Staphylococcus aureus was 
cultured from the abscess fluid. The patient was treated with 
antibiotics for 4 weeks, and recovered completely.

Epidural abscess after obstetric EA is exceptionally rare, but 
this case reminds us of the need for scrupulous aseptic tech-
nique. It also illustrates the limitations of CT scan, and the fact 
that neurosurgical intervention often is necessary.

Data from Schroeder TH, Krueger WA, Neeser E, Hahn U, Unertl K., 
Spinal epidural abscess – a rare complication after epidural analgesia for 
labour and delivery., British Journal of Anaesthesia, volume 92, Issue 6, 
pp. 896–8, Copyright 2004.
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A recent observational study of residents performing EA found 
that their skills improved over 6  months but their breaches in 
aseptic technique did not diminish, despite formal education.136 
The authors concluded that their results reflected major gaps in 
teaching as well as understanding of aseptic technique. This con-
clusion is supported by another study that found that experienced 
physicians performed more breaches than their residents.137

A recent survey in the United Kingdom regarding prevention of 
infection in obstetric CNB revealed that although all anaesthetists 
used sterile gloves, and 99% wear a gown, only 91% use a mask, 
and 87% use a cap.138

The effectiveness of masks in preventing droplet spread of bac-
teria is well documented.139,140 A good surgical mask has been 
shown to prevent the growth of oral flora on agar plates that were 
placed at a distance of 30 cm from the mouths of 25 speaking 
study participants. When the same subjects talked without the 
mask, bacterial growth was found on 50% of the agar plates.139 
However, until recently, the use of a mask as a preventive measure 
was much debated.135 The use of masks has been questioned in 
the operating theatre, and one study addressing this issue found 
no increase in surgical wound infections when masks were omit-
ted.141 However, this study did not include patients undergoing 

orthopaedic or vascular prosthetic surgery, as viridans strep-
tococci are well known to cause infection in these patients, the 
same viridans streptococci that may cause PDPM. Studies of 
infectious complications in surgical patients are therefore not 
directly applicable to the practice of neuraxial anaesthesia. The 
use of masks when performing CNB is now considered manda-
tory, and included in guidelines.131,134,135 Nonetheless, the latest 
death caused by PDPM followed SA for labour analgesia, per-
formed by an anaesthetist who omitted his/her mask, violating 
the previously issued guidelines.94,133 The mask must be a good 
quality surgical mask, and should be changed between patients. 
The assistants present during preparation and performance of the 
CNB should also wear a mask.90 The mask itself should never be 
touched.84,124 Caps are important protective measures that should 
always be worn when performing CNB.84,131 The hands should be 
disinfected with alcohol-based disinfectant before applying the 
gloves and, of course, after removal of watches and jewellery that 
ideally should not be worn at all during work hours.124 The skin 
must be disinfected with an appropriate disinfectant and due to 
superior disinfectant qualities, chlorhexidine in alcohol is now 
considered the most appropriate agent, and is therefore widely 
recommended.3,124,133,134

Chlorhexidine is available in concentrations varying from 0.5% 
to 4%, but there are no substantial data in support of the use of 
a stronger solution than 0.5%.143,144 The neurotoxic potential 
of chlorhexidine should also be considered.109,144,145 The safety of 
chlorhexidine 2% is advocated by a retrospective analysis of 12,465 
SAs performed in the same institution without detecting increase 
in neurological complications after the introduction of chlorhex-
idine gluconate 2% as disinfectant.146 However, the statistical 
value of this study is hardly reassuring, as the result is compatible 
at the 95% confidence level with an incidence of one case of arach-
noiditis following 4000 SAs.144 Chlorhexidine 0.5% in alcohol is 
therefore the disinfectant of choice.134 It is also advised that it 
should be applied twice, and left to dry after each application.90,143 
Malhotra and colleagues compared single versus repeated appli-
cation of chlorhexidine gluconate 0.5% in 70% alcohol, and found 
no growth of bacteria following either methods.147 These results 
would support the single application of chlorhexidine at least in 
emergency situations, when the risk of not allowing chlorhexidine 
to dry completely is apparent.148

The neurotoxic effects of chlorhexidine should also imply that 
great attention must be made never to contaminate any equipment 
that may come into contact with the central nervous system.143 
The use of chlorhexidine spray for disinfection, before opening the 
neuraxial anaesthesia pack, would appear to offer the smallest risk 
of contamination or risk of wrong route injection, and may also 
permit adequate disinfection without causing delay.84 Reinsertion 
of the stylet in the spinal needle, before removing the needle from 
the patient, could be a critical moment both for the development 
of PDPM and contamination with chlorhexidine.87 The removed 
stylet could have been exposed to contamination both from drop-
lets as well as chlorhexidine, and therefore the practice of reinser-
tion of the stylet should be discouraged.

Chlorhexidine may also cause severe allergic reactions and 
these appear with increasing frequency as a large number of peo-
ple are exposed to chlorhexidine in commercial products such as 
mouthwashes.149 Anaphylactic reactions have been described to 
appear with 20–40 minutes’ delay, and the condition can be of 

Figure 28.5  Median sagittal T2-weighted MRI showing intraspinal, ellipsoid fluid 
collection (arrow) in the dorsal epidural space at disc level L2–3, compressing the 
dural sac. Epidural abscess complicating epidural analgesia.
Reprinted with permission from Schroeder TH, Krueger WA, Neeser E, Hahn U, Unertl K. 
Spinal epidural abscess – a rare complication after epidural analgesia for labour and delivery. 
British Journal of Anaesthesia. Volume 92, issue 6, pp. 896–8, Copyright © 2004 Oxford 
University Press.
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great severity. Diagnostic difficulties are increased in the anaes-
thetized patient undergoing surgery.150

Chemical meningitis and arachnoiditis
Chemical meningitis was described in older medical litera-
ture, and by 1947 more than 100 cases had been described.151 
The incidence decreased rapidly after studies had shown that 
chemical contamination, mainly detergents, caused chemical 
meningitis. Contrast media, and other substances injected into 
the CSF, may also cause chemical meningitis, but the compli-
cation has practically disappeared from modern anaesthetic 
practice, together with the disappearance of reusable needles. 
A wide range of systemic medications may also cause chemical 
meningitis.151

One study in neurosurgical patients, who may develop both 
types of meningitis, described the differences in chemical and bac-
terial meningitis.152 Bacterial meningitis can be culture negative, 
therefore meningitis was defined as non-infectious only if the bac-
terial culture was negative, and the patient recovered without anti-
biotics. The study results showed that chemical meningitis could 
be excluded if the white cell count in the CSF exceeded 7500 × 
106, and glucose levels were below 10 mg/dL. The clinical picture 
of chemical meningitis may resemble that of bacterial meningitis 
with high fever and meningeal irritation, but the patients recover 
without antibiotics, usually within a week. However, due to the 
improbability of aseptic meningitis following modern CNB, no 
patient with suspected meningitis can be left without antibiotic 
treatment.84

The term aseptic meningitis is sometimes used as synonym 
for chemical meningitis, but more often indicates meningitis of 
viral origin.151 To add to the confusion, culture-negative bacterial 
meningitis may also be referred to as aseptic meningitis, although 
culture-negative bacterial meningitis is common.100,152

Infection or injection of neurotoxic chemical substances may 
lead to chronic adhesive arachnoiditis.144,153 Two large surveys 
including a total of approximately 2.5  million CNB found one 
case of arachnoiditis each.3,8 One patient in the United Kingdom 
received compensation in 2007 for a severe case of arachnoiditis 
considered to have been caused by chlorhexidine 0.5% in 70% 
alcohol contaminating the spinal needle during performance of 
SA for planned caesarean delivery.144 The anaesthetic community 
initially questioned the causality, but when a patient in Australia 
received an admittedly erroneous injection of chlorhexidine into 
the epidural space there could be no doubt regarding the patho-
genesis of the severe arachnoiditis that developed. Since then, sev-
eral cases of arachnoiditis following CNB have been described, 
but the causality is not always apparent. However, the neurotoxic 
potential of chlorhexidine is recognized144 and therefore, the 
anaesthetist must pay scrupulous attention not to contaminate 
equipment with disinfectant of any kind.

Chlorhexidine induces inf lammation that transforms the 
pia-arachnoid into scar tissue. In severe cases, this can tether 
neural tissue and lead to atrophy. The MRI changes are typical 
and diagnostic, but presentation of symptoms in relationship to 
insult varies greatly, both in terms of severity and timing. Pain 
in the back and legs develop and sphincter dysfunction may also 
be present. In some of the most severe cases the patient may even 
become tetraplegic and develop obstructive hydrocephalus.

Transient radicular irritation
Transient pain in the lower back or buttock, irradiating to the lower 
extremities, has been described, typically occurring 12 hours after 
the resolution of uncomplicated SA.154 The condition is not asso-
ciated with motor impairment, and disappears within 5  days. 
Neurological examination is normal, and no long-lasting conse-
quences are reported. Analgesic treatment may be offered with 
non-steroidal anti-inflammatory drugs. A Cochrane report found 
the syndrome to occur seven times more frequently when lido-
caine was used for SA compared to all other local anaesthetics, 
but the complication is also described following SA with bupiv-
acaine.155 The report could not draw conclusions regarding inci-
dence in the obstetric population.

Investigation and diagnosis of neurological 
deficits
Headache and backache are common following delivery, and 
urinary retention, incontinence, and fever may also result from 
normal labour.11 The anaesthetist is often consulted to consider 
PDPH in a woman who has received CNB. The presence of fever, 
although possibly caused by the recent delivery, should cause a 
review of a possible alternative diagnosis. Meningitis will usu-
ally occur within 24 hours of CNB, and the symptoms of PDPM 
might not be of the severity usually seen in community-acquired 
meningitis.8 Headache from meningitis is not expected to be posi-
tional as in PDPH, but the patient could suffer from the two con-
ditions simultaneously. Nausea and vomiting may also be present 
in both conditions. Alterations of mental status might be difficult 
to appreciate, but opinions from relatives and midwives might be 
valuable. Signs of meningeal irritation such as nuchal rigidity and 
photophobia should be sought. Severe headache and visual dis-
turbances may also be present in pre-eclampsia with impending 
eclampsia, and other symptoms of pre-eclampsia are not always 
present.156 Migraine may also be accompanied by these symp-
toms, but the woman should be able to recognize the symptoms 
from earlier attacks. Cerebral venous thrombosis carries an inci-
dence of 1/10,000 deliveries and may present itself with a vast vari-
ety of symptoms.157 CSH usually presents with a delay of days or 
weeks following dural puncture, but may occur within 6 hours of 
dural puncture.73 Headache is frequent in these two conditions, 
and any neurological symptom including seizures may be present. 
The first symptoms of an epidural abscess may be limited to fever 
and headache, therefore the anaesthetist should always perform 
inspection and palpation of the site of epidural catheterization 
when attending a woman with any type of complaint after CNB.3 
Backache can also be the first symptom of an epidural abscess, 
even preceding signs of infection.128 An LP should be performed 
if PDPM is suspected, but could cause meningitis in the case of an 
epidural abscess. Antibiotic treatment should not be delayed by 
diagnostic procedures if the patient has symptoms of meningitis.

An obstetric patient who complains of focal neurology of any 
kind, including lower extremity motor impairment, sensorial def-
icit, or pain, should be examined without delay. The more severe 
conditions that may cause such symptoms are extremely rare, but 
must nonetheless be considered and excluded. The anaesthetist 
will often be consulted even in cases of obstetric palsies, due to 
the frequent administration of CNB during labour. Therefore, the 
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anaesthetist should be familiar with their signs and symptoms, 
and consult a neurologist or neurosurgeon if the diagnosis of 
the obstetric palsy is not straightforward. Particularly when an 
obstetric palsy is bilateral, which is possible, a reliable clinical 
diagnosis must be obtained if radiological investigation is to be 
avoided.11 Peripheral neuropathies, for example, affecting the lat-
eral cutaneous nerve of the thigh, and femoral nerve are described 
in Chapter 45.

Neurological examination should be performed to distinguish 
between central and radicular lesions, indicating complications 
possibly related to the CNB, and plexus and peripheral nerve 
lesions, indicating obstetric nerve palsies.11 The clinical inves-
tigation alone may, however, be unable to give a precise diagno-
sis. Examination of the paraspinous muscles may differentiate 
between peripheral and central nerve root injury.11,158 The par-
aspinous muscles and the skin over the lower back are innervated 
by the posterior rami of the spinal nerves. Intact paraspinous 
muscles and sensitivity of the lower back suggests more distal 
injury, whereas the opposite indicates more central damage.11,158 
Sacral numbness without any other neurological symptom has 
been reported after caesarean delivery with SA.12,159 Local anaes-
thetic neurotoxicity has been proposed, but the condition has 
also been described after EA.12 Pressure-related compression of 
sacral nerves has therefore been considered responsible. Attention 
to positioning is advocated, and the patient can be reassured, as 
the numbness wears off within 8 weeks. However, all neurological 
symptoms must be carefully evaluated, to avoid delay in diagnosis 
of the more severe complications.

The first symptoms of SH are usually motor and sensorial defi-
cits, and SH may present itself without pain, but pain on the other 
hand is always absent in obstetric palsies, and if present, should 
raise suspicion of SH or epidural abscess.7,8,11,36 Radicular pain is 
typical of epidural abscess.126

The patient history should include information regarding previ-
ous neurological or muscular impairment. Detailed information 
regarding the CNB should be documented. There may be relevant 
information indicating the probability of an obstetric palsy with 
regards to duration of second stage and mode of delivery. The onset 
of the symptoms should be described, as the neurological deficit of 
obstetric palsies usually are noted immediately following delivery, 
but the symptoms due to SH or epidural abscess occur with latency, 
and will be progressive in severity. The severity of obstetric nerve 
palsies will not be progressive and get better with time.11 However, 
in case of femoral nerve palsy, the patient might not realize her nerve 
injury before her leg gives way when she bends her knee getting into 
the car to get home. Meralgia paraesthetica may have been present 
before delivery, but may have gone unnoticed or may have been 
aggravated during delivery, and therefore noted only afterwards. In 
serious cases there might be paraesthesia and hyperaesthesia, but 
otherwise intrinsic obstetric palsies are not associated with pain. 
Pubic symphysis separation may cause severe pain, irradiating to 
the back or the hips, and may also cause walking difficulties.11

Even the slightest suspicion of either SH, CSH, or epidural 
abscess should lead to radiological diagnostic intervention with-
out delay, as patient outcome depends entirely upon speed of 
surgical intervention. MRI is necessary for the diagnosis of SH 
and CSH, as well as epidural abscess, as a CT scan may give 
false-negative results.35,70,128 MRI techniques are also best for the 

diagnosis of cerebral venous thrombosis, but CT angiography may 
also be diagnostic.157

Conclusion
Serious neurological complications following CNB do occur but 
are rare. Measures must be undertaken to prevent them at all 
costs. They require prompt diagnosis to prevent lasting patient 
harm and obstetric anaesthetists must therefore be competent in 
the examination of a patient presenting with neurological defi-
cit and the ability to detect symptoms or signs of spinal/epidural 
space-occupying lesions and systemic infection. Appropriate 
consultation with medical experts from other specialities may be 
necessary to exclude other pathologies and urgent investigation is 
warranted.

References
	 1.	 Cornforth BM, Dalgleish DJ, Bromilow J, et al. Use of an informa-

tion leaflet to improve general practitioners’ knowledge of post dural 
puncture headache. Int J Obstet Anaesth 2006; 15(1):28–32.

	 2.	 Ruppen W, Derry S, McQuay H, et al. Incidence of epidural hema-
toma, infection, and neurologic injury in obstetric patients with 
epidural analgesia/anesthesia. Anesthesiology 2006; 105(2):394–9.

	 3.	 Cook TM, Counsell D, Wildsmith JA. Major complications of central 
neuraxial block: report on the Third National Audit Project of the 
Royal College of Anaesthetists. Br J Anaesth 2009; 102(2):179–90.

	 4.	 Hebl JR, Horlocker TT, Kopp SL, et al. Neuraxial blockade in patients 
with preexisting spinal stenosis, lumbar disk disease, or prior spine 
surgery: efficacy and neurologic complications. Anesth Analg 2010; 
111(6):1511–19.

	 5.	 Deruddre S, Peyrouset O, Benhamou D. Anesthetic management 
of 52 deliveries in parturients with idiopathic thrombocytopenic 
purpura. J Gynecol Obstet Biol Reprod (Paris) 2007; 36(4):384–8.

	 6.	 Vercauteren M, Heytens L. Anaesthetic considerations for patients 
with a pre-existing neurological deficit: are neuraxial techniques 
safe? Acta Anaesth Scand 2007; 51(7):831–8.

	 7.	 Lee LA, Posner KL, Domino KB, et al. Injuries associated with 
regional anesthesia in the 1980s and 1990s: a closed claims analysis. 
Anesthesiology 2004; 101(1):143–52.

	 8.	 Moen V, Dahlgren N, Irestedt L. Severe neurological complica-
tions after central neuraxial blockades in Sweden 1990–1999. 
Anesthesiology 2004; 101(4):950–9.

	 9.	 Pitkanen MT, Aromaa U, Cozanitis DA, et al. Serious complications 
associated with spinal and epidural anaesthesia in Finland from 2000 
to 2009. Acta Anaesth Scand 2013; 57(5):553–64.

	10.	 Bethune L, Harper N, Lucas DN, et al. Complications of obstetric 
regional analgesia: how much information is enough? Int J Obstet 
Anaesth 2004; 13(1):30–4.

	11.	 Wong CA. Nerve injuries after neuraxial anaesthesia and their 
medicolegal implications. Best Pract Res Clin Obstet Gynaecol 2010; 
24(3):367–81.

	12.	 Dar AQ, Robinson AP, Lyons G. Postpartum neurological symptoms 
following regional blockade: a prospective study with case controls. 
Int J Obstet Anaesth 2002; 11(2):85–90.

	13.	 Loo CC, Dahlgren G, Irestedt L. Neurological complications 
in obstetric regional anaesthesia. Int J Obstet Anaesth 2000; 
9(2):99–124.

	14.	 Davies JM, Posner KL, Lee LA, et al. Liability associated with 
obstetric anesthesia: a closed claims analysis. Anesthesiology 2009; 
110(1):131–9.

	15.	 Szypula K, Ashpole KJ, Bogod D, et al. Litigation related to regional 
anaesthesia: an analysis of claims against the NHS in England 
1995–2007. Anaesthesia 2010; 65(5):443–52.

 

 



Part 7  anaesthetic complications450

	16.	 Auroy Y, Benhamou D, Bargues L, et al. Major complications of 
regional anesthesia in France: The SOS Regional Anesthesia Hotline 
Service. Anesthesiology 2002; 97(5):1274–80.

	17.	 Reynolds F. Damage to the conus medullaris following spinal anaes-
thesia. Anaesthesia 2001; 56(3):238–47.

	18.	 Erk G, Taspinar V, Akay M, et al. Spinal hematoma as a result of 
spinal anesthesia for cesarean section. Neurosciences (Riyadh) 2009; 
14(2):182–3.

	19.	 Saifuddin A, Burnett SJ, White J. The variation of position of the 
conus medullaris in an adult population. A magnetic resonance 
imaging study. Spine 1998; 23(13):1452–6.

	20.	 Reynolds F. Logic in the safe practice of spinal anaesthesia. 
Anaesthesia 2000; 55(11):1045–6.

	21.	 Kim JT, Bahk JH, Sung J. Influence of age and sex on the position of 
the conus medullaris and Tuffier’s line in adults. Anesthesiology 2003; 
99(6):1359–63.

	22.	 Schlotterbeck H, Schaeffer R, Dow WA, et al. Ultrasonographic 
control of the puncture level for lumbar neuraxial block in obstetric 
anaesthesia. Br J Aneasth 2008; 100(2):230–4.

	23.	 Margarido CB, Mikhael R, Arzola C, et al. The intercristal line 
determined by palpation is not a reliable anatomical landmark for 
neuraxial anesthesia. Can J Anaesth 2011; 58(3):262–6.

	24.	 Lee AJ, Ranasinghe JS, Chehade JM, et al. Ultrasound assessment of 
the vertebral level of the intercristal line in pregnancy. Anesth Analg 
2011; 113(3):559–64.

	25.	 Chakraverty R, Pynsent P, Isaacs K. Which spinal levels are identified 
by palpation of the iliac crests and the posterior superior iliac spines? 
J Anat 2007; 210(2):232–6.

	26.	 Van Gessel EF, Forster A, Gamulin Z. Continuous spinal anesthe-
sia: where do spinal catheters go? Anesth Analg 1993; 76(5):1004–7.

	27.	 Broadbent CR, Maxwell WB, Ferrie R, et al. Ability of anaesthe-
tists to identify a marked lumbar interspace. Anaesthesia 2000; 
55(11):1122–6.

	28.	 Kathirgamanathan A, Hawkins N. Reliability of the ‘pop’ sign as 
an indicator of dural puncture during obstetric spinal anaesthe-
sia: a prospective observational clinical study. Anaesthesia 2007; 
62(8):802–5.

	29.	 Arendt KW, Segal S. Present and emerging strategies for reducing 
anesthesia-related maternal morbidity and mortality. Curr Opin 
Anaesth 2009; 22(3):330–5.

	30.	 Arzola C, Davies S, Rofaeel A, et al. Ultrasound using the transverse 
approach to the lumbar spine provides reliable landmarks for labor 
epidurals. Anesth Analg 2007; 104(5):1188–92.

	31.	 Scott DB, Hibbard BM. Serious non-fatal complications associ-
ated with extradural block in obstetric practice. Br J Aneasth 1990; 
64(5):537–41.

	32.	 Volk T, Wolf A, Van Aken H, et al. Incidence of spinal haematoma 
after epidural puncture: analysis from the German network for safety 
in regional anaesthesia. Eur J Anaesth 2012; 29(4):170–6.

	33.	 Koyama S, Tomimatsu T, Kanagawa T, et al. Spinal subarachnoid 
hematoma following spinal anesthesia in a patient with HELLP syn-
drome. Int J Obstet Anaesth 2010; 19(1):87–91.

	34.	 Wang P, Xin XT, Lan H, et al. Spontaneous cervical epidural hema-
toma during pregnancy: case report and literature review. Eur Spine J 
2011; 20 Suppl 2:S176–9.

	35.	 Walters MA, Van de Velde M, Wilms G. Acute intrathecal hae-
matoma following neuraxial anaesthesia: diagnostic delay after 
apparently normal radiological imaging. Int J Obstet Anaesth 2012; 
21(2):181–5.

	36.	 Vandermeulen EP, Van Aken H, Vermylen J. Anticoagulants and 
spinal-epidural anesthesia. Anesth Analg 1994; 79(6):1165–77.

	37.	 Gogarten W, Vandermeulen E, Van Aken H, et al. Regional anaes-
thesia and antithrombotic agents: recommendations of the European 
Society of Anaesthesiology. Eur J Anaesth 2010; 27(12):999–1015.

	38.	 Bahar M, Chanimov M, Cohen ML, et al. Lateral recumbent 
head-down posture for epidural catheter insertion reduces intravas-
cular injection. Can J Anaesth 2001; 48(1):48–53.

	39.	 Bahar M, Chanimov M, Cohen ML, et al. The lateral recumbent 
head-down position decreases the incidence of epidural venous punc-
ture during catheter insertion in obese parturients. Can J Anaesth 
2004; 51(6):577–80.

	40.	 Beards SC, Jackson A, Griffiths AG, et al. Magnetic resonance imag-
ing of extradural blood patches: appearances from 30 min to 18 h. Br 
J Aneasth 1993; 71(2):182–8.

	41.	 Jacob AK, Borowiec JC, Long TR, et al. Transient profound neuro-
logic deficit associated with thoracic epidural analgesia in an elderly 
patient. Anesthesiology 2004; 101(6):1470–1.

	42.	 Nguyen L, Riu B, Minville V, et al. Epidural hematoma after hemor-
rhagic shock in a parturient. Can J Anaesth 2006; 53(3):252–7.

	43.	 Royal College of Obstetricians and Gynaecologists. Thrombosis 
and Embolism During Pregnancy and the Puerperium, Reducing 
the Risk. Green-top Guideline No. 37a. London: RCOG; 2015. 
http://www.rcog.org.uk/womens-health/clinical-guidance/
reducing-risk-of-thrombosis-greentop37a

	44.	 Membership of the Working Party, Harrop-Griffiths W, Cook T, et al. 
Regional anaesthesia and patients with abnormalities of coagulation. 
Anaesthesia 2013; 68(9):966–72.

	45.	 Bosmia AN, Tubbs RS, Hogan E, et al. Blood supply to the human 
spinal cord. II. Imaging and pathology. Clin Anat 2015; 28(1):65–74.

	46.	 Bosmia AN, Hogan E, Loukas M, et al. Blood supply to the human 
spinal cord. I. Anatomy and hemodynamics. Clin Anat 2015; 
28(1):52–64.

	47.	 Wong CA, Scavone BM, Dugan S, et al. Incidence of postpartum 
lumbosacral spine and lower extremity nerve injuries. Obstet Gynecol 
2003; 101(2):279–88.

	48.	 Moen V, Irestedt L. Neurological complications following cen-
tral neuraxial blockades in obstetrics. Curr Opin Anaesth 2008; 
21(3):275–80.

	49.	 Butwick AJ, Carvalho B. Neuraxial anesthesia in obstetric patients 
receiving anticoagulant and antithrombotic drugs. Int J Obstet 
Anaesth 2010; 19(2):193–201.

	50.	 Horlocker TT, Wedel DJ, Rowlingson JC, et al. Regional anesthe-
sia in the patient receiving antithrombotic or thrombolytic ther-
apy: American Society of Regional Anesthesia and Pain Medicine 
Evidence-Based Guidelines (Third Edition). Reg Anesth Pain Med 
2010; 35(1):64–101.

	51.	 Breivik H, Bang U, Jalonen J, et al. Nordic guidelines for neuraxial 
blocks in disturbed haemostasis from the Scandinavian Society of 
Anaesthesiology and Intensive Care Medicine. Acta Anaesth Scand 
2010; 54(1):16–41.

	52.	 Vandermeulen E, Decoster J, Dewandre PY, et al. Central neural 
blockade in patients with a drug-induced alteration of coagulation. 
Third edition of the Belgian Association for Regional Anaesthesia 
(BARA) Guidelines. Acta Anaesthesiol Belg 2011; 62(4):175–91.

	53.	 Van De Velde M, Vercauteren M, Stockman W, et al. 
Recommendations and guidelines for obstetric anesthesia in Belgium 
Central neural blockade in patients with a drug-induced altera-
tion of coagulation. Third edition of the Belgian Association for 
Regional Anaesthesia (BARA) Guidelines Regional anaesthesia and 
antithrombotic agents: recommendations of the European Society of 
Anaesthesiology. Acta Anaesthesiol Belg 2013; 64(3):97–104.

	54.	 Llau JV, De Andres J, Gomar C, et al. Anticlotting drugs and regional 
anaesthetic and analgesic techniques: comparative update of the 
safety recommendations. Eur J Anaesth 2007; 24(5):387–98.

	55.	 Kwon JY, Shin JC, Lee JW, et al. Predictors of idiopathic thrombocy-
topenic purpura in pregnant women presenting with thrombocyto-
penia. Int J Gynaecol Obstet 2007; 96(2):85–8.

	56.	 Douglas MJ. The use of neuraxial anaesthesia in parturients with 
thrombocytopenia: what is an adequate platelet count? In Halpern 
SH, Douglas MJ (eds) Evidence-Based Obstetric Anaesthesia (2nd ed). 
Boston, MA: Blackwell; 2005:165–77.

	57.	 Abramovitz S, Beilin Y. Thrombocytopenia, low molecular weight 
heparin, and obstetric anesthesia. Anesthesiol Clin North America 
2003; 21(1):99–109.

http://www.rcog.org.uk/womens-health/clinical-guidance/reducing-risk-of-thrombosis-greentop37a
http://www.rcog.org.uk/womens-health/clinical-guidance/reducing-risk-of-thrombosis-greentop37a


Chapter 28  neurological complications of neuraxial blockade 451

	58.	 Gogarten W. Preeclampsia and anaesthesia. Curr Opin Anaesth 2009; 
22(3):347–51.

	59.	 Eskild A, Vatten LJ. Abnormal bleeding associated with preeclamp-
sia: a population study of 315,085 pregnancies. Acta Obstet Gynecol 
Scand 2009; 88(2):154–8.

	60.	 Davies JR, Fernando R, Hallworth SP. Hemostatic function in healthy 
pregnant and preeclamptic women: an assessment using the platelet 
function analyzer (PFA-100) and thromboelastograph. Anesth Analg 
2007; 104(2):416–20.

	61.	 Douglas MJ. Platelets, the parturient and regional anesthesia. Int J 
Obstet Anaesth 2001; 10:113–20.

	62.	 National Institute of Health and Care Excellence. Hypertension in 
Pregnancy. Clinical Guideline 107. London: NICE; 2010. http://www.
nice.org.uk/guidance/CG107

	63.	 National Institute of Health and Care Excellence. Caesarean Section. 
Clinical Guideline 132. London: NICE; 2011. https://www.nice.org.
uk/guidance/cg132

	64.	 Errando CL, Perez-Caballero P. Cranial subdural haematoma after 
spinal anaesthesia: perhaps not so rare complication. Eur J Anaesth 
2010; 27(3):307–8.

	65.	 Vos PE, de Boer WA, Wurzer JA, et al. Subdural hematoma after 
lumbar puncture: two case reports and review of the literature. Clin 
Neurol Neurosurg 1991; 93(2):127–32.

	66.	 Barbara DW, Smith BC, Arendt KW. Images in anesthesiology: spinal 
subdural hematoma after labor epidural placement. Anesthesiology 
2012; 117(1):178.

	67.	 Bisinotto FM, Dezena RA, Fabri DC, et al. Intracranial subdural 
hematoma: a rare complication following spinal anesthesia: case 
report. Rev Bras Anestesiol 2012; 62(1):88–95.

	68.	 Chang CH, Wu JC, Tu TH, et al. Intracranial subdural hematoma 
coexisting with improvement in spontaneous intracranial hypo-
tension after an epidural blood patch. J Chin Med Assoc 2012; 
75(11):610–13.

	69.	 Fiala A, Furgler G, Baumgartner E, et al. Delayed subdural hae-
matoma complicated by abducens nerve palsy and cortical vein 
thrombosis after obstetric epidural anaesthesia. Br J Aneasth 2012; 
108(4):705–6.

	70.	 Liang MY, Pagel PS. Bilateral interhemispheric subdural hematoma 
after inadvertent lumbar puncture in a parturient. Can J Anaesth 
2012; 59(4):389–93.

	71.	 Nepomuceno R, Herd A. Bilateral subdural hematoma after inadvert-
ent dural puncture during epidural analgesia. J Emerg Med 2013; 
44(2):e227–30.

	72.	 Verduzco LA, Atlas SW, Riley ET. Subdural hematoma after an epi-
dural blood patch. Int J Obstet Anaesth 2012; 21(2):189–92.

	73.	 Zeidan A, Farhat O, Maaliki H, et al. Does postdural puncture 
headache left untreated lead to subdural hematoma? Case report and 
review of the literature. Int J Obstet Anaesth 2006; 15(1):50–8.

	74.	 Demetriades AK, Sheikh MF, Minhas PS. Fatal bilateral subdural 
haematoma after epidural anaesthesia for pregnancy. Arch Gynecol 
Obstet 2011; 284(6):1597–8.

	75.	 Vandam LD, Dripps RD. Long-term follow-up of patients who 
received 10,098 spinal anesthetics; syndrome of decreased intracra-
nial pressure (headache and ocular and auditory difficulties). JAMA 
1956; 161(7):586–91.

	76.	 Grände PO. Mechanisms behind postspinal headache and brain 
stem compression following lumbar dural puncture—a physiological 
approach. Acta Anaesth Scand 2005; 49(5):619–26.

	77.	 Angle P, Thompson D, Halpern S, et al. Second stage pushing corre-
lates with headache after unintentional dural puncture in parturi-
ents. Can J Anaesth 1999; 46(9):861–6.

	78.	 Oatridge A, Holdcroft A, Saeed N, et al. Change in brain size during 
and after pregnancy: study in healthy women and women with preec-
lampsia. AJNR 2002; 23(1):19–26.

	79.	 Davies JM, Murphy A, Smith M, et al. Subdural haematoma after 
dural puncture headache treated by epidural blood patch. Br J 
Aneasth 2001; 86(5):720–3.

	 80.	 Novy J, Carruzzo A, Maeder P, et al. Spinal cord ischemia: clinical 
and imaging patterns, pathogenesis, and outcomes in 27 patients. 
Arch Neurol 2006; 63(8):1113–20.

	 81.	 Levy NA, Strauss H. Myelopathy following compression of abdomi-
nal aorta for postpartum hemorrhage. Report of a case. Arch Neurol 
Psych 1942; 48:85–91.

	 82.	 Ben-David B, Vaida S, Collins G, et al. Transient paraplegia second-
ary to an epidural catheter. Anesth Analg 1994; 79(3):598–600.

	 83.	 Reynolds F. Neurologic complications of pregnancy and neu-
raxial anesthesia. In Chestnut DH, Polley LS, Tsen LC, et al. (eds) 
Obstetric Anesthesia: Principles and Practice (4th ed). Philadelphia, 
PA: Elsevier Mosby; 2009:701–26.

	 84.	 Reynolds F. Neurological infections after neuraxial anesthesia. 
Anesthesiol Clin 2008; 26(1):23–52.

	 85.	 Grewal S, Hocking G, Wildsmith JA. Epidural abscesses. Br J 
Aneasth 2006; 96(3):292–302.

	 86.	 Green LK, Paech MJ. Obstetric epidural catheter-related infections 
at a major teaching hospital: a retrospective case series. Int J Obstet 
Anaesth 2010; 19(1):38–43.

	 87.	 Baer ET. Post-dural puncture bacterial meningitis. Anesthesiology 
2006; 105(2):381–93.

	 88.	 Bacterial meningitis after intrapartum spinal anesthesia—New York 
and Ohio, 2008–2009. MMWR 2010; 59(3):65–9.

	 89.	 Rubin L, Sprecher H, Kabaha A, et al. Meningitis following spinal 
anesthesia: 6 cases in 5 years. Infect Control Hosp Epidemiol 2007; 
28(10):1187–90.

	 90.	 Reynolds F. Infection as a complication of neuraxial blockade. Int J 
Obstet Anaesth 2005; 14(3):183–8.

	 91.	 Wilson M, Martin R, Walk ST, et al. Clinical and laboratory features 
of Streptococcus salivarius meningitis: a case report and literature 
review. Clin Med Res 2012; 10(1):15–25.

	 92.	 Amoroso P, Fernando A. de Ávila, Gagliardi CMO. Prevalence of 
different streptococci species in oral cavity of children and adoles-
cents. Braz J Oral Sci 2003; 2(4):164–8.

	 93.	 Srinivasan V, Gertz RE, Jr, Shewmaker PL, et al. Using PCR-based 
detection and genotyping to trace Streptococcus salivarius meningi-
tis outbreak strain to oral flora of radiology physician assistant. PloS 
One 2012; 7(2):e32169.

	 94.	 Shewmaker PL, Gertz RE, Jr, Kim CY, et al. Streptococcus salivarius 
meningitis case strain traced to oral flora of anesthesiologist. J Clin 
Microbiol 2010; 48(7):2589–91.

	 95.	 Hutter CD. Face masks, spinal anaesthesia and meningitis. 
Anaesthesia 2008; 63(7):781–2.

	 96.	 Lockhart PB, Brennan MT, Sasser HC, et al. Bacteremia associ-
ated with toothbrushing and dental extraction. Circulation 2008; 
117(24):3118–25.

	 97.	 Hadzic A, Koluder-Cimic N, Hadzovic-Cengic M, et al. Serratia 
marcescens meningitis following spinal anaesthesia and arthros-
copy. Medicinski Arhiv 2012; 66(3 Suppl 1):54–5.

	 98.	 Tena D, Solis S, Lainez S, et al. Meningitis caused by Abiotrophia defec-
tiva: case report and literature review. Infection 2013; 41(2):571–4.

	 99.	 Pinder AJ, Dresner M. Meningococcal meningitis after combined 
spinal-epidural analgesia. Int J Obstet Anaesth 2003; 12(3):183–7.

	100.	 Bhimraj A. Acute community-acquired bacterial meningi-
tis in adults: an evidence-based review. Cleve Clin J Med 2012; 
79(6):393–400.

	101.	 Pandian JD, Sarada C, Radhakrishnan VV, et al. Iatrogenic men-
ingitis after lumbar puncture-a preventable health hazard. J Hosp 
Infect 2004; 56(2):119–24.

	102.	 Russell R. The dura is too vulnerable to be breached routinely in 
labour. Int J Obstet Anaesth 1999; 8(1):56–61.

	103.	 Simmons SW, Taghizadeh N, Dennis AT, et al. Combined 
spinal-epidural versus epidural analgesia in labour. Cochrane 
Database Syst Rev 2012; 10:CD003401.

	104.	 Rodrigo N, Perera KN, Ranwala R, et al. Aspergillus meningitis 
following spinal anaesthesia for caesarean section in Colombo, Sri 
Lanka. Int J Obstet Anaesth 2007; 16(3):256–60.

http://www.nice.org.uk/guidance/CG107
http://www.nice.org.uk/guidance/CG107
http://https://www.nice.org.uk/guidance/cg132
http://https://www.nice.org.uk/guidance/cg132


Part 7  anaesthetic complications452

	105.	 Petersdorf RG, Swarner DR, Garcia M. Studies on the pathogenesis 
of meningitis. II. Development of meningitis during pneumococcal 
bacteremia. J Clin Invest 1962; 41:320–7.

	106.	 Carp H, Bailey S. The association between meningitis and dural 
puncture in bacteremic rats. Anesthesiology 1992; 76(5):739–42.

	107.	 Eng RH, Seligman SJ. Lumbar puncture-induced meningitis. JAMA 
1981; 245(14):1456–9.

	108.	 Sullivan NM, Sutter VL, Mims MM, et al. Clinical aspects of bac-
teremia after manipulation of the genitourinary tract. J infect Dis 
1973; 127(1):49–55.

	109.	 Horlocker TT, Wedel DJ. Infectious complications of regional anes-
thesia. Best Pract Res Clin Anaesthesiol 2008; 22(3):451–75.

	110.	 Bader AM, Gilbertson L, Kirz L, et al. Regional anesthesia in 
women with chorioamnionitis. Reg Anesth 1992; 17(2):84–6.

	111.	 Davies JM, Thistlewood JM, Rolbin SH, et al. Infections and the 
parturient: anaesthetic considerations. Can J Anaesth 1988; 35(3 (Pt 
1)):270–7.

	112.	 Schonheyder HC, Gottschau A, Friland A, et al. Mortality rate and 
magnitude of Staphylococcus aureus bacteremia as assessed by 
a semiquantitative blood culture system. Scand J Infect Dis 1995; 
27(1):19–21.

	113.	 Wedel DJ, Horlocker TT. Regional anesthesia in the febrile or 
infected patient. Reg Anesth Pain Med 2006; 31(4):324–33.

	114.	 Barnwell R, Ball V. Iatrogenic bacterial meningitis: an unmasked 
threat. CJEM 2012; 14:1–4.

	115.	 Grande PO, Myhre EB, Nordstrom CH, et al. Treatment of intracra-
nial hypertension and aspects on lumbar dural puncture in severe 
bacterial meningitis. Acta Anaesth Scand 2002; 46(3):264–70.

	116.	 Nagra I, Wee B, Short J, et al. The role of cranial CT in the investiga-
tion of meningitis. JRSM Short Rep 2011; 2(3):20.

	117.	 Cascio M, Heath G. Meningitis following a combined 
spinal-epidural technique in a labouring term parturient. Can J 
Anaesth 1996; 43(4):399–402.

	118.	 Lyytikainen O, Rautio M, Carlson P, et al. Nosocomial bloodstream 
infections due to viridans streptococci in haematological and 
non-haematological patients: species distribution and antimicrobial 
resistance. J Antimicrob Chemother 2004; 53(4):631–4.

	119.	 Veringa E, van Belkum A, Schellekens H. Iatrogenic meningitis by 
Streptococcus salivarius following lumbar puncture. J Hosp Infect 
1995; 29(4):316–8.

	120.	 Curry WT Jr, Hoh BL, Amin-Hanjani S, et al. Spinal epidural 
abscess: clinical presentation, management, and outcome. Surg 
Neurol 2005; 63(4):364–71.

	121.	 Breivik H. Infectious complications of epidural anaesthesia and 
analgesia. Curr Opin Anaesth 1999; 12(5):573–7.

	122.	 North JB, Brophy BP. Epidural abscess: a hazard of spinal epidural 
anaesthesia. Aust N Z J Surg 1979; 49(4):484–5.

	123.	 Sakuragi T, Yasunaka K, Hirata K, et al. The source of epidural 
infection following epidural analgesia identified by pulsed-field gel 
electrophoresis. Anesthesiology 1998; 89(5):1254–6.

	124.	 Hebl JR, Niesen AD. Infectious complications of regional anesthe-
sia. Curr Opin Anaesth 2011; 24(5):573–80.

	125.	 Yuan HB, Zuo Z, Yu KW, et al. Bacterial colonization of epidural 
catheters used for short-term postoperative analgesia: microbio-
logical examination and risk factor analysis. Anesthesiology 2008; 
108(1):130–7.

	126.	 Kindler CH, Seeberger MD, Staender SE. Epidural abscess com-
plicating epidural anesthesia and analgesia. An analysis of the 
literature. Acta Anaesth Scand 1998; 42(6):614–20.

	127.	 Sarubbi FA, Vasquez JE. Spinal epidural abscess associated with the 
use of temporary epidural catheters: report of two cases and review. 
Clin Infect Dis 1997; 25(5):1155–8.

	128.	 Schroeder TH, Krueger WA, Neeser E, et al. Spinal epidural 
abscess—a rare complication after epidural analgesia for labour and 
delivery. Br J Aneasth 2004; 92(6):896–8.

	129.	 Jamieson DJ, Theiler RN, Rasmussen SA. Emerging infections and 
pregnancy. Emerg Infect Dis 2006; 12(11):1638–43.

	130.	 Tang HJ, Lin HJ, Liu YC, et al. Spinal epidural abscess—experience 
with 46 patients and evaluation of prognostic factors. J Infect 2002; 
45(2):76–81.

	131.	 Hebl JR. The importance and implications of aseptic techniques 
during regional anesthesia. Reg Anesth Pain Med 2006; 31(4):311–23.

	132.	 Heusner AP. Nontuberculous spinal epidural infections. N Engl J 
Med 1948; 239(23):845–54.

	133.	 Infection control in anaesthesia. Anaesthesia 2008; 63(9):1027–36.
	134.	 Practice advisory for the prevention, diagnosis, and management 

of infectious complications associated with neuraxial techniques: a 
report by the American Society of Anesthesiologists Task Force 
on infectious complications associated with neuraxial techniques. 
Anesthesiology 2010; 112(3):530–45.

	135.	 Baer ET. Iatrogenic meningitis: the case for face masks. Clin Infect 
Dis 2000; 31(2):519–21.

	136.	 Friedman Z, Siddiqui N, Katznelson R, et al. Experience is not 
enough: repeated breaches in epidural anesthesia aseptic technique 
by novice operators despite improved skill. Anesthesiology 2008; 
108(5):914–20.

	137.	 Guzzo JL, Seagull FJ, Bochicchio GV, et al. Mentors decrease 
compliance with best sterile practices during central venous cath-
eter placement in the trauma resuscitation unit. Surg Infect 2006; 
7(1):15–20.

	138.	 McKenzie AG, Darragh K. A national survey of prevention of infec-
tion in obstetric central neuraxial blockade in the UK. Anaesthesia. 
2011; 66(6):497–502.

	139.	 Philips BJ, Fergusson S, Armstrong P, et al. Surgical face masks are 
effective in reducing bacterial contamination caused by dispersal 
from the upper airway. Br J Aneasth 1992; 69(4):407–8.

	140.	 Schneeberger PM, Janssen M, Voss A. Alpha-hemolytic strepto-
cocci: a major pathogen of iatrogenic meningitis following lumbar 
puncture. Case reports and a review of the literature. Infection 1996; 
24(1):29–33.

	141.	 Tunevall TG, Jorbeck H. Influence of wearing masks on the density 
of airborne bacteria in the vicinity of the surgical wound. Eur J Surg 
1992; 158(5):263–6.

	142.	 Lee JJ, Parry H. Bacterial meningitis following spinal anaesthesia 
for caesarean section. Br J Aneasth 1991; 66(3):383–6.

	143.	 Scott M, Stones J, Payne N. Antiseptic solutions for central neu-
raxial blockade: which concentration of chlorhexidine in alcohol 
should we use? Br J Aneasth 2009; 103(3):456.

	144.	 Bogod D. The sting in the tail: antiseptics and the neuraxis revisited. 
Anaesthesia 2012; 67(12):1305–9.

	145.	 Checketts MR. Wash & go—but with what? Skin antiseptic solutions 
for central neuraxial block. Anaesthesia 2012; 67(8):819–22.

	146.	 Sviggum HP, Jacob AK, Arendt KW, et al. Neurologic complications 
after chlorhexidine antisepsis for spinal anesthesia. Reg Anesth Pain 
Med 2012; 37(2):139–44.

	147.	 Malhotra S, Dharmadasa A, Yentis SM. One vs two applications of 
chlorhexidine/ethanol for disinfecting the skin: implications for 
regional anaesthesia. Anaesthesia 2011; 66(7):574–8.

	148.	 Kinsella SM, Girgirah K, Scrutton MJ. Rapid sequence spinal 
anaesthesia for category-1 urgency caesarean section: a case series. 
Anaesthesia 2010; 65(7):664–9.

	149.	 Parkes AW, Harper N, Herwadkar A, et al. Anaphylaxis to the chlo-
rhexidine component of Instillagel: a case series. Br J Aneasth 2009; 
102(1):65–8.

	150.	 Garvey LH, Roed-Petersen J, Husum B. Anaphylactic reactions in 
anaesthetised patients—four cases of chlorhexidine allergy. Acta 
Anaesth Scand 2001; 45(10):1290–4.

	151.	 Burke D, Wildsmith JA. Meningitis after spinal anaesthesia. Br J 
Aneasth 1997; 78(6):635–6.

	152.	 Forgacs P, Geyer CA, Freidberg SR. Characterization of chemi-
cal meningitis after neurological surgery. Clin Infect Dis 2001; 
32(2):179–85.

	153.	 Killeen T, Kamat A, Walsh D, et al. Severe adhesive arach-
noiditis resulting in progressive paraplegia following obstetric 



Chapter 28  neurological complications of neuraxial blockade 453

spinal anaesthesia: a case report and review. Anaesthesia 2012; 
67(12):1386–94.

	154.	 Pollock JE. Transient neurologic symptoms: etiology, risk factors, 
and management. Reg Anesth Pain Med 2002; 27(6):581–6.

	155.	 Zaric D, Pace NL. Transient neurologic symptoms (TNS) following 
spinal anaesthesia with lidocaine versus other local anaesthetics. 
Cochrane Database Syst Rev 2009; 2:CD003006.

	156.	 Knight M. Eclampsia in the United Kingdom 2005. BJOG 2007; 
114(9):1072–8.

	157.	 Bousser MG, Crassard I. Cerebral venous thrombosis, pregnancy 
and oral contraceptives. Thromb Res 2012; 130 Suppl 1:S19–22.

	158.	 Aminoff MJ. Neurological disorders and pregnancy. Am J Obstet 
Gynecol 1978; 132(3):325–35.

	159.	 Paech MJ. Unexplained neurologic deficit after uneventful com-
bined spinal and epidural anesthesia for cesarean delivery. Reg 
Anesth 1997; 22(5):479–82.



CHAPTER 29

Medicolegal issues
Elizabeth Combeer, Rehana Iqbal, and Steve Yentis

Introduction
Medical law covers a vast breadth of issues including individuals’ 
rights to access healthcare, confidentiality, end-of-life decisions, 
and research. It also varies across different countries, though in 
general law is developed through two processes, legislative (Acts 
of Parliament) and judicial (case law, also known as common law 
or precedent).

Acts of Parliament (statutes) are developed following identifica-
tion of a need to develop new statutory law to regulate a particular 
issue. Examples of such Acts that are important within the sphere 
of medical law are the Mental Capacity Act 2005 and the Human 
Tissue Act 2004.

In case law, decisions made in legal courts on a case-by-case 
basis set precedents in determining how future, similar cases 
should be decided (‘similar’ referring to the principles of a case, 
rather than the setting—for example, a case concerning the sale 
of defective non-medical products may inform cases concerning 
harm resulting from defective drugs or medical products). Prior 
judgements of higher (appeal) courts tend to be binding on lower 
courts within the same jurisdiction, and also offer guidance to 
cases in other common law jurisdictions. Where no case law exists 
that relates to a case being tried, the judiciary are, in essence, cre-
ating brand new law with their decisions.

Medical statutory and case law is reactive to the ever-changing 
technology and possibilities of medicine and also reflects the evo-
lution in values held by society. The judiciary have attempted to 
use ethical reasoning in addition to legal principle in order to arbi-
trate in difficult cases that have presented brand new dilemmas 
to society and healthcare professionals.1 The robustness of such 
ethical reasoning has been extensively debated2 and yet has fre-
quently been the basis on which a case has been decided, blurring 
the boundary between law and ethics. As previously explained, 
such decisions then form a precedent for future cases and so the 
evolution in law continues. It is for these reasons that there are 
no definitive answers in medical law, just an interpretation of the 
current position.

In this chapter we attempt to give a brief overview of some of the 
key areas of medical law that relate to obstetric anaesthesia and, 
where possible, to offer some guidance to the practising anaesthe-
tist. The emphasis is on English law although we have attempted 
to be as broad as possible to allow extrapolation of the principles 
to other jurisdictions.

Battery
If a doctor touches a patient without her consent then a case 
in battery may be brought against the doctor. Battery is a civil 

wrong (tort) that one person may do to another and, as such, the 
case would be heard in a civil court; if the judge finds in favour 
of the claimant then compensation would be awarded. Battery, 
legally defined, is any form of non-consensual contact and is 
therefore not restricted to contact between a doctor and patient. 
The patient does not even have to prove that harm has occurred 
in order to win her case. A claim in battery may also apply where 
consent has been taken but is irrelevant to the procedure that 
actually takes place, for example, wrong-sided surgery, or where 
a doctor operates beyond that which they have gained consent for 
(e.g. in Bartley v Studd where the patient had given consent for 
a hysterectomy but the surgeon performed an oophorectomy in 
addition3).

Negligence
Negligence is also a tort, so a case would also be heard in a civil 
court. A case in negligence could be brought if a patient believes 
she has suffered harm during treatment as a result of substandard 
care. In order for a case in negligence to be successful, the patient 
must be able to demonstrate three things to the court. Firstly, that 
the doctor owed her a duty of care. In the majority of situations 
this is not a difficult issue to resolve: a doctor who has engaged 
in any form of assessment or treatment of a patient clearly has a 
duty of care to her. However, even when harm has occurred due 
to the absence of care, the duty of care is usually straightfor-
ward to prove. When a National Health Service (NHS) hospital 
accepts referral of a woman for obstetric care, there is the implicit 
undertaking that the hospital and its healthcare employees have 
accepted a duty of care for her. In the private healthcare setting, 
there is a contract between the doctor or hospital and the patient, 
which establishes a duty of care.

Secondly, the patient must prove that the care she received fell 
short of the standard that it should have been. The difficulty here 
is in establishing precisely what the standard for any given form 
of treatment or interaction between doctor and patient should be. 
The traditional stance is derived from the Bolam case:  if a doc-
tor acted in line with a ‘responsible body of medical men’ (even 
a minority), then their actions would be viewed as appropriate 
and legally they would not be found negligent.4 However, case 
law has evolved since Bolam, the major change being signified in 
the case of Bolitho, in which it was ruled that a doctor’s actions 
(and the view of said responsible body of medical men) must be 
‘capable of withstanding logical analysis’.5 For example, in a case 
of harm resulting from failure to check an anaesthetic machine it 
is not enough to offer the defence that, say, 40% of anaesthetists 
as a whole would also not check it—the judge might reasonably 
conclude that whilst satisfying the Bolam principle, such a claim 
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fails the Bolitho test in that such practice is neither reasonable nor 
responsible.

Finally, the patient must prove to the court that this breach in 
the duty of care has resulted in harm to her.

Gross negligence, manslaughter, and murder
Negligent care of a patient may rarely result in death. In such 
cases, a doctor may face a criminal prosecution for manslaugh-
ter if it is considered that the degree of negligence demonstrates 
‘such disregard for the life and safety of others as to amount to 
a crime … deserving of punishment’.6 The borderline between 
‘ordinary’ negligence and ‘gross’ negligence is the subject of 
considerable debate. There has been concern in recent years that 
criminal charges of manslaughter have been brought against doc-
tors (including anaesthetists) too readily for cases involving sim-
ple (but admittedly catastrophic) mistakes rather than what the 
medical profession might consider ‘gross negligence’.7

The key case describing gross negligence unfortunately involves 
an anaesthetist, Dr Adomako, who took over the care of an anaes-
thetized patient having ophthalmic surgery. He failed to notice 
when the breathing circuit became disconnected. When the 
patient became bradycardic and hypotensive, he administered 
atropine but failed to respond to other alarms warning of the dis-
connection. Approximately 9 minutes after disconnection was 
thought to have occurred, the patient suffered a cardiac arrest. The 
disconnection was discovered during the unsuccessful resuscita-
tion attempt.8

The Corporate Manslaughter and Corporate Homicide Act 
2007 enables charges of manslaughter to be brought against cor-
porate entities, for example, companies and NHS trusts, that prac-
tise gross negligence resulting in death.9 Only a small number of 
convictions have resulted (three up to the end of 201210) but the 
number of cases being brought is increasing each year. Senior 
managers within trusts (including doctors) are theoretically vul-
nerable if they are deemed to have failed sufficiently in their duty 
so as to constitute gross negligence.

Manslaughter is distinguished from murder by a lack of intent. 
It is rare for anaesthetists—especially obstetric anaesthetists—to 
face a murder charge, but this may occur if they are involved in 
end-of-life decisions in which drugs are administered that are 
judged to have ended the life of a patient, and where this is found 
to have been the intended purpose. Most such cases have involved 
intensivists.

Clinical guidelines
Recent years have seen a proliferation of written statements 
advising on or directing the delivery of healthcare. Terms used 
to describe these written statements include recommendations, 
protocols, guidance, policies, and guidelines. This is confusing 
and may suggest greater compliance is legally required with, for 
example, a protocol than a recommendation, although there is 
no objective support for this suggestion. The number and vary-
ing roles of agencies that are involved in the development and dis-
semination of guidance further compound this confusion.

A large number of agencies have developed guidelines that 
impact on both the provision of obstetric anaesthetic services11 
and the management of specific clinical conditions.12 Advocates 

for guidelines would argue that their use minimizes unjustifiable 
variation in clinical practice thus improving patient safety and 
clinical outcomes. However, there is concern about the impact 
of guidelines on the use and development of clinical judgement, 
the quality and evidence base for their development and the legal 
and professional consequences of deviating from them. Although 
clinical practice is influenced by guidelines, there is a lack of 
data looking at outcomes following their introduction to support 
claims of improvements in quality of care.13 Despite this, guide-
lines are often viewed as documented standards of care.

The courts have recognized the difficulties associated with 
determining the legal status of guidelines. In Crawford v Board 
of Governors of Charing Cross Hospital, Lord Denning stated 
that ‘the time may come in a particular case when a new recom-
mendation may be so well proved and so well known, and so well 
accepted that it should be adopted’.14 It has been suggested that 
if a guideline fulfils the elements of this ‘Denning Test’ (i.e. that 
the guideline is proven, disseminated, accepted, and adopted by 
the profession) then there may be a greater legal requirement to 
comply with it.15

Adherence to guidelines has been used as a successful defence 
against negligence claims. In Early v Newham the claimant 
experienced a period of awareness following a failed intubation 
attempt. However, her claim was unsuccessful, as the anaesthetist 
had adhered to locally developed failed intubation guidelines.16 
The quality of the local guideline was unsuccessfully challenged as 
the claimant was unable to prove that the guideline was such that 
no responsible body of practitioners would have complied with it.4

It should not, however, be assumed that adherence to guidelines 
provides an impenetrable shield against litigation claims. In the 
case of Wickline v The State of California, a patient was discharged 
early from hospital, in accordance with guidelines, but subse-
quently came to harm. The court emphasized the importance of 
clinical judgement and the responsibilities of the physician. It rec-
ognized that clinical judgement may be contrary to guidelines and 
that rigid compliance with guidelines in these circumstances may 
not be legally defensible.17 The importance of clinical judgement 
has also been emphasized in the English courts, for example, in an 
unsuccessful claim of negligence against clinicians for failure to 
follow clinical guidelines in the management of severe asthma in 
a pregnant patient. The courts supported the use of clinical judge-
ment despite the existence of guidelines.18

There are a number of reasons why a clinician may choose 
to comply with or deviate from guidelines. These reasons may 
include a professional assessment of robustness of the evidence 
base for the guideline, its applicability to the current clinical situ-
ation, the existence of conflicting guidelines, and whether the par-
ticular circumstances dictate different management. Guideline 
compliance may also be limited by the cost of its implementation.

The precise hierarchy of authority of guidelines, where conflict 
exists between two guidelines advising on the management of the 
same issue, has yet to be tested. However, guidelines developed by 
national regulatory bodies such as the General Medical Council 
(GMC), the National Institute for Health and Care Excellence 
(NICE), and the Royal Colleges are likely to have greater authority 
than other sources. When choosing to manage patients contrary 
to guidelines, clear documentation of the reasons for departure 
from guidance, explicit consent, and an acceptable standard of 
care that promotes best interests would be necessary.
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Autonomy and informed consent
Autonomy refers to an individual’s right to ‘self-govern’ and make 
one’s own decisions. Respect for autonomy (along with justice, 
beneficence, and non-maleficence) is one of the moral principles 
underpinning medical ethics,19 and medical paternalism has given 
way to an era of respect for the decision-making of the patient. 
Consent is the process by which a doctor recognizes a patient’s 
autonomy. For consent to be valid, adequate information must be 
given to the patient, she must have the capacity to make a deci-
sion (see ‘Capacity and the Mental Capacity Act’), there must be 
adequate time to do so, and there must be freedom from coercion.

A patient can bring a case in negligence against her doctor if 
she develops a complication from treatment, the possibility of 
which was not disclosed during the consent process. If no consent 
took place then the claim would be brought in battery, although 
this would be unusual. The usual principles of negligence apply to 
cases concerning inadequate consent:  that a duty of care exists; 
that there was a breach in the duty of care (the level of information 
disclosure was inadequate); and that harm has occurred as a direct 
result of the breach because, if warned, the patient would not have 
given consent.

It can be difficult to judge precisely how much information is 
‘adequate’, sufficient to enable an informed decision by a patient 
without overburdening her with an endless list of rare or triv-
ial possible complications. GMC guidance advises doctors to 
try to understand the particular patient they are caring for and 
the adverse outcomes they may be most concerned about when 
deciding what risks to discuss.20 Patients must be advised of seri-
ous adverse outcomes (those resulting in death, permanent or 
long-term disability, effect on employment, or social or personal 
life) ‘even if the likelihood is very small’. Withholding informa-
tion concerning adverse outcomes for fear that it may unduly 
scare the patient or lead her to decline an intervention is not per-
mitted. Patients who do not wish to be told about potential risks 
should still be advised of the general nature of an intervention or 
treatment and should be informed about any serious risks. If a 
patient refuses to hear even this most basic information, then she 
should be advised that she can change her mind at any time and 
the discussion should be fully documented.

The GMC guidance can be difficult to apply in practice. 
Obstetric anaesthetists meet many of the patients they care for in 
emotionally charged, emergency situations when the patient may 
be suffering significant pain. Limited time for discussion makes 
it difficult to establish the individual wishes of each patient con-
cerning information disclosure. The Bolam case established that 
an explanation that was in line with that of colleagues would be 
viewed as adequate from a legal perspective.4 However, 40 years 
later, Bolitho determined that merely providing the same standard 
of explanation as some of one’s peers is inadequate: that standard 
must be ‘capable of withstanding logical analysis’.5

As previously discussed, guidelines from professional bod-
ies may be viewed as standards of care. The Royal College of 
Anaesthetists (RCoA),21 the Association of Anaesthetists of Great 
Britain and Ireland (AAGBI), and the Obstetric Anaesthetists’ 
Association (OAA) have all produced patient information leaflets 
explaining the risks associated with anaesthesia. The OAA, for 
example, has produced an information card to facilitate discus-
sion of risks with women during the consent process for labour 

epidural analgesia. The OAA clearly concurs with the GMC on 
the need to offer maximal information to patients: adverse con-
sequences stated on the card include the possibility of paralysis 
of 1 in 250,000 women.22 Application of such a guideline may 
be regarded as a standard that is capable of ‘withstanding logical 
analysis’ due to the authority of the professional body from which 
it originates. Furthermore, as the use of the OAA information 
card becomes more widespread, the ‘Denning Test’ may be seen 
to apply: deviation from such a guideline might therefore require 
documented evidence of justification.

The case of Chester v Afshar is an interesting reflection on how 
important the judiciary now believe a patient’s right to infor-
mation is.23 Miss Chester was not warned of the risk of cauda 
equina syndrome following back surgery, and it was admitted by 
the defendant that she should have been. However, Miss Chester 
admitted to the Court that she would probably have gone ahead 
with the surgery anyhow, thus failing to prove causality, a key 
component of a negligence claim. Nonetheless, the Court was so 
keen to compensate Miss Chester for the breach to her right of 
autonomy that it found in her favour.

There is no definitive way to ensure that one’s method of obtain-
ing consent will provide immunity from claims of negligence. 
Ensuring that practice is in line with colleagues would seem to 
help. Applying the guidance on consent published by professional 
bodies will ensure that information disclosure achieves a docu-
mented standard that should be capable of withstanding logical 
analysis. Ensuring that information disclosure is of a level and 
quality to facilitate patient autonomy is an important focus.

Capacity and the Mental Capacity Act
Testing capacity (competence) evolved through case law, as the 
courts were called upon to make decisions in situations where 
there was doubt as to whether individuals could reasonably 
be allowed to make up their own minds about proposed medi-
cal treatment. C24 was a man with paranoid schizophrenia who 
developed a gangrenous leg. His doctors wanted to amputate his 
leg in his best interests, as they considered that he did not have the 
ability to decide for himself owing to his mental health problems. 
C did not want to have his leg amputated and sought an injunc-
tion against his doctors. The courts found C to be competent and 
a simple test of mental capacity was developed that has since been 
enshrined in statutory law in England and Wales in the form of the 
Mental Capacity Act 2005. The Act’s starting point is that all per-
sons over 16 years old should be assumed to have capacity unless 
shown otherwise. In order to demonstrate capacity, a patient must 
understand and retain the information given to her, use this infor-
mation to make a decision, and then to be able to communicate 
that decision back to the doctor caring for her (Box 29.1).

A woman with capacity has the absolute right to determine 
what happens to her body in the context of agreeing to or refus-
ing medical treatment. The right of a competent patient to refuse 
treatment, even if this will lead directly to her death, has been 
upheld in case law.25

The Mental Capacity Act regards capacity in the context of 
being situation or decision specific, rather than something one 
either has or has not. However, when considering the management 
of patients who lack capacity for a specific decision, it is useful to 
view them as falling into four broad categories: those who have yet 
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to develop capacity (children); those who have never had capacity 
and are never likely to; those who have previously had capacity but 
have permanently lost it; and those who usually have capacity but 
have temporarily lost it. Parturients who lack capacity are most 
likely to fall into this fourth group as temporary loss of capacity 
may result from factors associated with labour. (Management of 
this group is discussed later in ‘Patients Who Temporarily Lack 
Capacity, Consent in Labour, and Birth Plans’.) However, obstet-
ric anaesthetists may also be required to provide treatment for 
patients from the other three categories and so the legal approach 
to managing the care of such women will be described here.

Children and capacity
The law concerning consent in children is important to obstet-
ric anaesthetists because parturients may be under 16  years of 
age:  the rate of pregnancy in girls aged 15–17 years in England 
and Wales is 35.5 per 1000.26 The interpretation of law concerning 
children and consent has been made problematic by the fact that 
there is no clear statutory law that dictates a precise age at which 
a child assumes complete responsibility for giving or withhold-
ing consent for her own medical treatment. The Mental Capacity 
Act assumes competence for anyone over 16 years old, whilst the 
Family Law Reform Act 1969 has been interpreted as meaning 
that children are not able to refuse treatment if they are under 
18 years old.27 This interpretation has been reflected in subsequent 
case law.28

The Gillick case concerned the legitimacy of doctors providing 
sexual healthcare to girls less than 16 years without the knowledge 
or consent of their parents.29 From this case stems the term ‘Gillick 
competence’, used to describe children who are under the age of 
16 but who demonstrate the maturity and understanding required 
to give consent for their own treatment. Gillick competency is 
probably better referred to as Fraser competency after the judge 
who described the criteria for such circumstances. It is important 
to note that these guidelines require the doctor to decide that it 
is in the child’s best interests, both in terms of her medical best 
interests and her social circumstances, to proceed with care in the 
absence of parental knowledge or permission. Lord Fraser stated 
that, occasionally, a situation might arise where ‘a doctor is a bet-
ter judge of the medical advice and treatment which will conduce 
to a girl’s welfare than her parents’.29 Thus the Gillick case empow-
ers mature children to give assent to treatment thought to be in 
their best interests by their doctors or their parents, and it allows 
them to have medical treatment without their parents’ knowledge 

or permission if that is thought by their doctor to be in their over-
all best interests. It does not, however, allow them to refuse treat-
ment that is thought (by their parents or doctors) to be in their 
best interests and the courts have demonstrated themselves will-
ing to compel underage children to have such treatment if they 
attempt to refuse.30

Cases tried subsequent to Gillick have continued to debate the 
precise meaning and application of its ruling. If the judiciary are 
unclear, then it is unsurprising that many clinicians have an indis-
tinct grasp of how to manage consent in adolescents. The follow-
ing is a summary of the current legal position (Table 29.1). Once a 
girl is 18 years old, she has the absolute right to accept or decline 
medical treatment offered to her. Over the age of 16 years, it should 
be assumed that a girl is competent to give consent for her own 
care unless there are factors that lead the clinician to decide that 
she lacks competence. Under the age of 16 years, the doctor must 
assess whether a girl is Gillick competent according to whether she 
displays the specifics of capacity laid down in the Mental Capacity 
Act (see Box 29.1). If the child appears to be competent, she may 
give consent for herself for medical treatment offered to her. It is 
good practice, where the competent child permits, to involve par-
ents in supporting a teenager’s decision-making.31 However, there 
will be occasions where parents (or those with parental responsi-
bility) may disagree with the consent given by a Gillick compe-
tent child or adolescent patient. In these situations, the parents are 
not legally permitted to overrule the consent of the patient. (NB 
Parental responsibility is held by all mothers, a father if he was 
married to the mother at the time of the birth, fathers who jointly 
registered the birth with the mother (from 1 December 2003), and 
fathers who have attained parental responsibility through agree-
ment with the mother or through a court order. Parental respon-
sibility may also be held by a legally appointed guardian, a local 
authority in whose care a child is or a local authority or person 
with an emergency protection order for a child.)

Although a Gillick competent child or girl over 16 years may 
give consent for her own treatment, she is not permitted to refuse 
treatment if this may lead to death or serious injury. A situation 

Box 29.1  Capacity testing according to the Mental Capacity 
Act 2005

	(a)	 To understand the information relevant to the decision

	(b)	To retain that information

	(c)	 To use or weigh that information as part of the process of 
making the decision

	(d)	To communicate his decision (whether by talking, using 
sign language or any other means)

The Mental Capacity Act 2005. Crown Copyright.

Table 29.1  Summary of consent rights according to patient age

Child Gillick competent  
child

16–17 years 18 years

Right to give 
consent?

No Yes Yes Yes

Right to refuse 
treatment?

No No No Yes

Parents (or those 
with parental 
responsibility) may 
give consent on 
child’s behalf?

Yes Yes Yes No

Doctors able to 
treat the patient in 
her best interests 
despite parental 
and patient refusal 
of consent?

Yes Yes Yes No
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might arise, therefore, where the parents and doctors of a Gillick 
competent child wish to proceed with treatment but the child 
refuses. Where time permits, legal assistance should be sought to 
assist in resolving such disputes. However, in an emergency situa-
tion, doctors should treat in accordance with the best interests of 
a child under 18 years, even if this is contrary to the child’s and/or 
the parents’ wishes.

Until a child is 16 or has developed capacity, the parents (or those 
with parental responsibility) are entitled to give consent for them. 
It is obvious that discussions and explanations should involve the 
child as much as possible, even if she is not legally in a position 
to sign a consent form for herself.32 The child benefits from time 
spent with a doctor who is prepared to give explanations targeted 
to her level of maturity. This maximizes her autonomy and allows 
her to develop trust in her clinicians. It is important that children 
should develop a relationship based on trust with those treating 
them in order that healthcare experiences as a child do not deter 
them from seeking treatment in later life. Once again, if parents 
refuse to give consent for treatment that clinicians believe to be in 
the child’s best interests, then an application must be made to the 
Court of Protection (through the hospital lawyers) for the resolu-
tion of the dispute. In an emergency, treatment should proceed 
whilst this is being undertaken.

The rights of a pregnant teenager concerning consent do not 
alter despite the fact that she is about to give birth to her own 
child. However, the potential for dispute between the girl, her 
parents, and the healthcare professionals should be anticipated 
where possible. It is of paramount importance to engage young 
pregnant girls early in antenatal care. They are statistically more 
likely to come from a background associated with deprivation, 
abuse, lack of parental involvement, and mental health and educa-
tional problems, and are more likely to be poor antenatal attend-
ees.33 Their babies are significantly more at risk of prematurity, 
perinatal death, or death in infancy than the babies of older moth-
ers. Ideally, specialized, multidisciplinary antenatal care (often 
including social care professionals) targeted to the needs of teen-
age women should be offered. Discussions concerning possible 
outcomes and the potential need for medical treatment in labour 
should happen during the child’s pregnancy in order to avoid 
conflict, rushed decisions and the need to act contrary to a girl’s 
wishes in an emergency. It is important that obstetric anaesthe-
tists are included in such discussions.

Patients who no longer have capacity
Before the Mental Capacity Act 2005, no person could act as a 
proxy in giving consent to medical treatment on behalf of another 
adult. If treatment was considered necessary for a patient who 
lacked capacity, the medical team caring for her would act in her 
best interests. The Mental Capacity Act has sought to improve 
the method by which decisions are made for patients who lack 
capacity, to ensure that (where known) the patient’s views can 
be included in decisions and to ensure that all people who lack 
capacity are represented by an advocate (whether friend, family 
member, or professional) when major decisions are being made on 
their behalf.34 There are three ways in which this may be achieved:

1.	 The Mental Capacity Act requires doctors caring for a patient 
who lacks capacity to discuss the medical plans with family, 
carers, or friends who may hold key information about the 
patient’s thoughts and beliefs before making a best interests 

judgement about how to proceed with treatment. In this man-
ner, the patient’s wider best interests may be respected rather 
than making a decision based purely on likely medical 
outcomes.

2.	 The Mental Capacity Act also reinforces the concept of 
Advance Decisions (previously known as Advance Directives) 
to detail an individual’s wishes concerning future medical 
treatment. An Advance Decision may be made verbally or in 
writing. If made verbally, some form of record of the deci-
sion must be made, for example, in the hospital notes. If it is 
a written statement it does not need to be witnessed, unless it 
concerns refusal of life-sustaining treatment. However, it must 
be sufficiently detailed and specific to ensure that it clearly 
applies to the circumstances that eventuate. A patient can-
not make advance requests for treatment that the clinicians 
do not believe to be appropriate.35 An Advance Decision only 
comes in to force after the individual loses capacity and may be 
withdrawn at any time, verbally or in writing, until capacity 
is lost. Doctors are legally bound to follow the wishes laid out 
in an Advance Decision or they may find themselves liable for 
battery. However, situations may arise where there is doubt as 
to the validity of a decision: the circumstances in reality may 
differ from those described in the decision; there may have 
been a significant change in the individual’s life; there may be 
doubt regarding the capacity of the individual at the time of 
making the decision; or a Lasting Power of Attorney (LPA; see 
below) might have been subsequently appointed who advises 
the medical team contrary to that which is stated in the deci-
sion.36 The clinicians caring for the patient should continue to 
treat the patient according to her best interests until an assess-
ment of the validity of such an Advance Decision is made. A 
form of Advance Decision commonly encountered in obstet-
ric practice is a mother’s birth plan, which is discussed later. 
Another relevant Advance Decision is that made by Jehovah’s 
Witnesses concerning refusal of administration of blood prod-
ucts. Ideally, such a decision should be explored antenatally in 
an unhurried manner. However, it is feasible for an Advance 
Decision to be produced in an emergency situation when the 
woman herself is either unconscious or under general anaes-
thesia. Such circumstances are fortunately rare but should they 
occur, urgent consultation with the hospital lawyers is recom-
mended; medical management should continue in the wom-
an’s best interests in the interim, with careful documentation 
of all aspects of her immediate care.

3.	 Individuals may also appoint a LPA to act as a proxy deci-
sion maker on their behalf once capacity has been lost. This 
appointment will be registered with the Public Guardian and 
may be a friend, relative, or professional adviser of the individ-
ual (‘donor’ of power). Unless the LPA has been given express, 
written permission by the donor, they may not make deci-
sions regarding the continuation or cessation of life-sustaining 
treatment. Furthermore, they cannot request treatment that 
the medical team caring for the patient believes to be inappro-
priate. Before loss of capacity, the donor can revoke the deci-
sion to appoint an LPA at any time.

Patients who have never had capacity
If a woman has never had capacity she will not have been able 
to appoint an LPA or make an Advance Decision. However, it is 
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still reasonable to involve her friends, carers, and relatives when 
decisions are made on her behalf as these people will be able to 
advise the clinicians about the woman’s likes and dislikes.37 In 
conjunction with the medical team caring for such a woman, 
the majority of medical decisions made on her behalf should be 
straightforward. However, there are situations where a woman 
who has never had capacity or who has permanently lost capac-
ity (and has no Advance Decision or LPA) has no friends or rela-
tives to support her in making appropriate medical decisions. 
For all but minor treatment decisions, the Mental Capacity Act 
requires that an Independent Mental Capacity Advocate (IMCA) 
be consulted. The IMCA is permitted access to the patient (and her 
records) in order to attempt to represent the patient’s views in the 
decision-making process. Like family members and friends, an 
IMCA does not have the power to act as a proxy decision-maker.

The Court of Protection has the power to appoint a Court 
Appointed Deputy (CAD) to act as a proxy decision-maker for 
an individual who lacks capacity and who does not have an LPA 
(whether this is because she never had capacity to do so or because 
she did not exercise this right when capacitous). This may be done 
if there are particularly complex issues to address or if there is 
likely to be an ongoing requirement for decisions to be made. 
A member of the patient’s family may be appointed as a CAD, for 
example, the parent of an adult with severe learning difficulties. 
Just like an LPA, a CAD must always act in the best interests of the 
individual whom they represent. The Court of Protection remains 
the ultimate arbiter in cases where there is dispute between family, 
friends, LPAs, IMCAs, CADs, and healthcare professionals about 
how best to proceed in medically treating an adult who lacks the 
capacity to make her own decisions.38

Patients who temporarily lack capacity, consent 
in labour, and birth plans
A multitude of factors encountered in labour may temporarily 
compromise a previously competent woman’s decision-making 
capacity. These include pain, lack of sleep, anxiety, opioid analge-
sia, and physiological disturbance caused by blood loss. It is there-
fore important to reassess her capacity for each new decision in 
labour. Any healthcare professional can make this assessment of 
capacity, and it is decision specific: a woman who has the capacity 
to consent to a vaginal examination does not necessarily have the 
capacity to decide whether to consent to anaesthesia for caesarean 
delivery.

Case law has recognized that ‘confusion, shock, fatigue, pain 
or drugs’ may temporarily incapacitate a woman in labour.39 All 
practising obstetric anaesthetists will be familiar with the sce-
nario of a deeply distressed labouring woman who appears to care 
little about any risks explained to her when discussing epidural 
analgesia. It is difficult, however, to be certain of the point at which 
a woman crosses the line between capacity and incapacity. The 
AAGBI recognizes the existence of factors that contribute to dif-
ficulties in establishing capacity in a labouring woman. However, 
its stated opinion is that ‘the compromise will need to be severe to 
incapacitate her’.40 The very same case law that offered recognition 
of the compromise to capacity that these factors may cause also 
gave the warning that healthcare professionals caring for such 
women should be careful in assessing whether ‘such factors are 
operating to such a degree that the ability to decide is absent’.39 No 
guidance is given by either of these sources, however, on how one 
can be sure that a labouring woman still has capacity.

Recall of risks discussed during the consent process has been 
used as a surrogate indicator of capacity. Failure of recall is taken 
to indicate lack of capacity, as the second of the four necessary 
components of capacity testing according to the Mental Capacity 
Act is not met. Swan and Borshoff demonstrated poor recall of 
conversations during labour concerning risks associated with epi-
dural analgesia. They suggested that consent should therefore take 
place antenatally, where possible, as this led to improved recall.41 
The use of written information has been demonstrated to improve 
recall of risks associated with epidural analgesia following con-
sent in labour.42 However, it is far from clear that actual recall 
is a valid indicator of capacity. Although Affleck and colleagues 
demonstrated poor recall of risks discussed during labour, it was 
comparable with recall by patients receiving information about a 
variety of medical treatments such as chemotherapy, ophthalmic 
and cosmetic surgery.43 It was also demonstrated that the pain 
scores of the parturients had no significant impact on their levels 
of recall.

Other research has focused on the opinions of women who 
have recently had neuraxial blockade in labour about the level of 
disclosure of risks that they deem to be appropriate during the 
consent process. On the whole, many of these women appear to 
want an in-depth explanation about potential complications.44,45 
This might suggest that the women involved felt able to handle 
the information delivered to them, and to use it to make a rea-
soned decision. Jackson and colleagues asked 38 women to assess 
whether they had met the Mental Capacity Act’s four compo-
nents of capacity at the time of their decision during labour to 
have an epidural.46 Over 80% of the women felt that they could 
‘completely agree’ that they were able to communicate a decision 
regarding epidural analgesia but less than 30% completely agreed 
that they could retain information. The implication of this is 
that by lacking one or more of the four components constituting 
capacity, fewer than 30% of these women deemed themselves to 
have capacity (according to the Act) at the time of their decision, 
although a high proportion of women were still satisfied with the 
consent process. Once again, recall appears to be an important 
sticking point in deciding whether labouring women have capac-
ity. The Mental Capacity Act does not stipulate the duration of 
recall necessary to demonstrate capacity, just that ‘The fact that a 
person is able to retain the information relevant to a decision for 
a short period only does not prevent him from being regarded as 
able to make the decision’.37 Failure to recall details of the con-
sent process after the event should not, therefore, necessarily lead 
to the assumption that the woman lacked capacity at the time of 
decision-making. The Act requires clinicians to take into account 
the wishes and preferences of an incapacitous patient and to 
involve her in decision-making processes to the best of her ability. 
Therefore anaesthetists should still attempt to explain risks and 
benefits as far as possible to all women in labour, even those con-
sidered to have borderline capacity.

There is a lack of conclusive research to define satisfactorily a 
‘cut-off’ at which women can be deemed as having lost capac-
ity as a result of factors associated with labour. Perhaps the fact 
that a request for epidural analgesia when experiencing severe 
labour pains seems so reasonable that the question of whether the 
mother has strict legal capacity is not always addressed. Likewise, 
if obstetricians recommend an urgent caesarean delivery for the 
sake of the baby’s well-being, the woman’s capacity to give con-
sent is less likely to be called into question if she acquiesces to 
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the recommendation. Whilst the law reminds clinicians that an 
individual should not be deemed to lack capacity purely because 
her decision seems unreasonable,48 it might seem that the oppo-
site is true: we are ready to accept a woman as capacitous if she 
agrees with our recommendations. However, it should also be 
remembered that capacity is a decision-specific assessment. In the 
circumstances of a much-wanted baby’s life being (potentially) at 
risk, a woman may retain the information regarding the risks and 
benefits of anaesthesia and surgical delivery for as long as it takes 
her to agree to this course of action. This process might require just 
a few seconds—the fact that she does not retain the information 
any longer than this should not necessarily lead to the conclusion 
that she lacks competence. Difficulty arises, however, when a birth 
plan (a form of Advance Decision) exists that has been made at a 
time when a woman supposedly has full capacity. Can a woman in 
the throes of labour request or accede to an intervention that she 
has previously expressly refused?

The NHS Choices website describes birth plans as ‘a record of 
what you would like to happen during your labour and after the 
birth’, and advises women that they should consider their wishes 
concerning pain relief, place and mode of delivery, and care of the 
baby after birth before writing one.48 However, it reminds moth-
ers of the ‘need to be flexible and prepared to do things differently 
from your birth plan if complications arise with you or your baby’.

The AAGBI stresses the importance of providing informa-
tion regarding anaesthesia and analgesia antenatally.40 It may be 
considered that women are more able to make truly capacitous 
decisions about their future care at a time when their recall has 
been shown to be better and they are not compromised by pain, 
fear, fatigue, and drugs. Birth plans might therefore be viewed to 
represent the truly autonomous decisions of a woman about her 
labour. One aspect of informed consent is, however, lacking in the 
antenatal period. Until a woman is in labour, she has no personal 
experience of the pain associated with it.49 Further, until there is 
evidence of fetal compromise, she has no true ability to evaluate 
the pros and cons of expediting delivery, for example, through the 
use of forceps. She therefore lacks the necessary information with 
which to make a valid decision.

In the event of loss of capacity in labour, a birth plan should be 
regarded as representing a form of Advance Decision.40 However, 
birth plans vary greatly: although some are very detailed and spe-
cific about a woman’s wishes, others contain merely a few state-
ments regarding what her ideal labour would entail, and would 
not meet the criteria for a binding Advance Decision. It is quite 
possible that the woman did not intend her birth plan to be used 
as an Advance Decision—indeed, if she had read the guidance 
from the NHS Choices website she may not have been aware of the 
legal implications of writing such a plan. Where a woman has lost 
capacity, birth plans that have not been written in a manner to sat-
isfy the requirements of an Advance Decision should be regarded 
as evidence of the woman’s values and wishes, to be taken into 
account as far as possible when making decisions based on a best 
interests assessment.37

If following a birth plan entails a significant risk to the life of the 
mother, the plan must have been signed and witnessed and must 
state clearly that she would prefer death to whatever treatment has 
been refused. If there is risk to the baby’s life then the plan must 
be specific enough to have included this eventuality. If it is consid-
ered that any of the circumstances of the situation could not have 

been reasonably anticipated by the woman at the time of writing 
the birth plan, this may also invalidate it for use as an Advance 
Decision. Obviously, no Advance Decision comes into force until 
its author loses capacity and so a woman who consents to treat-
ments in labour that she had previously excluded in her birth plan 
is fully at liberty to change her mind in this manner so long as she 
has the capacity to do so.

The obstetric anaesthetist may occasionally face a birth plan 
in which a woman attempts to dictate her future care even if 
she changes her mind once in labour (the so-called Ulysses 
Directive).50 A woman may state, for example, that she does not 
want to have epidural analgesia even if, once in labour, she begs 
for this method of pain relief. If written clearly, signed, and wit-
nessed, such a directive would have the same legal footing as any 
other Advance Decision. However, for it to take effect, the woman 
must lose capacity. If she still retains capacity, then she is able to 
change her mind. In such circumstances, it is imperative to ensure 
a very thorough discussion of risks and benefits of epidural anal-
gesia with the woman, involving her midwife and birth partner if 
permitted. In this way, the anaesthetist can clarify that the woman 
remains capacitous and that she appreciates the consequences of 
the decision she is currently making. This conversation should, 
of course, be fully documented and the AAGBI suggests that the 
woman should countersign the entry in the notes.40 A  woman 
who has been unable to meet the expectations she has made of 
herself in a birth plan may be upset and frustrated postnatally, and 
resentful of the healthcare professionals who aided her ‘labouring 
self ’ to defy the wishes of her ‘antenatal self ’. A debrief with the 
woman after analgesia has been established and again after birth 
may help the woman reconcile the events that have occured.50 
Ideally, a woman should not even start labour without a discus-
sion regarding the implications and limitations of a birth plan for 
directing future care.

Voluntariness and consent
After provision of information and capacity, the third component 
of valid consent is freedom from coercion. Sources of coercion 
that may apply to a labouring woman are her birth partner, the 
father of her baby, other family members, healthcare profession-
als, and other paid providers of maternity care such as doulas. 
It is important to remember the inequality in ‘power’ that exists 
between a woman in labour and the healthcare team that attend 
her. The healthcare team are in a familiar environment, have 
extensive knowledge, may be under pressure of time, may arrive in 
groups to see her, may remain standing, may use unfamiliar ter-
minology, and will know the patient’s name and medical details. 
In contrast, the labouring woman is in an unfamiliar environ-
ment, may be minimally clothed, may have little knowledge of the 
events that are unfolding, may be in pain or fear and may not com-
prehend the roles or know the names of the staff. The resolution 
of this disparity is more of an ethical than a legal debate and so 
beyond the scope of this chapter.51 Suffice to say here that all staff 
should be aware of these factors and their influence on a woman’s 
decision-making.

A woman may have spoken extensively to others concerning her 
wishes for labour, utilizing such discussions in the same manner 
as some women use birth plans.50 In the event of her changing 
her mind, these individuals may attempt to exert influence on the 
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woman in order to keep her to her prearranged plans.50 However, 
a woman who retains capacity in labour is free to make her own 
decisions and healthcare professionals must make sure that such 
decisions are voluntary. In order to ensure voluntariness, the 
obstetric anaesthetist may need to speak alone with a labouring 
woman. The anaesthetist has a duty to voice any concerns that the 
opinion of others is interfering with the patient’s right to decide 
her own medical management. Ultimately, consultation with the 
hospital legal team may be required in order to help manage a par-
ticularly persistent and intrusive third person.

Case law has demonstrated that the judiciary is prepared to find 
consent (or refusal of consent) invalid if it is believed that there 
has been excessive influence on a patient from other sources. Re T 
concerned a young woman, 34 weeks pregnant, involved in a road 
traffic accident.47 She developed pneumonia and was admitted to 
hospital. Her condition necessitated the administration of oxygen 
and the use of pethidine for pain control. That night, T went into 
labour and a decision was made that delivery by caesarean deliv-
ery was necessary, so she was transferred to an obstetric unit. T 
was not a Jehovah’s Witness but her mother was. During a visit 
from her mother, T informed a nurse that she would not accept 
blood products. She later stated the same to a doctor. A midwife 
produced a refusal form, which T signed without further discus-
sion or clarification. After caesarean delivery of a stillborn baby, 
T’s condition deteriorated due to a lung abscess and she was 
admitted to intensive care. Blood transfusion was deemed neces-
sary but withheld because of T’s documented refusal. T’s father 
and boyfriend made a successful court application to authorize 
blood transfusion, arguing that T had been coerced by her mother.

There were many factors that compromised T’s ability to make 
a valid refusal of treatment. Lord Donaldson praised her boy-
friend and father for their application but stated that the hospital 
authorities should have taken the initiative the previous day. T was 
critically ill, she had a condition requiring oxygen, she had pain 
necessitating the use of pethidine, and she was in early labour 
following a car accident. In this condition, she might have been 
unduly receptive to her mother’s religious beliefs. After her ver-
bal refusal of consent, T signed a form refusing transfusion with-
out further discussion of the consequences of such an action. T’s 
refusal was therefore considered by the court to be invalid.

Enforced caesarean delivery
The topic of decision-making in labour would not be complete 
without a discussion of enforced caesarean delivery. Although the 
case of T, discussed above, revolved around overriding a woman’s 
refusal of consent as it was deemed to be invalid, Lord Donaldson 
made some important statements concerning the right to refuse 
treatment when he made his judgment. He stated that a com-
petent adult had the right to choose to accept or to refuse treat-
ment, regardless of whether her reasons were ‘rational, irrational, 
unknown or even non-existent’.47 Re T set the benchmark of an 
adult’s right to refuse treatment, even if this will lead to certain 
death.24 However, Lord Donaldson made an important caveat 
to this right: that where a woman’s decision to refuse treatment 
might ‘lead to the death of a viable fetus.’47

The decision in Re S followed the precedent set by Lord 
Donaldson.52 S was in obstructed labour with a baby in a trans-
verse lie and an elbow presentation. She refused caesarean delivery 

due to her religious beliefs. A very brief court hearing (at which S 
was not represented) did not analyse whether S had capacity, but 
followed directly the precedent set in Re T and authorized a cae-
sarean delivery against the woman’s wishes. A number of similar 
cases followed.53,54

Re MB broke the established trend.39 The case concerned a 
needle-phobic woman who was advised to have a caesarean deliv-
ery after going into labour at term with a footling breech baby. 
She consented to the operation and wanted her baby to be born 
alive but refused to have an anaesthetic that involved her feeling 
a needle. The Court determined that although MB would usually 
have capacity to make decisions by herself, her fear of needles had 
temporarily incapacitated her. In the judgment of the Court of 
Appeal, it was made clear that the interests of the fetus should play 
no part in a decision to force a woman to undergo a caesarean 
delivery against her will. In this manner, a new precedent was set 
that directly contradicted that made by Lord Donaldson in Re T. 
A decision based on the best interests of an incompetent woman 
should consider the woman’s desire to have a healthy, live baby, 
but should not consider this from the point of view of the baby. No 
competent woman should be forced to have a caesarean delivery 
against her will.

It may be difficult, however, for medical staff to watch a woman 
make decisions that compromise not only her own life but also that 
of a viable fetus. The doctors caring for S (a different S from that 
referred to previously) seem to have been desperate to prove that 
she was incompetent in order to deliver her baby by caesarean 
delivery against her will. S was diagnosed with pre-eclampsia at 
36 weeks’ gestation.55 She refused admission for induction despite 
acknowledging that her decisions might result in the death of her-
self and her baby. She preferred to allow nature to take its course 
and stated that she did not want the baby anyway. S was com-
pulsorily admitted to a psychiatric hospital under an assessment 
order from which she was transferred to the delivery suite of a 
neighbouring hospital against her will. A court order authorizing 
urgent caesarean delivery was granted on the premise that S was 
incompetent to refuse.

This decision to permit a caesarean delivery against the wishes 
of S was overturned at appeal, after delivery of the baby. The Court 
of Appeal reiterated that no competent woman should be forced to 
have a caesarean delivery against her will. The fact that S had been 
detained under the Mental Health Act did not equate to her being 
incompetent to make her own decisions. Furthermore, it was 
determined that her doctors would not have detained S if she had 
not been suffering from pre-eclampsia—it was a medical rather 
than a psychiatric problem that caused the doctors so much con-
cern. S was not represented in the initial hearing and so did not 
have the opportunity to demonstrate her capacity to the Court. 
If she had been, she may have convinced them in a statement 
that she wrote for the doctors to explain her reasoning for refus-
ing consent for caesarean delivery. In this statement, she clearly 
demonstrated that she understood the risks involved in refusing 
a caesarean delivery, had retained the information, weighed it up, 
and had reached a decision that she was capable of communicat-
ing back to her doctors.55

The Court reiterated that a fetus has no separate legal personal-
ity from its mother and thus its health and well-being cannot take 
precedence over the mother’s rights, including the right to refuse 
treatment, however ‘morally repugnant’ that decision may be.55 
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The Court issued guidelines about how to handle future cases.55 
These guidelines state that no court will sanction a forced caesar-
ean delivery on a competent woman. Where a competent woman 
refuses consent, written notes detailing discussions with the 
patient should be made and a signed refusal of treatment by the 
patient requested. Furthermore, the requirement was made that, in 
future, the woman who was the focus of the case should be legally 
represented in order that her opinions and evidence of her capacity 
be made known to the court. Only cases where there is uncertainty 
about a woman’s capacity should be referred to the courts.

The case concerning O demonstrates the current position of 
case law on the subject of enforced caesarean delivery. O suffered 
from panic attacks that prevented her from being able to sub-
mit to a caesarean delivery. Her doctors believed that the panic 
attacks were sufficiently disabling as to incapacitate O temporar-
ily. A court application was made to seek authority for an opera-
tive delivery against O’s wishes. The judge who heard the case 
ensured that O had the opportunity to have legal representation 
and spoke directly to O. In this conversation, it was ascertained 
that O wanted to have the operation and did not wish to cause 
harm to herself or her baby. O had the insight to recognize that 
her panic attacks were preventing her from exercising her autono-
mous decision. The court therefore authorized the hospital to 
perform a caesarean delivery for O on the basis that she was tem-
porarily incapacitated by panic attacks.56

The message is therefore clear: even if there is a risk of harm 
or death to a full-term fetus, medical staff are not permitted to 
override the refusal of consent of a capacitous woman. If, however, 
there are concerns about the woman’s capacity then an application 
should be made to the courts for adjudication. The woman must 
be given the opportunity of representation in order that her views 
are heard. In the event that any delay is likely to result in serious 
morbidity or death, senior doctors in conjunction with a senior 
midwife should document the reasons why they believe that the 
woman lacks the capacity to refuse. The involvement of the hospi-
tal legal team should take place in parallel.

Legal rights of a fetus
Once born, healthcare staff are obliged to provide their very best 
care to the baby and yet the above-mentioned cases demonstrate 
that whilst it remains in utero, their ability to provide it with care 
depends on the permission of the mother. It can be difficult to 
comprehend how the ‘location’ of the baby has such a profound 
impact on its legal status.

The moral worth of a fetus
There is no universal ethical agreement on the point at which a 
fetus should be attributed the same moral status as a baby or an 
adult human and so be offered the same protection and rights. 
Being genetically human may be seen as the crucial factor, and 
this would imply that full moral status is achieved at the time of 
conception.57 Another view is that no moral rights can be attrib-
uted to the cell mass that results from conception until after set 
time periods, before which it cannot be certain that conception 
will result in the development of a unique human individual,58 
or even until after birth. Further arguments revolve around the 
absence or presence of sentience, the definition of ‘personhood’, 
and the concept of ‘potentiality’.59

This brief paragraph gives just a hint of the debate that has 
vexed ethicists, legal experts, religious and healthcare groups, 
and lay people for years. Even if unanimous conclusions could be 
reached concerning the point at which moral protection should 
be afforded to human life, there remains one more important 
issue: the rights of the woman in whom the new life is develop-
ing. If human life is given moral (and subsequently legal) rights 
antenatally, there will be occasions when these rights conflict 
with the woman’s rights to bodily autonomy. It is on the back-
ground of these enormous ethical conundrums that inconsist-
encies in the approach of the law to the status of the fetus have 
developed.

Abortion
Some form of protection of fetal life has existed in statutory law 
for many years. The Offences Against the Person Act 1861 made 
it a criminal offence for a woman to induce abortion in herself or 
for any other person to assist her in this process.60 No statutory 
exceptions were made to this rule, although case law established 
that a doctor who performed an abortion in order to save the life 
of the mother would not be convicted of a criminal offence.61 
This exception was put on a statutory footing with the Infant Life 
(Preservation) Act 1929. To cause the death of a fetus that was 
capable of life independent from its mother (certainly from 28 
weeks’ gestation onwards, earlier if the prosecution could offer 
evidence to support their case) could result in a conviction for 
child destruction.

The Abortion Act of 1967 sought to clarify the law regarding 
when termination could be legal. According to the original stat-
ute, abortion is permissible if two doctors are in agreement that 
the circumstances satisfy one of two situations: that continuation 
of the pregnancy would result in injury to the woman’s physical 
or mental health or that of her existing children greater than if 
termination occurred; or that there was a substantial risk of the 
baby being born with a serious mental or physical handicap. The 
provisions of the Infant Life Preservation Act remained and hence 
the 28-week limit for terminations.

The Abortion Act has since been amended by section 37 of the 
Human Fertilisation and Embryology Act 1990, with a reduction 
in the time limit on terminations on the grounds of injury to the 
mother’s physical or mental health or that of her existing chil-
dren to 24 weeks (in line with advances in survival of preterm 
infants). A termination is permissible at any gestation in order to 
prevent death of the mother, as previously, and now also at any 
point if there is a ‘substantial risk’ that the pregnancy will result 
in a child with mental or physical abnormalities causing it to be 
‘seriously handicapped’.62 It has been noted that this Act has cre-
ated an inequality in rights accorded to fetuses: a baby capable 
of life independent from its mother may now lawfully be killed, 
but only if it is disabled.63 The extent of disability necessary for a 
termination to take place on these grounds has been extensively 
debated as the wording of the statute, like that of any other, is 
open to interpretation. A case was brought against West Mercia 
Police for their failure to investigate doctors who had permitted 
a termination at 28 weeks because the fetus had bilateral cleft lip 
and palate.64 The Crown Prosecution Service, after hearing the 
evidence, decided that the doctors had acted appropriately, thus 
setting a precedent in case law for what may constitute being 
‘seriously handicapped’.
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Antenatal harm
The Congenital Disabilities (Civil Liability) Act 1976 is a route of 
redress for any child born disabled as a result of events (including 
medical treatment) that occurred pre-conception, during preg-
nancy or at the time of birth. For a claim to be successful, it must 
be demonstrated that the person who caused the damage failed in 
their duty of care to the child’s parent, even if they did not cause 
actual or visible harm to the parent. The Act is complicated and 
requires proof that the disability has come about as a direct conse-
quence of a specific occurrence for which an identifiable individ-
ual or individuals are responsible. It may be difficult for a claimant 
to achieve this level of proof.

Similarly, a criminal case can be brought against an individual 
who causes antenatal harm to a fetus that results in the subse-
quent death of the baby or child. A man who stabbed his preg-
nant girlfriend causing damage to their fetus and its premature 
birth was convicted of manslaughter when the baby eventually 
died as a consequence.65 The Law Lords confirmed that a charge 
of murder might also be brought in similar circumstances if the 
level of intent required to prove a case of murder was present. 
However, they affirmed that if the baby was stillborn as a result of 
such actions, there would be no case of murder or manslaughter 
to answer: the baby must be born alive in order to achieve the legal 
personality necessary to become the victim of either murder or 
manslaughter.

The duties of a mother
Under the terms of The Congenital Disabilities Act, a child dam-
aged by antenatal events can bring a case in negligence against 
the individual who caused the damage. The one exception to this 
is the mother (unless the harm is caused by the mother’s negli-
gent driving).66 Whilst a mother may have a moral responsibility 
to protect her unborn baby, an attempt to coerce her through the 
weight of the law (as has occurred in some states in the United 
States) can be counterproductive.67 Harm may occur to a fetus 
before a woman knows she is pregnant. Criminalizing women 
for their behaviour in pregnancy is likely to require caregivers to 
report episodes of potential harm or face being complicit with a 
crime. This may result in a breakdown in the relationship of trust 
between a woman and the doctors and midwives caring for her. 
Women may therefore be less likely to seek healthcare in preg-
nancy in order to avoid such scrutiny, or may seek termination 
rather than continuance of pregnancy for fear that harm they have 
caused might be discovered.

The case of Re F demonstrated that the English courts were 
unwilling to use the force of the law to safeguard babies in utero.68 
A local authority attempted to make an unborn baby a ward of 
court as its mother, who suffered from mental health problems, 
was refusing all antenatal care. The application was refused on the 
basis that a fetus does not have legal personality in English law, 
that it would result in great practical problems, and that such an 
action puts the interests of the mother in direct conflict with those 
of the fetus.

Confidentiality
Medical confidentiality is governed extensively by legal, profes-
sional, and employer requirements. It consists of a negative obli-
gation, not to disclose information, but also a positive obligation, 

to ensure information is kept secure and not accessed improperly 
(Table 29.2).69 Maternal confidentiality requires unique consider-
ations, as information is likely to have consequences for the fetus 
and father.

A duty to maintain confidentiality
The duty to maintain medical confidentiality derives from com-
mon law, which has typically focused on the public interest. For 
example, following a threat of disclosure of the identity of two 
general practitioners who had contracted HIV, the court decided 
that there was great public interest in maintaining medical confi-
dentiality of people with HIV and AIDS in order that they should 
seek healthcare without fear of identification.70 This interest, it 
was decided, outweighed the public interest in the freedom of the 
press to publish information that had been obtained improperly 
from hospital records. The decision turned on the balance of fac-
tors impacting on the public interest more than any privacy rights 
of the two doctors involved.

The Human Rights Act 1998 came into force in the United 
Kingdom in 2000. Article 8 offers legal protection to private infor-
mation in the interests of the individual concerned, although it rec-
ognizes that disclosure is sometimes justified in the public interest.

When a breach of confidentiality has occurred, remedies in law 
would lie in negligence, equity and contract. The GMC71 and the 
British Medical Association72 have issued guidance to doctors 
reinforcing the duty of confidentiality and the courts are likely 
to place great emphasis on these when considering cases relat-
ing to breaches in confidence, as there is limited case law in this 
area. Negligence would require proof of harm and this tends to 

Table 29.2  Challenges to maintaining confidentiality

Challenge Example

Clinical details discussed in public 
settings

Curtains around bedspaces, 
conversations in corridors

Medical information shared with 
non-medical personnel (although 
it should be noted that these 
individuals have a common law duty 
to maintain confidentiality)82

Administrative staff, audit, clinical 
governance, adverse event analysis, 
chaplains, work experience students

Clinical information visible to 
members of public

Patient boards with detailed patient 
information, electronic check-in 
systems, openly accessible research

Portability of information Laptops, smartphones, electronic 
medical records, memory sticks

Increasing subspecialization Increased number of professionals 
requiring access to an individual 
patient’s information, cross-site 
working with possibility for loss of 
patient records

Social media Discussion of patients online

Clinical information requested by 
non-medical agencies

Employers, insurers, pharmaceutical 
companies

Educational activities Conferences, educational meetings, 
journals, professional body 
publications
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be of a financial or physical nature rather than embarrassment. 
Breach of contract could be applicable with private patients but 
no contract exists between an NHS patient and doctor. However, 
the NHS doctor could be found in breach of his employment con-
tract and professional obligations, and face disciplinary proceed-
ings from both their employer and the GMC. Claims in equity 
are most likely to be sought. Equitable obligations of confidence 
require that the information disclosed was confidential in nature 
and was shared in a relationship of confidence. Legal claims for 
alleged breach of medical confidentiality are unusual due to the 
difficulty in satisfying legal requirements in negligence.

A duty to disclose
The ethical duty to maintain confidentiality is not absolute and, 
in certain circumstances, the adverse consequences of maintain-
ing confidentiality may override the individual patient’s right to 
confidentiality. There are a number of situations where statutory 
law requires disclosure of patient information to certain authori-
ties (Table 29.3) and situations where judgement must be used by 
the clinician.

The law permits disclosure where the public interest in disclo-
sure outweighs the public interest for patients to trust their doc-
tors.73 Legally, information may only be disclosed if the clinician 
perceives there to be a real threat posed by maintaining confiden-
tiality. Only the minimal information necessary should be dis-
closed and only to those with a legitimate interest.

HIV is not a notifiable disease but, in the context of maternal 
HIV infection, disclosure may be justifiable. Wherever possi-
ble the patient should be encouraged to share this information. 
However, if the patient refuses, the potential risk to the partner 
must be balanced against the harms to the mother. The GMC 
advises that, where disclosure of patient information is to take 
place, the patient should be informed in advance of this if it is 
considered possible and safe. Referral to such guidelines is essen-
tial as the courts are likely to be guided by these in the event of 
litigation. It is also important to seek advice from the trust legal 
team, Caldicott Guardian, and professional defence organiza-
tions. Ultimately, however, it is the clinician’s responsibility to 
ensure that there are valid ethical reasons for the disclosure.

Case law has also considered occasions where a doctor might have 
had a duty to disclose confidential information but did not do so. 
For a case in negligence to be successful, the victim of harm must 
be someone who could reasonably have been identified as being at 

risk. In this manner, a duty of care (or duty to warn) is established. 
In Palmer, a health authority successfully defended itself against a 
claim of negligence for not acting to prevent a patient with a psychi-
atric disorder from committing murder, on the grounds that it did 
not owe a duty of care to the subsequent victim who could not have 
been identified in advance.74 However, a NHS trust has accepted lia-
bility and a duty of care towards the family of a psychiatric patient 
who, upon release, killed his mother and himself.75

Access to medical records
The Data Protection Act 1998 governs the processing of medical 
records of living persons. It applies to both manual and electronic 
records and the key principles relate to ensuring fair and lawful 
storage, handling and use.76 Patients can apply to the courts if the 
terms of the Act are not met but would need to prove that harm 
had occurred in order to succeed in a case in negligence. Patients 
can apply to have access to their own medical records provided 
disclosure does not reveal information about a third party and 
will not cause serious harm to the patient or a third party.

The Access to Medical Reports Act 1988 gives individuals the 
right to obtain medical reports prepared for third parties (such as 
insurance companies or employers) before their release and the 
right to prevent release.

In the context of maternal confidentiality, it is common for part-
ners to request medical information and refusal of disclosure may 
upset the patient and partner. GMC guidance is to obtain patient 
consent and discuss what information the patient would like to be 
shared, particularly if she is likely to lose capacity.71

Research, audit, teaching and publication
Secondary uses of patient information may be essential to pro-
viding effective, safe and efficient clinical care. There is a balance 
between the obligation to protect an individual’s right to privacy 
and the implications of this in areas including audit, research and 
public health, which may be in the public interest. The National 
Health Service Act 2006 section 251(1) permits disclosure of 
medical information without patient consent for these secondary 
uses, but requests are conditional on fulfilling certain criteria and 
are overseen by the National Information Governance Board for 
Health and Social Care. It must be shown that disclosure is neces-
sary, consent is not practical or possible and the data are to be used 
in the interests of the public and patients.

The GMC states that when using information for secondary 
purposes, information should be anonymized wherever possible 
or express permission from the patient sought.71 Before using 
patient information without prior consent, one should consider 
the nature of the information, the purpose and extent of disclo-
sure, the adequacy of safeguards limiting disclosure, the advice of 
a Caldicott Guardian who is not involved with the secondary use, 
and the potential harms to the individual patient.

Confidentiality and patients lacking capacity
The duty of confidentiality relating to minors is complex. Those 
aged 16 or over are presumed to have capacity and should be enti-
tled to the same duty of confidentiality as capacitous adults. For 
those aged 15 years or under, professional discretion is required 
if the child refuses consent for sharing of information with those 
who have parental responsibility. This situation is unusual but 
considerations should include the competence of the child (her 

Table 29.3  Legally permitted breaches of confidentiality

Disclosure is 
mandatory

The Public Health (Control of Diseases) Act 1984

The Births and Deaths Registration Act 1953

The Road Traffic Accident Act 1988

The Prevention of Terrorism Act 2005

Disclosure may 
be justifiable

Through patient consent

In the public interest:
◆	 Information to ensure functioning of public bodies 

such as the GMC
◆	 Disclosure to avoid harm to the public generally or 

to an identifiable individual
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understanding of the implications of disclosure or non-disclo-
sure), the promotion of the child’s welfare, and the harms and 
benefits of disclosure. The balancing of these factors should be 
undertaken in much the same manner as when deciding whether 
a child is sufficiently mature to give consent for her own medical 
treatment. Ultimately, if the clinician believes that the child’s best 
interests are served by sharing information, this is permissible 
even if against the child’s wishes. Doctors are obliged to commu-
nicate concerns regarding child abuse to the relevant authorities 
even if the child concerned has asked for the information to be 
kept confidential.77

In the case of incapacity, the key legal principle is to act in the 
best interests of the patient. It is generally justifiable to disclose 
information if it is necessary for the care of the patient. The GMC 
recognizes the potential ‘need to share personal information with 
a patient’s relatives, friends or carers to enable you to assess the 
patient’s best interests … that does not mean they have a general 
right of access to the patient’s records or to have irrelevant infor-
mation about, for example, the patient’s past healthcare’.71

The legal78 and professional duty of confidentiality persists after 
death although this is not absolute. It is generally in the public 
interest that confidentiality of current patients is maintained fol-
lowing death. The GMC guidance relating to disclosure follow-
ing death requires consideration of the wishes of the patient, the 
harms and benefits to the patient’s family, whether disclosure will 
reveal information about the patient’s family or a third party, and 
the purpose of the disclosure.71

In summary, the duty of confidentiality is not absolute. The pre-
dominant legal basis is that of public interest and the fair use of 
information. Sharing of information is recognized as necessary 
for clinical care. In situations where disclosure is necessary, the 
amount of information and the number of recipients should be 
kept to a minimum. Professional guidelines should be consulted 
as legal judgements are likely to refer to these in assessing the 
validity of a practitioner’s reasons for disclosure.

Teaching
The postgraduate training of a doctor is a complex mix-
ture of academic learning, independent delivery of care, and 
apprenticeship-style training. In line with the increased aware-
ness and respect of patient autonomy by the medical profession, 
non-consensual examination and unnecessary procedures purely 
for the purposes of training are not acceptable. There is very little 
case law concerning medical training, and standards are derived 
mostly from professional guidelines. Patients should be viewed as 
part of a three-way partnership of learning, along with the trainer 
and trainee. It may be argued that the patient has a moral duty to 
contribute to the education of junior doctors as they have them-
selves benefitted from the care of fully trained doctors who have 
learnt their skills through the involvement of previous patients.

Consent and medical training
As with all other aspects of patient care, the importance of con-
sent cannot be over-emphasized. The GMC stipulates that patients 
must be informed about the roles of the people involved in their 
care, the involvement of students, and their right to refuse to take 
part in teaching.20 Department of Health guidance states that 
where a trainee or student undertakes a procedure (in which they 
are competent) for the purposes of patient care, it is not legally 

necessary to tell the patient that they are a trainee, although it is 
good practice.79 However, if the trainee or student is planning on 
undertaking an assessment or examination that is purely for the 
purposes of their own education then it is important that this dis-
tinction is made clear to the patient.

Whilst knowledge can be learnt and some degree of development 
of manual skills can take place through simulation, ultimately, 
every doctor must perform every procedure in which they are to 
become competent on a patient for the first time. There is difficulty 
in deciding precisely how much information should be given to a 
patient regarding trainee involvement in a procedure. The AAGBI 
recognizes that most procedures have a number of components, 
that there are numerous learning points in the course of a single 
anaesthetic, and that it would be impractical to seek consent for 
every one of these learning points that involves a trainee anaes-
thetist.40 It is also noted that every practitioner continues to learn 
with every procedure undertaken. The AAGBI offers the advice, 
however, that the trainer must assess the risks and benefits to the 
patient for each aspect of care that is to be delivered by a trainee. 
In minimizing the risks, the trainer must ensure that the trainee 
has adequate knowledge, has had the opportunity to make use of 
any appropriate simulation or skills based training, that there is 
close supervision and that there is clear purpose to teaching this 
particular trainee this particular skill (e.g. avoiding exposure of 
patients to the learning curve of a trainee attempting to develop 
a skill for which they have no longer-term need). In the case of 
certain procedures with definable risks, it will be necessary to gain 
specific, informed consent.80

Supervision of trainees
Adequate supervision of trainees is an important component of 
minimizing the risks to patients of being involved in the train-
ing of junior staff. It is difficult to define a precise cut-off between 
the areas of care delivered by the trainee that are service delivery 
and those that constitute training, since the two overlap signifi-
cantly. Medical training involves permitting trainees to develop 
their independent practice with ever more distant supervision. It 
is important to remember that when care is being delivered by a 
trainee, there should be a nominated consultant supervising that 
trainee at all times.81 Trainees should ensure that they do not act 
beyond the limits of their capabilities and consultants should 
ensure that they are readily available and contactable for advice 
or assistance. Difficulty arises where communication has broken 
down and a consultant is unaware of cases being performed by a 
trainee.

Trainees and the standard of care
When trainees are delivering patient care independently, it is 
important that the standard of care is that of a competent doc-
tor working in the same post; inexperience will not be a sufficient 
defence against a claim in negligence. It is expected that trainee 
doctors should recognize the limits of their abilities and experi-
ence and call for assistance appropriately.82

Conclusion
The key aspects of case and statutory law that relate to obstetric 
anaesthesia, and their impact on practice, have been presented 
in this chapter. The role of professional guidelines is of increas-
ing importance in setting a benchmark for standards of care, 
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especially where precedent is absent. Medical law is greatly influ-
enced by ethical values and reasoning in the development of 
guidelines, as the driving force for new statutory law and in judge-
ments made in case law. The presence of the fetus adds a unique 
ethical and legal consideration in law relating to obstetrics and 
obstetric anaesthesia.
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CHAPTER 30

High dependency and 
intensive care
Philip Barclay and Helen Scholefield

Maternal critical care and recommendations 
from the triennial reports
The triennial Confidential Enquiries into Maternal Deaths in 
the United Kingdom have played a major role in the reduction of 
maternal mortality since the 1950s.1 The importance of develop-
ing maternal critical care has long been recognized in reducing the 
significant number of deaths still associated with a substandard 
level of care. The 1988–90 triennial report2 stated that every con-
sultant obstetric unit should incorporate a properly staffed high 
dependency unit (HDU). The 1997–99 triennial report3 empha-
sized the requirement that invasive monitoring should be avail-
able and used appropriately. The 2000–2002 report4 focused on 
the need for earlier recognition of the sick parturient and to apply 
a higher level of care promptly before transfer to the intensive care 
unit (ICU). These requirements for maternal critical care formed a 
part of the Joint Royal Colleges Safer Childbirth document.5

Critical care: replacing existing divisions 
between the HDU and ICU
The Comprehensive Critical Care document published in 20006 
reviewed adult critical care services and recommended a new 
approach based upon severity of illness, as it was recognized that 
critically ill patients should receive an equivalent level of care 
outside of an ICU or HDU. The existing division between high 
dependency and intensive care beds would then be replaced by 
a classification focusing on the level of care required by the indi-
vidual patient, with staff numbers, skill, and expertise deployed 
appropriately. Four levels of care were described in Comprehensive 
Critical Care from level 0 normal ward care through to level 3 
intensive care.

The original descriptions of levels of critical care excluded 
patient care in the delivery suite. The guidelines have since been 
revised and updated by the Intensive Care Society’s Level of 
Critical Care for Adult Patients7 to describe levels of critical care 
in terms of the type and number of organ systems requiring sup-
port (Box 30.1).

The Critical Care Information Advisory Group now agrees that 
these definitions can be applied to obstetrics to describe critical 
care given on a delivery suite.

Wheatly described specific examples of levels of care most likely 
to be applicable to patients on a delivery suite, which were used 
in the Maternal Critical Care Working Group report Providing 

Equity of Critical and Maternity Care for the Critically Ill Pregnant 
or Recently Pregnant Woman (Table 30.1).8,9 For example, if a 
woman in labour has pre-eclampsia requiring oral labetalol with 
an oxytocin infusion and an epidural, that would be classified as 
Level 1 care. If her blood pressure control requires an intravenous 
infusion of labetalol with arterial monitoring, that meets the defi-
nition of basic cardiovascular support, which is Level 2 care. If she 
then has an eclamptic convulsion and requires a magnesium infu-
sion to treat the eclampsia, she then requires neurological support 
in addition to basic cardiovascular support. Her two-organ sys-
tem support now defines her as receiving Level 3 care.

The definitions of levels of care provide a standard for critical care 
data collection throughout the United Kingdom using the critical 
care minimum dataset (CCMDS), which now includes a specific 
code for obstetrics area [CRITICAL CARE LOCATION  07].10 
This is useful to capture activity where Level 2 and Level 3 care is 
delivered outside of a critical care environment. It can also be used 

Box 30.1  Levels of critical care

Level 0

Care needs met on normal ward.

Level 1

At risk of their condition deteriorating or recently stepped 
down from higher level.

Care needs can be met on acute ward with additional support 
from critical care team (outreach).

Level 2

Detailed observation or intervention required, including 
single-organ support or postoperative care and step-down from 
level 3.

Level 3

Advanced respiratory support alone.
Or
Basic respiratory support plus at least two-organ system fail-

ure. Includes all complex patients requiring support for multi
organ failure.

Courtesy of The Intensive Care Society. Levels of Critical Care for Adult 
Patients. London: Intensive Care Society, 2009.

 

 

 

 

 

 

 



Part 8  obstetric complications472

for funding, providing that the local critical care network accepts 
that care given is of an appropriate standard in terms of facilities, 
staff training, and competency.

How many parturients require Level 3 
critical care?
Escalation and transfer to Level 3 care is a well-defined and 
documented event but only a very small proportion of obstetric 

patients go to an ICU.11 In our own hospital, between July 2004 
and November 2008, 18 of 35,276 parturients were transferred for 
Level 3 care: 0.51/1000 deliveries. Larger-scale audits at a regional 
or national scale are therefore required to produce descriptive and 
comparative statistics that will help us understand Level 3 inten-
sive care requirements in this population.

Hazelgrove et al.12 examined obstetric admissions to 14 ICUs 
in Southern England over a 3-year period between 1994 and 1996. 
There were 210 women admitted, representing 1.8% of all ICU 
admissions, although this varied from 0.18% to 3.18% in indi-
vidual ICUs. The ICU admission rate was 1.7/1000 deliveries. The 
overall mortality rate for those admitted to ICU was 3.3%, with 
seven maternal deaths.

The main reasons for admission to the ICU were complications 
of hypertensive disease of pregnancy, including HELLP (haemoly-
sis, elevated liver enzyme levels, and low platelet count) syndrome 
(39.5%) and major haemorrhage (33.3%). The median duration of 
stay on the ICU was 1 day. Seven patients were transferred from 
general ICUs to specialist ICUs for neurological, renal, liver, and 
respiratory support. Forty-five per cent of patients required inter-
mittent positive pressure ventilation, 20% needed cardiovascular 
support with inotropes, 13% had pulmonary artery catheters for 
haemodynamic monitoring, and 3% required renal support with 
continuous veno-venous haemofiltration.

In 35% of patients, no ICU interventions were required and their 
length of stay was less than 2 days. This was more likely in those 
admitted with pre-eclampsia (48%) and emphasized the need to 
develop high dependency facilities on the delivery suite as only 50% 
of the patients met the criteria for Level 3 care. This would have 
reduced their ICU admission rate down to 0.85/1000 deliveries.

Mirghani et  al.13 examined all obstetric patients admitted to 
the ICU at Al-Ain hospital, Al-Ain, United Arab Emirates over 
a 6-year period from 1997 to 2002. Of 23,383 deliveries, 60 were 
admitted to the ICU, a rate of 2.6/1000 deliveries. This represented 
2.4% of all ICU admissions over this period. The main reason for 
admission was haemorrhage (28.4%) and pre-eclampsia (25%) 
whilst 31.8% were admitted due to severe pre-existing medical 
problems including cardiovascular disease, diabetes, asthma, and 
chronic renal failure. There were two deaths (3.3% of all obstet-
ric ICU admissions); one due to cerebral malaria associated with 
acute respiratory distress syndrome and another with suspected 
aspiration after a general anaesthetic for placental abruption. 
There were no HDU facilities available on the delivery suite of 
that hospital. On retrospective review of illness severity, only 47% 
met the criteria for Level 3 ICU care, a similar finding to that of 
Hazelgrove et al.12

The largest reported series of obstetric admissions to ICU is 
from the Intensive Care National Audit and Research Centre 
(ICNARC) Case Mix Programme, which audited all admissions in 
England, Wales, and Northern Ireland between 1995 and 2003.14 
Of 219,468 admissions to 159 critical care units, 1452 (0.7%) had 
a direct obstetric cause. An additional group of 450 (0.2%) preg-
nant women had a coincidental reason for their ICU admission. 
The main direct obstetric reasons for admission are outlined in 
Table 30.2—33% were due to haemorrhage and 38% due to hyper-
tensive disorders of pregnancy.

The reasons for indirect admission were far more varied, with a 
total of 115 different primary reasons. The commonest reasons are 
shown in Table 30.3.

Table 30.1  Maternity examples of levels of care

Level of care Maternity example

Level 0: normal 
ward care

Care of low-risk mother

Level 1: additional 
monitoring or 
intervention, or 
step down from 
higher level of 
care

Risk of haemorrhage: oxytocin infusion

Blood pressure control: mild pre-eclampsia on oral 
antihypertensives/fluid restriction etc.

Coexisting medical conditions: woman with medical 
condition such as congenital heart disease, diabetic on 
insulin infusion

Level 2: 
single-organ 
support

Basic respiratory support (BRS):

50% or more oxygen via facemask to maintain oxygen 
saturation

Continuous positive airway pressure (CPAP), bi-level 
positive airway pressure (BIPAP)

Basic cardiovascular support (BCVS):

Intravenous antihypertensives, to control blood pressure 
in pre-eclampsia

Arterial line used for pressure monitoring or sampling

CVP line used for fluid management and CVP 
monitoring to guide therapy

Advanced cardiovascular support (ACVS):

Simultaneous use of at least two intravenous, 
antiarrhythmic/anti- hypertensive/vasoactive drugs, one 
of which must be a vasoactive drug

Need to measure and treat cardiac output

Neurological support:

Magnesium infusion to control seizures (not prophylaxis)

Intracranial pressure monitoring

Hepatic support

Management of acute fulminant hepatic failure, e.g. 
from HELLP syndrome or acute fatty liver, such that 
transplantation is being considered

Level 3: advanced 
respiratory 
support alone, or 
support of two 
or more organ 
systems above

Advanced respiratory support:

Invasive mechanical ventilation

Support of two or more organ systems:

Renal support and BRS

BRS/BCVSa and an additional organ supported

aBRS and BCVS occurring simultaneously during the episode count as a single organ 
support.

Reproduced here with permission from The Royal College of Anaesthetists. Originally 
published in Providing equity of critical and maternity care for the critically ill pregnant 
or recently pregnant woman, July 2011. Adapted from International Journal of Obstetric 
Anesthesia, Volume 19, issue 4 S. Wheatly, Maternal critical care: what’s in a name?, 
pp. 353–355, Copyright (2010), with permission from Elsevier.
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The median length of stay on the ICU was 1.1 days for direct 
and 1.5 for coincidental admissions. The overall mortality rate 
for direct obstetric admissions was 2.2% compared with 6% for 
coincidental obstetric admissions and 19.6% for all non-obstetric 
female admissions in the 16–50 years age group. The lower mortal-
ity seen in the obstetric group was attributed to the lower admis-
sion threshold to ICU, change in maternal physiology, pregnancy 
identifying a group of patients with better health status, and the 
self-limiting nature of most obstetric pathology, given timely 
supportive care.

The ICNARC dataset specification was updated in 2006 to 
incorporate a number of obstetric-related fields. A further study 
was then carried out of all ICU admissions from 1 January to 31 
December 2007 who were currently or recently pregnant.15 Of the 
38,461 admissions to the 107 ICUs who participated, 95 women 
were currently and 418 were recently pregnant. This was extrap-
olated to all 240 ICUs and compared with national pregnancy 
statistics, making an admission rate of 2.6/1000 deliveries. This 
compares with a maternal death rate in the 2006 to 2008 trien-
nium of 0.11/1000.16

Of those who were currently pregnant, only 13.7% had an 
obstetric reason for admission, of which ectopic pregnancy, amni-
onitis, and pre-eclampsia were the most frequent. The common-
est non-obstetric indication for admission was respiratory failure 
(35%), with 20% due to pneumonia and 7% due to asthma.

By contrast, 72% of those who were ‘recently pregnant’ had 
an obstetric indication for ICU admission. Peri- and postpar-
tum haemorrhage was the commonest reason (34%) followed by 
hypertensive disorders of pregnancy (9%).

Zwart et al.17 found a similar rate of ICU admission at 2.4/1000 
deliveries in the Netherlands, with a maternal mortality rate 
of 3.5%.

A systematic review by Pollock et  al.18 examined 40 studies 
published between 1990 and 2008 that covered a total of 7887 
pregnant and postpartum admissions to ICUs around the world; 
60% of the studies were from developed countries. The median 
admission rate was 2.7/1000 deliveries (interquartile range (IQR) 
1.9 to 5.4). The majority of admissions were for obstetric reasons 
(1.9/1000). The commonest obstetric reasons for admission were 
hypertensive disorders of pregnancy (0.9/1000), obstetric haemor-
rhage (0.7/1000), and sepsis (0.2/1000). Only 25 out of 40 studies 
reported whether the patients were currently pregnant on admis-
sion to ICU, with a median value of 16%.

There were no differences between developed and developing 
countries in their overall rates of ICU admission (3.0 vs 2.7) or the 
reasons for admission. There was a significant difference in mater-
nal death rates on ICU (3.4% (IQR 0–18.4) vs 14.0% (IQR 0–14.0)) 
respectively and severity of illness scores on admission.

How many women require high 
dependency care?
The maternal death rate (0.11/1000) and ICU admission rate 
(2.6/1000) are well defined with unequivocal end points but there 
is a further subset of women who develop severe illness during 
their pregnancy and require high dependency care.

Mantel et al.19 looked at the progression from maternal health 
through to critical illness. He defined a maternal ‘near miss’ as a 
very ill parturient who would have died if her condition had not 
been diagnosed and she received appropriate treatment which 
prevented her progression to organ failure and then death at any 

Table 30.2  Incidence of obstetric conditions as a direct cause 
of admission to ICU

Obstetric cause of direct admission Admissions (%) Mortality (%)

Peripartum or postpartum 
haemorrhage

29.1 0.6

Pre-eclampsia 18.2 2

HELLP syndrome 12.6 2.6

Eclampsia 7.4 3.5

Ectopic pregnancy 5.5 1

Intrauterine death 5 6.3

Antepartum haemorrhage 3.7 7.3

Infected retained products of 
conception

1.4 3.8

Amniotic fluid embolus 1.2 9.1

Septic abortion 0.9 11.1

Amnionitis 0.4 16.7

Molar pregnancy 0.2 25

Reproduced with permission from Harrison DA, Penny JA, Yentis SM, Fayek S, Brady AR., 
Case mix, outcome and activity for obstetric admissions to adult, general critical care 
units: a secondary analysis of the ICNARC Case Mix Programme Database, Critical Care, 
Volume 9, Suppl 3, s25–237. Copyright © 2005 Harrison et al. This is an Open Access 
article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

Table 30.3  Most common primary reasons for admission to ICU 
for indirect or coincidental obstetric admissions

Commonest causes of coincidental admission Admissions (%)

Pneumonia (bacterial and ‘no organism isolated’) 5.1

Status epilepticus or uncontrolled seizures 4.2

Asthma attack in new or known asthmatic 3.6

Septic shock 3.6

Non-cardiogenic pulmonary oedema (ARDS) 2.4

Anaphylaxis 2.2

Pulmonary embolus (thrombus) 2.2

Septicaemia 2

Acute kidney injury, other cause 1.6

Hypovolaemic shock 1.6

Pelvic infection or abscess 1.6

Reproduced with permission from Harrison DA, Penny JA, Yentis SM, Fayek S, Brady AR., 
Case mix, outcome and activity for obstetric admissions to adult, general critical care 
units: a secondary analysis of the ICNARC Case Mix Programme Database, Critical Care, 
Volume 9, Suppl 3, s25–237. Copyright © 2005 Harrison et al. This is an Open Access 
article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.
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point during pregnancy or in the first 6 weeks after delivery/ter-
mination (Table 30.4).

They applied this to a prospective audit of 13,429 deliveries in 
the Pretoria health region, South Africa, during 1 year. There were 
147 near misses (1.1%) and 30 deaths. They found that hypovolae-
mia was the commonest organ dysfunction in patients with near 
miss (37%), whereas respiratory (53%) and renal (30%) failure were 
commonest in those who died. Mantel’s criteria for near miss have 
the advantage of being both objective and readily applicable in a 
district general hospital.

In 2003, a continuous, prospective Scottish Confidential Audit 
on Severe Maternal Morbidity (SCASMM) was started, to capture 
data from all obstetric units using the Mantel criteria to provide a 
consistent definition of near-miss events. In 2010, 385 women were 
reported to the audit, making a near-miss incidence of 6.5/1000 
births (95% confidence interval (CI) 5.9–7.2),20 similar to the rate 
of 6.4/1000 births in the 2008 report.21 Comparing these figures 
with maternal death rates in Scotland over the 2008–10 triennium, 
the mortality/morbidity ratio was 1:85. There was a significant 
variation in the rates of reported maternal morbidity amongst the 
18 consultant-led maternity units, from 0 to 10.6/1000. This vari-
ation is thought to be due in part to different unit characteristics, 
with smaller units transferring high-risk women to larger units 
for delivery. Much of the variation, however, is due to the indi-
vidual unit’s diligence in case identification.21

The commonest cause of severe morbidity in pregnancy in 
Scotland is major obstetric haemorrhage (MOH), accounting for 
85% of cases, at rate of 5.5/1000 births; 80% were post-partum, 
and 16% of women with MOH required admission to an ICU 
(Table 30.5).

Mantel’s definition of maternal near miss was also thought to be 
the most stable and epidemiologically sound criterion in a recently 
published systematic review by Tuncalp et al.22 A meta-analysis of 
the 11 studies that used Mantel criteria showed an incidence of 
4.2/1000 deliveries (95% CI 4.0–4.4).

Zeeman et al.23 audited 483 admissions to the obstetric inter-
mediate care unit over a 2-year period at Parkland Hospital, 
Dallas, Texas. The admission rate was 1.7%, 15% of whom then 
required transfer to an ICU. Eighty per cent of the admissions 

Table 30.4  Mantel’s criteria for maternal ‘near miss’

Markers

Organ system-based

1. �Cardiac 
dysfunction

i. �Pulmonary oedema: a clinical diagnosis 
necessitating intravenous furosemide or intubation

ii. Cardiac arrest

2. �Vascular 
dysfunction

i. �Hypovolaemia requiring ≥ 5 units whole blood or 
packed cells for resuscitation

3. �Immunological 
dysfunction

i. Intensive care admission for sepsis

ii. Emergency hysterectomy for sepsis

4. �Respiratory 
dysfunction

i. �Intubation and ventilation for > 60 min for any 
reason other than for a general anaesthetic

ii. �Oxygen saturation on pulse oximetry < 90% 
lasting > 60 min

iii. PaO2/FiO2 ≤ 3

5. Renal dysfunction i. �Oliguria, defined as < 400 mL/24 h, which does not 
respond to either careful adequate intravascular 
rehydration or diuresis with furosemide

ii. �Acute deterioration of urea to > 15 mmol/L or of 
creatinine to > 400 mmol/L

6. Liver dysfunction i. Jaundice in the presence of pre-eclampsia

7. �Metabolic 
dysfunction

i. Diabetic ketoacidosis

ii. Thyroid crisis

8. �Coagulation 
dysfunction

i. �Acute thrombocytopenia requiring a platelet 
transfusion.

9. �Cerebral 
dysfunction

ii. Subarachnoid or intracerebral haemorrhage.

i. Coma in a patient lasting > 12 h

Management-based

1. �Intensive care 
admission

i. For any reason

2. �Emergency 
hysterectomy

i. For any reason

3. �Anaesthetic 
accidents

i. �Severe hypotension associated with a spinal or 
epidural anaesthetic. Hypotension defined as a 
systolic pressure < 90 mmHg lasting > 60 min

ii. �Failed tracheal intubation requiring anaesthetic 
reversal

Reproduced with permission from Gerald D. Mantel et al., Severe acute maternal 
morbidity: a pilot study of a definition for a near-miss, BJOG: An International Journal 
of Obstetrics and Gynaecology, Volume 105, Issue 9, pp. 985–990, Copyright © 1998 
John Wiley and Sons.

Table 30.5  Causes of severe maternal morbidity in Scotland 2010

Category of severe maternal 
morbidity

Number of 
events

Rate per 1000 births 
(95% CI)

Major obstetric haemorrhage 328 5.55 (4.94–6.16)

Eclampsia 12 0.20 (0.10–0.35)

Renal or liver dysfunction 10 0.17 (0.08–0.31)

Cardiac arrest 4 0.07 (0.02–0.17)

Pulmonary oedema 3 0.05 (0.01–0.15)

Acute respiratory dysfunction 3 0.05 (0.01–0.15)

Anaesthetic problem 3 0.05 (0.01–0.15)

Cerebrovascular event 1 0.02 (0.0–0.09)

Anaphylactic shock 1 0.02 (0.0–0.09)

Septicaemic shock 1 0.02 (0.0–0.09)

Coma 0 0.00 (0.0–0.06)

Status epilepticus 0 0.00 (0.0–0.06)

Massive pulmonary embolism 0 0.00 (0.0–0.06)

Intensive care or coronary care 
admission

76 1.29 (1.01–1.60)

Lennox C, Marr L. Scottish Confidential Audit of Severe Maternal Morbidity © Healthcare 
Improvement Scotland 2014. First published July 2014. You can copy or reproduce the 
information in this report for use within NHS Scotland and for educational purposes. 
Commercial organisations must get our written permission before reproducing this 
report. http://www.healthcareimprovementscotland.org

http://www.healthcareimprovementscotland.org
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were post-partum. Two-thirds were admitted due to obstetric 
disorders, the commonest reason being hypertensive disorders of 
pregnancy (43%) and haemorrhage (18%).

Ryan et al. audited admissions to the two-bedded HDU at the 
Rotunda Hospital, Dublin,24 from its inception in June 1996 to 
May 1998 and compared them with the rate of transfer to ICU in 
the 2 years before and 2 years after the unit opened. They found 
that 18% of the 123 admissions were antenatal. The HDU admis-
sion rate was 1.0% of all deliveries and 86% of HDU admissions 
were due to haemodynamic instability. There was a non-significant 
fall in the number of patients requiring ICU transfer after the 
HDU was established, from 12 (0.8/1000) in 2004–06 down to five 
(0.4/1000) in 2006–08 (Fisher’s exact test P = 0.25).

Saravanakumar et  al. analysed data for 3551 pregnant or 
recently pregnant women admitted to their obstetric HDU in 
Aberdeen between 1984 and 2007.25 They found the admission 
rate had risen significantly from less than 1% in the 1980s to 5.01% 
at the end of the audit period, with an overall admission rate of 
2.67%. The rise was thought to be due to a change in demograph-
ics, with an increasing number of women from ethnic minori-
ties, maternal age, and Caesarean delivery rate. Obstetric-related 
conditions accounted for 75% of admissions and 11.3% of patients 
were antenatal. The commonest indication for admission was 
pre-eclampsia in the earlier years but this was overtaken by 
haemorrhage, accounting for 37.5% of admissions in 2006–07. 
Thirty-nine patients were transferred for ICU care in the last 
4 year of the audit, a rate of 1.4/1000 deliveries.

High dependency care is required both for patients who have 
already met the criteria of sustaining a near miss and also for those 
who may do so in the future, so that they can receive appropriate 
monitoring and prompt treatment. There are many advantages for 
the parturient in keeping high dependency care within the delivery 
suite,26 in terms of continuity of input from expert obstetrician and 
obstetric anaesthetic teams, holistic care from midwives, the ability 
to continuously monitor antenatal patients, and avoiding the haz-
ards of emergency transport of the critically ill obstetric patient.27

What facilities for obstetric high dependency care (OHDC) 
are available on delivery suites in the United Kingdom? In 1994, 
Cordingley and Rubin surveyed lead obstetric anaesthetists in 262 
UK obstetric units and received responses from 232 units.28 They 
found that only 41% of units had dedicated OHDC beds, although 
92% of units were able to provide temporary facilities when required; 
81% of units had access to ICU on the same hospital site. The rate of 
transfer to ICU care in isolated units was lower than in non-isolated 
units (median rate of 0.92/1000 deliveries vs 1.33, P < 0.01).

Hussain et al. carried out a similar survey of OHDC facilities in 
2006 and received 170 responses from 228 UK obstetric units.29 
They found that 96% of units were able to provide temporary 
HDU facilities, only 40% had at least one dedicated bed: almost 
unchanged over the past 12  years. The admission rate to HDU 
beds was 4.2%, considerably above the recommended figure of 1% 
quoted in Safer Childbirth5 and similar to the 5% figure found by 
Saravanakumar.

Intensive care unit physiological scoring 
systems
Many different scores have been developed to evaluate the sever-
ity of critical illness. The Acute Physiology and Chronic Health 

Evaluation (APACHE) score30 was developed from the hypothesis 
that the severity of critical illness can be measured by quantify-
ing the degree of physiological disturbance using multiple vari-
ables. Due to difficulties with previous predictive scoring systems, 
APACHE was not designed to assist in making individual treat-
ment decisions but instead to classify groups of patients by their 
severity of illness. This allowed stratification by illness severity so 
that the outcome from intensive care could be evaluated31 and the 
success of different treatment programmes compared.32

The original APACHE system was complex, producing a 
weighted score derived from 34 possible physiological measure-
ments. A revised version, APACHE II, was introduced in 198533 
to produce a simpler system that was more accurate. The number 
of variables used in APACHE II was reduced from 34 to 12 by 
discarding those that were infrequently measured and by evaluat-
ing each variable’s impact on patient outcome using a multivariate 
analysis.

The APACHE II score is calculated from the degree of physi-
ological disturbance, with a maximum of 4 points given to each 
of temperature, blood pressure, respiratory rate, heart rate, oxy-
genation, blood pH, sodium, potassium, creatinine, haematocrit, 
and white blood cell count. A neurological score is derived from 
the 15-point Glasgow Coma Scale (GCS) score, to a maximum of 
12 points. This gives a total of 60 for severity of illness. A maxi-
mum of 6 points are added for age and 5 for comorbidity, mak-
ing a total of 71. For female admissions to adult ICUs reported as 
currently or recently pregnant, a score of 0–17 is associated with 
a mortality rate of 1%, rising to 85% with APACHE II scores of 
greater than 42.15

The APACHE II system was found to have a good overall abil-
ity to stratify patients due to the strong association between acute 
physiological derangement and risk of death during acute illness. 
However, there remain significant variations in death rate by dis-
ease, due to nature of the underlying disease process. It is there-
fore essential to combine the APACHE II score with a description 
of the disease so that conditions with a high mortality such as sep-
tic shock can be differentiated from those with a better prognosis 
such as acute asthma. The risk of mortality for an individual can 
be calculated using an exponential equation, which combines the 
APACHE II with a weighting for the diagnostic category.

The value of APACHE II in obstetric patients was questioned by 
Koch et al.34 who looked at the mortality predicted by APACHE 
II for 22 pregnant patients admitted to the medical ICU between 
1984 and 1987. Eight maternal deaths occurred (36%), with three 
due to pre-eclampsia, two due to amniotic fluid embolism, and 
two assigned to immunodeficiency. The APACHE II scores were 
low, with no patient having a score greater than 20 and the pre-
dicted mortality from APACHE II was therefore only 11.5% for 
the whole group and 13.75% for the non-survivors. The underly-
ing disease conditions in this series such as amniotic fluid embo-
lism and HELLP syndrome are associated with a high mortality 
and this may explain the underestimation. The Koch et al. paper, 
however, does not give details of the diagnostic category weight-
ing used to predict mortality.

Other authors since have found that APACHE II overestimates 
maternal mortality. Lewinsohn et al.35 looked at predicted mor-
talities in 58 obstetric patients admitted to an ICU, together with 
a similar group of 120 non-pregnant young women, over an 8-year 
period. Their pattern of admission to ITU was quite different to 
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that reported by Koch et al., with the majority of patients being 
admitted due to sepsis and haemorrhagic shock. From the 
APACHE II scores, the predicted mortality rate in the obstetric 
patients was 16.6%, more than double the actual obstetric mor-
tality rate of 4/58 (7%). By contrast, the predicted mortality rate 
in the non-obstetrical group was 10.1%, which was very close 
to the actual mortality rate of 12/120 (10%). Both obstetric and 
non-obstetric groups had similar mean APACHE II scores, indi-
cating similar degrees of physiological derangement. The actual 
mortality for a given APACHE II score has been shown to vary 
considerably by ICU, with improved outcomes where there was 
good coordination between the intensive care staff.36 The authors 
speculated that the obstetrician-intensivist performance, with 
good communication and open collaboration, led to better results.

The Simplified Acute Physiology Score (SAPS II) has also been 
used to predict mortality on admission to intensive care,36 refined 
from the original SAPS using a multiple logistical regression 
model. It includes variables that are not used in APACHE II such 
as serum bilirubin and urine output. In addition, urea is substi-
tuted for creatinine and bicarbonate in place of arterial blood pH. 
SAPS II can be similarly used to calculate predicted mortality for 
obstetric patients admitted to the ICU. Scarpinato37 used SAPS 
II to predict mortality for 29 obstetric patients admitted to the 
ICU. The SAPS II score predicted a higher mortality risk of 3% 
compared with the actual mortality of 0%, which was similar to 
Lewinsohn et al.’s findings with APACHE II.

The Mortality Probability Model (MPM II)38 uses fewer physio-
logical variables than APACHE II or SAPS II to estimate mortality 
at the time of ICU admission but includes additional information 
such as urine output, vasoactive drug therapy and raised pro-
thrombin time together with computed tomography to estimate 
intracranial mass effect for patients with head injury.

El-Solh and Grant compared the predictive ability of APACHE 
II with SAPS II and the MPM II.39 They applied the scoring sys-
tems to 93 obstetric patients admitted to the ICU between 1989 and 
1995 and compared them with a control group of 96 non-obstetric 
female patients in the 17-41 year age group. Most admissions in 
the obstetric group were due to respiratory complications or emer-
gency obstetric procedures. The observed mortality rates of each 
group were 10.8% and 10.4% respectively. There was no significant 
difference between the observed mortality and the mortality rates 
predicted by each scoring system. All three systems were found to 
be effective.

Bhagwanjee et al.40 examined APACHE II scores in 105 women 
with eclampsia who were admitted to ICU in Durban, South Africa. 
The main indications for ICU admission were poor oxygenation, 
low GCS score, extreme restlessness, and laryngeal oedema. The 
overall mortality was 10.5% (11 patients). The APACHE II score 
was significantly higher in non-survivors than survivors but this 
was due to the contribution from the GCS score. The GCS score 
alone showed the same level of difference between the groups as 
the APACHE II, whilst the APACHE II–GCS showed no difference 
between the non-survivors and survivors. The number of organ 
systems failing was also significantly higher in non-survivors, 
most frequently respiratory failure. This reflects the multiorgan 
failure that accompanies severe eclampsia together with other 
complications such as HELLP syndrome.

Hazelgrove et  al. measured the performance of APACHE II, 
APACHE III, and SAPS II scores in their study of 210 obstetric 

ICU admissions in Southern England.12 Mortality ratios were 
assessed for each scoring system. Discrimination between sur-
vivors and non-survivors was assessed using the area under the 
receiver operating characteristic curve (AUC).41 All three ICU 
scoring systems could accurately distinguish between survivors 
and non-survivors with APACHE II being the closest fit for the 
pregnancy population.

Harrison et  al.’s study of 1902 obstetric ICU admissions 
using the ICNARC database14 similarly evaluated the perfor-
mance of APACHE II scores to discriminate between survivors 
and non-survivors using AUC values. The mortality predicted 
by APACHE II scores was calibrated using the mortality ratio, 
Hosmer–Lemeshow C statistic, and Cox regression calibra-
tion. The mean APACHE II score was 10.9, which was similar 
to the Acute Physiological Score as age points are only assigned 
above age 45 and the very severe chronic health conditions of 
APACHE II are rare in this population. Discrimination of the 
APACHE II score was good, with higher values for obstetric 
admissions (AUC 0.839; 95% CI 0.820–0.857) than for the con-
trol group of non-obstetric female admissions aged 16–50 years 
(AUC 0.812; 95% CI 0.807–0.818). The mortality predictions by 
APACHE II were similar to those found by Hazelgrove et al., 
with a mortality ratio of 0.245 for obstetric admissions com-
pared to 0.907 for controls. The calibration plots (Figure 30.1) 
show how the APACHE II scores were able to predict mortality 
accurately in the control group but vastly overestimated mor-
tality in the obstetric group.

Of the individual components of the APACHE II score, the 
GCS was the best predictor of mortality, a similar finding to 
Bhagwanjee’s study of eclamptic patients.40

Rojas-Suarez et al.42 reviewed 725 obstetric patients admitted 
to the ICU between 2006 and 2011. They found that APACHE II, 
SAPS II, and SAPS III overestimated maternal mortality whereas 
MPM II and MPM III were more accurate, with observed/pre-
dicted ratios of 0.89 and 1.25 respectively. They recommended 
that APACHE II should not be used to predict mortality in this 
population.

APACHE II is still popular in ICUs in the United Kingdom due 
to its simplicity but it has since been superseded by more accu-
rate scoring systems: APACHE III 43 in 1991 and APACHE IV44 
in 2006. The authors of APACHE IV state that APACHE II is a 
useful summary measure of severity of illness but that it should 
no longer be used to predict mortality. APACHE IV instead uses a 
set of 142 variables in its mortality equation together with a more 
complex set of equations that require a computer to evaluate. The 
chart and scoring systems for APACHE II are freely available 
whereas APACHE III and IV are proprietary tools that have to be 
obtained from the developers, although the Cerner Corporation 
has recently made hospital mortality and length of stay algorithms 
available to registered users (https://apachefoundations.cerner-
works.com/apachefoundations/login/auth).

APACHE IV provides ICU and hospital predictions for mortal-
ity and length of stay whilst MPM III and SAPS III only provide 
hospital mortality predictions. In the general adult intensive care 
setting, the latest versions of these ICU scoring systems have been 
shown to be more accurate than their predecessors.45,46 Although 
newer scoring systems have better performance, the difference 
may not affect efficacy and choice of system depends on ease of 
use and local preferences.47

http://https://apachefoundations.cernerworks.com/apachefoundations/login/auth
http://https://apachefoundations.cernerworks.com/apachefoundations/login/auth
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Physiological scoring systems may perform poorly in obstet-
ric critical illness due to the physiological changes in pregnancy 
or because of the unique scoring profile of obstetric conditions 
such as pre-eclampsia. These issues were considered by Gopalan 
and Muckart, who recommended using organ failure scoring 
systems.48 They avoid many of these problems as the develop-
ment of multiorgan failure is a common antecedent to death in 
all critically ill patients: the presence of three organ systems fail-
ures for 3 or more days, regardless of any other factors is associ-
ated with 100% mortality.49,50 Several scores have been developed 
to quantify this, including Sequential Organ Failure Assessment 
(SOFA),51 Multiple Organ Dysfunction (MOD),49 and Logistic 
Organ Dysfunction (LOD).50 However, none of these scoring sys-
tems have yet been validated in critically ill obstetric patients.

Early warning scores
General wards
Physiological deterioration precedes critical illness and it has 
became clear that many patients on general wards who have had 
an in-hospital cardiac arrest have documented evidence of clinical 
deterioration before the arrest, which was not acted on appropri-
ately by the ward nurse or junior doctor.52 Similarly, unplanned 
admissions to general adult ICUs are often associated with abnor-
malities in patients’ vital signs that have been recorded without 
appropriate action taken.53 Goldhill et al. applied the APACHE 
II scoring system to vital signs recorded in the 24 hours prior to 
ICU admission.54 They found that 80% of patients had at least one 
value for heart rate, respiratory rate outside of the normal range, 
scoring one or more APACHE II points.

A number of early warning scoring systems have been developed 
that are based on physiological measurements used by APACHE 
II, using variables that are routinely measured on the acute gen-
eral ward. These include Medical Emergency Team (MET) call-
ing criteria,55 Patient At Risk score (PAR),56 and Modified Early 
Warning Score (MEWS).57 All of the scoring systems assign a 
score dependent upon the degree of deviation from normality but 
differ in the number of parameters measured. The MET system 

is a list of calling criteria whereas both PAR and MEWS assign a 
weighted value according to the degree of deviation from normal-
ity and generate a total score.

Goldhill et al. showed that the number of physiological abnor-
malities and the PAR score both predicted hospital mortality.56 
All physiological variables contributed to the need for interven-
tion, apart from temperature.

Hillman and colleagues introduced METs55,58 to provide urgent 
attention for those with patients who met the MET calling crite-
ria. Buist et al. showed that this reduced the incidence of deaths 
due to cardiac arrests.59

Hillman then conducted a large-scale prospective study to see 
whether the MET system could reduce the composite incidence 
of cardiac arrest, unplanned ICU admission, and unexpected 
death.55 In a prospective study, 23 Australian hospitals were ran-
domized to either continue as before or to introduce the MET 
system. The MET system did not improve the composite or indi-
vidual secondary outcomes but did lead to an increase in emer-
gency call outs.

Subbe et al. similarly found that the introduction of a MEWS 
failed to improve primary or secondary outcomes when intro-
duced in a medical admissions unit in North Wales.60

However, Priestley et al. found that the introduction of Critical 
Care Outreach teams, together with a MEWS, in an acute general 
hospital did decrease in-hospital mortality compared with control 
wards (two-level odds ratio 0.52; 95% CI 0.32–0.85).61

Doubts about the clinical utility of early warning systems led 
to concern that the choice of both parameters and cut-offs was 
largely based on clinical intuition rather than the use of rigorous 
derivation and validation methodologies.62

The National Institute for Health Research Service Delivery and 
Organisation from ICNARC commissioned Gao and co-workers 
to review 36 studies on early warning scores (EWSs).63 The search 
strategies were then updated to include a further 11 studies pub-
lished after 2004 and this was used as the basis of evidence for 
the National Institute of Clinical Excellence (now the National 
Institute of Health and Care Excellence) (NICE) review on rec-
ognition of acutely illness in hospital.64 NICE recommended that 
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aggregate weighted scoring systems should be used in UK hospi-
tals. Although NICE recommended which physiological param-
eters should be monitored, it did not propose a standardized early 
warning system.

The wide variety of physiological parameters used in differ-
ent early warning systems, together with the weightings given 
to individual parameters led to the problem that clinical staff in 
different hospitals or different clinical settings were unfamiliar 
with local systems. The Acute Medicine Task force stated that 
‘there is no justification for the continued use of multiple dif-
ferent EWSs to assess illness severity’.65 They recommended 
the development of a national Early Warning Score to provide a 
standardize record of illness severity and urgency of need, from 
first assessment and throughout the patient journey. The report 
recognized that a key weakness in current practice was the lack 
of a standardized EWS embedded in the culture of the NHS, 
which prevent EWS being used as part of routine training and 
education for all staff.

The new National Early Warning Score (NEWS) developed by 
the Royal College of Physicians66 used the same physiological 
parameters recommended in the NICE report,64 with physi-
ological weightings based on a published systematic review 
(Figure 30.2 and Figure  30.3). This compared performances 
from 33 warning systems when applied to a database of 9987 
vital signs derived from an acute medical assessment unit, col-
lected using the VitalPAC electronic data gathering system.67 
Only 12 of the systems reviewed showed reasonable discrimina-
tion, using an AUC method, and none achieved an AUC greater 
than 0.8.

The NEWS was found to achieve an AUC of 0.722 for cardiac 
arrest, 0.857 for unanticipated ICU admission, 0.894 for death, 
and 0.873 for any of the outcomes, all within 24 hours.68 The 
NEWS is designed to be used for all acutely ill patients admitted 
to hospital apart from children or women who are currently or 
recently pregnant.

Maternity early warning scores
The well-recognized problem of recognizing critical illness had led 
to a number of obstetric units introducing EWSs, some of whose 
parameters were modified for obstetrics, using local clinical judge-
ment. This practice was highlighted and put as a top ten recom-
mendation by the Saving Mothers Lives report of the Confidential 
Enquiry, published in 2007,11 with a number of maternal death 
vignettes cited where MEWS may have helped staff realize the 
severity of illness. The report stated that a national Modified Early 
Obstetric Warning Score (MEOWS) should be developed and 
piloted from December 2008. This has not yet happened. The sub-
sequent Confidential Enquiry report, published in 2011, repeated 
the top ten recommendation that a national MEOWS should be 
used, although there is no further update regarding the progress 
of this project.

There are several challenges in validating a national MEOWS. 
The PAR scoring system described by Goldhill et al. was used for 
acutely ill general patients requiring critical care outreach with 
an overall mortality of 14.6%.56 This made it possible to distin-
guish which physiological variables of the PAR score were able to 
accurately predict mortality. Similarly, Subbe et al. were able to 
validate their modified EWS score in an acute medical admissions 
unit, with a mortality of 7.9%.69 With an mortality rate of 0.011%16 
and an ICU admission rate of 0.26%,15 it is not feasible to use these 
unequivocal endpoints for validation.

Carle et  al. extracted a dataset of 2240 critically ill obstetric 
patients in the ICNARC case mix programme captured over a 
13-year period and measured the ability of nine different MEWS 
scores, to distinguish between survivors and non-survivors.70 
All MEWS systems performed well, with AUCs of 0.967–0.985. 
However, the two ‘obstetric’ MEWS did not offer any additional 
benefit, with AUC values of 0.967 and 0.985. The obstetric data-
set only contains data after admission to critical care. To evaluate 
a MEWS properly, the authors stated that parameters should be 
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examined before admission but this was unlikely to be feasible in 
future studies.

A maternal early warning system that is based on physiological 
changes in disease also has to contend with physiological adapta-
tions that occur in each trimester of normal pregnancy, labour 
and the post-partum period. There remains the question as to 
whether a modified early warning system should be further modi-
fied according to maternal gestation.

Singh et al. examined the use of MEOWS in 676 consecutive 
obstetric admissions:71 30% of the patients triggered the MEOWS 
and 13% had morbidity including haemorrhage, hypertension, 
and suspected sepsis. The MEOWS score had a positive predictive 
value of 39% and negative predictive value of 98%. There were no 
ICU admissions, cardiorespiratory arrests, or deaths during the 
study, making it impossible to measure the value of MEOWS in 
detecting severe morbidity or mortality. The authors also acknowl-
edge that the triggers in the MEOWS are very close to the levels 
that define morbidity (e.g. high systolic blood that defines hyper-
tensive disorder) so that this becomes a self-fulfilling prophecy.

In January 2012, an All Wales Consensus paper was writ-
ten with the aim of agreeing the normal/abnormal physiologi-
cal parameters for an obstetric EWS and to explore alignment 
with the National Early Warning System.72 They noted that the 
MEOWS chart described in both Confidential Enquiry reports11,16 
relied on colour-coded triggers whereas NICE guidance CG5064 
recommends an aggregated numerical scoring system. Whilst 
colour-coded charts are of use in triggering an intervention, an 
objective scoring system allows a graded response and monitoring 
of progression of treatment.

Many different adaptations of MEOWS were in use throughout 
Wales. A survey of UK obstetric anaesthetists revealed the con-
sensus of opinion that a national EWS should be used.73 A draft 
Obstetric National Early Warning scheme was produced, with 
scoring system and escalation policy which mirrored that used for 
the general NEWS. However, on further enquiry, there was feed-
back from the service that there was no need for a new MEOWS 
as even if a new tool was devised, the need for further validation 
would delay its introduction.74 It was agreed that maternity units 
should continue to use their existing MEOWS charts and would 
agree local escalation guidance based on the Royal College report.9

The Maternal Critical Care Working Group9 similarly rec-
ommended that a national chart should be produced as a 
longer-term goal.

In Liverpool Women’s Hospital, a MEWS has been in regular 
use for a decade. The six parameters of NEWS, adjusted for physi-
ological changes in pregnancy, are monitored, together with urine 
output, if the patient is catheterized or has not passed urine for 
7 hours.

Recognition of the critically ill patient
The Maternal Critical Care Working Group9 recommended that 
maternity services should implement the NICE guidance on care 
of the critically ill in hospital.64 All admissions to hospital should 
have physiological observations recorded at the time of their 
admission or an initial assessment together with a clear monitor-
ing plan that specifies which physiological observations should 
be recorded and how often. These should be recorded using an 
EWS or Physiological Track and Trigger system. This plan will 
depend upon whether the pregnancy is low- or high-risk, the rea-
son for admission, co-morbidities and the agreed treatment plan. 
Table 30.6 shows the frequency of routine MEWS observations, 
and Table 30.7 shows the thresholds that are used to calculate 
weighted scores, at the Liverpool Women’s Hospital.

�e National Early Warning Score (NEWS) thresholds and triggers
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Figure 30.3  (See colour figure section). The National Early Warning Score 
(NEWS) thresholds and triggers.
Reproduced with permission from the Royal College of Physicians. National Early Warning 
Score (NEWS): Standardising the assessment of acute illness severity in the NHS. Report of a 
working party. © Royal College of Physicians 2012.

Table 30.6  Frequency of routine MEWS observations performed 
at the Liverpool Women’s Hospital

Condition Frequency of observations

Lower segment caesarean delivery ½-hourly for 4 hours

Hourly for 6 hours

4-hourly for 48 hours (use clinical 
judgement 24 hours during sleep)

Daily until discharge

Other procedures under anaesthesia ½-hourly for 4 hours

Hourly for 6 hours (or until discharge)

4-hourly for 24 hours

Postpartum haemorrhage ½-hourly for 4 hours (remain on CDS 
if possible)

4-hourly for 24 hours

Prophylactic Syntocinon® 4-hourly for 24 hours

Diastolic of 90 or over Minimum 4-hourly until discharge or 
start of labour

Identified antenatal in patients 
(diabetes, ruptured membranes, 
known or suspected infection)

4-hourly (unless indicated otherwise) 
until discharge

Postnatal women with suspected or 
confirmed infection

4-hourly for a minimum of 24 hours

Once daily until discharged

Medical management of miscarriage Hourly from start of treatment until 
discharge

Blood transfusion Prior to start of transfusion 15 minutes 
into transfusion Post transfusion

(must be done for each unit of blood 
transfused)

Liverpool Women's Hospital MEWS escalation algorithm. Reproduced with permission.
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Critical care competencies
The Department of Health document Competencies for Recognising 
and Responding to Acutely Ill Patients in Hospital75 was produced 
in 2009, to support the implementation of the NICE guidance 
about care of acutely ill patients in hospital.64 Critical care com-
petencies define knowledge, skills, and attitudes required for safe 
and effective treatment, together with a chain of response from 
non-clinical staff all the way through to a critical care level ter-
tiary responder (Figure 30.4). One staff group could play several 
different roles in the chain, for example, the recognizer may also 
be the primary responder.
◆	 Non-clinical staff: they may also be the ‘alerter’ and include the 

patient herself or her visitor.
◆	 Recorder:  takes designated physiological measurements and 

records observations and information. This could be a mater-
nity support worker, healthcare assistant, or midwife.

◆	 Recognizer:  monitors the patient’s condition, interprets des-
ignated information that has been recorded, and adjusts the 
frequency of observations and level of monitoring. This would 
typically be a midwife, recovery nurse, or other nurse in the unit 
or a foundation doctor.

◆	 Primary responder:  goes beyond just interpreting the desig-
nated information to formulate a clinical management plan, for 
example, starting oxygen therapy, selection of intravenous flu-
ids, and administering a bolus of intravenous fluids. This would 
be a core trainee or junior specialist trainee.

◆	 Secondary responder: is likely to be called when the patient fails 
to respond to the primary intervention and continues to ‘trig-
ger’ or ‘re-trigger’ a response. This person will assess the clini-
cal effect of the primary intervention, diagnose the problem, 
refine the management plan, and initiate a secondary response 
and have the knowledge when to refer to critical care. This is 
the role of the obstetric or anaesthetic senior specialist trainee 
(ST 3–7).

◆	 Tertiary responder:  role undertaken by staff with critical care 
competencies including advanced airway management, resusci-
tation, clinical examination, and interpretation of the critically 
ill patient. In a maternity unit, this role is provided by consult-
ants in anaesthesia and obstetrics.

	 (Reproduced here with permission from The Royal College of 
Anaesthetists. Originally published in Providing equity of critical 
and maternity care for the critically ill pregnant or recently pregnant 
woman, July 2011)

Non Clinical Staff Recorder

Communication and Handover

Recogniser
Primary

Responder
Secondary
Responder

Tertiary
Responder

(Critical Care)

Figure 30.4  Chain of response to a critical incident.
Reproduced from Competencies for Recognising and Responding to Acutely Ill Patients in Hospital. DH, London 2008 (http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/
PublicationsPolicyAndGuidance/DH_096989). Crown copyright.

Table 30.7  Thresholds and scores in the MEWS used at the Liverpool Women’s Hospital

Score 3 2 1 0 1 2 3

Pulse (bpm) <40 40–59 60–74 75–105 106–110 111–130 >130

Systolic BP 
(mmHg)

<80 80–90 95–140 141–150 151–199 >200

Respiratory rate 
(breaths/min)

<6 6–8 9–14 15–20 21–25 26–29 >30

Temperature (°C) <35 35–36 36.1–38 38.1–38.5 >38.5

UOC <10 mL <100 mL in 4 h <50 mL in 
2 h

UO no catheter Not PU in 10 h Not PU in 8 h 
and no bladder

CNS Unresponsive Voice Alert Confused Agitated

SpO2 <88% 88–89 90–94 >95%

A graded response strategy for patients should be agreed locally and harmonized with that used in the National Early Warning Score so 
that staff who also care for patients on general wards are familiar with the system. It should consist of three levels of scores:

Low risk: Total score 3–4.

Medium risk: Total score 5–6 or single parameter 3.

High risk: Total score ≥ 7.

CNS, central nervous system; PU, passed urine UO, urine output UOC,urine output in catheterized patient.

Liverpool Women's Hospital MEWS escalation algorithm. Reproduced with permission.
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The competencies are mainly about clinical and technical level 
of care and delivery of effective patient management but are not 
exclusive and assume that generic competencies are in place. This 
assumption cannot always be taken for granted as many midwives 
are now ‘direct entry’ and gain little experience of nursing acutely 
ill patients during their training.

The key competency for all levels of staff is knowing when to 
refer to a clinician with greater knowledge and experience. The 
chain of response provides a tiered response but is not a fixed 
hierarchy—a recorder who recognizes a very sick woman should 
be able to access critical care expertise immediately, most straight-
forwardly through a ‘crash call’.

The chain of response requires that staff recognize and respond 
to signs of deterioration in the patient. The EWS plays a part in 
this by providing a jointly agreed scale to measure the patient’s 
degree of risk of further deterioration. It also allows escalation 
to an appropriate tier of competency. At the Liverpool Women’s 
Hospital, patients who score an aggregate MEWS of 4 are referred 
to a primary responder, those with an aggregate score of 5–6 or a 
single parameter of 3 are referred to a secondary responder, whilst 
those with a score of 7 or more are referred directly to a tertiary 
responder. Review by the responder should be undertaken within 
30 minutes, with escalation to a higher level if this does not occur 
(Figure 30.5).

Once escalation has occurred, a minimum of hourly MEWS 
observations are required to confirm that the patient has 
responded to the initial intervention. If the patient’s score has not 
improved, further escalation is then required (Figure 30.5).

Implementing critical care competencies requires a system-wide 
approach with effective leadership and change management from 
board to ward. The approach required will depend upon the indi-
vidual hospital’s setting but may include the following elements:
◆	 Identifying clinical and managerial leads and 

implementation team
◆	 Monitoring outcomes with board-level reporting and 

intervention
◆	 Critical incident analysis and peer supervision with regu-

lar multidisciplinary meetings to review severe maternal 
morbidity cases

◆	 Education and training of competencies included in inducted 
and ongoing training plus formal performance review and 
development

◆	 Appropriate resources in place
◆	 Adapt local policies to clarify levels of authority and 

responsibility

Low risk
MEWS = 3–4

MEWS
1–2

MEWS
5–6

MEWS
≥ 7

MEWS
1–2

MEWS
1–2

MEWS
3–4

MEWS
3–4

MEWS
5–6

MEWS
≥ 7

MEWS = 3–4

MEWS = 3–4

MEWS = 3–4, 5 hours

Inform primary
responder, document
intervention

Inform primary
responder to attend,
assess initial
interventation, adjust
treatment. Consider
escalating care to more
members of obs team.
Re-score within 1 hour 

Continue minimum
hourly observations
and reassess treatment. 

after initial trigger.
Check ABG and place
in medium risk.
Secondary responder
informed to attend and
review

Inform secondary
responder to attend,
review treatment and
check ABG. Re-score

within 1 hour.

MEWS = 5–6 or
single parameter 3.
Inform secondary
responder to attend and
review. Undertake
treatment and re-score
within 1 hour.
Minimum of hourly
observations

Reassessment of
teatment and re-score

within 1 hour.

Continue minimum of
hourly observations

until score is reduced

MEWS 5–6, 3 hours
after initial trigger –

treat as High Risk

Medium riskHigh risk
MEWS >7. ½ hrly
obs. Inform secondary
responder to attend,
coordinate transfer to
HDU and inform
tertiary responder, who
should attend within 30
min, check ABG and
initiate treatment.

Routine MEWS scoring. See condition-specific
guidelines for minimum frequency of MEWS scoring

Figure 30.5  Liverpool Women’s Hospital MEWS escalation algorithm.
Liverpool Women’s Hospital MEWS escalation algorithm. Reproduced with permission.
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◆	 Develop team working, assertiveness, and inter-professional 
working relationships. All team members must have confidence 
in the competency of their colleagues and are ready both to 
challenge and to be challenged.

Workforce development
Lead professionals for maternity services have a responsibility to 
ensure that staff are adequately trained. There are a number of 
national, certified courses which will support workforce develop-
ment in this area such as ALERT. Maternal critical care courses 
for trainee obstetricians and midwives have been developed by 
providers such as Leeds University (http://www.healthcare.leeds.
ac.uk/study/PG/midwifery/PGC-CICBW-09/details.htm)

SCOTTIE (Scottish Core Teaching and Training in Emergencies) 
has been developed to provide a standardized training course 
in managing emergencies for all healthcare professionals who 
participate in the care of pregnant women. The course has been 
designed to cover the fundamental aspects of maternal emergen-
cies and is suitable for all maternity-care professionals working in 
all care environments in Scotland (http://www.scottishmaternity.
org/Courses/Introduction%20to%20The%20Courses/obstetric_
emergencies.html).

REACTS (Recognition, Evaluation, Assessment, Critical 
Treatment and Stabilisation) has been developed to provide a 
standardized training course in recognizing and managing the 
critically ill obstetric patient for the many healthcare profession-
als who participate in the care of pregnant women. The course has 
been designed to cover the fundamental aspects of caring for criti-
cally ill women and is suitable for most maternity-care profession-
als working in Scotland. The Scottish Maternity REACTS course 
is one of the skills-based courses developed and rolled out by the 
Scottish Multi-professional Maternity Development Programme 
in support of maternity-care professionals across Scotland (http://
www.scottishmaternity.org/Courses/Introduction%20to%20
The%20Courses/scottish-maternity-reacts-course.htm).

The Critical Care competencies required at tertiary responder 
level are defined by the Competency Based Training programme 
in Intensive Care Medicine for Europe (CoBaTrICE) syllabus,76 
which includes a specific section on life-threatening maternal 
peripartum complications.

Critical care competencies are incorporated in the core train-
ing curriculum for anaesthetic trainees as well as being included 
in the revalidation programme. ‘Assessment of the Critically 
Ill Parturient’ is included in the Continued Professional 
Development for Anaesthetists matrix (2B06)77 from the Royal 
College of Anaesthetists. Level 2 is based upon both the knowl-
edge and skills that are relevant to an individual doctor’s ‘whole’ 
practice.78

There are several simulation training courses also available (see 
Chapter 53 for more details).

Transfers to and from critical care
Transfer to Level 3 care should be in accordance with Intensive 
Care Society guidelines:79

◆	 All hospitals to have a lead consultant for critical care transfers.
◆	 All must have systems to resuscitate, stabilize, and transport 

critically ill, with a plan for all critical care areas.

◆	 Training:  all staff must have appropriate training in transfer 
medicine.

◆	 Equipment: all must have access to a transfer trolley, with all 
monitoring and equipment mounted in a suitable way to be 
compliant with the Comité Européen de Normalisation (CEN) 
1789:2007 European Union standard for ambulances. Ideally 
all equipment within a region should be standardized to enable 
seamless transfers.

◆	 Prior to transfer, a risk assessment must be made by a consultant 
or other suitably experienced member of staff, to determine the 
competences of staff required for the transfer.

◆	 Patients should be resuscitated and stabilized before transfer, 
with pre-transfer checklists.

◆	 Minimum standards of monitoring must be used, continu-
ously visible to accompanying staff, with a written record of 
observations.

◆	 Safety:  patients secured, equipment secured, staff seated and 
using seat belts. If unanticipated intervention is required, the 
ambulance should be stopped in a safe place before administer-
ing treatment.

◆	 Standardized documentation should be used.79

In addition, a clear plan is required to meet the maternal, fetal, or 
postnatal needs of the patient.

An intensive care transfer form must be completed for all trans-
fers, documenting the:
◆	 reason for transfer
◆	 history of stabilization prior to transfer
◆	 date and time of transfer
◆	 identification of staff involved in the decision to transfer to 

HDU/ITU.

The acutely ill parturient in a general critical 
care area
The main principle in managing an acutely ill pregnant woman is 
that optimal management of the condition causing critical illness 
is paramount. Fetal considerations are secondary, including the 
need for maternal imaging and medication.

Maternal collapse in pregnancy needs to be managed in accord-
ance with physiological changes, outlined in the Royal College of 
Obstetricians and Gynaecologists (RCOG) green top guideline.80

The following need to be considered:
◆	 Aortocaval compression:  after 20 weeks gestation, can reduce 

cardiac output by 30–40% when supine and significantly 
reduces efficacy of chest compressions during resuscitation.

◆	 Changes in lung function:  increased risk of hypoxia and make 
ventilation more difficult.

◆	 Difficult intubation risk:  this is more likely in pregnancy and 
critical illness due to the presence of large breasts reducing 
access to the laryngoscope and laryngeal oedema.

◆	 Increased risk of aspiration: early intubation is required in criti-
cal illness, with the use of cricoid pressure, non-particulate ant-
acids, and H2 antagonists.
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◆	 Blood pressure:  limits are different in pregnancy. A  blood 
pressure (BP) of 90/60  mmHg is normal in healthy women 
whilst in pregnancy-induced hypertension, aim to keep BP 
<150/100 mmHg.

◆	 Blood loss: high cardiac output and uterine blood flow means 
that large volumes can be lost quickly.

◆	 Hypercoagulopathy: all parturients will require venous throm-
boembolism prophylaxis if prolonged immobilization and criti-
cal illness.

◆	 Nutrition: need an extra 300 kcal/day plus micronutrients.

Specific points for antenatal care of a critically 
ill parturient

◆	 Patients should be nursed in left lateral tilt position in third 
trimester.

◆	 There is an increased risk of urinary tract infection, which requires 
regular mid-stream urine specimens sent to bacteriology.

◆	 Women with pregnancy-induced hypertension tolerate fluid 
overload poorly—fluid management should be in accordance 
with NICE guidelines.81

◆	 Access to a delivery set will be required for vaginal or caesarean 
delivery in case of urgent delivery.

◆	 In terms of care for the fetus, antenatal steroids will be required 
for fetal lung maturation. A fetal monitoring surveillance plan 
is required with regular fetal growth ultrasound and daily fetal 
heart rate monitoring if no maternal perception of fetal move-
ments after 28 weeks of gestation.

Specific points for postpartum care

◆	 Breastfeeding should be encouraged, with consideration given 
to the safety of medications in breast milk.

◆	 A diuresis is normal, as the transition occurs from maternal to 
non-pregnant physiology.

◆	 Thromboprophylaxis will be required for all women, once coag-
ulopathy has been corrected.

◆	 Routine post-delivery checks will be required such as anti-D for 
rhesus-negative parturients and perineal care.

Maternity and general critical care interface
A daily review is required by the multidisciplinary team, who 
must include a named obstetrician and a named senior midwife. 
Contact telephone numbers for the team should appear on the 
patient’s chart, together with a management plan for obstetric/
midwifery care. Ongoing obstetric issues need to be discussed 
with the critical care team (e.g. pre-eclampsia) so that they are not 
overshadowed by current medical emergency.

Resources available to look after the 
critically ill mother
Appropriate equipment must be available within Level 2 care 
rooms (Box 30.2) and all electrical equipment must be kept 
plugged in at all times to ensure that batteries are fully charged.

Maternal critical care admission criteria
Admission criteria for Level 2 care  
on the delivery suite

1. Escalation in care for women within the delivery suite

◆	 Patients who require stabilization of hypertension.
◆	 Patients who require seizure control.
◆	 Patients with pre-existing co-morbidity, which affects daily 

living.
◆	 Patients with massive blood loss (2000 mL or smaller loss asso-

ciated with cardiovascular instability).
◆	 Patients who require greater than 4 units of blood transfused.
◆	 Patients requiring more than 40% oxygen via a fixed 

concentrated mask.
◆	 Patients who show signs of severe sepsis.
◆	 Patients who trigger a MEWS score of 7 or higher.
◆	 Management of invasive lines.
◆	 Patients who develop coagulopathy.

2. Step-down after Level 3 care or specialist care
This will require joint medical and midwifery judgement regard-
ing the level of critical care required, taking into account all fac-
tors pertaining to the actual case including the patient’s wishes 
and availability of other beds.

Box 30.2  Equipment required in Level 2 rooms

◆	 Wall suction and the relevant accessories
◆	 Airway adjuncts
◆	 Piped oxygen and oxygen masks, with high-concentration 

oxygen masks available
◆	 Equipment to secure intravenous and administer fluids
◆	 Intravenous pumps and syringe drivers
◆	 Monitoring equipment for pulse oximetry, ECG, non-invasive 

blood pressure, and transducer facility for invasive monitoring
◆	 Equipment for insertion and management of invasive 

monitoring
◆	 Intravenous fluid warmer
◆	 Forced air warming device
◆	 Blood gas analyser, with facility to measure serum lactate
◆	 Emergency massive haemorrhage trolley
◆	 Emergency eclampsia box
◆	 Transfer equipment: monitor and ventilator
◆	 Computer terminal for access to blood results, patient admin-

istration systems, and intranet for access to local guidelines
◆	 Resuscitation trolley with defibrillator and airway manage-

ment equipment.
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3. Transfer criteria for Level 2 respiratory support
If Level 2 respiratory support is thought necessary, expert advice 
should be sought from the on-call consultant anaesthetist. Women 
should be transferred for Level 2 care if any of the following are 
present:
◆	 Tachypnoea with a respiratory rate greater than 20 breaths/min
◆	 SpO2 consistently less than 93 % on air
◆	 PO2 of 8.0 kPa on air
◆	 PCO2 of 5.0 kPa
◆	 Pulmonary oedema confirmed by chest X-ray
◆	 MEWS 7 or above.

Escalation to Level 3 care
Expert advice should be sought from the consultant intensivist at 
the receiving ICU, prior to stabilization and transfer, where fur-
ther deterioration has occurred. Women requiring the following 
support must be transferred to Level 3:
◆	 Mechanical ventilation
◆	 Advanced renal support
◆	 Multisystem organ failure
◆	 Plasmapheresis
◆	 Coronary care.

Safe transfer is the responsibility of the consultant anaesthetist 
on call.

Discharge criteria
Discharge from maternity HDU is generally appropriate when 
the condition that has led to the admission has been adequately 
treated or stabilized or when the patient no longer requires the 
level of monitoring and nursing provided on the maternity HDU 
and can be managed on the ward. This should be considered when 
the patient has been stabilized and no longer require close moni-
toring. In addition, discharge of a patient from the HDU (Level 1 
or 2, to 0, or vice versa) should be considered in order to accom-
modate another patient. This decision must be by the consultants 
involved.

Critical care outreach
Critical Care Outreach developed in the United Kingdom in 
response to the finding that suboptimal care was often evident 
at the time of critical admission,6 with increasing evidence link-
ing this to missed opportunities for earlier intervention and poor 
outcome.82

The Critical Care Outreach service is defined by the Intensive 
Care Society as a multidisciplinary approach to the identification 
of patients at risk of developing critical illness, and those patients 
recovering from a period of critical illness, to enable early inter-
vention or transfer (if appropriate) to an area suitable to care for 
that patient’s individual needs.83

Outreach should be a collaboration and partnership between 
the critical care department and other departments to ensure a 
continuum of care for patients regardless of location, and should 
enhance the skills and understanding of all staff in the delivery of 

critical care. It is not a remedy for inadequate provision of a critical 
care bed, inadequate ward facilities for lower dependency patients, 
decreasing ward nursing numbers, or inexperienced trainees with 
lack of supervision. The outreach team should be prepared to 
take over or at least direct the care of critically ill patients whose 
admission to a critical care facility is delayed.

The majority of general hospitals in the United Kingdom have 
intensive care nurse-led outreach systems, supported by critical 
care doctors.84 In the Liverpool Women’s Hospital, the critical 
care outreach team is led by midwives from the HDU, supported 
by on-call anaesthetists and obstetricians.

Care of the critically ill parturient 
in different settings
The National Service Framework for Children, Young People and 
Maternity Services requires that consultant-led obstetric units 
have adequate facilities for comprehensive emergency obstetric 
care, including transfer to intensive care. Pathways must therefore 
be designed at local level to ensure that a critically ill parturient 
has equitable access to critical care, with arrangements taking into 
account local configuration, size, and complexity of maternity and 
critical care services.9 These pathways should facilitate mother 
and baby staying together unless precluded by clinical reason.

Different models of care may include:
◆	 designated area within the delivery suite for Level 2 care, with 

medical input from anaesthetists and obstetricians, staffed by 
suitably trained critical care midwives, supported by escalation 
policies to Level 3 care

◆	 importing critical care skills onto the delivery suite using criti-
cal care outreach or other arrangement with local critical care 
services

◆	 transferring women to a general Level 2 unit, with local arrange-
ments to provide obstetric and midwifery input, whilst main-
taining direct contact between mother and baby.

Monitoring in the high dependency unit
All critically ill patients in the HDU require pulse oximetry, elec-
trocardiogram (ECG), and blood pressure monitoring. There 
should be a low threshold for using arterial lines in HDU, par-
ticularly where the patient is unstable or requires repeated arterial 
blood samples.

Central venous pressure monitoring can be used as a guide to 
right ventricular filling pressures. However, titrating fluid chal-
lenges against central venous pressure should be performed cau-
tiously, due to poor correlation between right- and left-sided filling 
pressures, particularly in patients with pre-eclampsia.85

Cardiac output monitoring
Measurement of blood pressure alone gives the clinician little 
information about its constituent components of cardiac output 
and systemic vascular resistance, which is essential information in 
both the diagnosis and management of critical illness.

Cardiac monitoring is not routinely used at present in obstet-
ric practice. A  recent survey of tertiary referral centres found 
that only 22% of obstetric anaesthetists had experience of cardiac 
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output monitors although half those surveyed believed that they 
should be available in all obstetric units in the next 10 years.86

Pulmonary artery catheters
The pulmonary artery catheter (PAC) was first described by 
Swan, Ganz, and associates in 197087 and rapidly evolved from 
a research device into a clinical tool. It was widely used in adult 
general ICUs to measure intracardiac pressures and cardiac out-
put and became very popular with over 2 million catheters sold 
worldwide in 1996.88

However, unequivocal proof that information from PACs 
improved outcome was scarce. A  review of the use of PACs in 
obstetric critical illness questioned the lack of proven benefit from 
the haemodynamic information when set against the potential 
risk of complications such as pneumothorax, ventricular arrhyth-
mias, air embolism, pulmonary infarction, pulmonary artery rup-
ture, sepsis, local vascular thrombosis, intracardiac knotting, and 
valve damage.89

There are also concerns about the use of PACs in general ICUs. An 
observational study of 5735 critically ill adults using case-matching 
analysis showed that PAC use was associated with increased 
30-day mortality, increased stay in ICU, and increased utilization 
of resources, with no apparent benefit from using the PAC.90 The 
accompanying editorial in JAMA,91 suggested a complete morato-
rium on their use until the matter was resolved but it was clear that 
many physicians intending to continue using PACs. A Consensus 
Conference held in December 199692 examined the risks and ben-
efits of using PACs in different critical care scenarios. For its use 
in maternal critical care, no evidence was found that routine use 
of PACs reduced complications and mortality associated with 
pre-eclampsia but it was agreed that it may be of use when dealing 
with severe pre-eclampsia. There was also uncertainty as to whether 
PACs improved outcomes in patients with septic shock but it was 
agreed that they may be useful in patients who have not responded to 
initial fluid resuscitation and vasopressors. The conference did find 
that the PAC provided information that altered diagnosis and treat-
ment in patients admitted with respiratory failure. The conference 
concluded that there should not be a moratorium on the use of PACs.

PACs remained in regular use for obstetric patients admitted to 
ICUs, although there was a wide variation in their use.12 A retro-
spective review of PAC use in severe pre-eclampsia at the obstetric 
ICU at the Groote Schuur Hospital, Cape Town, South Africa, was 
performed between 1995 and 1997.93 Of the 598 women admitted 
to the unit, 115 required pulmonary artery catheterization; 53% 
had renal failure, 30% pulmonary oedema, and 17% had eclamp-
sia. Review of the ICU charts showed that the initial readings from 
the PAC allowed a determination of maternal fluid status that was 
judged to be helpful in guiding management in 93% of cases. 
Four per cent of patients developed complications: three cases of 
venous thrombosis and one case of cellulitis. There were no cases 
of pulmonary haemorrhage or infarction.

The initial high incidence of complications from PACs improved 
with better medical and nursing care, for example, pneumothorax 
has fallen from 6% to less than 0.1%; pulmonary infarction from 
7.2% to 0–1.3% and pulmonary artery rupture from 0.1– 0.2% to 
less than 0.1%.94

By 2001, Hazelgrove et al. found that there was a wide varia-
tion amongst different ICUs in the use of PACs for haemodynamic 
monitoring of critically ill parturients.12

In 2003, a large-scale randomized, blinded study by Sandham 
et al. of 1994 patients showed that there was no benefit to therapy 
directed by PACs over standard care.95 There was a higher inci-
dence of pulmonary embolus in the PAC group: eight patients ver-
sus none in the standard care group.

A Cochrane review published in 2013 found that the use of 
PACs did not alter the mortality or length of stay in ICU or hos-
pital and recommended that newer, less invasive haemodynamic 
tools needed to be validated against PACs prior to clinical use in 
critically ill patients.96

Transthoracic and transoesophageal echocardiography
Echocardiography is readily accepted by pregnant women as 
ultrasonography is used routinely in pregnancy in childbirth to 
monitor mother and fetus and has been shown to have an excel-
lent safety profile. Cardiac output may be measured at a number of 
anatomical locations: the left ventricular outflow tract, ascending 
aorta, pulmonary artery, right ventricular outflow tract, and mitral 
valve. Transthoracic echocardiography (TTE) uses an ultrasound 
probe placed on the chest well whereas transoesophageal echocar-
diography (TOE) requires an ultrasound transducer to be placed 
within the oesophagus. Both methods allow an assessment of fill-
ing status, myocardial contraction, valvular function, and detec-
tion of pericardial effusion as well as being used for measurement 
of haemodynamic variables.

TTE is truly non-invasive and suitable for all obstetric patients. 
During pregnancy, anterior and left displacement of the heart 
together with an elevated diaphragm and partial lateral tilt facili-
tate apical and lateral views with TTE.

TOE provides clearer images and better views of the atria and 
septa but requires the patient to receive sedation or general anaes-
thesia, which makes it less suitable for routine use in the partu-
rient. There are many case reports in the literature of its use in 
critically ill women with cardiac disease or emergencies.97–104

Haemodynamic measurements made using echocardiography 
have been shown to compare well to those with the gold stand-
ard of pulmonary artery thermodilution. Belfort et al.105 showed 
a high correlation between ultrasound-derived measurements 
and PAC measurements for stroke volume, cardiac output, car-
diac index, left ventricular filling pressure, pulmonary artery sys-
tolic pressure, and right atrial pressure in 11 critically ill obstetric 
patients. Right atrial pressure is calculated by measuring the 
maximum and minimum size of the inferior vena cava in inspi-
ration and expiration. The Doppler-derived stroke volume and 
two-dimensional estimates of end-diastolic volume were used to 
calculate ejection fraction.

A subsequent study showed that results obtained from M-mode 
echocardiography and two-dimensional Doppler yielded similar 
results and proved reliable in critically ill pregnant women.106

Belfort et al. then conducted a subsequent study to see if these 
values could be used in clinical patient management of criti-
cally ill women with an indication for invasive monitoring.107 
These included oliguria unresponsive to boluses of crystalloid, 
severe, pregnancy-induced hypertension despite hydralazine, 
and patients with other cardiac conditions that put them at a 
high risk of developing pulmonary oedema. Fourteen patients 
were studied and all but two were managed without the need to 
proceed to pulmonary artery catheterization. Of these, one had a 
hypertensive cardiomyopathy whilst the other had severe asthma 
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requiring intubation and ventilation. Of the six oliguric patients, 
all had pre-eclampsia and had previously received fluid challenges 
with crystalloid. Echocardiography excluded volume overload in 
all patients and none developed pulmonary oedema or required 
invasive monitoring. The authors concluded that a knowledge of 
the ejection fraction, intracardiac pressures, and cardiac output 
allowed a more informed decision to be made regarding whether 
a preferential vasodilator (e.g. calcium channel blocker or arte-
rial vasodilator) should be used or an agent with a predominantly 
negative inotropic effect such a beta blocker. One patient with 
pre-eclampsia and oliguria had developed a coagulopathy due to 
placental abruption and intrauterine fetal death in which circum-
stances central line insertion would have been hazardous.

More recently, TTE has been used intraoperatively to guide fluid 
management and ensure an adequate pre-load in a patient with 
severe hypertrophic cardiomyopathy.108 The authors intended to 
repeat the TTE on the intensive care 4 hours after surgery but this 
was not possible for logistic reasons, due to the lack of special-
ist skills to perform TTE. The consequence was that an insidious 
postpartum bleed was not acted on overnight, which subsequently 
required interventional radiology.

Recent advances in image quality, device portability, and ease of 
use now enable TTE to be used for obstetric applications in loca-
tions such as the delivery suite, operating theatre, and HDU.109 
The frequent absence of a 24-hour immediate TTE service has 
provided an incentive for clinicians to be trained in bedside TTE. 
This has the additional advantage that the clinician can use TTE 
to answer clinical questions and then perform repeated measure-
ments to follow the response to intervention.

Echocardiography has been used in recent research to exam-
ine haemodynamic changes accompanying severe pre-eclampsia. 
Dennis et  al. compared TTE studies of non-pregnant, healthy 
pregnant and women with pre-eclampsia.110 Patients with 
pre-eclampsia had a predominantly raised cardiac output, due 
to a raised stroke volume, with only a mild increase seen in sys-
temic vascular resistance compared with healthy parturients and 
reduced diastolic function. These findings support the hyperdy-
namic model of pre-eclampsia.

Arterial pulse waveform analysis
Arterial pulse waveform analysis methods of measuring stroke 
volume are attractive for the obstetric anaesthetist as they provide 
beat-by-beat assessment and can be used both for critical care and 
research in the delivery suite and operating theatre.111 They are 
particularly suitable for use in the awake parturient as they only 
require an arterial line. This has the advantage that many criti-
cally ill patients already have an arterial line in situ and enables 
monitoring of changes in cardiac output and stroke volume on 
continuous basis.

Limits of agreement of up to 30% between new cardiac output 
monitors and gold standard devices such as PACs are regarded as 
acceptable.112 Current commercially available devices that meet 
these criteria consist of the calibrated LiDCOplus® (LiDCO, 
Cambridge, United Kingdom) and PiCCOplus® (Pulsion Medical 
Systems, Munich, Germany) and the uncalibrated Flotrac-Vigileo® 
monitor (Edwards Lifesciences, Irvine, CA, United States).

The LiDCOplus® monitor uses arterial pulse power analysis 
to measure and monitor stroke volume from the arterial pulse 
pressure waveform from a standard peripheral arterial line.113 

The system can be calibrated using a lithium dilution method. 
LiDCOplus® has been used to study cardiac output changes 
during caesarean delivery.114–116 It has also been shown to pre-
dict fluid responsiveness in mechanically ventilated patients,117 
although this is of limited value on the obstetric HDU where most 
patients breathe spontaneously. LiDCOplus® haemodynamic 
readings in patients with pre-eclampsia agreed closely with those 
obtained from pulmonary artery catheterization.118

The PiCCOplus® system uses an algorithm that analyses the 
systolic component of the arterial waveform.119 Calibration is 
performed using transpulmonary thermodilution, which requires 
cannulation of both a proximal artery and a central vein. This has 
limited its use to intensive care settings and to date there are no 
studies published using PiCCOplus® in obstetric anaesthesia or 
maternal critical care research.

The Flotrac-Vigileo® monitor analyses waveform characteris-
tics from a specialized transducer using a multivariate polyno-
mial equation that does not require calibration. It has been used 
to monitor cardiac output changes during caesarean delivery.120 
Despite software revision, there is a poor agreement with gold 
standard measures of cardiac output.121

Doppler velocimetry may also be used to measure cardiac output. 
When an ultrasound beam is reflected from moving red blood cells, 
a change in frequency is seen that is proportional to their velocity. 
Aortic cross-sectional area can be estimated from nomograms or 
measured directly and multiplied by total flow to calculate stroke 
volume. Oesophageal Doppler monitoring (ODM) uses a transducer 
introduced under sedation or general anaesthesia.122 ODM is rec-
ommended by NICE guidelines for fluid optimization during major 
surgery to reduce the need for central venous lines, hospital stay, and 
postoperative complications.123 It has shown to be of benefit in many 
different types of surgery124 but these do not include any obstetric 
procedures. It has been used to assess critically ill patients with 
pre-eclampsia, where it was found to underestimate cardiac output 
by up to 40%, although it did follow trends accurately over time.125

Red blood cell velocity in the aortic outflow tract can alter-
natively be measured using an ultrasound probe placed in the 
suprasternal notch (USCOM®, USCOM Pty Ltd, Coffs Harbor, 
NSW, Australia). This is completely non-invasive and has a steep 
learning curve.126 USCOM® has been used to measure cardiac 
output in pregnancy127 and to assess fluid status during caesarean 
delivery.128

Bioimpedance techniques were first described in the 1970s. 
Vascular blood flow within the thorax causes a change in electri-
cal resistance, which is detected by skin electrodes. It is non-invasive 
and low cost but validation studies in critically ill and septic patients 
have shown poor results.122

Bioreactance measures changes in phase shift of an oscillating cur-
rent passed across the thorax to produce an improved signal:noise 
ratio. The technique is gaining acceptance with a number of obstet-
ric anaesthetic research studies now published.129–131

Aortic blood flow can also be estimated from finger arterial 
pressure (Portapres®, Finapres Medical Systems, Amsterdam, the 
Netherlands). This compares reasonably to sphygmomanometry 
in pregnant patients132 but was shown to consistently underes-
timate stroke volume.133 It was also found to have discrepancies 
when measuring changes in peripheral vascular resistance134 or 
hypovolaemia,135 making it unsuitable for regular use in obstetric 
clinical practice.
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Table 30.8 summarizes the devices that can be used in an obstet-
ric patient, their mode of action, advantages, and disadvantages.

Other patient monitors used in maternal 
critical care
Monitoring haemoglobin
The Hemocue® (HemoCue Ltd, Sheffield, UK) gives rapid and 
accurate measurement of haemoglobin concentration in partu-
rients from either venous blood or capillary blood samples.136 
This is of value in the differential diagnosis of shock but requires 
a clinical decision regarding the timing of measurements (see 
Chapter 35).

Ideally, it would be possible to continuously monitor haemo-
globin in critically ill patients using a non-invasive device so that 
clinicians could be alerted to a fall in haemoglobin concentration 
before the clinical signs of shock became apparent. The Rainbow 
SET® Radical 7 Pulse Co-Oximeter (Masimo Corp., Irvine, CA, 
United States) uses a seven-wavelength spectrophotometer in place 
of the conventional two-wavelength pulse oximeter to give a con-
tinuous non-invasive estimation of haemoglobin concentration 
(SpHb). The finger probe is wrapped in an optical shield to pre-
vent interference from outside light. Preliminary studies appeared 
promising, with a mean difference between haemoglobin concen-
trations from SpHb and arterial blood of 1 g/dL.137 Unfortunately, 
subsequent publications have shown that the device is far less 
accurate. One study of five women undergoing caesarean hyster-
ectomy showed a median difference of 2 g/dL in 16 out of 17 SpHb 
readings.138 Another study in patients undergoing spinal surgery 
showed that 22% of readings disagreed with laboratory values by 
more than 2 g/dL.139 Accuracy of SpHb readings were affected 
by finger perfusion, with increased variability in the presence of 
major haemorrhage. There is great potential for SpHb monitor-
ing but the inaccuracies demonstrated in some patients mean that 
invasive measurement of Hb cannot be abandoned.140

Care bundles
Care bundles have been shown to result in a demonstrable reduc-
tion in morbidity in the acute hospital setting. Robb et  al.141 

examined the impact of eight care bundles on hospital mortality 
within an acute hospital in North West London. Thirteen diag-
noses were targeted by the care bundles, which had accounted 
for 1142 deaths in 2006–07. This included sepsis and heart 
failure bundles (available from http://www.bmj.com/content/
suppl/2010/03/31/bmj.c1234.DC1). By 2007–08, the crude death 
rate had fallen by 174 for the targeted diagnoses. These mortality 
reductions were maintained over the subsequent years between 
2009 and 2011.

In 2008, the 1000 Lives Plus campaign was introduced in Wales 
with the aim of reducing 1000 deaths in acute trusts and 50,000 
adverse events. The programme succeeded, reducing mortality by 
an estimated 1199 lives from April 2008 to April 2010.142

The lessons learnt by the 1000 Lives Plus campaign have 
now been applied to maternity services in the Transforming 
Maternity Services report.143 This focused on the need to reduce 
avoidable harm in two key areas in maternity: acute deteriora-
tion and venous thromboembolism. To ensure early detection 
of critical illness, a mini-collaborative was set up to ensure that 
MEWS systems were used consistently in all maternity units. 
One focus of the collaborative was the implementation of care 
bundles that enable a rapid response in a way that is owned by 
the clinical team responsible for patient care, without adding 
a significant burden of work. The Surviving Sepsis Campaign 
Sepsis Care bundles contain interventions that have strong evi-
dence of improving mortality in sepsis.144 The 1000 Lives Plus 
campaign enabled acute and critical care teams to implement the 
care bundles, with particular emphasis on the sepsis six. This is 
important in the management of genital tract sepsis, highlighted 
by a special Centre for Maternal and Child Enquiries (CMACE) 
emergent theme briefing145 which showed the need for clear 
recognition and prompt management, clear leadership, careful 
documentation, prompt antibiotics, careful fluid balance, and a 
collaborative approach.

Improved communication is also essential in the care of 
the acute deteriorating parturient. Clinical teamwork often 
involves hurried interactions between different human beings 
with varying styles of communication. The SBAR (Box 30.3) 
system improves this, originating in the nuclear submarine 
service.

Table 30.8  Devices that can be used to monitor the cardiovascular system in obstetric HDU/ITU

Technology Device Advantages Limitations

Pulse pressure waveform analysis LiDCO™plus Continuous haemodynamic data 
from patients with arterial lines

Calibration with Lithium dilution

PiCCO® Proximal artery cannulation required for calibration

Vigileo Monitor® 
with FloTrac® sensor

Poor agreement and slower response than LiDCO or PiCCO

Oesophageal Doppler monitoring CARDIOQ-ODMTM 
monitor

Proven value in high-risk general 
surgery

Requires sedation or general anaesthesia

Continuous wave Doppler 
ultrasound

USCOM 1A® Steep learning curve. 
Non-invasive

Repeated measurements required

Bioimpedance Oriel 4000® Low cost, simplicity Poor validation in critically ill patients

Bioreactance NICOM® monitor Low cost, simplicity

Adapted from NHS Technology Adoption Centre. Intraoperative Fluid Management Technologies Adoption Pack. London: NHS Technology Adoption Centre; 2012.
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The mini-collaborative aims to ensure that care bundles are 
introduced based on guidance from CMACE, NICE, and RCOG. 
They recommended that four care bundles are introduced:

1.	 Admissions bundle:  within 2 hours of admission (earlier if 
‘unwell’), all women admitted should have a full set of observa-
tions and a plan for frequency of observations, which has been 
communicated to all clinical staff. This should include a DVT 
risk assessment and a recorded body mass index. This is in 
accordance with NICE CG50.64

2.	 Recognition bundle:  all women should have a plan for risk 
assessment using MEWS, screening for sepsis if found to be at 
risk, and DVT risk assessment, together with communication 
with the clinical team.

3.	 Response bundle:  all women should have a plan for escala-
tion of care if their condition deteriorates, including change 
of frequency of observations and input from junior and senior 
medical staff. The cardiac arrest team needs to ensure that they 
have full details of how to access the maternity department. 
Appropriate prophylaxis should be given to all women accord-
ing to their risk assessment. An acute care or critical care out-
reach team service should be utilized appropriately.

4.	 Sepsis six:  within 1 hour of diagnosis, all women with sus-
pected sepsis should receive:

a.	oxygen to achieve an oxygen saturation of greater than 94%

b.	fluid resuscitation

c.	blood cultures should be taken before antibiotic 
administration

d.	broad-spectrum antibiotic

e.	 serum lactate and haemoglobin should be checked, ensuring 
haemoglobin concentration is greater than 8 g/dL

f.	 urine output should be monitored hourly, using catheteriza-
tion or self-void.

Care bundles represent a grouping of best practices for a disease pro-
cess that individually improve care but when applied together may 
result in a significantly greater improvement. The 1000 Lives Plus 
campaign implemented care bundles for interventions such as cen-
tral lines and ventilators and achieved a compliance of more than 
95%. There has been an association with this very high compliance 
and improvements in patient outcome such as a marked reduction in 
the rate of central line and ventilator-related infections.

The care bundles are not intended as a comprehensive list of all 
actions to be taken nor are they a care pathway. The main aim is 
to reduce the opportunity for omission of any of the essential ele-
ments of the process. By using care bundles to implement systems 
for the detection and early treatment of the acutely deteriorating 
patient, it is possible for clinical teams to demonstrate improve-
ments in one area without having to change everything at once.

Management of the critically ill 
obstetric patient
Respiratory failure
Acute respiratory distress syndrome
Acute respiratory distress syndrome (ARDS) is a process of 
non-hydrostatic pulmonary oedema and hypoxaemia which is 
diagnosed according to the North American-European Consensus 
Conference criteria (Table 30.9).146

The commonest causes of ARDS in pregnancy are haemorrhage 
and infection. Direct damage may occur to alveolar lung cells or 
indirect damage may occur due to systemic disease, leading to 
an acute inflammatory lung injury. The inflammatory response 
occurs in exudative, proliferative, and fibrotic phases, which result 
in progressive hypoxaemia and respiratory failure. This may then 
be complicated by nosocomial pneumonia, pulmonary hyperten-
sion, and ventilator-induced lung injury.

Despite recent advances in lung protective mechanical venti-
lation, the mortality from ARDS remains unacceptably high at 
around 50–60%.147 The most frequent cause of death in ARDS is 
sepsis syndrome with multiorgan failure rather than irreversible 
respiratory failure.

The management of ARDS involved respiratory support 
together with identification and treatment of the precipitating 

Box 30.3  SBAR system

S—Situation: What is happening at the present time?
B—�Background: What are the circumstances leading up to this 

situation?
A—Assessment: What do I think the problem is?
R—�Recommendation:  What should we do to correct the 

problem?

Adapted from the SBAR Toolkit, available from the Institute for Healthcare 
Improvement at: http://www.ihi.org/knowledge/Pages/Tools/SBARToolkit.
aspx. The SBAR Toolkit was originally developed by Michael Leonard, 
Doug Bonacum, and Suzanne Graham at Kaiser Permanente of Colorado.

Table 30.9  North American-European Consensus Conference ARDS 
and acute lung injury criteria

ARDS

Timing Acute onset

Oxygenation PaO2/FiO2 ≤ 200 mmHg (26.7 kPa), regardless of PEEP

Chest X-ray Bilateral infiltrates

Paw ≤ 18 mmHg, if measured or no clinical evidence 
of left atrial hypertension, to exclude cardiogenic 
pulmonary oedema

Acute lung injury—same criteria as ARDS except

Oxygenation PaO2/FiO2 ≤ 300 mmHg (40 kPa), regardless of PEEP

PaO2 Partial pressure of oxygen in arterial blood

FiO2 Fraction of inspired oxygen

PaO2/FiO2 ratio Normal range is 300–500 mmHg (40–66.7 kPa)

Paw Pulmonary capillary wedge pressure, used to measure 
left atrial pressure

Paw, airway pressure; PEEP, positive end expiratory pressure.

Data from Bernard GR, Artigas A, Brigham KL, et al. Report of the American-European 
consensus conference on ARDS: Definitions, mechanisms, relevant outcomes and 
clinical trial coordination. Intensive Care Medicine, volume 20, issue 3, pp. 34–56. 
Copyright © 1994 Springer.
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cause. For mild acute lung injury, oxygen therapy, physiotherapy, 
and diuretics to reduce extravascular lung water may suffice. More 
severe lung injury/ARDS will require mechanical ventilation with 
a protective lung strategy.

With widespread usage of pulse oximetry, arterial hypoxaemia 
can be readily detected and confirmed by measurement of arterial 
blood gas tension.

Shock
Shock is defined as acute circulatory collapse with inadequate 
delivery of oxygen at a tissue level. The commonest causes of shock 
in pregnancy are massive haemorrhage and sepsis.

The causes of shock in pregnancy can be divided into low and 
high cardiac output states (Table 30.10). Shock causes physiologi-
cal disturbances, detectable on routine monitoring (Table 30.11). 
Patients with a high cardiac output shock are ‘warm and dilated’ 
with a bounding pulse and are flushed.

Patients with low cardiac output are peripherally vasoconstricted 
and shutdown with a low volume pulse. In hypovolaemia, a low cen-
tral venous pressure will differentiate from the high pressures seen in 
obstructive or cardiogenic shock. However, central venous pressure 
is not a reliable measurement of volaemic status in previously healthy 
obstetric patients due to their ability to compensate for volume loss by 
maintaining both blood pressure and central venous pressure.

Early detection and prompt management is required as mortality 
increases after the first hour. Generic supportive treatment includes 
oxygen therapy to improve oxygen delivery, and appropriate intrave-
nous fluids and inotropic or vasopressor drugs to maintain circulation.

It is essential to diagnose the underlying cause promptly to 
ensure that the correct treatment is given. Patients with cardiogenic 
shock require very careful intravenous fluid administration and 
inotropic support of blood pressure whereas patients with hypo-
volaemic shock due to concealed haemorrhage require aggressive 
fluid therapy and identification of the source of blood loss.

Sepsis and systemic inflammatory response syndrome
2001 Sepsis definitions
Sepsis was defined at the American College of Chest Physicians 
(ACCP) and the Society of Critical Care Medicine (SCCM) 
‘Consensus Conference in 1991. In 1992, the ACCP and SCCM 
introduced the concept of Sepsis and Systemic inflammatory 
Response Syndrome (SIRS), which is defined as the presence of at 
least two of the following quartet:

Table 30.10  Causes of shock in pregnancy

Low cardiac output: ‘cold and clammy’

Hypovolaemic Loss of circulating blood volume with major haemorrhage 
or diabetic ketoacidosis

Obstructive Embolus (pulmonary or amniotic fluid) or cardiac 
tamponade

Cardiogenic Low cardiac output, e.g. after myocardial infarction

High cardiac output: ‘warm and dilated’

Early sepsis Decreased venous return due to low systemic vascular 
resistance

Anaphylactic Allergic induced vasodilation

Neurogenic Loss of sympathetic outflow due to lesion above T6, 
causing vasodilation and bradycardia

Table 30.11  Signs of ‘shock’

Hypotension Systolic < 100 mmHg

Tachycardia Pulse > 100 bpm (except neurogenic)

Tachypnoea Respiratory rate > 30 breaths/min

Oliguria Urine output < 30 mL/h (0.5 mL/kg/h)

Level of consciousness Confused, agitated, or drowsy

Table 30.12  Diagnostic criteria for sepsis, where infection is 
documented or suspected

General

Temperature Fever (>38.3°C) or hypothermia (<36°C)

Heart rate >90/min

Respiratory Tachypnoea

Level of 
consciousness

Altered mental status

Circulation Significant oedema or positive fluid balance (>20 mL/
kg over 24 h)

Glucose control Hyperglycaemia (>7.7 mmol/L), in absence of diabetes.

Inflammatory

White cell count >12,000 cells/μL or < 4000 cells/μL or normal with 
>10% immature forms

C-reactive protein >2 SD above normal value

Plasma 
procalcitonin

>2 SD above normal value

Haemodynamic: sepsis induced hypotension

Blood pressure Systolic < 90 mmHg or mean arterial pressure < 70 or 
fall of > 40 mmHg

Organ dysfunction

Oxygenation PaO2/FiO2 < 300

Renal Urine output < 0.5 mL/kg/h for > 2 h despite fluid 
resuscitation

Creatinine rise of > 44.2 μmol/L

Clotting International normalized ratio > 1.5 or activated partial 
thromboplastin time > 60 s

Platelet count < 100,000 cells/μL

Hepatic Bilirubin > 70 μmol/L

Gastrointestinal Ileus

Tissue perfusion

Acidosis Lactate > 1 mmol/L

Clinical Decreased capillary refill or mottling

SD, standard deviations.
With kind permission from Springer Science+Business Media: Intensive Care 
Medicine, ‘Surviving Sepsis Campaign: International Guidelines for Management of 
Severe Sepsis and Septic Shock, 2012’, 39, 2, 2013, pp. 165–228, R. P. Dellinger et al. © 
SCCM and ESICM 2013; and adapted with kind permission from Springer: Intensive 
Care Medicine, ‘2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions 
Conference’, 29, 4, 2003,  
pp. 530–538, M. M. Levy et al., © Springer-Verlag 2003.
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1.	 Body temperature, greater than 38°C or less than 36°C

2.	 Heart rate greater than 90 bpm

3.	 Hyperventilation evidenced by a respiratory rate of greater 
than 20 breaths/min or a PaCO2 of less than 32 mmHg

4.	 White blood cell count of greater than 12,000 cells/μL or less 
than 4000 cells/μL.

The 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis 
Definitions Conference addressed these definitions so that they 
could be readily applied by clinicians.148

(With kind permission from Springer Science + Business Media: Critical 
Care Medicine, 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis 
Definitions Conference, 2003 31(4): 1250–6. Levy M, Md F, Fink M, et al.)

Sepsis
Sepsis is the clinical syndrome defined by both the presence of 
infection (probable/documented) together with a systemic inflam-
matory response. An infection is the invasion of a normal sterile 
tissue fluid or body cavity by pathogenic or potentially pathogenic 
microorganisms. This is not a perfect definition: the colitis caused 
by Clostridium difficile is due to overgrowth in the non-sterile 
colon, with inflammatory effects occurring due to the cytopathic 
effects of the exotoxin produced by the bacteria. Thus, sepsis may 
occur without microbiological confirmation.

A systemic inflammatory response may be produced by a vari-
ety of infectious and non-infectious conditions (e.g. burns and 
acute pancreatitis). Table 30.12 shows a list of possible signs that 
prompt an experienced clinician to conclude that an infected 
patient ‘looks septic’. None of these are specific to sepsis and could 
occur as an inflammatory response to major surgery or trauma. 
In many cases of early sepsis, the patients do not exhibit the clas-
sic signs or symptoms (Table 30.12) but experienced clinicians 
often intuitively make the correct diagnosis without any hard evi-
dence. Once there is a clinical suspicion, the source of sepsis is 
then sought.

Severe sepsis
Severe sepsis is sepsis plus sepsis-induced organ dysfunction or 
tissue hypoperfusion. Organ dysfunction can be defined using the 
definitions in the SOFA51 score. Dellinger et al.144 include a table 
(Table 30.13) which is adapted from Levy et al.’s paper.148

Septic shock has developed when hypotension persists despite 
adequate fluid resuscitation. Severe sepsis is the leading cause of 
multiorgan failure, acute kidney injury, and ARDS and has a mor-
tality of 40–60%. It is the commonest cause of death in general 
ICUs and the commonest cause of direct maternal death in the 
latest triennial Confidential Enquiry report.4

Goals in management of sepsis are to restore cardiac output and 
oxygen supply to vital tissues. This requires fluid administration, 
oxygen, and respiratory support, together with vasopressors to 
maintain blood pressure. Identification of the cause is essential to 
ensure that the correct antibiotics are given.

More detail of obstetric sepsis can be found in Chapter 34.

Conclusion
Outcomes from critical illness are improved if diagnosis and effec-
tive treatment is provided at the earliest opportunity. Physiological 
changes in pregnancy may mask the signs of impending critical 
illness and it is therefore essential to have robust mechanisms in 
place so that escalation of care occurs in a timely fashion. Obstetric 
anaesthetists have a prominent part to play in the multidiscipli-
nary team that provides higher levels of care on the delivery suite.
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Maternal mortality and morbidity
Suni Halder and Steve Yentis

Introduction
Anaesthetists are acutely involved in the prevention of mater-
nal mortality and morbidity. First, they have an important role 
in promoting and improving safety in a wide variety of clini-
cal areas, and particularly in the delivery suite, where high-risk 
cases are all too common. Second, anaesthetists have skills and 
knowledge that are very relevant to resuscitation of critically ill 
obstetric patients, whether in the delivery suite, critical care units, 
or elsewhere. And third, anaesthesia itself is an important poten-
tial cause of maternal death; until relatively recently, anaesthesia 
consistently featured as a major direct cause of mortality in the 
United Kingdom’s Confidential Enquiries into Maternal Deaths 
(CEMD; see later in this chapter), and the potential for anaesthe-
sia to cause significant maternal morbidity, if not mortality, must 
never be forgotten.

As for anaesthesia outside obstetrics, where improving stand-
ards have led to large reductions in perioperative mortality such 
that much emphasis is now placed on morbidity, so it is with 
obstetrics. Thus, in developed countries at least, the numbers of 
maternal deaths have fallen to the point where some have argued 
that continuing to focus on death is now less productive than 
concentrating on morbidity.1–7 However, maternal mortality 
continues to be an important outcome measure in developed 
countries, as well as worldwide, for a number of reasons: first, 
it ought to be a relatively easy outcome to record on an indi-
vidual patient basis—there usually being little disagreement 
about when death has occurred—although counting all deaths 
within a region or country may not always be straightforward. 
Second, there are agreed national and international definitions 
for maternal death statistics that allow comparisons between 
countries and regions.8–11 Third, such figures are generally 
accepted as being valid markers of the quality of the underlying 
healthcare infrastructure including education, resources, staff-
ing levels and skill, sanitation, and family planning.11–15 Fourth, 
regular or continuous analysis of trends in maternal mortality 
statistics allows changes to be detected that might otherwise go 
unnoticed.13,17–19

Maternal morbidity is much harder to define than mortality, 
although attempts have been made to monitor morbidity in the 
same way as for mortality, with some systems successfully provid-
ing useful feedback as part of an overall regional or national risk 
management strategy (discussed in more detail below). In practi-
cal terms, healthcare workers (including obstetric anaesthetists) 
are much more likely to encounter morbidity on the delivery suite 
than mortality.

Maternal mortality
Definitions
As in so many other areas of healthcare, the use of standardized 
definitions is crucial when comparing maternal mortality figures 
between regions or countries.

International definitions
The following definitions are those used by the World Health 
Organization (WHO) and classified by the Tenth Revision of the 
International Classification of Diseases, Injuries and Causes of 
Death (ICD-10):8

◆	 Maternal death:  death of a women while pregnant or within 
42 days of termination of pregnancy, irrespective of the duration 
and site of pregnancy, from any cause related to or aggravated 
by the pregnancy or its management but not from accidental or 
incidental causes.8

◆	 Pregnancy-related death: death of a woman while pregnant or 
within 42 days of termination of pregnancy, irrespective of the 
cause of death.8

◆	 Maternal mortality ratio (MMR): direct and indirect maternal 
deaths, but not late maternal deaths, per 100,000 live births.8

UK definitions
Because of the importance of the CEMD over the last 50 years, it 
is important to be aware of the definitions used in this audit even 
though they differ somewhat from those used internationally:10,11

◆	 Direct maternal death: death resulting from obstetric complica-
tions of the pregnant state (pregnancy, labour, and puerperium), 
from interventions, omissions, incorrect treatment, or from a 
chain of events resulting from any of the above.10,11

◆	 Indirect maternal death: death resulting from previous exist-
ing disease, or disease that developed during pregnancy and 
which was not the result of direct obstetric causes, but which 
was aggravated by the physiological effects of pregnancy.10,11

◆	 Late maternal death: death occurring between 42 days and 1 
year after abortion, miscarriage, or delivery that is the result of 
direct or indirect maternal causes.10,11

◆	 Coincidental death: death from unrelated causes which happen 
to occur in pregnancy or the puerperium.10 (NB the ICD-10 
refers to these deaths as ‘fortuitous’, as did previous reports 
from the CEMD; however, the latter changed the term to ‘coin-
cidental’ because of widespread confusion between ‘fortuitous’ 
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(which means ‘by chance’) and ‘fortunate’ (which means 
‘lucky’)).

◆	 Maternal mortality rate: direct and indirect maternal deaths, 
but not late maternal deaths, per 100,000 maternities (pregnan-
cies resulting in a live birth or stillbirth at greater than 20 weeks’ 
gestational age).10,11

It should be noted that the international maternal mortality ratio 
and the CEMD’s maternal mortality rate differ in two important 
respects: first, the former uses data only from death certificates 
for its numerator, whilst CEMD’s numerator includes all deaths 
related to pregnancy, even those not noted on death certificates, 
by cross-checking death certificate data against other national 
registries and the Office for National Statistics (ONS); this has 
occurred since the mid 1990s. Second, the international MMR has 
as its denominator all live births, whereas the CEMDs’ denomina-
tor is maternities, which includes live births and stillbirths. This 
has led to confusion (not helped by the similarity in the statis-
tics’ names) between the two figures, most recently the suggestion 
that maternal mortality in the United Kingdom was considerably 
higher than it actually was.

The CEMD’s classification and definition system itself may 
give rise to some anomalies. For example, all cardiac deaths are 
included in figures on indirect deaths even though peripartum 
cardiomyopathy could be considered a ‘complication of the preg-
nant state’. Similarly, an anaesthetic death arising from failed 
intubation at caesarean delivery would be a direct maternal 
death, whereas death from failed intubation in a pregnant woman 
undergoing appendicectomy would, strictly speaking, classify as 
an indirect death since the reason for the intervention was not 
related to pregnancy but the intubation was adversely affected by 
her pregnant state.

Methods of estimation of maternal mortality
If comprehensive records of deaths and causes of deaths exist 
then accurate maternal mortality statistics could, theoretically, be 
obtained easily. However, there are very few countries in the world 
where this occurs. The United Kingdom is thought to have one of 
the most comprehensive and accurate systems to estimate mater-
nal mortality through the CEMD, especially via its cross-linking 
process to ascertain all deaths. In developed countries, the process 
is aided by having relatively accurate death certification services. 
Countries’ civil registration systems whereby routine birth and 
death data are recorded historically provide the largest data pool 
used to calculate international maternal mortality rates. Only 
one-third of countries are known to have complete civil registra-
tion data.13 However, even in developed countries there may be 
inaccuracies; for example, a recent record-linkage study from Italy 
suggested considerable under-reporting of maternal deaths, with 
only a third of actual deaths accounted for in official (death cer-
tificate) figures.20 This problem has been shown to exist in other 
countries, including the United States.21 In the developing world, 
death certification systems are much less robust to start with, so 
that other methods (e.g. surveys,22 censuses,23 and verbal autop-
sies24) have to be used to estimate the number of maternal deaths. 
WHO is trying to improve the system for identifying maternal 
deaths by adding a checkbox on death certificates for recording a 
woman’s pregnancy status, and by the publication of a new guide 
to reduce errors in coding for maternal death.9,25 It should be 

noted that a failure in reporting or obtaining the correct num-
ber of deaths would always result in an underestimation rather 
than overestimation. Furthermore, if a country cannot provide 
basic maternal healthcare needs for its population, it may well be 
unlikely to be able to provide accurate mortality statistics. This 
can be due to a number of factors, including not recording mater-
nal deaths because of the unknown pregnancy status of women of 
childbearing age; further, in some developing countries medical 
certification of cause of death does not exist.13 Attempts to improve 
matters include the RAMOS (reproductive age mortality survey) 
method, which triangulates multiple sources of information and 
can be applied in local languages to improve reporting accuracy.26 
Using regression models, new global and regional estimates of 
maternal mortality can be developed at regular intervals.13

The global picture: developing countries
WHO produces statistics on the annual estimates of MMR from 
194 countries (Figure 31.1). The most recent world estimate of the 
overall MMR is around 210/100,000 live births. By the defined 
WHO regions of the world, the MMR is highest in sub-Saharan 
Africa (500/100,000), followed by South Asia (220/100,000), 
Oceania, excluding Japan, Australia and New Zealand 
(200/100,000), and the Caribbean (190/100,000). The MMR is rela-
tively low in developed countries (16/100,000). These figures hide 
wide variations even within countries, as major discrepancies can 
exist between remote and urban areas as well as between affluent 
and poorer members of the population.

The majority of maternal deaths—over 99%—still occur in the 
developing world. In sub-Saharan Africa, there is an exception-
ally high mortality rate, thought to be related to poor infrastruc-
ture and medical provision combined with a high fertility rate 
and poor compliance with contraception.13–15 In the developing 
world as a whole, a 15-year-old woman has a 1/150 chance of mor-
tality, whereas in the developed world the chance of mortality is 
1/3800.15 In Sub-Saharan Africa, when a women is of reproduc-
tive age she has a 1/10 chance of death as a result of pregnancy or 
delivery

There has been an encouraging downward trend in deaths 
overall:  from 1990 to 2010 there has been a decline in maternal 
mortality of 47%, a fall of 3% per year. In 1990 there were an esti-
mated 540,000 maternal deaths worldwide; this number has been 
reduced to 287,000 by 2010. This reduction has occurred despite 
the improvements in reporting within developing countries.13 
A worrying statistic, however, is that around one-third of these 
deaths occurred in just two countries: 19% of total global mater-
nal deaths occurred in India and 14% occurred in Nigeria.13 This 
is a very high death toll, with around one death every 2 minutes. 
However, it should be noted that over the period from 1990 to 
2010, the MMR has incrementally decreased in India from 600 
in 1990 to 200 in 2010, giving an average annual 5.9% decrease 
in MMR; in Nigeria the MMR has reduced from 1100 in 1990 to 
630 in 2010, giving an average annual 2.6% decrease in MMR.13 
In India it is thought that the large number of maternal deaths 
is due to the vast overall population as opposed to an extremely 
high MMR.

To address worldwide health issues including maternal 
mortality, the United Nations (UN) set up some Millennium 
Development Goals (MDGs) in September 2000. These were goals 
that UN member states agreed to try to achieve by 2015.27–29 The 
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bold overview was to ‘improve maternal health’, with two targets 
being to ‘reduce by three-quarters, between 1990 and 2015, the 
maternal mortality ratio’ and achieve, by 2015, ‘universal access to 
reproductive health’. Despite the significant decline in death rate 
discussed above, maternal mortality by 2010 has only achieved 
half the required target reduction of MMR between 1990 and 2015. 
Globally, overall, a figure of 3.1% reduction per year was obtained; 
this is, however, far from the 5.5% per year required to obtain 
the MDG.13,29,30 Encouraging data reveal that ten countries have 
already reached the target: Estonia (95% reduction), Maldives 
(93%), Belarus (88%), Romania (84%), Bhutan (82%), Equatorial 
Guinea (81%), Islamic Republic of Iran (81%), Lithuania (78%), 
Nepal (78%), and Vietnam (76%).13 The reasons for the improve-
ment made in some countries include improvement in healthcare 
systems, increased female education, and easier physical access to 
health facilities.13

In the developing world, there is a strong correlation between 
maternal and newborn mortality, with 3  million newborn and 
2.5 million stillborn deaths each year.31,32 Worldwide, the propor-
tion of women attending antenatal care has increased secondary 
to the MDGs, with 81% of women seen once during the antenatal 
period in 2009, compared with 64% in 1990.13 This proportion in 
2009, however, reduces to 55% of women when the recommended 
minimum of four antenatal appointments is taken into account. 
The proportion of deliveries attended by skilled personnel, a key 
determinant to reduce maternal and perinatal mortality, is cur-
rently above 90% in only three of the six WHO regions. Overall, 
worldwide in 1990, 55% of women were attended by skilled per-
sonnel, this number increasing to 65% by 2009.12,13 Alarmingly, 
in some regions, such as sub-Saharan Africa, the attendance rate 
is less than 50%.13 As one might expect, the highest mortality rate 
is among women from poorer and more rural areas.

The major complications that cause maternal mortality in the 
developing world include severe bleeding, infections, high blood 

pressure, obstructed labour,33,34 and unsafe abortion.27,35-40 
Worldwide, unsafe abortion, defined by WHO as ‘a procedure for 
terminating an unintended pregnancy either by individuals with-
out the necessary skills or in an environment that does not con-
form to minimum medical standards, or both’, 35 accounts for a 
large proportion, around 13% of maternal deaths worldwide. The 
prevalence of unsafe abortion is highest in South America, with 30 
or more unsafe abortions per 100 live births. Other deaths in the 
developing world can be attributed to malaria and human immu-
nodeficiency viral (HIV) infection. In some Southern African 
countries such as Botswana, Lesotho, Namibia, South Africa, and 
Swaziland, the MMR increased from 1990 to 2000, mainly due to 
a HIV epidemic. This increase in MMR was reduced in the 2000s 
by the availability of antiretrovirals in these countries, with all 
five countries preventing mother-to-child transmission to 80% of 
pregnant women living with HIV.13 It should be noted that without 
adequate laboratory facilities, deaths resulting from sepsis would 
be underestimated.41 As haemorrhage is a major cause of death 
in the developing world, pre-existing severe anaemia second-
ary to poor diet, haemoglobinopathy, or parasitic infection with 
malaria can all increase the risk of mortality.42 Many of the causes 
of maternal death in the developing world are preventable.18,43 
For all the MDGs to be reached, factors in the developing world 
such as poverty, lack of information and transport, inadequate 
services, and cultural practices all need to be addressed.13,16,44–50 
This is highlighted in a study of a religious group in the United 
States whose members, even though they were in a good state of 
health, refused modern obstetric and medical care because of 
their beliefs, leading to a maternal mortality rate similar to that 
in the developing world.51 When obstetric anaesthetic services are 
provided in the developing world they tend to be less well funded, 
with fewer staff and equipment resources.52–54 This leads to a 
greater incidence of maternal death due to inexperience and a lack 
of education, especially relating to the anaesthetic management of 
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Figure 31.1  (See colour figure section). Maternal mortality ratio (per 100,000 live births) worldwide, 2010.
Reproduced with permission from WHO, Trends in Maternal Mortality: 1990 to 2010 WHO, UNICEF, UNFPA and The World Bank estimates, Geneva, World Health organization, Copyright 
© 2012.
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high-risk patients who may have severe untreated co-morbidities 
and present with hypovolaemic or septic shock.55,56 Caesarean 
delivery is a common surgical procedure in the developing world, 
especially in Africa.57,58 However, airway problems secondary to 
general anaesthesia are also a common cause of mortality, as is the 
lack of availability of blood products.59–62

South Africa Confidential Enquiry
The South African Confidential Enquiry analysing maternal 
deaths has been in operation since 1997, with the first report pub-
lished in 1999, reviewing deaths during 1998 only. Since then, 
subsequent reports have looked at triennia. The latest triennial 
report, ‘Saving Mothers 2008–2010’, was published in 2012.63 
Data on institutional MMR, perinatal mortality rate, stillbirth 
rate, and early neonatal death rate per district are given in the 
report. Information about maternal deaths is confidentially 
reported to the National Committee for Confidential Enquiries 
into Maternal Deaths (NCCEMD) Secretariat and entered on the 
Maternal Morbidity and Mortality Audit System (MaMMAS) 
database, where data are collated and reports are produced. The 
general annual trend of maternal mortality since the Enquiry 
started is upwards, with 676 maternal deaths reported in 1998, 
1173 maternal deaths reported in 2004, and 1643 maternal deaths 
reported in 2010. This increase is thought to be due to the greater 
proportion of cases reported and also the number of women 
dying.63 In the latest triennial report, the MMR has increased 
overall to 176/100,000 live births, compared with 152/100,000 
live births in 2005–2007. The major causes of maternal death 
in the latest (2008–2010) report include non-pregnancy related 
infections (40.5%, mainly due to HIV infection complicated with 
tuberculosis (TB) and/or pneumocystis pneumonia), obstetric 
haemorrhage (14.1%), complications of hypertension in preg-
nancy (14.0%), pregnancy-related sepsis (9.1%, including puer-
peral sepsis and septic miscarriage), and medical and surgical 
disorders (8.8%). These five account for 86.5% of all maternal 
deaths.63 HIV infection is the most common contributing factor 
to maternal death in South Africa. Almost 80% of women who 
died in pregnancy, childbirth, or the puerperium were tested for 

HIV infection throughout South Africa. Of these women, 70% 
were infected with HIV. The majority of pregnant women with 
the acquired immunodeficiency syndrome (AIDS) (67%) had res-
piratory complications, namely TB (26.9%), pneumocystis pneu-
monia (13.3%), and other non-specified pneumonia (26.7%). The 
majority of emergency events occurred in the antenatal period 
(52%), whereas the majority of the women (61%) died postna-
tally.63 Anaemia was a common factor, with 42.9% of women who 
died having a haemoglobin concentration lower than 10 g/dL.63 
Obstetric haemorrhage was the most common avoidable cause of 
maternal death. Postpartum haemorrhage during or after cae-
sarean delivery accounted for 26.2% of deaths due to obstetric 
haemorrhage. The largest number of deaths due to haemorrhage 
were associated with caesarean delivery occurring at district 
hospitals but the numbers at regional and tertiary hospitals were 
also reported and caused concern. Resuscitation was poorly car-
ried out in 22.3% of cases.63 The 2008–2010 report made specific 
recommendations for the management of non-pregnancy-related 
infections, complications of hypertension in pregnancy, and 
obstetric haemorrhage. These included widespread screening for 
and treatment of HIV infection; recognition and protocols for 
immediate treatment of severe hypertension, imminent eclamp-
sia, eclampsia, and the haemolysis, elevated liver enzymes, low 
platelets (HELLP) syndrome (including availability of magne-
sium sulphate, antihypertensives, and monitoring); and preven-
tion of anaemia and safe management of labour.63

The global picture: developed countries
The United Kingdom: Confidential Enquiries into maternal deaths
The most recent Confidential Enquiry, Saving Lives Improving 
Mothers’ Care (MBRRACE-UK) report,11 covering the years 
2009-2012, describes a significant reduction in maternal mortality 
rate from 11 per 100,000 maternities in 2006-2008 to 10 per 100, 
000 maternities. (See Table 31.1).

Following the trend of the previous report, indirect deaths i.e. 
of women with pre- existing disease are twice as frequent (6.87 per 
100,00 maternities) as those who die directly as a result of their 
pregnancy (3.25 per 100,000 maternities) possibly owing to better 

Table 31.1  Rolling three year average Direct and Indirect maternal mortality rates per 100,000 maternities; 
UK 2003–12

3-year 
period

Total UK 
maternities

Direct deaths Indirect deaths Total Direct and Indirect 
deaths

n Rate 95% CI n Rate 95% CI n Rate 95% CI

2003–05 2 114 004 132 6.24 5.26–7.41 163 7.71 6.61–8.99 295 13.95 12.45–15.64

2004–06 2 165 909 118 5.45 4.55–6.53 154 7.11 6.07–8.33 272 12.56 11.15–14.14

2005–07 2 220 979 113 5.09 4.23–6.12 146 6.57 5.59–7.73 259 11.66 10.32–13.17

2006–08 2 291 493 107 4.67 3.86–5.64 154 6.72 5.74–7.87 261 11.39 10.09–12.86

2007–09 2 331 835 101 4.33 3.53–5.26 153 6.56 5.56–7.69 254 10.89 9.59–12.32

2008–10 2 366 082 89 3.76 3.02–4.63 172 7.27 6.22–8.44 261 11.03 9.73–12.45

2009–11 2 379 014 83 3.49 2.78–4.32 170 7.15 6.11–8.30 253 10.63 9.36–12.03

2010–12 2 401 624 78 3.25 2.57–4.05 165 6.87 5.86–8.00 243 10.12 8.89–11.47

CMACE, MBRRACE-UK, Office for National Statistics, National Records Scotland, Northern Ireland Statistics and Research Agency.
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management of ‘direct’ obstetric conditions and/or an increase in 
co-morbidities and risk factors over this period, in particular obe-
sity66 and increasing maternal age. (Figures 31.2 and 31.3).

CEMD: direct deaths
Sepsis
An increase in the number of deaths related to sepsis was noted 
during the collection and reporting process of the 2006–2008 
CEMD report,10 and this led CMACE to the unusual step of 
releasing an interim statement.67 The final report for 2006–2008 

revealed sepsis to be the leading direct cause of maternal death, 
with 26 deaths during this period (maternal mortality rate 
1.13/100,000 maternities), compared with 18 deaths (maternal 
mortality rate 0.85/100,000 maternities) in the previous trien-
nium. This increase reflects a generally increasing trend over the 
last 20 years and follows a dramatic fall in the rate in the 1950s 
that is thought to be related to the introduction of antibiotics, bet-
ter general healthcare, and sanitation, the Abortion Act of 1968, 
and increased awareness due to the CEMD process itself.

In the 2006-2008 CEMD report, genital tract sepsis due to group 
A streptococcal disease was the predominant cause; however, other 
pathogens were also isolated.68 Nine women died following cae-
sarean delivery, highlighting the need for timely administration 
of antibiotics.69 A lack of recognition of severe sepsis and absent 
or late involvement of senior medical staff and multidisciplinary 
critical care were highlighted. The CEMD report also emphasized 
the sometimes very atypical or non-specific histories and symp-
toms with which women with sepsis may present, the risk of rapid 
decompensation when their physiological reserves are exhausted, 
and the need for prompt treatment according to internationally 
accepted sepsis guidelines including early broad spectrum antibiot-
ics, careful fluid resuscitation, and circulatory support if required.

Although not specific to sepsis, the 2006–2008 CEMD report10 
highlighted the usefulness of early warning scores, raised in the 
2003–2005 report,65 in monitoring mothers’ physiological vari-
ables over time and aiding the detection of gradual deterioration, 
with triggers for seeking medical input (and at an appropriate 
level of seniority). Such modified early obstetric warning scores 
(MEOWS)70 are an extension of the concept of early warning 
scores (EWS) used in general hospital wards and a national EWS 
has recently been developed by the Royal College of Physicians.71 
A specific national MEOWS is less well developed although the 
process of developing such a system based on proper evaluation/
evidence is underway .

In the recent MBRRACE-UK report,11 sepsis was no longer the 
leading cause of maternal mortality but was still responsible for a 
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Figure 31.2  Causes of maternal death 2009–2012. Direct deaths are in dark blue. 
Indirect deaths are in light blue.
Reproduced with permission from Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, 
Kurinczuk JJ (Eds.) on behalf of MBRRACEUK. Saving Lives, Improving Mothers’ Care - Lessons 
learned to inform future maternity care from the UK and Ireland Confidential Enquiries into 
Maternal Deaths and Morbidity 2009–12. Oxford: National Perinatal Epidemiology Unit, 
University of Oxford 2014. © 2014 National Perinatal Epidemiology Unit, University of Oxford.
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Reproduced with permission from Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJ (Eds.) on behalf of MBRRACEUK. Saving Lives, Improving Mothers’ Care - Lessons 
learned to inform future maternity care from the UK and Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2009–12. Oxford: National Perinatal Epidemiology Unit, University 
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quarter of the deaths. One in 11 maternal deaths was due to influ-
enza and increasing the immunisation rates for seasonal flu is seen 
as a priority for health services.
Thromboembolism
Thromboembolism is once again the commonest cause of direct 
maternal death with 56 women dying from this condition in the recent 
MBRRACE-UK report.11 The reduction in the number of deaths from 
thromboembolism previously seen is evidence of the success of both 
the CEMD and the use of national guidelines on thromboprophy-
laxis. In the 2006-2008 CEMD report, the number of deaths from 
this cause was the lowest reported in 20 years, with the most dramatic 
reduction between 2003–2005 (41 deaths; 1.94/100,000 maternities) 
and 2006–2008 (18 deaths; 0.79/100,000 maternities). The publication 
of national guidelines on thromboprophylaxis for caesarean delivery 
in 1995,72 and for pregnancy/labour/vaginal delivery in 2004,73 was 

followed in each case by a reduction in the number of deaths in the 
following triennium (Figure 31.5).

In the 2006–2008 report, 16 deaths were from pulmonary embo-
lism and two were from cerebral venous thrombosis. The reduced 
mortality was mainly seen in the antenatal period and in women 
delivering vaginally. The main risk factor still appears to be obesity, 
with 14 of the 18 women having a body mass index (BMI) exceed-
ing 25 kg/m2. Guidance on thromboprophylactic dosing in obesity 
was published by CMACE and the Royal College of Obstetricians 
and Gynaecologists in 2009.74 At the time of publication, the effect 
of this guidance is still yet to be seen. Substandard care, present 
in over half of the deaths, included inadequate risk assessment 
and thromboprophylaxis as well as failure to investigate and treat 
women when they presented with often classic symptoms of deep 
vein thrombosis and/or pulmonary embolism.
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Figure 31.4   Maternal mortality rates per 100,000 maternities in the United Kingdom due to sepsis: 1985–2008.
Reproduced with permission from Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJ (Eds.) on behalf of MBRRACEUK. Saving Lives, Improving Mothers’ Care - Lessons 
learned to inform future maternity care from the UK and Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2009–12. Oxford: National Perinatal Epidemiology Unit, University 
of Oxford 2014. © 2014 National Perinatal Epidemiology Unit, University of Oxford.
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Figure 31.5  Maternal mortality rates per 100,000 maternities in the United Kingdom due to thrombosis and thromboembolism: 1985–2008. Publication of national 
guidelines on thromboprophylaxis for obstetrics and gynaecology in 1995 and thromboprophylaxis during pregnancy, labour and after vaginal delivery in 2004 are 
shown by the vertical arrows.
Reproduced from Confidential Enquiry on Maternal and Child Health, Saving mothers iives: reviewing maternal deaths to make motherhood safer 2006–2008, BJOG: An International Journal of 
Obstetrics and Gynaecology, 118, pp. 1–203, Copyright 2011, with permission from Centre for Maternal and Child Enquiries (CMACE), BJOG, and Wiley.



Part 8  obstetric complications500

Pre-eclampsia and eclampsia
In 2003, deaths from acute fatty liver of pregnancy (AFLP) have 
been included in those from pre-eclamptic toxaemia (PET)/eclamp-
sia, on the basis that they may be part of the same spectrum of dis-
ease. The total number of deaths from these combined conditions 
has remained approximately constant between 1997–1999 (20) and 
2006–2008 (22), with four and three deaths, respectively, from AFLP.

Over the previous 30-year period there has been an overall 
reduction in the death rate from pre-eclampsia and eclampsia 
(Figure 31.6). The likely reason for the decreasing trend is thought 
to be earlier recognition and treatment of hypertensive disorders 
in pregnancy. In the 2006–2008 report,10 nine deaths occurred sec-
ondary to intracranial haemorrhage and four from anoxia follow-
ing cardiac arrest after an eclamptic seizure. The report emphasizes 
the importance of severe headache and epigastric pain as warning 
signs, and of systolic pressure, not just diastolic pressure, as a tar-
get for more intensive treatment. Substandard care was noted in 
20 out of the 22 deaths; in 14 cases, this was classified as major. 
The predominance of intracranial bleed and absence of pulmonary 
complications as the cause of death reflects a continuation of the 

trend whereby pulmonary oedema and acute lung injury (consid-
ered now to be related to excessive administration of intravenous 
fluids in order to prevent renal injury) was the most common 
cause of death in women with PET/eclampsia 20–30 years ago but 
is uncommon now. NICE released guidelines for management of 
hypertension in pregnancy in 2010,75 and figures from the most 
recent MBRRACE report11 indicate that the mortality rate from 
hypertensive disease in pregnancy in 2009–2012 is the lowest since 
the Confidential Enquiries began in 1952. This is a major achieve-
ment and is thought to reflect adherence to protocols and guide-
lines on recognition and timely treatment of the condition.

Amniotic Fluid Embolism
Numbers of deaths due to amniotic fluid embolism (AFE) have 
remained small but consistent over the last 30 years (Figure 31.7); 
in the 2006–2008 CEMD report there were 13 deaths due to AFE, 
compared with 17 in the previous triennium.10,65 The MBRRACE 
report11 from 2009–2012 identified 11 women from the United 
Kingdom and Ireland who died from AFE. Evidence from else-
where76 suggests that AFE should no longer be considered an 
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Figure 31.6  Maternal mortality rates per 100,000 maternities in the United Kingdom due to pre-eclampsia and eclampsia: 1985–2008.
Data from Lewis G (editor) Centre for Maternal and Child Enquiries (CMACE). Saving Mothers’ Lives: reviewing maternal deaths to make motherhood safer: 2006–08. The Eighth Report on 
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invariably fatal condition. There was substandard care in many 
cases, mostly related to the general management of critically ill 
obstetric patients (communication/referral/transfer) and failure 
to deliver by perimortem caesarean delivery quickly enough, 
although it is uncertain whether these women would have sur-
vived even had care not been substandard.
Haemorrhage
The death rate from haemorrhage fell dramatically between the 
1950s and the 1970s, possibly owing to better recognition of 
high-risk mothers and their elective admission to hospital for 
delivery, better resuscitation before transfer to hospital if bleed-
ing occurred at home or in smaller units, better management 
of coagulopathy, and earlier hysterectomy. In the last 30 years 
the mortality from haemorrhage has stayed relatively constant, 
reflecting early recognition and active treatment (Figure 31.7). 
In the 2006–2008 CEMD report, there were nine maternal 
deaths from haemorrhage (0.39/100,000 maternities), reduced 
from 14 in the previous report.10,65 Worryingly, six of these 
women were assessed as receiving substandard care, in partic-
ular a lack of postoperative observations/monitoring and/or a 
failure to act on them, with the assessors judging that different 
management could have altered the outcome in six cases. The 
importance of diagnosing and treating antenatal anaemia was 
highlighted,42 as was the requirement for effective multidiscipli-
nary team-working with senior clinical involvement in cases of 
massive obstetric haemorrhage. Reassuringly, it was noted that 
the management of expected major haemorrhage in patients with 
placenta accreta had improved from the previous triennium.65 
Recommendations were made that patients with known major 
risks of haemorrhage should be delivered in maternity units with 
access to critical care, cell salvage, and interventional radiology.

In the MBRRACE-UK report11 there were 17 deaths in the 
United Kingdom and Ireland accounting for 10% of maternal 
deaths in 2009-2012 and responsible also for significant maternal 
morbidity. There is a continuing trend toward increasing inci-
dence of postpartum haemorrrhage.
Anaesthesia
In the 1970s to 1980s, anaesthesia was the third most common 
direct cause of maternal death. The dramatic decline in the num-
ber of deaths related to anaesthesia is rightly seen as a major 
achievement of the specialty, and of the CEMD itself (Figure 31.8). 
The factors that have contributed to the fall in anaesthetic deaths 
are thought to be the emergence of obstetric anaesthesia as a 
consultant-led subspeciality, the provision of dedicated anaes-
thetic cover for delivery suite especially out of hours, the increased 
use of neuraxial anaesthesia over general anaesthesia for caesar-
ean delivery and other procedures, and better standards of moni-
toring, anaesthetic assistance, equipment, and general anaesthetic 
safety. It should be noted, however, that the impressive results 
shown in Figure 31.8 do not demonstrate the even more impres-
sive improvement in safety associated with caesarean delivery. 
Since the caesarean delivery rate has increased so markedly over 
the years, the actual mortality rate due to anaesthesia has fallen 
from 36/100,000 caesarean deliveries in 1964–1966, to 6/100,000 
in 1982–1984, and just 1/100,000 in 2000–2002.77

Factors that have been associated with substandard care over 
the years have included inadequate assistance for the anaesthe-
tist, a lack of dedicated anaesthetic cover, inadequate antacid 
prophylaxis, a lack of referral to senior staff and to critical care 
services, inadequate antenatal referral of high-risk cases to anaes-
thetists, and inadequate airway management including failure to 
recognize oesophageal intubation and persistence with attempts 
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Figure 31.8  Maternal mortality due to anaesthesia in the CEMD over the last 40 years. Dashed line = number of deaths; solid line = proportion of direct deaths; 
dotted line = rate per 100,000 maternities.
Data from Lewis G (editor) Centre for Maternal and Child Enquiries (CMACE). Saving Mothers’ Lives: reviewing maternal deaths to make motherhood safer: 2006–08. The Eighth Report on 
Confidential Enquiries into Maternal Deaths in the United Kingdom, BJOG: An International Journal of Obstetrics and Gynaecology, volume 118, supplement s1, pp. 1–203, Copyright ©  2011 RCOG.
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at tracheal intubation instead of using alternative methods of 
oxygenation. Many of these have been addressed over the years 
through training and provision of adequate resources, though the 
same lessons continue to be highlighted, even in recent reports, 
with anaesthesia continuing to contribute to maternal deaths 
even if not their direct cause. Other factors include the provision 
of anaesthetic care out of hours largely with relatively junior staff, 
and the increase in maternal age, obesity, and other morbidity.

Because the actual number of deaths directly due to anaesthesia 
has fallen to such low levels, it is difficult to extrapolate too much 
from discussion of individual cases, although as stated above, the 
same points tend to be raised each triennium. In the 2006–2008 
CEMD report,10 there were seven deaths directly due to anaesthe-
sia, making it the seventh leading cause of direct maternal death. 
Six deaths were thought to involve substandard care, although 
the outcome was judged as being affected by this in only three. 
Two of the deaths were airway related; in one of these a working 
epidural was not topped up for caesarean delivery. Four deaths 
occurred postoperatively, one from opioid toxicity thought to be 
associated with patient-controlled analgesia, one possibly asso-
ciated with incompatible blood transfusion, one associated with 
substance abuse, and one from aspiration of gastric contents. One 
death was attributed to acute haemorrhagic leucoencephalitis, a 
rare condition, that followed spinal anaesthesia. Eighteen further 
deaths had some anaesthetic contribution, with 12 deaths noted 
as involving anaesthetists and intensivists too late. Key learning 
points included improvements in communication, human factors 
and non-technical skill awareness, maintenance of airway and life 
support skills, and adequate topping-up of effective epidurals, if 
clinically appropriate, to avoid general anaesthesia and the need 
for tracheal intubation for emergency caesarean delivery.

In the 2009–2012 MBRRACE-UK report11, there were 4 deaths 
directly attributable to anaesthesia. Two deaths occurred after 
accidental dural puncture (ADP) resulting in a subdural haema-
toma in one patient and a cerebral vein thrombosis in the other 
and highlight the need for hospital follow up and primary care 
notification after ADP. Two patients also died following periods 
of hypoventilation during or following general anaesthesia, high-
lighting the need for vigilance and high standards of perioperative 
and post operative care.

CEMD: indirect deaths
Cardiac disease
The spectrum of cardiac disease in the CEMD reports has changed 
over the years, reflecting changing patterns of disease generally. In 
the 1960s to the 1980s, the majority of deaths (70–85%) were from 
acquired disease, usually rheumatic heart disease, with congeni-
tal conditions a minority. By the mid to late 1980s, the deaths were 
approximately equally split between acquired and congenital, but 
this changed back over subsequent reports such that acquired disease 
again accounts for the majority of deaths (60–80% in the most recent 
two triennia). Rheumatic heart disease features only rarely in recent 
reports (there were no deaths from this cause in 2006–2008), most 
acquired disease consisting of myocardial infarction and cardio-
myopathy. Over the last 30 years the number of deaths secondary to 
cardiac disease has increased (Figure 31.9). This is thought to reflect 
the increasing age at which women are becoming pregnant, with con-
comitant risk factors such as obesity and smoking, and advancements 
in surgical treatment of congenital cardiac disease in early life.

In the 2006–2008 CEMD report, cardiac disease was the lead-
ing overall cause of maternal mortality, with 53 deaths (a mortal-
ity rate of 2.31 per 100,000 maternities).10 The main causes were 
sudden adult death syndrome (SADS), myocardial infarction, tho-
racic aortic dissection, and cardiomyopathy. Death from SADS is 
assumed to be due to idiopathic arrhythmias leading to sudden 
cardiac death. Half of the deaths were in obese patients with a 
BMI greater than 30 kg/m2. Substandard care was noted in 51% 
of cases, including inappropriate diagnosis/investigation of symp-
toms such as chest pain, especially where other risk factors such as 
obesity, hypertension, and smoking were known.

The 2009–2012 MBRRACE-UK report11 has also found that 
cardiac disease remains the single largest cause of indirect mater-
nal deaths.

Psychiatric disease
Deaths from suicide have only been analysed and discussed 
separately in the CEMD reports since the 1993–1997 report, and 
the discussion of deaths from psychiatric causes has widened to 
include deaths associated with substance abuse, including alco-
hol. It became clear from cross-linking with the ONS that many 
deaths from suicide were missed from previous reports, leading 
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Figure 31.9  Maternal mortality rates per 100,000 maternities in the United Kingdom due to cardiac disease: 1985–2008.
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to a sudden increase in the number of cases in 2000–2002, due 
to better case ascertainment. A particular feature that arose from 
more detailed analysis of maternal death from suicide is the high 
incidence of violent death (e.g. jumping from buildings) compared 
with non-pregnant women, in whom medication overdose is the 
main cause of self-inflicted death. The analysis and discussion of 
psychiatric disease, including the influence of substance abuse 
and other indicators of vulnerability, including domestic violence, 
demonstrates the importance of the CEMD in commenting on 
and influencing the social aspects of healthcare in pregnancy.

In the 2006–2008 CEMD report, there were 67 deaths associ-
ated with psychiatric causes, including suicide, drug overdose, 
medical conditions associated with the psychiatric condition, 
and accidents.10 Areas of substandard care relate to service provi-
sion in general rather than to specific areas in which anaesthetists 
might be involved.
Other Indirect Causes
This description includes a varying number of deaths from causes 
too uncommon to warrant their own chapter in the CEMD reports. 
In the 2006-2008 report,10 there were 88 such deaths, 36 involv-
ing the central nervous system, and 18 involving the respiratory 
or metabolic/endocrine/immune systems. Over the years, suba-
rachnoid haemorrhage and epilepsy have been consistently high-
lighted. Care was judged to have been substandard in 51 cases, in 
28 of them serious enough to have influenced the outcome.

Other relevant lessons from the CEMD
Critical care
Over 50% of women reported in each CEMD report have been 
admitted to a critical care unit. Review of Intensive Care National 
Audit and Research Centre (ICNARC) data has revealed that 11.4% 
of women between 16 and 50 years old admitted to critical care 
units are obstetric patients, of whom 80% were reported as ‘recently 
pregnant’ rather than ‘currently pregnant’.10 The most common 
pregnancy-related diagnosis, accounting for 34% of admissions, 
was haemorrhage, with sepsis being another major cause. Lessons 
highlighted from CEMD reports include the importance of provid-
ing critical care support early to severely unwell women—including 
before formal admission to the intensive care unit (ICU)—and early 
protocol-driven multidisciplinary management of severe sepsis and 
severe obstetric haemorrhage, including guidelines for the rate and 
composition of fluid administration.10 The role of simulation in 
improving the management of life-threatening obstetric emergen-
cies was also highlighted.
Obesity
This is an increasing problem in developed countries. In 2007, 24% 
of women in the United Kingdom were classified as obese, com-
pared with 16% noted in 1993. Forty per cent of women who died 
in the 2006–2008 report were obese.10 Obesity was associated with 
an increased risk of cardiac disease (61%) and thromboembolism 
(78%). The risks of gestational diabetes, pre-eclampsia, and ICU 
admission are all increased in obese patients.66

Age
There is a recognized associated between increasing maternal age 
and the risk of pregnancy-associated death. In the triennium of 
1985–1987, there were 35 deaths in the age range 35–39 years and 
13 in the over 40s; in the 2006–2009 CEMD report these numbers 
have increased to 71 and 24, respectively.10

Emergency care
Deaths in women who presented several times to emergency 
departments led to the highlighting of emergency medicine as 
an area of focus in recent CEMD reports.10,65 In the 2006–2008 
CEMD report, 27 women died in emergency departments, the 
majority having cardiac arrests before arrival to hospital.10 The 
need for perimortem caesarean delivery in these cases was again 
highlighted, as was the need for pregnancy tests for all women of 
childbearing age and review of frequent attenders by senior clini-
cians. A lack of input from appropriately trained senior doctors 
in high-risk emergency cases was also highlighted. Key learning 
points were the development of clear guidelines to aid junior staff 
to escalate calling for senior help early and appropriately.

Other national schemes (in developed countries)  
for reporting maternal mortality
Many other developed countries have attempted to establish their 
own systems for analysing maternal deaths, including the United 
States,17,78–87 France,88,89 Australia,90,91 and Canada.17,92

United States of America
In the United States, maternal death counts from 1900 were col-
lated by the National Center for Health Statistics (NCHS); MMR 
data was produced by the NCHS from 1915.78 In 1915, the US MMR 
was reported as 600 deaths per 100,000 live births, this number 
reduced to 10 by 1980.78 The accuracy of this data was limited as 
the system at that stage relied on death certification data, not on 
surveillance. Also, the death certification process was the respon-
sibility of individual states, with considerable variation. In 1987, 
the Centers for Disease Control and Prevention (CDC) partnered 
with the State Health Department and the American College 
of Obstetrics and Gynecology to form the Pregnancy Mortality 
Surveillance System (PMSS).85 The PMSS recommended active 
voluntary surveillance systems for maternal deaths with death 
certificates and matching live birth or fetal death certificates 
for all pregnancy-associated deaths. Each state thus collates its 
own data through maternal mortality review committees and 
forwards this summated information to the CDC, where epi-
demiologists review the data to identify all pregnancy-related 
deaths. In the United States, two systems collect information on 
women who die from maternal complications. The National Vital 
Statistics System (NVSS) reports on maternal mortality and pub-
lishes this maternal mortality data for the United States, to be 
used for comparisons with other countries. The PMSS conducts 
voluntary epidemiologic surveillance of pregnancy-related deaths 
collated by the CDC, including clinical information. Even with 
the resources available, a number of maternal deaths are still not 
reported, leading to underestimation.21 To improve the detection 
of pregnancy-related deaths, state death certificates now include 
a specific question or tick box about the pregnancy status at the 
time of death.93 In the period between the 1980s and 1990s, the 
MMR ranged between 6.6 and 8.4 per 100,000 live births. For 
the period between 2006 and 2007, the MMR was 15.1 deaths per 
100,000 live births. The increase in MMR over this period has 
been attributed to improvement of identification of cases and the 
use of ICD-10 classifications8 for coding of US death certificates, 
increasing the criteria whereby death could be linked with preg-
nancy.86,94 Maternal obesity, increasing age, and co-morbidities 
have also increased the MMR. Causes of maternal mortality in 
the United States during the period from 2006 to 2007 are listed 
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in Figure 31.10. These figures show that in the United States, car-
diac disease features as the leading cause of death. Sepsis is also 
an important cause of death; however, there is a greater propor-
tion of deaths from haemorrhage compared with UK data.10,84 
As with UK data, it can be seen that in recent years the numbers 
of indirect deaths in the United States are on the increase: there 
has been a rise from 6.1% in 1995 to 25.5% in 2005.79–83,95-100 
In the United States, there still exist significant racial disparities, 
with 15.1 deaths per 100,000 live births for white women, 34.8 
deaths per 100,000 live births for black women, and 15.7 deaths 
per 100,000 live births for women of other races.84 The strongest 
factors in the United States that appear to cause maternal deaths 
in varying racial groups are medical co-morbidities, deficient 
medical care, and poor social circumstances.
Australia
A triennial confidential enquiry into maternal deaths has 
occurred in Australia since 1964.91 The Australian enquiry 
involves several levels of reporting and review. Initially, mater-
nal deaths are notified to the local State and Territory Maternal 
Mortality Committees (STMMC) by doctors, midwives, hospi-
tals, public health departments, and through the coroner and 
postmortem investigations. Maternal deaths are further ascer-
tained from death certificates from perinatal and hospital mor-
bidity collections and the Australian Bureau of Statistics. Every 
separate STMMC is responsible for conducting confidential death 
enquiries to determine primary and contributory causes of each 
maternal death. Regional variation in roles and responsibilities 
of each the STMMC occurs. Some STMMCs perform root cause 
analysis of maternal deaths while others do not. A national report 
on maternal deaths is prepared on a triennial basis on behalf of 
the Australian Institute of Health and Welfare (AIHW) by the 
National Perinatal Statistics Unit (NPSU), with expert input 
from the National Advisory Committee on Maternal Mortality 
(NACMM). The NACMM comprises of members from STCMM, 
professional medical colleges, patients, indigenous Aboriginal 
representation, National Health and Medical Research Council 
(NHMRC), Australian Commission on Safety and Quality in 
Healthcare (ACSQH), and other stakeholders.101 A subcommit-
tee reviews all anonymous maternal death data, ensuring con-
sistency. It provides information so a clinical commentary can 

be produced from the data collected, allowing identification of 
substandard care and flagging areas that require protocol and 
guideline development. Case review has shown around 50% of 
the maternal deaths in Australia are potentially preventable. The 
MMR has been relatively static in Australia for over 30  years 
with no sustained improvement. The period 1973–1999 revealed 
646 maternal deaths, including 397 (61.5%) direct deaths and 
249 (38.5%) indirect deaths.102 The MMR was 9.8 deaths per 
100,000 maternities during this period, having declined from 
12.7 in 1973–1975 to 6.2 in 1991–1993. The leading causes of all 
maternal deaths during 1973–1999 were cardiovascular disease 
(15.3%), haemorrhage (11.8%), pulmonary thromboembolism 
(11.3%), hypertensive disorders of pregnancy (9.9%), AFE (7.4%), 
and infection (6.7%).102 The main direct causes of death remained 
unchanged during the period 1973–1999, with pulmonary embo-
lism accounting for nearly 20% deaths. Indirect deaths were dom-
inated by cardiovascular disease, which accounted for an average 
of 40% of maternal deaths per triennium.102 In the 2003–2005 
triennial report, published in 2008, the MMR was 8.4/100,000 
maternities, with a total of 65 deaths (29 direct (44.6%) and 36 
indirect (55.4%) deaths). The main direct causes of maternal death 
were AFE (27.6%), hypertensive disorders of pregnancy (17.2%), 
and thrombosis and thromboembolism (17.2%). Significant indi-
rect causes were cardiac conditions (27.8%), psychiatric causes 
(16.7%), and infection (11.1%). The MMR for Aboriginal and 
Torres Strait Islander women at 21.5/100,000 maternities was 
more than two and a half times that of other non-indigenous 
women at 7.9/100,000 maternities.91 Recommendation from the 
2008 report revealed that the current data collection process did 
not provide enough quality and sufficient information on clini-
cal pathways and management to inform recommendations on 
practice and policy.
Canada
The Public Health Agency of Canada produces a Canadian 
Perinatal Health Report that has 29 healthcare indicators, includ-
ing maternal mortality. The Public Health Agency of Canada 
works with the Canadian Perinatal Surveillance System (CPSS) 
to collate maternal mortality data. The 2008 report is the fifth 
report that the CPSS has produced.103 The CPSS collaborates with 
Statistics Canada, the Canadian Institute for Health Information, 
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healthcare organizations, provincial and territorial governments, 
patient groups, and university delegates. Within the CPSS the 
Maternal Health Study Group assesses the maternal mortality. 
MMRs for the CPSS are calculated using National Vital Statistics 
(NVS) data from death certificate information. The NVS data 
are collated locally within provinces to ensure accuracy and can 
be used to verify inpatient maternal mortality data. According 
to CPSS data, the MMR in Canada has increased significantly 
over 30 years from 3.4/100,000 in 1984–1986 and 1990–1992 to 
5.5/100,000 live births in 2002–2004.103 The CPSS recognized 
in its 2008 report that as the data were obtained from death 
certificates, the MMR was an underestimation; in the future 
it is intended to include data from coroner/medical examin-
ers, medical death review teams, and inpatient statistics.103 
One non-governmental group has looked at trends in maternal 
mortality in Canada using a combination of NVS and inpatient 
data and found a very different trend from the CPSS data,104 
with maternal mortality rates in the period 1981–2007 increas-
ing significantly from 4.5/100,000 in 1981–1983 to 4.7/100,000 in 
1996–1998, and 7.2/100,000 live births in 2005–2007.104 The most 
common causes of maternal death were cardiac disease, postpar-
tum haemorrhage, and hypertensive disorders of pregnancy.104 
Maternal mortality rates from inpatient data were higher but did 
not increase over time.104 The non-governmental group revealed 
that provincial maternal mortality rates from NVS data showed 
varying degrees of under-ascertainment (12–70%) compared 
with inpatient data.104 Recently, the Public Health Agency of 
Canada has started to publish data on maternal mortality based 
solely on inpatient data placed in biennial cohorts.105 This has 
revealed that during the 10 years from 1996 to 2010, MMR fell 
from 11.9/100,000 deliveries in 2000–2002 to 6.8/100,000 deliver-
ies in 2004–2006, rising to 7.8/100,000 deliveries in 2008–2010. 
The most common causes of death from 2002 to 2010 were cardiac 
disease (25.7%), postpartum haemorrhage (13.0%), hypertensive 
disorders of pregnancy (13%), and venous thromboembolism or 
AFE (11.5%).105 The striking message when reading through the 
Canadian national reports on maternal mortality is that although 
they give information on statistics, they do not give information 
on strategies for prevention of the maternal deaths or informa-
tion on the major lessons learnt.
France
In France, the national confidential enquiry into maternal deaths 
(ENCMM) and its committee (CNEMM) collect all data on mater-
nal deaths in the country. Two assessors (one obstetrician and one 
anaesthetist) gather information on patients after being informed 
of the maternal deaths by the epidemiological centre on medical 
causes of deaths (CépiDC); they gather information by the means 
of a detailed and specific questionnaire. The anonymous files are 
then reviewed by a committee at the CNEMM. Maternal mortal-
ity rates and ratios are then calculated, looking at specific causes 
of death and identifying substandard care.89,106 The MMR from 
France has been relatively stable over the previous 15  years:  in 
1999 it was 7.4/100,000, from 2001 to 2006 it was 8.0/100,000, and 
from 2003 to 2004 it was 7.0/100,000.107 From 1996 to 2006, 729 
maternal deaths were included in the confidential enquiry pro-
cess, of which 553 were reviewed by the CNEMM. Direct causes 
formed the majority of maternal deaths (73%):  haemorrhage 
(22%), AFE (12%), venous thromboembolism (10%), and compli-
cations of pregnancy-associated hypertension (10%). Fifty per cent 

of maternal deaths were assessed by the CNEMM as being pre-
ventable, mainly from haemorrhage and sepsis.106

Maternal morbidity
Healthcare staff are much more likely to encounter pregnant 
women suffering morbidity than maternal deaths, and as num-
bers of deaths have declined there has been increased emphasis 
on examining cases of morbidity in order to learn lessons and 
improve the care of obstetric patients. Although morbidity is 
more common, however, it is much more difficult to obtain accu-
rate data about the spectrum of conditions encountered and their 
incidence, although attempts to do so are ongoing.108

Methods of estimation of maternal morbidity
In developing countries, attention is rightly focused on prevent-
ing maternal mortality as the major priority, though the impor-
tance of severe morbidity should not be forgotten. Severe maternal 
morbidity occurs in around 1% of maternities in the United States 
compared with 3.01–9.05% in some developing settings.3 However, 
collecting data on morbidity in such environments is usually con-
sidered too difficult or not as urgent compared with mortality. In 
developed countries, the identification of severe maternal morbid-
ity has emerged as a complement to the investigation of maternal 
deaths, the assumption being that conditions causing morbidity 
may ultimately lead to maternal deaths.5,10,108

The main difficulties with collecting and analysing maternal 
morbidity data are first, establishing a system for reliable report-
ing and second, setting definitions that are meaningful and 
reproducible—and ideally, widely accepted, so that systems in dif-
ferent regions/countries can compare their findings, as for mortal-
ity data. As far as reporting systems are concerned, their strength 
is also their weakness:  the potentially large numbers involved 
(that can give rise to more robust data with narrower confidence 
intervals than those describing small numbers) can make it dif-
ficult to capture all the cases, especially where the healthcare/
communication infrastructure is itself less reliable. Difficulties in 
standardizing definitions for morbidity have led to a more frag-
mented approach to morbidity studies than for mortality.

Definitions
Initially, reports on maternal morbidity focused on admission to 
the ICU as a proxy measure of morbidity.109–113 However, admis-
sion rates to ICU vary widely between units and especially in dif-
ferent countries, depending on case mix, admission criteria, and 
availability of ICU resources. This led to attempts to define mater-
nal morbidity in terms of specific organ dysfunction.

In 1998, Mantel et al. referred to severe acute maternal mor-
bidity as the concept of maternal ‘near-miss’, defining this as ‘a 
women with severe organ dysfunction or organ failure’.113 There 
were specified defined criteria for each organ dysfunction. A 
maternal ‘near-miss’ was noted as an event where a pregnant 
woman comes close to death, but does not die. In 2004, Brace et al. 
referred to severe maternal morbidity using 14 categories that were 
a combination of organ dysfunction, diagnosis and management 
strategies. An example would be renal dysfunction secondary to 
massive obstetric haemorrhage leading to ICU admission.114,115 
In 2005, Wen et al. proposed their definition for severe maternal 
morbidity, consisting of one or more of: venous thromboembo-
lism; eclampsia; pulmonary, cardiac, or central nervous system 
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complications of anaesthesia; cerebrovascular disorders in the 
puerperium (including intracranial venous sinus thrombosis); 
uterine rupture; adult respiratory distress syndrome; pulmonary 
oedema; myocardial infarction; acute kidney injury after labour 
and delivery; cardiac arrest/failure or cerebral anoxia after obstet-
ric surgery; severe postpartum haemorrhage requiring hysterec-
tomy or transfusion; and the need for assisted ventilation. With 
definitions becoming increasingly complicated, Zhang et al. tried 
to simplify the definition for severe maternal morbidity in 2005 by 
relating it to the commonest causes of maternal morbidity based 
on defined criteria for pre-eclampsia, severe obstetric haemor-
rhage and sepsis.

In 2005, WHO established five factors with respect to maternal 
death during pregnancy, childbirth and the first week postpar-
tum. The five factors were admission to the ICU, blood transfu-
sion, hysterectomy, eclampsia, or cardiac and renal complications. 
It was assumed that combinations of these factors indicated 
severe maternal morbidity and could be considered maternal 
near-misses.116 In 2011, WHO defined a maternal near-miss 
case as ‘a woman who nearly died but survived a complication 
that occurred during pregnancy, childbirth or within 42  days 
of termination of pregnancy’.116–120 To allow the identification 
of near-misses and maternal deaths, WHO has produced a set of 
signs of organ dysfunction, describing inclusion criteria for dys-
function of the cardiovascular, respiratory, renal, coagulation, 
hepatic, neurological, and uterine systems (Table 31.2).119,121,122

Morbidity studies
In general, there are three broad approaches to studying mater-
nal morbidity: individual ‘one-off’ studies in single units or areas/
regions, usually involving admissions to critical care units; con-
tinuous surveillance of morbidity across regions/countries; or 
specific reporting of individual rare events/conditions.
Single studies
There have been many studies based in a single unit or small groups 
of units within single cities; of more interest in global terms are 
those attempting to broaden the scope of study by including units 
across wider regions. Some of these are described below.

Netherlands Assessment of Severe Maternal Morbidity
In 2008, Zwart et al. reviewed cases of severe maternal morbidity 
collected over a 2-year period in 98 maternity units, covering a 
population of around 371,000.123 Severe maternal morbidity had 
an incidence of 7.1/1000 deliveries, ICU admission 2.4/1000 deliv-
eries, eclampsia 6.2/1000 deliveries, uterine rupture 6.1/1000, and 
major obstetric haemorrhage 4.5/1000. Immigrant women had the 
highest risk, with a 1.3-fold increased risk compared with western 
women. Substandard care was noted in 62% of cases.123

European Audit of Severe Maternal Morbidity
In 2005, Zhang et al. conducted a study looking at morbidity data 
from nine European countries.124 Severe maternal morbidity was 
defined using criteria based on three common causes of morbid-
ity of pregnancy: severe haemorrhage, pre-eclampsia (including 
eclampsia and HELLP), and sepsis. Data were gathered prospec-
tively for the majority of cases; however, French data were ret-
rospective. Overall differences between countries were mainly 
attributed to differences in haemorrhage data, which ranged from 
8.8/1000 deliveries in Finland to 0.7/1000 deliveries in Austria. This 
was thought to reflect differences in the age of the women giving 

birth and in the care that was provided. It was noted that around 
25% of women with severe maternal morbidity were admitted to 
ICU, with a great variation in regions (e.g. 25% admission rates in 
some regions (Belgium, France, Italy, and the United Kingdom), 
and 50% in others (e.g. Austria)). The conclusions were that using 
standardized definitions and a population-based approach, severe 
maternal morbidity was more common than previously thought 
and ICU admission was not a good surrogate marker.124

English Audit of ICU admissions
Hazelgrove et al. conducted a multicentre study involving 14 ICUs 
in Southern England.125 Retrospective analysis was performed 
over a 2-year period from 1994 to 1996. Data revealed that 1.84% 
of admissions to ICUs during the period were from pregnant or 
postpartum patients. The majority of admissions were due to 
complications of postpartum haemorrhage (33.3%) and hyper-
tensive disorders of pregnancy (39.5%); the overall mortality rate 
in these patients was 3.3%, and 35.7% of patients had an ICU stay 

Table 31.2  Inclusion criteria of organ dysfunction from WHO 
‘near-miss’ assessment of severe maternal morbidity

Organ dysfunction Criteria

Cardiovascular Shock

Cardiac arrest

Severe hypoperfusion (lactate > 5 mmol/L or 
> 45 mg/dL)

Severe acidosis (pH < 7.1)

Use of continuous vasoactive drugs

Respiratory Acute cyanosis

Gasping

Severe tachypnoea (respiratory rate > 40 breaths/min)

Severe bradypnoea (respiratory rate < 6 breaths/min)

Severe hypoxaemia (O2 saturation < 90% for ≥ 60min 
or PAO2/FIO2 < 200)

Intubation and ventilation not related to anaesthesia

Renal Oliguria non responsive to fluids or diuretics

Severe acute azotaemia (creatinine > 300 μmol/ml or 
> 3.5 mg/dL)

Dialysis for acute kidney injury

Coagulation/
haematological

Failure to form clots

Severe acute thrombocytopenia (<50 × 106/L)

Massive transfusion of blood or red cells (≥5 units)

Hepatic Jaundice in the presence of pre-eclampsia

Severe acute hyperbilirubinaemia  
(bilirubin > 100 μmol/L or > 6.0 mg/dL)

Neurological Prolonged unconsciousness or coma (lasting > 12 h)

Stroke

Uncontrollable fit/status epilepticus

Global paralysis

Uterine Hysterectomy due to uterine infection or 
haemorrhage

Data from Cecatti JG, Souza JP, Oliveira Neto AF, et al., Pre-validation of the WHO organ 
dysfunction based criteria for identification of maternal near miss. Reprod Health 2011; 
8:22–29, Copyright © 2011 Springer Science+Business Media.
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shorter than 2 days. The study concluded that obstetric admissions 
required minimal interventions and had low associated mortality 
rates.125

Ongoing surveillance studies
ICNARC Case Mix Programme
The Intensive Care National Audit and Research Centre (ICNARC) 
was established in 1994 and established a system that identifies 
key indicators in the management of adults who require critical 
care management.126 It involves voluntary data collection from 
currently 82% of ICUs in England, Wales, and Northern Ireland. 
In 2006, the Royal College of Anaesthetists, Royal College of 
Obstetricians and Gynaecologists, and Obstetric Anaesthetists’ 
Association jointly commissioned ICNARC to include new fields 
into its electronic data collection form to include ‘currently preg-
nant’ and ‘recently pregnant’. The first report was produced in 
2009 and reviewed data from 2007 on level 3 obstetric critical care 
admissions.127 The incidence of such patients admitted to critical 
care areas was 260 per 100,000 maternities, higher than the deaths 
for that period noted from the CEMD (13.95/100,000).10 During 
2007, obstetric patients represented of 11.4% of ICU admissions 
in females aged 16–50  years. Of these, 18.5% were classified as 
‘currently pregnant’ and 81.5% as ‘recently pregnant’. The major-
ity (86%) of ‘currently pregnant’ women were admitted with 
non-obstetric related problems, the most common of these (20%) 
being pneumonia. In the ‘recently pregnant’ group, most patients 
(61%) were admitted secondary to obstetric reasons, most com-
monly (34%) postpartum haemorrhage. The ‘recently pregnant’ 
and ‘currently pregnant’ patients had a much lower critical care 
unit mortality compared with age-matched controls (2% vs 11%, 
respectively) and overall in-hospital admission (8 days vs 11 days, 
respectively).

Scottish Confidential Audit of Severe Maternal Morbidity
In Scotland, an audit of specified severe maternal morbidities has 
been running in all consultant (attending) led maternity units since 
2003, covering a population of around 60,000 births per annum. 
Data collection is entirely voluntary, but it is hoped that most of 
the data available is collected. A designated coordinator within 
each unit identifies cases and sends completed datasets to the 
Reproductive Health Programme of NHS Quality Improvement 

Scotland. The data are then analysed and an annual report is pro-
duced. Collated morbidity data are based on work originally con-
ducted in South Africa,113 which looked at 14 variables associated 
with morbidity including major haemorrhage, eclampsia, renal/
liver dysfunction, cardiac arrest, pulmonary oedema, respira-
tory dysfunction, coma, cerebrovascular disease, status epilepti-
cus, anaphylaxis, septic shock, anaesthetic problems, pulmonary 
embolism, and ICU/coronary care unit admission (additional 
information on interventional radiology has also been collected 
from January 2010). Two particular areas of interest are major 
obstetric haemorrhage and eclampsia. Detailed information for 
each case of major haemorrhage and eclampsia are gathered and 
discussed by risk management teams locally. Following analysis, 
reports are sent to the Reproductive Health Programme. There is a 
lag time of around 2 years from collection of data to production of 
reports.128 The consistent use of the same auditing tools and case 
definitions have allowed the identification of changes in num-
bers and rates of certain morbidities, compliance with national 
guidelines and changes in clinical management. The Scottish 
Confidential Audit of Severe Maternal Morbidity (SCASMM) has 
also disseminated information through anecdotal vignettes and 
produced data on clinical use of resources within Scotland. From 
January 2009, SCASMM has also collected sociodemographic 
data. This has revealed that deprivation, obesity, smoking, and 
substance misuse are all factors linked with increased maternal 
morbidity.

Figure 31.11 shows SCASMM data for 2006–2008.128–130 
Comparisons between Figure 31.11 and Figure  31.2 shows how 
morbidity and mortality data vary for presumably similar popula-
tions receiving similar levels of care—albeit with the SCASMM 
population forming part of the population covered by the CEMD 
data. Such comparisons demonstrate how studies of morbidity 
can complement those of mortality, and the difference between 
conditions that are common but rarely fatal, and those that are 
rare but with a high mortality rate.

Exploration of two particular conditions, haemorrhage and 
eclampsia, illustrates how the data from SCASMM can be used.
SCASMM Haemorrhage Data
The collection of morbidity data for the audit allows review 
of all cases of massive haemorrhage, ideally at the local level to 
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Haemorrhage

Renal/liver dysfunction

Eclampsia

Septicaemic shock

Massive pulmonary embolus

Figure 31.11  (See colour figure section). Causes of maternal morbidity (as a percentage of total) from Scottish Confidential Audit of Severe Maternal 
Morbidity: 2006–2008.
Data from various sources (see references).129–31
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assess whether local guidelines are being followed. Data can be 
obtained on exact medical therapy given and surgical interven-
tions received, including interventional radiological procedures. 
During the period 2006–2008, risk factors for massive obstetric 
haemorrhage included previous caesarean delivery (16%) and 
delivery by emergency caesarean delivery (46%), with 21% of 
those emergency caesarean deliveries taking place at full dilata-
tion. There was an increase in conservative surgical techniques 
(intrauterine balloon tamponade and uterine brace sutures). The 
standard of care was assessed as being high in 64% of cases, but 
direct obstetric consultant involvement only occurred in 78%, 
thought to reflect the number of massive obstetric haemorrhage 
cases occurring out of hours.128–130

SCASMM eclampsia data
The reported incidence of eclampsia has stayed relatively con-
stant during 2006–2008: in 2008 the rate of admission to ICU for 
eclampsia was 1.5/1000 live births. It was noted that few of the 
cases presented with classical prodromal signs and symptoms. 
Appropriate care was assessed as being present in only 41% of 
cases, with a consultant obstetrician present in fewer than half. 
Recommendations for protocol-driven pathways and senior early 
involvement were made.128–130

South Africa Audit of Severe Maternal Morbidity
In the Pretorian region of South Africa, four hospitals com-
bine to form the Pretoria Academic Complex. They have per-
formed audits looking at severe acute maternal morbidity since 
1997,113,131 with morbidity and maternal deaths identified at daily 
audit meetings using specific organ dysfunction criteria to define 
‘near-misses’. Since 2006, data have been recorded electronically 
using the MaMMAS software developed by the local research 
team.132 The audits over the years highlighted that severe com-
plications of obstetric haemorrhage, hypertension in pregnancy, 
non-pregnancy related sepsis, and pregnancy-related sepsis are 
increasing. The increase in prevalence of HIV-infected pregnant 
women is known to be the cause of increased non-pregnancy 
sepsis.133 However, the increase in severe complications due to 
obstetric haemorrhage and hypertension was a cause for concern, 
leading to the implementation of new guidelines for managing 
obstetric haemorrhage and hypertension in all maternity facilities 
within the Pretoria Academic Complex.

Brazilian Audit of Severe Maternal Morbidity
In 2009, Brazil set up a multicentre, cross-sectional study in 27 
obstetric units in different geographical regions.121,134,135 The 
population of the cross-sectional component consists of women 
surviving either potentially life-threatening conditions (severe 
maternal complications) or life-threatening conditions (the 
maternal near-miss criteria) and maternal deaths. The definitions 
used are in accordance with the new WHO definition and criteria. 
A study to validate the WHO definition of a ‘near-miss’ was con-
ducted and revealed that maternal near-miss criteria were asso-
ciated with maternal deaths (positive likelihood ratio 106.8 (95% 
confidence interval (CI) 99.56–114.6)). In the same study a mater-
nal severity index (MSI) model was also developed and found to 
be able to describe the relationship between life-threatening con-
ditions and mortality (area under the ROC curve: 0.95 (95% CI 
0.91–0.99)).120

Canadian Perinatal Surveillance System
The CPSS has collected yearly morbidity data since 1995.103 
Morbidity data are extracted from the Canadian Institute for 
Health Information and the Discharge Abstract Database from 
inpatient hospital admissions. A panel from the Maternal Health 
Study Group selects specific conditions deemed indicative of severe 
maternal morbidity including eclampsia, pulmonary oedema, and 
severe obstetric haemorrhage requiring blood transfusion.92 Of 
note, the audit has revealed that the majority of maternal morbid-
ity in Canada occurs in previously healthy women and that hav-
ing a pre-existing co-morbidity did not increase the likelihood of 
developing severe maternal morbidity.136

Surveillance of rare events
UKOSS
The UK Obstetric Surveillance System (UKOSS) was established 
in 2005 to study rare disorders of pregnancy, based on a suc-
cessful paediatric surveillance system that has been running in 
the United Kingdom for over 25 years. Reporters (anaesthetists, 
midwives, and obstetricians) in all consultant-led maternity 
units within the United Kingdom are contacted monthly to 
indicate on a card the number of women who have any of the 
morbidity conditions under study. If there are no cases the units 
are requested to confirm this as a ‘nil report’, hence UKOSS pro-
vides an active negative surveillance system. This allows exact 
numbers to be obtained and produces the denominator popula-
tion to allow calculation of disease incidences.137 As with the 
CEMD, clinicians are sent data collection forms for further 
details when a case is identified. Details on control patients are 
also requested.

The UKOSS programme has led to the publication of sev-
eral reports including on peripartum hysterectomy,138 eclamp-
sia,139,140 acute fatty liver,141 antenatal pulmonary embolism,141 
tuberculosis,143 gastroschisis, extreme obesity,66,144 therapies for 
peripartum haemorrhage,145 multiple repeat caesarean deliv-
ery,146 pregnancy in renal transplant recipients,147 myocardial 
infarction,148 uterine rupture,149 risk factors for progression from 
severe maternal morbidity to death,150 and H1N1 influenza in 
pregnancy.151–154 Ongoing topics at the time of writing include 
adrenal tumours in pregnancy, AFE,76,155 anaphylaxis in preg-
nancy, cardiac arrest in pregnancy, massive transfusion in major 
obstetric haemorrhage, pituitary tumours, stage 5 chronic kid-
ney disease, advanced maternal age and pregnancy outcomes in 
women with artificial heart valves.156

Amniotic Fluid Embolism Registry
The original AFE registry was established in the United States by 
Clarke157 and a similar registry based in the United Kingdom was 
set up in 1996 by Tuffnell.158 This project was incorporated into 
the UKOSS study of AFE. The incidence of AFE thought to be 
around 2/100,000 deliveries.76

Obstetric Anaesthetists’ Association UK Registry
This project ran from 1996 to 2003 collecting data voluntar-
ily reported on women who had severe co-morbidities requir-
ing anaesthetic input. Cardiorespiratory disease was the initial 
topic studied, with a smaller report on neurological disease 
following.71,94,106 The project was subsequently superseded 
by UKOSS.
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Common themes in maternal mortality 
and morbidity studies
Some common themes arise out of the mortality and morbidity 
studies and surveillance systems outlined above, that have rele-
vance to every health system. Some have particular relevance to 
obstetric anaesthetists:

Resources
A lack of adequate numbers of trained staff and essential equipment 
and drugs is a common theme in developing countries,10,11,14 and 
attempts to improve this is a constant priority of all programmes 
to improve maternal health worldwide.10,11,14,16,49 Such attempts 
are considerably hampered where there is poor underlying infra-
structure, both locally (e.g. communication networks, availability 
of blood products, and intensive care facilities) and nationally. The 
diversion of resources away from public health issues in favour of 
other programmes (e.g. arms development) may also be a problem 
in some countries. Concerns about resources and their allocation 
are also increasingly common in developed countries in the cur-
rent economic climate, albeit at a different level. Recent events in 
Mid-Staffordshire in the United Kingdom have highlighted the 
hazards of putting financially-based targets above basic patient 
care, and although not focusing on maternity care, obstetric 
anaesthetists will recognize the concerns raised in the aftermath 
of the final report.159,160

Training/education
A lack of knowledge and skill in healthcare staff is one of the lead-
ing potentially avoidable causes for poor management leading to 
morbidity and ultimately to mortality.10,11 Remedies include the 
institution and maintenance of proper training programmes, 
especially in developing countries, with education of the women 
themselves as well as all staff who may come into contact with 
pregnant women, and those responsible for managing services. A 
lack of resources for effective training and education is a particu-
lar problem, and increasingly one that is not confined to develop-
ing countries.

Simulation is increasingly accepted as an important tool in 
medical/paramedical training and its use in obstetrics has been 
highlighted (and indeed, recommended) in recent CEMD reports. 
Training programmes based on simulation are often expensive in 
terms of equipment and staff, though it is likely that their uptake 
will continue to increase in developed countries.

Antenatal screening/referral
Many of the reports on morbidity and mortality throughout the 
world define at-risk groups during (or before) pregnancy, and 
stress the importance of identifying these groups in advance. 
For example, in response to the high number of maternal deaths 
in immigrants in the 2003–2005 CEMD report who were late 
or non-attenders for antenatal care and subsequently pre-
sented late to delivery suites with serious co-morbidities, the 
report recommended that all immigrants should be screened 
with a full medical history and examination at booking or as 
soon as possible after.65 Similarly, routine antenatal screening 
for psychiatric problems was improved throughout the United 
Kingdom following the 2000–2002 CEMD report,77 and the 

importance of detecting antenatal anaemia has been noted by 
several reports.27,42,161–165 Indeed, the provision of good ante-
natal care is one of the aims highlighted in programmes to 
improve maternal mortality in developing countries, as noted 
above.11

A particular area of antenatal care of relevance to anaesthetists 
is the appropriate referral of women for anaesthetic assessment, 
either early in pregnancy in known high-risk cases, later in preg-
nancy when complications occur, or pre-delivery in women who 
become acutely unwell. This problem is not limited to anaesthesia: 
the CEMD reports repeatedly comment on late or absent involve-
ment of specialists, especially of adequate seniority, in the care of 
high-risk parturients.10,11 In some cases, failure to obtain early 
referral occurs at community level (e.g. the general practitioner), 
or even with the woman herself; in the 2006–2008 CEMD report, 
41 of the women who died had no antenatal care, of whom the 
majority were late bookers or poor attenders for care and six had 
concealed pregnancies.10

The same concerns apply to pre-conception counselling and 
support for women with known significant co-morbidities.

Recognition of severe illness
When pregnant women, especially those who are healthy before-
hand, deteriorate, it may be difficult to detect this, since their 
compensatory mechanisms often maintain basic observations 
such as blood pressure and pulse rate until a very rapid decline. 
This is consistently highlighted in the various mortality and 
morbidity reports, and has led to the interest in early warn-
ing scores in maternity care, as recommended by recent CEMD 
reports.10,11,68,70,166,167

Human factors
The place of human factors in acute medicine, both as an impor-
tant factor in adverse outcomes and as a focus for training,168,169 
is now well established, and the environment of maternity care 
is one where such factors are particularly pertinent, with several 
disciplines working together and the mother (and partner/family) 
supposedly at the centre of her care.170 A common and consistent 
theme in mortality and morbidity reports is of poor team working, 
with inadequate communication between staff of different disci-
plines, and between staff and patients, absent or late involvement 
of senior help, insufficient use of protocols and guidelines to guide 
care (especially for rare disorders or emergencies), and a general 
absence of a risk management culture. In the United Kingdom, 
increased emphasis on such factors over the last decade, the use of 
simulator training (especially multidisciplinary)10,11 and the use 
of financial incentives such as provided by the Clinical Negligence 
Scheme for Trusts (whereby premiums paid by hospital trusts are 
reduced if there are appropriate aspects of good risk management 
in place) has raised awareness of these issues.171 In developing 
countries some of these initiatives may be seen as luxuries; how-
ever, even simple ones such as the WHO surgical safety checklist 
may improve outcomes.172,173

Conclusion
The death of a parturient is a catastrophe for the family she leaves 
behind and a hugely stressful event for the local healthcare team. 
This impact should not be lost when viewing regional, national, 
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or global figures, when such an event may be merely one of many. 
Investigating and monitoring maternal mortality and morbid-
ity beyond analysis of individual cases locally requires great effort 
and both financial and political commitment, but few, if anyone, 
involved in maternity care would doubt its importance. The fact 
that maternity care is often seen as a surrogate for the provision 
of healthcare in general reinforces the need to continue to support 
all initiatives that aim to improve the health of pregnant women. 
Anaesthetists have been central to achieving enormous improve-
ments in maternal outcomes as charted by the CEMD reports, and 
continue to have a central role in maintaining this improvement 
despite increasing challenges locally/regionally, as well as assist-
ing other disciplines and those in other healthcare systems around 
the world.
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CHAPTER 32

Problems in early pregnancy
W. Colin Duncan

Normal pregnancy
The establishment of pregnancy: basic physiology
After menstruation, the follicular phase of the ovarian cycle is 
associated with growth and selection of a dominant follicle and 
increasing oestradiol secretion. High oestradiol, signifying a 
mature follicle, induces a luteinizing hormone (LH) surge that 
causes ovulation. After ovulation the cells of the dominant follicle 
form the corpus luteum (CL) that produces large amount of pro-
gesterone. Progesterone prepares the endometrial lining to sup-
port a pregnancy and promotes uterine quiescence. The CL has a 
limited lifespan and will lose its functional and structural integ-
rity in a process known as luteolysis after 14 days.1 It is this loss of 
progesterone support that induces menstruation.

A woman ovulates 2 weeks before her menstrual period. If her 
cycle is 28 days in duration she will ovulate on day 14, and if she has 
a regular 35-day cycle she will ovulate on day 21.

Shortly after ovulation the oocyte enters the Fallopian tube 
where fertilization occurs. The embryo will continue to the uter-
ine cavity where implantation occurs approximately 7 days after 
ovulation.2 The implanting blastocyst secretes rapidly increas-
ing amounts of human chorionic gonadotropin (hCG). It can be 
detected in the urine in sensitive pregnancy tests 1 or 2 days before 
the expected date of menstruation. Exponentially increasing hCG 
acts on the CL to rescue it from luteolysis to maintain progester-
one secretion, prevent menstruation, and support the early con-
ceptus. The CL supports the pregnancy for approximately 8 weeks 
when the early placental tissue becomes the main source of pro-
gesterone support.3

In the first few weeks of pregnancy, serum concentrations of hCG 
will normally double every 48 hours.

It is relatively common for positive pregnancy tests to occur 
around the time of the expected period but for menstruation to 
occur as expected or 1 or 2 days later. This transiently positive hCG 
is a result of pregnancy failure during the early stages of implanta-
tion and it is known as a biochemical pregnancy. This is one of the 
pitfalls of carrying out pregnancy testing prior to the anticipated 
date of menstruation. More commonly women delay taking a 
pregnancy test after a missed period. This is because women have 
premenstrual symptoms in the early stages of pregnancy and may 
believe that menstruation is about to occur.

Key points in normal development
The gestational age is calculated from the last menstrual period 
(LMP) rather than the time of conception.

When a patient is 6 weeks pregnant, they have conceived 
4 weeks previously. This is important as it sometimes causes the 
patient some confusion as it assumes a 28-day cycle. If a woman 
has a 35-day cycle 7 weeks after her LMP she may only be 6 weeks 
pregnant based on the size of the fetus.

A transvaginal ultrasound scan (TVS) can detect an early ges-
tational sac, the first sign of pregnancy, around 5 weeks’ gestation. 
A few days later, a round yolk sac can be seen within the gesta-
tional sac and the embryonic fetus, which is associated with the 
yolk sac, can be identified after 5.5 weeks’ gestation (Figure 32.1). 
The heartbeat may be visible as early as 6 weeks’ gestation. As there 
is a time when the pregnancy test is positive but no definitive ges-
tational sac can be seen in the uterus, a ‘discriminatory zone’ has 
been defined.4 This is the concentration of serum hCG that should 
be associated with scan evidence of an intrauterine pregnancy.

A normal pregnancy with serum hCG concentrations of greater 
than 1500 IU/L should be able to be confirmed as intrauterine on 
ultrasound scan.

(A) (B) (C)

Figure 32.1  Intrauterine scan findings in a normal pregnancy. (A) Early pregnancy sac at 5 weeks’ gestation (arrow). (B) Before 6 weeks’ gestation the yolk sac is visible 
(arrow). (C) Pregnancy at 7 weeks’ gestation with yolk sac and fetal pole (arrow).
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Assisted reproduction and pregnancy
Infertility affects one in seven couples in the United Kingdom5 
and the number of pregnancies that result from assisted concep-
tion is increasing. In the United Kingdom, approximately 1.5% of 
births are a result of in vitro fertilization (IVF) while in Denmark 
it is three times higher.6 As the length of ovarian stimulation and 
timing of embryo transfer varies, the gestation should be calcu-
lated as 2 weeks more than the date of oocyte collection, which 
corresponds to ovulation in a natural cycle. It is more complicated 
after frozen embryo replacement or egg donation. Generally the 
timing of ‘ovulation’, for gestational calculation, will be between 2 
and 5 days before transfer.

During assisted conception, the ability of the CL to produce 
normal levels of progesterone may be impaired. That means 
that women will usually take progesterone supplementation 
in the form of vaginal pessaries twice daily.7 The highly vascu-
lar CL secretes angiogenic and vascular permeability molecules 
such as vascular endothelial growth factor.1 After IVF there are 
multiple CL and the markedly increased capillary permeability 
can cause loss of fluid from the vascular space. Ovarian hyper-
stimulation syndrome occurs in 2–4% of IVF cycles with ascites, 
pleural effusions, and hypercoagulability and, as hCG stimulates 
CL, it worsens in early pregnancy. Management involves heparin 
thromboprophylaxis, intravenous volume expansion, and consid-
eration of paracentesis.8

Assessment of early pregnancy
The diagnostic tools
Early pregnancy problems can present in disparate ways to multiple 
health professionals when a woman is unaware of her pregnancy. 
There should be a high suspicion of the possibility of pregnancy 
in all women of reproductive age and a low threshold for urinary 
pregnancy testing. Increased awareness of ectopic pregnancy (EP) 
in women and healthcare providers is associated with earlier and 
more accurate diagnosis and timely management.4,9

The greatest assessment tool is the awareness of the possibility of 
pregnancy and knowledge of early pregnancy problems.

Similarly, an awareness that acute medical, gynaecological, 
or surgical conditions not related to pregnancy, such as urinary 
tract infection, ovarian torsion, or appendicitis, may also occur 
in pregnancy is also essential. It is fundamentally important to 
assess the woman clinically and not to rely entirely on the results 
of investigations to manage the patient. For example, ruptured 
ectopic pregnancies can occur when there is a negative pregnancy 
test,10 or very low levels of hCG, and in acute situations delay-
ing management to facilitate ultrasound scanning may adversely 
affect outcomes.

The possibility of an ongoing intrauterine pregnancy should not 
preclude clinically necessary investigations, such as a chest X-ray or 
diagnostic laparoscopy.

A pelvic ultrasound scan is the mainstay in the assessment 
of early pregnancy problems (Figure 32.1). It allows systematic 
assessment of uterine abnormalities, intrauterine contents, ovar-
ian cysts, adnexal masses, and free fluid in the pelvis.11 While 
transvaginal ultrasonography is the gold standard for early preg-
nancy assessment, transabdominal scanning may also be appro-
priate and is particularly useful where there is pelvic pathology 

such as fibroids and large ovarian cysts.9 The other key investi-
gative tool is the measurement of serum hCG concentrations. 
Quantification of hCG is required in the assessment of pregnan-
cies of unknown location, ectopic pregnancies, or suspected ges-
tational trophoblastic disease.

Serum hCG assessment is not useful in the diagnosis of viability 
when it is known that the pregnancy is intrauterine in location.

Problems in early pregnancy
Early pregnancy assessment units
The mainstay of the investigation and management of problems in 
early pregnancy is a dedicated outpatient early pregnancy assess-
ment unit (EPAU). This provides a comprehensive service that 
improves and streamlines care and reduces the need for admis-
sion to hospital. The dedicated staff ensure sensitive discussion 
and empowers women to make informed decisions about their 
care and treatment. Many EPAUs offer a 7-day service with direct 
patient access through a self-referral appointment system.

Women generally attend the EPAU with vaginal bleeding and/or 
lower abdominal pain that may be central or unilateral in nature. 
They may present with altered pregnancy symptoms, such as loss 
of breast tenderness or excessive vomiting. In addition, some 
women are routinely seen because of a past history of recurrent 
miscarriage or EP. After clinical assessment, the most appropriate 
investigation is often a pelvic ultrasound scan.

Ongoing pregnancy
Ultrasonography may reveal an ongoing pregnancy with an intra-
uterine gestational sac with a yolk sac and fetal pole with fetal 
heart motion (Figure 32.1). Further scans are not indicated unless 
the bleeding worsens or persists for more than 14 days.9 One in 
three women will experience per vaginal (PV) bleeding in early 
pregnancy. As around 60% of women with light bleeding will have 
an ongoing pregnancy12 women are often initially reassured by 
the EPAU staff and advised to observe the bleeding for 24 hours.

The CL is maintained in early pregnancy and this may result in 
an enlarged or cystic ovary on the side of ovulation that may cause 
unilateral pain, particularly at the time of the luteo-placental shift 
when it begins to regress. In addition, as the CL causes increased 
vascular permeability, there is often a small accumulation of fluid 
in the pelvis that can be detected by ultrasonography. As luteal 
cysts are transient, and are required to maintain pregnancy, their 
management is usually conservative in the clinically stable patient.

It is not uncommon for women to experience bleeding or unilat-
eral abdominal pain in a normal ongoing pregnancy.

Adjacent to an ongoing pregnancy there may be a haematoma 
or a second sac that represents a non-viable twin gestation. The 
patient would be expected to experience further PV bleeding as 
the abnormality resolves. There is no good management strat-
egy that can be used in a threatened miscarriage to reduce the 
risk of subsequent miscarriage. While both rest and progesterone 
supplementation can reduce the amount of bleeding there is no 
good quality evidence from adequately powered trials that they 
change the outcome of the pregnancy.13,14 However, there is wide-
spread use of progesterone supplementation internationally and 
in the United Kingdom there is an increasing expectation among 
patients for progesterone supplementation to be prescribed and its 
use is becoming more common.9
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There is an unmet need for the safety and efficacy of this progester-
one supplementation to prevent miscarriage to be robustly assessed.

Although the pregnancy is ongoing, there may be concerns about 
the scan findings. There may be a mismatch of the gestational sac 
and fetal size, a slow or irregular fetal heart rate, an irregular ges-
tational sac, or the presence of cystic areas or ‘bumps’ associated 
with the developing placenta.15,16 These may increase the chance 
of future miscarriage and management usually involves a repeat 
ultrasound scan.

A further ultrasound scan, where required, should routinely be 
arranged at least 1 week from the previous scan.

Miscarriage
Miscarriage is common, occurring in 10–20% of clinical pregnan-
cies, with the risk increasing as a woman ages. Before the age of 
30, one in ten pregnancies will end in miscarriage while at the 
age of 35, the change of miscarriage is 20%. This has increased to 
approximately 40% at the age of 40 and in women over the age of 
45, 80% of pregnancies miscarry.17

Women usually present with PV bleeding that is often associ-
ated with cramping lower abdominal pain, which is usually cen-
tral but may be unilateral and radiate to the back. Miscarriage can 
be diagnosed on clinical assessment when confirmed products of 
conception have been passed or the cervical os is open on vagi-
nal examination (VE). It is striking, however, how much a woman 
can bleed and continue to have a viable pregnancy. Tissue trapped 
in the cervix during miscarriage can cause cervical shock and 
resuscitation involves VE and removal of tissue from the cervix. 
Cervical shock is due to dilatation of the cervix and an autonomic 
response resulting in bradycardia and hypotension, common 
with dilatation of many organs with smooth muscle (e.g. anus 
and oesophagus). Apart from the surgical treatment, resuscita-
tion may require oxygen, fluids, glycopyrrolate, and vasopressors. 
General anaesthesia is performed as neuraxial anaesthesia is con-
traindicated in the face of sympathetic block.

A single ultrasound scan can diagnose miscarriage if there 
is irregular pregnancy tissue within the cavity consistent with 
retained products of conception. The diagnosis of miscarriage on 
one scan where there is an intrauterine gestation sac depends on 
rigorous criteria with clear national guidelines.9,18 This is because 
of the variability of scan measurements between observers19 and 
the absolute necessity to ensure that a viable pregnancy is not mis-
diagnosed20 (Box 32.1).

Once a miscarriage is diagnosed there are three main manage-
ment options with regards to pregnancy tissue that remains within 
the uterine cavity. The first is expectant management and in around 
40% of cases a complete miscarriage will occur within 7 days.18 
Miscarriage can take much longer when the pregnancy sac is intact 
and it may be useful to review the patient after 14 days if the mis-
carriage has not occurred. After miscarriage it is not necessary to 
repeat the ultrasound scan to confirm completion if the pain and 
bleeding resolve normally. Women, however, may be advised to take 
a urinary pregnancy test after 3 weeks and return if it is positive.

There is no evidence that expectant management is associated 
with an increased risk of infection or adverse effects on future 
fertility.

The second strategy is medical management using single-dose 
vaginal or sublingual administration of the prostaglandin E ana-
logue misoprostol.18 This is increasingly used in an outpatient 

setting to allow the miscarriage to complete at home with review 
or repeat the following day if PV bleeding has not started. There 
may be a role for repeated misoprostol and/or pre-treatment with 
the progesterone antagonist mifepristone and this is popular in 
some units.21 The side effects include pain, vomiting, and diar-
rhoea and women are routinely provided with pain relief and 
antiemetics. The success rate for completion of miscarriage varies 
from study to study but it is generally over 80% although bleeding 
may persist for up to 21 days.18 Like expectant management there 
is no need for routine scan follow-up although a post miscarriage 
pregnancy test is recommended.9

The third option is surgical management of miscarriage and 
this is preferred if women favour that option, or if there is per-
sistent excessive bleeding or haemodynamic instability. It can be 
done by manual vacuum aspiration under local anaesthetic in an 
outpatient clinic setting but more commonly it is done as a day 
case in theatre under general anaesthesia.22 Vaginal or sublingual 
misoprostol is frequently used to ripen the cervix to facilitate cer-
vical dilatation for suction curette insertion and reduce the risk 
of trauma and haemorrhage.18 Women may continue to bleed for 
up to 2 weeks after surgical management of miscarriage. In the 
absence of reflux, women usually have a short general anaesthetic 
for this with propofol and a laryngeal mask plus a short-acting 
opiate and antiemetic. If there is reflux, a rapid sequence induc-
tion with endotracheal tube is required.

There is an increased incidence of infection after surgical man-
agement and there should be a low threshold for antibiotic use if 
there is increasing pain, bleeding, and discharge after the proce-
dure. There is not enough evidence to suggest routine antibiotic 
prophylaxis is beneficial but the clinical indications for antibi-
otics should be reviewed in each case and routine screening for 
Chlamydia trachomatis should be considered.18

In the presence of sepsis, delaying the procedure for 12 hours 
to allow intravenous antibiotic initiation is recommended if the 
patient is stable.

In addition to infection, the risks associated with surgical evac-
uation of the uterus include significant haemorrhage during or 

Box 32.1  The diagnosis of miscarriage

Transvaginal scan shows fetal pole with no identifiable 
heartbeat

◆	 If the crown–rump measurement is ≥7  mm, and a second 
observer has confirmed this measurement, a miscarriage can 
be diagnosed.

◆	 If the measurement is <7 mm, a second scan is required a 
minimum of 7 days after the first to make the diagnosis.

Transvaginal scan VS shows gestational sac with no fetal pole

◆	 If the mean gestational sac diameter is <25 mm, a second scan 
is required a minimum of 7 days later.

◆	 If the mean diameter is ≥25 mm, a miscarriage can be diag-
nosed after a second opinion on the scan.

◆	 A  third scan may be required if there is significant change 
before a definitive diagnosis can be made.
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immediately after the procedure. Although in the first trimester 
of pregnancy the oxytocin responsiveness of the uterus is poor 
there is a role for bolus oxytocin as well as bimanual compression 
in the management of haemorrhage.23 Another immediate risk is 
uterine perforation, with an incidence of 1/1000, which is usually 
recognized immediately and often requires laparoscopic assess-
ment because of the risk of intraperitoneal bleeding. The risk of 
Asherman’s syndrome, associated with intrauterine adhesions 
and subsequent amenorrhoea and infertility,24 is difficult to quan-
tify although it occurs more frequently than perforation.

Miscarriage can be a very distressing experience and the psycho-
logical impact, sense of bereavement, and feelings of depression and 
anxiety should not be underestimated.

In the United Kingdom, the Association of Early Pregnancy 
Units and the Miscarriage Association have championed a change 
in the key terminology of miscarriage. It is now recommended 
that ‘miscarriage’ is used rather than ‘spontaneous abortion’ and 
that ‘surgical management of miscarriage’ is preferred to ‘evacua-
tion of retained products of conception’.

Women should be reassured that after a miscarriage they are not 
at increased risk of miscarriage in subsequent pregnancies.

Recurrent miscarriage
While most miscarriage is sporadic and associated with genetic 
or structural defects, some couples, however, do experience recur-
rent miscarriage. Recurrent miscarriage is defined as the loss of 
three or more consecutive pregnancies and it affects 1% of cou-
ples.17 As this is greater than would be expected by chance there 
must be factors increasing the likelihood of miscarriage in some 
of these couples. After three consecutive losses the chance of sub-
sequent miscarriage is increased to approximately 40%.

Advancing age is a risk factor for recurrent miscarriage, as both 
maternal and paternal age increase the chance of miscarriage, as 
does obesity. There is an association with antiphospholipid syn-
drome and investigation of recurrent miscarriage should involve 
testing for inherited and acquired thrombophilias25 as aspirin and 
low-dose heparin can reduce the miscarriage rate by 50% in these 
cases. Parental or fetal karyotyping can identify balanced trans-
locations that may suggest preimplantation genetic diagnosis or 
gamete donation. The uterine structure is assessed as congenital 

uterine abnormalities, including uterine septum and cervical 
weakness, may be amenable to surgery.

Although treatment with progesterone, corticosteroids, or met-
formin has been advocated, and randomized studied are underway, 
there is insufficient evidence to recommend their use at present.

Most couples, however, have unexplained recurrent miscarriage 
and although empirical treatment has not been shown to be effec-
tive, their prognosis for a good outcome in future pregnancy is 
excellent.17 The value of psychological support and serial ultra-
sound scans during pregnancy in recurrent miscarriage has been 
demonstrated in several non-randomized studies although the 
mechanism is unclear.26

Ectopic pregnancy
One of the primary roles of EPAUs is the timely diagnosis and 
management of EP. Approximately 1 in every 80 pregnancies and 
4% of cases seen in the EPAU is an EP, occurring when the blas-
tocyst implants outside the normal uterine cavity, generally in the 
Fallopian tube. In the United Kingdom, EP is the leading cause 
of maternal mortality in the first trimester because of its associa-
tion with tubal rupture and massive intraperitoneal haemorrhage 
(Figure 32.2). The chance of dying of an EP is 1 in 30004 and 9% of 
deaths directly related to pregnancy are a result of EP.27

There is a long list of factors that are associated with an increased 
risk of EP.4 These may cause adhesions around or affect the struc-
ture and/or function of the Fallopian tube (Box 32.2). These should 
be considered along with symptoms in the appraisal of the risk of 
EP and the need for urgent clinical assessment.28

There is a fourfold risk of EP in heavy smokers and in those con-
ceiving during IVF treatment.

More than half of women diagnosed with an EP do not have iden-
tifiable risk factors or evidence of pre-existing tubal damage.

Some women present acutely in early pregnancy with shock, pal-
lor, abdominal pain associated with rebound, cervical excitation 
on VE, and referred pain to the shoulders, and the clinical diagno-
sis facilitates timely surgery. The diagnosis is clear when a woman 
presents. Such an acute presentation is unusual and one-third of 
patients with an EP have no clinical signs and up to 10% have no 
symptoms. The classical symptoms of EP are unilateral abdomi-
nal pain associated with PV bleeding presenting between 5 and 

(A) (B)

Figure 32.2  Haemoperitoneum in ruptured ectopic pregnancy. (A) Transvaginal scan and (B) laparoscopy of ruptured actopic pregnancy showing intraperitoneal 
blood (white arrows) surrounding the bowel/omentum (black arrows).
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8 weeks of gestation although gastrointestinal upset and central 
cramping pain are common.

Most women with symptoms of an EP will not have an EP.
A TVS showing an empty uterus with an adnexal mass has a 

sensitivity of 90% and specificity of 95% in the diagnosis of EP.29 
Typically the adnexal mass is separate from, medial, and superior 
to the ovary (Figure 32.3), usually on the same side as the CL, 
and may contain a small gestational sac surrounded by a hyper-
echoic ring. Free fluid, particularly when it surrounds the ovary, 
is suggestive of intraperitoneal bleeding.30 One of the pitfalls 

is the presence of an intrauterine pseudo-sac in some EPs that 
mimics a gestational sac although it is transient, midline rather 
than eccentric, and is not surrounded by a hyperechoic decidual 
reaction.

However, in up to 50% of women with an EP the diagnosis is 
not made on first attendance and they are labelled as having a 
pregnancy of unknown location (PUL). The 2006–08 Centre for 
Maternal and Child Enquiries (CMACE) report into maternal 
deaths highlighted that PUL is not a diagnosis and every PUL is a 
potential EP.27

The mainstay of investigation of a PUL is measurement of serum 
hCG concentrations that is repeated 48 hours later.

If the hCG rises by more than 63% it is likely that there is a 
developing intrauterine pregnancy although an EP has not been 
excluded and emergency contact details are provided should her 
symptoms deteriorate.9 An ultrasound should be arranged in 7 
to 14 days’ time, or earlier if symptoms worsen or continue and 
a predicted doubling of hCG every 2 days would predict a level 
of 1500 IU/L or higher. A decline in hCG by more than 20% sug-
gests a spontaneous miscarriage although as an EP has not been 
excluded, further serial monitoring of hCG concentrations are 
often required.4 If the fall is greater than 50%, then all that may be 
required is a urinary pregnancy test 2 weeks later.9

In a tubal EP, serial hCG patterns are variable although usu-
ally they rise at a slower rate than a viable intrauterine preg-
nancy or fall slower than a complete miscarriage. Often more 
than two hCG samples are required to assist in making the 
diagnosis and one pattern suggestive of an EP is a rise after an 
initial fall in hCG concentrations. When the pattern of serial 
hCG assessment is consistent with an EP, a repeat ultrasound 
scan may now identify an adnexal mass although when absent 
an EP should be assumed and a management strategy clearly 
documented.

There is sometimes a role for a diagnostic laparoscopy in the 
assessment of a PUL. It is particularly valuable when on first 
attendance there has been minimal bleeding, the ultrasound scan 
is inconclusive, and serum hCG is well within the discriminatory 
zone. An endometrial biopsy with urgent histology looking for 
the presence chorionic villi may also have a diagnostic role in a 
chronic PUL with static hCG.

Box 32.2  Risk factors for ectopic pregnancy

Prior Fallopian tube damage with scarring

◆	 Past pelvic inflammatory disease
◆	 Past chlamydia/gonorrhoea
◆	 Previous appendicitis or abdominal surgery
◆	 Previous pelvic surgery
◆	 Documented tubal disease or tubal surgery
◆	 Endometriosis
◆	 Sterilization and reversal of sterilization.

Functional alterations in the Fallopian tube

◆	 Smoking
◆	 Age over 35
◆	 Hormonal contraceptive failure.

Additional risk factors

◆	 Infertility
◆	 Infertility treatment including IVF
◆	 Previous ectopic pregnancy
◆	 Conception with intrauterine contraceptive device in place.

(A) (B)

Figure 32.3  Ultrasonography of a tubal ectopic pregnancy. (A) Uterus (U) with a normal endometrial echo (measurement A) with free fluid (FF). (B) In the left adnexa 
next to the uterus (U) and medial to the ovary (O) is the adnexal mass (measurement A) representing the ectopic pregnancy (EP).
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Once diagnosed, an EP can be managed surgically, medically, 
or expectantly depending on past history, clinical presentation, 
results of investigations, and patient preference.31

Surgical management is required if there is significant pain, 
clinical or sonographic evidence of tubal rupture, or a large EP. 
This includes the presence of moderate free fluid particularly if 
it is around the ovary,30 an adnexal mass of 35 mm or larger, the 
presence of a fetal pole with evidence of cardiac activity, or hCG 
concentrations generally higher than 3000 IU/L and certainly 
greater than 5000 IU/L.9,32

The standard surgical treatment is laparoscopic in nature, 
although in the presence of haemodynamic instability the treat-
ment should be the one that prevents further blood loss most 
quickly, and this might be laparotomy.32 The operation of choice 
is a salpingectomy rather than a salpingotomy which has a similar 
future intrauterine pregnancy rate but an increased risk of subse-
quent EP.31 However, if the contralateral tube is absent or visibly 
damaged, a salpingostomy is recommended32 after which hCG 
concentrations are measured as up to one in five women will have 
residual trophoblast that requires further management.9

Medical treatment involves intramuscular methotrexate 
that is generally administered as a single dose of 50 mg/m2 body 
surface area.

Methotrexate is particularly suited to women with mini-
mal symptoms and hCG concentrations less than 1500 IU/L 
(Box 32.3).4,32 Although it is commonly used up to hCG concen-
trations of 3000 IU/L, and can be used up to 5000 IU/L, it becomes 
less cost-effective and more likely to fail with increasing hCG con-
centrations. Methotrexate use is increasing and the proportion of 

EPs treated medically is now approaching that of those treated 
surgically. Women should abstain from alcohol and strong sun-
light for 7 days, and avoid pregnancy in the 3 months after metho-
trexate treatment.

Side effects of methotrexate include some lower abdominal 
discomfort and bloating and transient elevation of liver function 
tests. After methotrexate, serum hCG is routinely measured 4 and 
7 days later and once or twice weekly thereafter until negative. 
Although a fall by day 4 is a useful predictor of future success33 
the main initial assessment of success is a fall in hCG concentra-
tions from day 4 to day 7 of greater than 15%.32 If this fall has 
not occurred, further management, generally a repeat injection of 
methotrexate, is indicated. Around 15% of patients will require 
a repeat dose and 10% will require surgery, although this is gen-
erally for failure of the hCG to adequately fall rather than acute 
tubal rupture.9,32,34

As some EPs will resolve spontaneously without risk to the 
patient there is a role for expectant management with serial hCG 
assessment in some cases. This is most effective if the initial hCG 
level is low (< 1000 IU/L) and is consistently falling,9,32 particu-
larly if this is associated with a low serum progesterone concentra-
tion.4 The follow-up regimen mirrors that of medical management 
and it is successful in up to 80% of suitable patients with the others 
requiring medical or surgical intervention.

After an EP, the risk of a future EP is increased to around 18% 
and an early location scan in any future pregnancy is indicated.

That risk will fall to approximately 5% if the next pregnancy is 
intrauterine and triple if the next pregnancy is also an EP.4 With 
regards to fertility, if the tube is removed or blocked as a result of 
the EP there will be a reduction in fertility. Fertility on the month 
where the egg is released on the damaged side will be reduced 
so it will take longer to become pregnant although most women 
will achieve a pregnancy before referral to an infertility clinic is 
indicated.

A very important, and difficult to diagnose, EP is a hetero-
topic pregnancy that is the coexistence of an EP with an intrau-
terine pregnancy. It occurs in 1/40,000 spontaneous pregnancies 
although the incidence is increased after IVF.35 As serial hCG 
assessment is not useful, the diagnosis is generally scan based and 
the key elements are clinical suspicion and not delaying surgical 
management because of the coexisting intrauterine pregnancy. As 
medical management is not possible, and expectant management 
cannot be monitored, treatment is surgical.

Although 98% of ectopic pregnancies are in the Fallopian 
tube, the 2% in other sites cause management difficulties.36 
Implantation can occur in the cervix, caesarean delivery scar, 
ovary, peritoneal cavity, and interstitial portion of the Fallopian 
tube. In these cases, the EP can progress further and become 
increasingly vascularized before rupture with an increased risk of 
catastrophic intraperitoneal bleeding. The standard investigative 
pathways can diagnose these unusual ectopic pregnancies but sur-
gical management is more complex and the risk of hysterectomy 
is increased.36 As they are rare, intervention is individualized and 
although this may involve surgery, direct injection of drugs into 
the EP to interrupt its growth, or embolization, systemic metho-
trexate, with one or more repeated doses as an inpatient, is the 
most common initial strategy in the stable patient. The increased 
risk of future EP is difficult to quantify but an early location scan 
is indicated in subsequent pregnancy.

Box 32.3  Criteria to assess suitability for medical management 
of ectopic pregnancy

Clinical features

◆	 Clinically stable with minimal pain.

Scan features

◆	 Adnexal mass < 35 mm diameter
◆	 No more than minimal free fluid
◆	 No fetal cardiac activity within the EP.

Serum hCG concentrations

◆	 Ideally hCG < 3000 IU/L
◆	 No significant anaemia
◆	 Normal renal and liver function.

Patient features

◆	 Prefers medical option
◆	 Able to attend prolonged follow-up
◆	 No active peptic ulcer disease
◆	 No concurrent potentially nephrotoxic or hepatotoxic 

medication.
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Recommendation on future mode of delivery will depend on the 
site of the EP, nature of surgery, and the risk of uterine rupture dur-
ing labour.

Anaesthesia for EPs can be challenging as there may be sig-
nificant blood loss into the peritoneum. Large-bore intravenous 
access should be secured and blood available. A rapid sequence 
induction is indicated. The surgeon should be scrubbed ready 
to start the procedure before the patient is anaesthetized as 
suxamethonium will cause paralysis of the rectus muscles and 
resultant loss of tamponade with subsequent bleeding. Profound 
hypotension may ensue, so rapid surgical access to the source 
of bleeding, and ligation of the appropriate vessels is indicated. 
Cell salvage is an underused technique in this area and should 
be considered.

Hyperemesis gravidarum
Seventy per cent of women experience nausea and vomit-
ing in pregnancy and hyperemesis affects up to 2% of pregnant 
women. This is an extreme form of persistent vomiting associated 
with dehydration, ketonuria, and a loss of 5% of pre-pregnancy 
weight.37 It is important that other causes of nausea and vomit-
ing, such as urinary tract infection, diabetic ketoacidosis, hyper-
parathyroidism, cholecystitis, or small bowel obstruction, are 
considered. Severe cases can have electrolyte imbalance, vitamin 
deficiency, thyroid and liver dysfunction, and coagulation defects. 
Management is often supportive (Box 32.4) and symptoms usually 
peak around 9 weeks’ gestation and subside in the second trimes-
ter.38 Although there are links with reduced birthweight, women 
should be reassured about fetal development.38

Molar pregnancy
Gestational trophoblastic disease (GTD) is a group of disorders 
consisting of complete and partial molar pregnancies and malig-
nant conditions such as invasive mole and choriocarcinoma. 
Overall, the incidence of GTD in the United Kingdom is approxi-
mately 1/750 live births.39 The incidence of GTD increases with 
age progressively over the age of 40 and women from Asia have 
double the risk of GTD than non-Asian women.

There is an effective supraregional registration programme for 
GTD in the United Kingdom and monitoring and treatment is 
managed nationally.

Complete moles are diploid but both sets of chromosomes are 
paternal in origin resulting either from duplication of the male 
pronuclei (75%) or dispermic fertilization (25%) with loss of the 
female pronuclei.39 Paternally imprinted genes regulate placental 
development and there is no evidence of fetal tissue. Partial moles 
are generally triploid with two sets of paternal chromosomes as a 
result of dispermic fertilization and there is usually evidence of 
fetal tissue.

Although GTD can present with hyperemesis, hyperthyroid-
ism, early pre-eclampsia, large uterine size, or metastasis, most 
molar pregnancies present in the first trimester of pregnancy with 
irregular vaginal bleeding.40 Although ultrasound examination 
can suggest the diagnosis at presentation (Figure 32.4), definitive 
diagnosis is made by histological examination of the products of 
conception when suspicion has been raised.39

The recommendation that tissue from all failed pregnancies is 
examined for molar change is difficult to achieve in practice, but 
products from repeat evacuations should undergo histological 
assessment.

Suction curettage is the method of choice for the evacuation of 
molar pregnancy except in partial moles with a fetus over 14 weeks 
in size where medical evacuation of the uterus may be required. 
Surgical expertise is important because of the increased risk of 
excessive bleeding and the need to completely empty the uterus. 
As well as histological analysis, tissue may need to be sent, with 
paired parental blood samples if possible, for cytogenetic analy-
sis. Although there is a theoretical risk of trophoblast emboliza-
tion after prolonged prostaglandin use, preparation of the cervix 
immediately prior to evacuation is safe although the use of an 
oxytocic prior to evacuation is not recommended.39

Follow-up of GTD is by serial monitoring of hCG for 6 months 
from the evacuation of the uterus or from normalization of hCG, 
when this has taken more than 56 days. Follow-up is arranged 
through supraregional centres. Women should be advised not 
to conceive until their follow-up is complete although hormonal 
contraception before hCG has normalized may slow resolution. 
The need for chemotherapy following a complete mole is 15% and 
following a partial mole is 0.5% and there is an excellent cure rate 
even with metastatic disease. The risk of further GTD is 1 in 80 and 
hCG monitoring is required after any subsequent pregnancy.39,40

Box 32.4  Management of hyperemesis gravidarum

Lifestyle

◆	 Ginger
◆	 Small frequent light meals.

Fluid and electrolyte replacement

◆	 Avoid dextrose-containing fluids
◆	 Potassium replacement usually required.

Antiemetic therapy

◆	 Regular prescription
◆	 Intramuscular or intravenous initially with oral or rectal 

maintenance
◆	 Combination drugs may be required:

•	 First line:  one or two of prochlorperazine, cyclizine, or 
metoclopramide

•	 Second line: addition of ondansetron

•	 Third line: glucocorticoids.

Nutrition

◆	 Nil by mouth progressing to frequent small intake
◆	 Clear fluids initially
◆	 Dietetic involvement
◆	 Total parental or enteral nutrition in extreme cases.

Additional treatment

◆	 Vitamin supplementation (thiamine)
◆	 Thromboprophylaxis.
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Important issues in early pregnancy care
Quality care provision
The CMACE enquires into maternal death highlight the need for 
clear documentation, communication and management planning, 
and the success of EPAUs. The biggest challenge in reducing mor-
bidity and mortality associated with early pregnancy problems is 
increasing the access of disadvantaged women and minority eth-
nic groups to timely care.27

Anti-D administration
As rhesus isoimmunization can occur after early pregnancy prob-
lems, there are some circumstances where women who are rhesus 
negative require anti-D prophylaxis.41 All women who have a sur-
gical procedure to manage an EP or miscarriage should be offered 
anti-D at a dose of 50 mcg (250 IU) as soon as possible but within 
72 hours. In the first trimester of pregnancy, a Kleihauer test is 
not needed to quantify fetomaternal haemorrhage and anti-D 
is not required for threatened, incomplete, or complete miscar-
riage. Anti-D may not be required after the medical management 
of miscarriage or EP but guidelines differ9,41 and prophylaxis is 
often given.

Sensitive disposal of pregnancy tissue
It is important that there are clear pathways for the appropriate 
disposal of tissue from pregnancy losses whether or not fetal tis-
sue can be identified.42 In recognition of the sensitivity around 
early pregnancy loss it is no longer considered acceptable for preg-
nancy tissue to be disposed of by clinical waste incineration. In 
the United Kingdom, the minimum standard is collective disposal 
in a crematorium or collective burial where such disposal is not 
available. Women may decline this disposal and are free to make 
alternative arrangements if they wish.

Guidelines
There are excellent national guidelines available in the United 
Kingdom for the assessment and management of early pregnancy 
problems (Box 32.5).

Conclusion
The management of early pregnancy problems involves an aware-
ness of normal pregnancy and early pregnancy problems, and 
their investigation and treatment which may be surgical or medi-
cal. The multidisciplinary team involved in the care of women 
with these problems includes primary care, radiographers, mid-
wives, nurses, gynaecologists, and reproductive medicine spe-
cialists. The anaesthetist is also a key member of the team as they 
often have to provide anaesthesia for evacuation of the products of 
conception or ectopic pregnancies in women who may be hypo-
volaemic and an understanding of the physiology and pathology 
surrounding their care is therefore essential.
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CHAPTER 33

Prematurity, multiple gestation, 
and abnormal presentation
Oonagh Keag and E. Sarah Cooper

Preterm labour and delivery
Preterm labour is defined as the onset of regular contractions 
accompanied by cervical change prior to 37 completed weeks 
of gestation. Preterm delivery is defined by the World Health 
Organization as delivery between 20 and 37 weeks of gestation.

In high-income countries, the incidence of preterm birth is esti-
mated at 6–10% of all births1 and has remained unchanged over 
the last four decades despite intensive antenatal care programmes 
aimed at high-risk groups, the widespread use of pharmacological 
agents to inhibit preterm birth (tocolytics), and a series of other 
preventive and therapeutic interventions.

Prematurity remains a leading cause of neonatal morbidity 
and mortality in developed countries, accounting for 60–80% of 
deaths of infants without congenital anomalies.2 Survival rates 
continue to improve with advances in neonatal intensive care 
but are very much dependent on gestational age and birth weight 
with smaller and earlier gestation infants carrying a higher risk of 
long-term morbidity or mortality. Mortality increases from about 
2% for infants born at 32 weeks of gestation to more than 90% for 
those born at 23 weeks of gestation.3

Short-term morbidities associated with preterm delivery include 
respiratory distress syndrome, intraventricular haemorrhage, 
periventricular leucomalacia (brain injury involving necrosis of 
white matter around fluid-filled areas), necrotizing enterocolitis, 
bronchopulmonary dysplasia, sepsis, and patent ductus arterio-
sus. Long-term morbidities include cerebral palsy, mental retarda-
tion, and retinopathy of prematurity. Cerebral palsy is defined as 
a non-progressive motor disorder and complicates approximately 
two per 1000 of all live births. Causes may be attributed to ante-
natal, intrapartum (10% of cases), or postnatal events, though in 
many cases there is no identifiable cause. The relative risk for a 
preterm infant developing cerebral palsy is nearly 40 times that 
for term infants. Approximately 8–10% of surviving newborns 
weighing less than 1000 g at birth will develop cerebral palsy. 
These infants also have substantially higher rates of mental retar-
dation and visual disabilities, as well as neurobehavioral dysfunc-
tion and poor school performance.2,4

Preterm birth may have huge psychosocial and emotional effects 
on the family, as well as being costly for health services.

Aetiology
About two-thirds of preterm births result from spontaneous preterm 
labour or preterm premature rupture of the membranes (PPROM), 
with the remainder iatrogenic due to medical interventions for 

maternal or fetal indications such as pre-eclampsia or severe intra-
uterine growth restriction.2 One in five preterm births is associated 
with multiple pregnancy, and these have been greatly increased by 
assisted reproduction techniques.5

The pathophysiology of preterm labour is poorly understood, 
but infection is thought to play a major role, present in 40% of 
preterm deliveries. Infection is often subclinical and can occur 
spontaneously within the amniotic sac or can originate in another 
system such as the urinary or genital tract and cause intrauter-
ine infection or spontaneous PPROM and subsequent chorioam-
nionitis. Organisms that have been associated with histological 
chorioamnionitis include Ureaplasma urealyticum, Mycoplasma 
hominis, Gardnerella vaginalis, peptostreptococci, and Bacteroides 
species.6 Positive amniotic fluid cultures increase the risks of neo-
natal sepsis, respiratory distress syndrome, chronic lung disease, 
periventricular leucomalacia, intraventricular haemorrhage, and 
cerebral palsy.7–9

The presence of subclinical infection is associated with increased 
production of various cytokines in the amniotic fluid particularly 
tumour necrosis factor alpha, interleukin (IL)-lβ, -6, and -8, with 
subsequent activation and production of prostaglandins F2α and 
E2 resulting in uterine contractions. It is thought that the micro-
organisms gain access to the amniotic fluid and fetus by ascending 
from the vagina through the cervix and into the choriodecidual 
space during pregnancy.10

Bacterial vaginosis is a common condition where due to pH 
imbalance there is overgrowth of certain vaginal commensal bac-
teria causing a malodorous off-white vaginal discharge. This con-
dition is associated with preterm labour and if discovered during 
pregnancy should be treated with a course of metronidazole.

Chlamydia trachomatis infection has also been associated with 
preterm delivery, and in Scotland, women under the age of 25 are 
routinely screened for this at the antenatal booking appointment 
using first-void urine or a self-taken low vaginal swab. Women 
and their partners are treated as necessary, usually with azithro-
mycin. Contact tracing is arranged and repeat testing (‘test of 
cure’) performed.

Urinary tract infections (UTIs) during pregnancy increase the 
risk of pyelonephritis, and are associated with preterm labour. It 
has been suggested that as many as 40% of preterm births may 
be attributable to untreated UTIs.11 For this reason, any pregnant 
woman with symptoms or urinalysis suggestive of a UTI must be 
treated promptly with appropriate antibiotics.

Aside from infection and multiple pregnancy, there are other 
predisposing factors for preterm labour. These can be divided into 
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various categories, as seen in Table 33.1. Maternal factors include a 
past history of preterm labour, uterine abnormalities such as bicor-
nuate uterus, trauma, abdominal surgery during the pregnancy, or 
acute or chronic systemic disease. Other risk factors in this cate-
gory include extremes of age (<17 or >35 years), low socioeconomic 
status, low prepregnancy body mass index (BMI), tobacco use, and 
substance misuse. Observational studies of working conditions, 
for example, long working hours (>35 hours/week) and high-stress 
jobs, have had conflicting results but despite many confound-
ing factors, these conditions are thought to be associated with an 
increased risk of preterm labour.2 Fetal factors predisposing the 
woman to preterm labour include intrauterine growth restriction, 
genetic abnormalities, and fetal death. Obstetric factors include 
persistent bleeding throughout the pregnancy, incompetent cer-
vix (this could be secondary to previous large loop excision of the 
transformation zone treatment for abnormal smears), abnormal 
placentation, PPROM, and polyhydramnios.12–14

It is important to note that PPROM does not always lead to pre-
mature labour, but occasionally labour is induced or expedited if 
there are concerns for maternal or fetal well-being. Close monitor-
ing of these patients in the form of maternal temperature, white 
cell count, C-reactive protein, and high vaginal swabs is essential 
to make an informed decision of when to intervene. These patients 
are also prescribed prophylactic antibiotics.15 Guidelines produced 
by the Royal College of Obstetricians and Gynaecologists (RCOG) 
recommend that erythromycin should be given for 10 days fol-
lowing the diagnosis of PPROM.16 A meta-analysis of 22 trials has 
shown the use of antibiotics following PPROM is associated with 
a statistically significant reduction in chorioamnionitis, in the 
numbers of babies born within 48 hours, and a reduction in neo-
natal infection.17 In the presence of Group B Streptococcus infec-
tion, penicillin should be administered 4-hourly.

Cervical cerclage
For those patients with a history of three or more previous 
midtrimester losses or preterm births, the RCOG recommends 

‘history-indicated’ cervical cerclage. This is a transvaginal cer-
vical suture inserted electively at 12–14 weeks as a prophylactic 
measure. For patients with a history of one or more midtrimester 
losses or preterm deliveries, transvaginal scans can be arranged 
to assess the cervical length between 14 and 24 weeks’ gestation. 
If there is evidence of shortening of the cervix, that is, if the cer-
vix is 25 mm or less, ‘ultrasound-indicated’ cervical cerclage may 
be offered to prevent preterm labour. In women with a previous 
failed transvaginal cerclage, insertion of a transabdominal cer-
clage via laparotomy or laparoscopy may be considered and this 
may be performed preconceptually or in early pregnancy. ‘Rescue 
cerclage’ may be indicated as a salvage measure in the case of pre-
mature cervical dilatation with exposed fetal membranes in the 
vagina. The decision to insert a rescue cerclage will depend on the 
presentation and the gestation of the pregnancy, as it poses the risk 
of severe preterm delivery and neonatal mortality and morbidity. 
Rescue cerclage may delay delivery by a further 5 weeks on average 
compared with expectant management alone, but the risk of cer-
clage failure increases with cervical dilatation. Cervical cerclage is 
not recommended in multiple pregnancy.18 Other contraindica-
tions to cervical cerclage include active preterm labour, evidence 
of chorioamnionitis, continuing vaginal bleeding, and PPROM.

Anaesthesia for cervical cerclage
Both general and spinal anaesthesia are appropriate for cervical 
cerclage. Many women are understandably anxious due to their 
poor obstetric history and therefore opt for general anaesthesia 
(GA). As these operations are carried out in the first trimester, a 
laryngeal mask can be used unless there is a contraindication. Most 
anaesthetists would use a total intravenous technique although 
there is no reason why an inhalational technique is not acceptable 
or safe as none of the agents are teratogenic. Other women prefer 
to be awake and the procedure can be done with a low-dose spinal 
technique (2.0 mL 0.5% heavy bupivacaine). Postoperative pain is 
not severe and intrathecal opiates are not indicated.

If a mini-laparotomy is performed for an abdominal approach 
to cervical cerclage, a GA is indicated with muscle paralysis to 
facilitate the surgery which is often challenging for the obstetri-
cian. At the end of the procedure, some units use a non-steroidal 
anti-inflammatory drug (NSAID), indomethacin 100 mg, two 
doses at 12-hourly intervals, to prevent premature labour. NSAIDs 
are cyclooxygenase (COX) inhibitors and prevent prostaglandins 
synthesis, thus preventing uterine contractions. The woman is 
confined to bed for a further period and therefore anticoagulation 
should also be prescribed.

Diagnosis of preterm labour
For any woman admitted with suspected preterm labour, the accu-
racy of the expected date of delivery should be re-checked espe-
cially at extremes of gestational age below 24 weeks. Clinically, 
the diagnosis of preterm labour is made when there are regular 
painful, palpable contractions, lasting longer than 30 seconds, 
accompanied by evidence of a change in the position, consistency, 
length, and/or dilatation of the cervix. This is determined by ster-
ile speculum examination initially if there is suspected rupture of 
membranes, followed by digital vaginal examination if there is a 
strong suspicion that the woman may be in labour.19

When preterm labour is established, a diagnostic workup should 
include the assessment of any risk factors that could be modified 
together with a complete medical history, a thorough physical 

Table 33.1  Causes of preterm labour

Maternal factors Fetal factors Obstetric factors

Past history of preterm labour Genetic 
abnormalities

Recurrent antepartum 
haemorrhage

Uterine abnormalities Fetal death Cervical incompetence

Trauma Multiple 
pregnancy

Abnormal placentation

Abdominal surgery Preterm premature 
rupture of membranes

Acute or chronic systemic 
disease

Polyhydramnios

Age < 17 or > 35 years

Low socioeconomic status

Low prepregnancy BMI

Smoking or substance misuse

Working hours > 35/week

High-stress jobs
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examination, ultrasound assessment of fetal growth, morphology, 
well-being and presentation, together with infectious screening 
(high vaginal swab, midstream sample of urine) and blood screen-
ing (white cell count, C-reactive protein). Fetal heart rate monitor-
ing should be commenced and any acute causes of preterm labour 
excluded such as placental abruption or sepsis.

In uncertain cases when membranes are intact, fetal fibronec-
tin (FFN) testing may be performed. FFN is a glycoprotein found 
in high concentrations in the placenta and amniotic fluid. FFN is 
detectable in the cervicovaginal secretion in about 4% of pregnant 
women after 20 gestational weeks, possibly reflecting transudation 
of amniotic fluid or disruption of the choriodecidual interface.20 
FFN is most sensitive when measured before 34 weeks’ gestation 
with a sensitivity of predicting preterm birth ranging from 21 to 
94% (median 80%).21 If FFN is absent (negative test result), the 
risk of preterm delivery within 1 or 2 weeks is less than 1%, and 
the patient can be reassured.22

Management
Once the diagnosis of preterm labour is established, the woman 
must be admitted to an obstetric unit with facilities for resusci-
tating and managing a preterm infant. In some cases, depending 
on the gestational age and if time allows, an in utero transfer is 
required. If delivery is thought to occur within the next few days, 
corticosteroids should be administered to the mother. A Cochrane 
review of 21 studies (3885 women and 4269 infants) showed that 
treatment of women at risk of preterm birth with a single course 
of antenatal corticosteroids reduced the risk of neonatal death by 
31% (95% confidence interval (CI) 19–42%), respiratory distress 
syndrome by 44% (95% CI 31–57%), and intraventricular haem-
orrhage by 46% (95% CI 31–67%). Antenatal corticosteroid use is 
also associated with a reduction in necrotizing enterocolitis, res-
piratory support, intensive care admissions, and systemic infec-
tions in the first 48 hours of life compared with no treatment or 
treatment with placebo.23 The recommended dose is two doses of 
betamethasone 12 mg, 24 hours apart or four doses of dexametha-
sone 6 mg, 12 hours apart by intramuscular injection. Antenatal 
corticosteroids have been shown to have effect if administered 
between 24 and 34 + 6 weeks gestation. The decision to adminis-
ter corticosteroids between 23 and 23 + 6 weeks should be made 
at a senior obstetric level in conjunction with the parents and 
the neonatologists after a full discussion of survival rates and a 
sonographic measurement of estimated fetal weight. The evidence 
shows that a single course of antenatal corticosteroids does not 
appear to be associated with any significant short-term maternal 
or fetal adverse effects.24

As mentioned above, if the membranes have ruptured, anti-
biotics are recommended. Randomized controlled trials and a 
meta-analysis have concluded that antibiotics prolong pregnancy 
and reduce maternal and neonatal morbidity.15, 25 There is insuf-
ficient evidence that antibiotics are useful when the membranes 
are intact.26

The gestation at which delivery should be considered following 
PPROM remains a contentious issue. A balance must be struck 
between the neonatal morbidity risk (mainly respiratory) of 
immediate delivery and the increasing risk of chorioamnionitis 
with expectant management. Randomized controlled trials are in 
progress but the current RCOG guideline recommends considera-
tion of delivery at 34 weeks’ gestation.16

Tocolysis
Tocolysis is a method of suppressing uterine contractions to pro-
long pregnancy. This is particularly important in women at very 
early gestations or in women who require transfer to a tertiary 
obstetric unit with appropriate neonatal facilities. However, it 
may not always be appropriate to prolong pregnancy, for example, 
in the presence of intrauterine infection or placental abruption 
where prolonging pregnancy could be hazardous to the mother or 
her baby. A systematic review has shown that tocolytic drugs are 
associated with prolonging pregnancy for up to 7 days but with no 
significant effect on preterm birth and no clear effect on perinatal 
or neonatal mortality or morbidity.27 RCOG guidelines state that 
they should be considered to allow time to complete a course of 
corticosteroids or an in utero transfer.28 There is insufficient evi-
dence to support the use of tocolytic drugs in multiple pregnancy 
or in cases of PPROM.

A range of tocolytic agents have been used to inhibit preterm 
labour and postpone preterm birth (and are the topics of Cochrane 
systematic reviews) including nitric oxide donors glyceryl trini-
trate,29 calcium channel blockers (commonly nifedipine),30 
betamimetics,31 magnesium sulphate,32 COX inhibitors,33 and 
oxytocin receptor antagonists (atosiban).

The popularity of the betamimetics, ritodrine and terbuta-
line, for tocolysis has declined in recent years and ritodrine 
has been withdrawn from UK and US markets. In the United 
Kingdom, terbutaline is only indicated for external cephalic ver-
sion (ECV) or when the uterus is hypertonic usually as a result of 
Syntocinon® (oxytocin) overstimulation. In addition to its beta-2 
effects on smooth muscle causing bronchial and uterine relaxa-
tion, it also causes vasodilatation and hypotension. Beta-1 effects 
include tachycardia and arrhythmias which limit its usefulness. 
Life-threatening pulmonary oedema has also been reported.

According to the RCOG guidelines, atosiban and nifedipine 
have comparable effectiveness in delaying preterm birth for up to 
7 days. These both have fewer side effects and nifedipine has the 
advantage of oral administration and low cost. The use of mul-
tiple tocolytic drugs is associated with a higher risk of adverse 
effects and so should be avoided.34 A  recent systematic review 
and meta-analysis looked at data from 95 randomized controlled 
trials and found that prostaglandin inhibitors and calcium chan-
nel blockers had the highest probability of delaying delivery and 
improving neonatal and maternal outcomes.35 Table 33.2 displays 
the different tocolytics available, their mode of action, contraindi-
cations, and salient maternal and neonatal side effects.

Magnesium sulphate
For women in suspected preterm labour under 30 weeks’ gesta-
tion, a 2011 RCOG Scientific Impact Paper36 has recommended 
the use of magnesium sulphate as neuroprotection for reduction 
of the incidence of cerebral palsy and motor deficits. A  loading 
dose of 4 g is recommended, followed by an infusion of 1 g per 
hour for 24 hours or until delivery, whichever occurs soonest. Side 
effects include facial flushing, chest pain, palpitations, nausea, 
transient hypotension, sedation, and blurred vision.37,38 These 
may be exaggerated if the woman is also taking calcium chan-
nel antagonists. Absolute contraindications to the use of magne-
sium sulphate include myasthenia gravis and heart block. Relative 
contraindications include underlying renal disease and recent 
myocardial infarction. Pulmonary oedema has been reported in 
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approximately 1% of women treated with magnesium sulphate. 
Because of the potential risk of fluid overload, periodic assessment 
of fluid intake and output is essential.39 Magnesium can fortui-
tously cause uterine relaxation, useful if there is also premature 
labour.

Delivery
The method of delivery of the preterm infant depends on the aeti-
ology of the preterm labour, the gestation, and presentation and 
the decision should be made in conjunction with the parents and 
the neonatology team. Often in iatrogenic cases, for example, if 
delivery is indicated for severe intrauterine growth restriction, 
induction of labour is not possible either due to malpresentation 
or the presence of features of fetal distress on cardiotocographic 
(CTG) monitoring. In such cases, a caesarean delivery would be 
the most appropriate method of safe delivery of the preterm infant.

In established spontaneous preterm labour where the presenta-
tion of the fetus is cephalic, and there are no concerns about fetal 
heart rate monitoring, the woman is encouraged to deliver vagi-
nally. It must be noted though, that preterm infants, and especially 
very early preterm infants, are more vulnerable to trauma during 
delivery than fetuses at term. They are far more likely to suffer 
soft tissue damage, neurological injury, and traumatic intracra-
nial haemorrhage than term infants.39 For this reason, the fetal 
heart rate should be monitored closely and special care should be 
taken not to traumatize these infants, for example, by avoiding 
the use of ventouse and fetal scalp electrodes where at all possible, 
especially under 34 weeks’ gestation. Forceps are also generally 
avoided but in the past were used to protect the fetal skull from 
sudden decompression when exiting the genital tract. In the inci-
dence of suspected fetal distress, fetal blood sampling is not used 
as the preterm fetus has more fragile skull bones, and is less able to 
cope with acidosis and so immediate delivery is indicated.

Analgesia and anaesthesia for preterm delivery
As with a woman labouring at term, women in established pre-
term labour may also request an epidural. During preterm labour, 
an epidural is advantageous in providing a relaxed pelvic floor 

and perineum to facilitate a smooth controlled delivery of the 
more vulnerable preterm vertex, and in inhibiting inappropriate 
maternal expulsive efforts prior to complete cervical dilatation. 
In addition, it is thought that epidural analgesia decreases mater-
nal concentrations of catecholamines and in some patients it may 
improve uteroplacental perfusion.40

If a caesarean is indicated, and as long as there were no con-
traindications, neuraxial anaesthesia is the technique of choice. 
The drugs used in GA cross the placenta and may further depress 
the already compromised preterm infant.41 Pre-eclampsia is one 
of the commonest causes of premature delivery and GA in these 
patients can be even more hazardous due to the hypertensive 
response to laryngoscopy which can result in myocardial ischae-
mia or cerebral haemorrhage, and potential difficult intubation 
due to laryngeal oedema. Further, if magnesium has been used 
as a prophylaxis against eclampsia prior to GA, as it is a calcium 
antagonist, it prevents release of acetyl choline at the neuromus-
cular junction and has the potential for prolonged neuromuscular 
blockade. If muscle relaxants are used, a smaller dose is required 
and neuromuscular monitoring performed particularly when 
reversal is attempted. Prolonged neuromuscular block may be 
exacerbated by combining magnesium with nifedipine.42

A spinal or combined spinal–epidural (CSE) can be used for 
most operative deliveries where the fetus is premature. A larger 
dose of local anaesthetic is necessary to achieve the desired block 
height. This is due to the smaller fetus causing less uterine com-
pression of the vena cava and engorgement of the epidural blood 
vessels. The subarachnoid and epidural spaces have thus larger 
volumes than with the term fetus and require more volume of 
local anaesthetic to spread to the appropriate height. Magnesium 
can cause vasodilatation and if neuraxial anaesthesia is employed, 
hypotension may occur and should be prevented with suitable 
vasopressors.

Key points

◆	 Preterm labour is a common cause of neonatal morbidity and 
mortality.

Table 33.2  Properties and side effects of tocolytics

Tocolytic Mode of action Contraindications Maternal side effects Fetal or neonatal side effects

Terbutaline Beta-agonist Cardiac arrhythmias Tachycardia, tremor, cardiac 
arrhythmias, pulmonary oedema, 
myocardial ischaemia

Fetal tachycardia, hyperinsulinaemia, 
hypoglycaemia

Nifedipine Calcium channel 
blocker

Cardiac disease, 
hypotension. Caution 
if concomitantly with 
magnesium sulphate

Flushing, headache, dizziness, nausea, 
hypotension

Atosiban Oxytocin antagonist Nausea, headache, dizziness, 
tachycardia

Magnesium 
sulphate

Myosin light chain 
inhibitor

Myasthenia gravis Flushing, lethargy, headache, muscle 
weakness, diplopia, pulmonary 
oedema, cardiac arrest

Lethargy, hypotonia, respiratory depression

Indomethacin NSAID Late pregnancy, hepatic or 
renal impairment

Nausea, reflux Constriction of ductus arteriosus, 
pulmonary hypertension, impaired renal 
function, intraventricular haemorrhage
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◆	 Transfer to a neonatal unit with appropriate facilities is key.
◆	 Tocolysis may be useful to enable transfer or administration of 

corticosteroids.
◆	 Chorioamnionitis is a significant complication and antibiotic 

prophylaxis is essential.
◆	 Neuraxial anaesthesia is generally preferred where possible.
◆	 Local anaesthetic requirements are increased.

Multiple gestation
The incidence of multiple pregnancy is rising, mainly as a result 
of increasing assisted reproduction techniques including in vitro 
fertilization. Currently, the rate of twins is about 1/67 births, tri-
plets 1/5000, and quadruplets 1:360,000.43 This chapter will focus 
mainly on twin pregnancy. Triplets and higher-order multiples 
are generally delivered by elective caesarean delivery.

Twin pregnancies are described according to the number of ova 
originally fertilized (zygosity) and the number of placentae (chori-
onicity). Two-thirds of twin pregnancies are dizygotic, where two 
separate ova are fertilized by two separate sperm resulting in two 
separate gestational sacs with two placentas—they are dichorionic 
and diamniotic. These twins may be of different sex. Monozygotic 
twins result from the division of a single embryo; therefore, these 
twins are genetically identical. The chorionicity will depend on 

the stage at which the embryo separates and this is demonstrated 
in Figure 33.1.44 Monozygotic twins can be diamniotic dichori-
onic, diamniotic monochorionic, monoamniotic monochorionic 
(1% of pregnancies), or, if the separation occurs later after 12 days, 
conjoined twins. The rate of dichorionic twins is 1/80, and the rate 
of monochorionic twins is 4/1000.

Diagnosis
The diagnosis of multiple pregnancy and determination of chorio-
nicity is best determined by ultrasound scan in the first trimester. 
Those scans with a ‘lambda’ or ‘twin-peak’ sign at the mem-
brane insertion are dichorionic. Those with a dividing membrane 
thicker than 2 mm are often dichorionic or indeed if there are dif-
ferent sex fetuses, they are dichorionic.45

Management of twin pregnancy
Twin pregnancies are high-risk pregnancies requiring 
consultant-led antenatal care which should include regular 
growth scans. The RCOG has produced Study Group guidelines 
outlining the careplan each woman with twin pregnancy should 
follow.46 The first scan at 10–13 weeks should determine viabil-
ity, chorionicity, and nuchal translucency to assess risk of aneu-
ploidy. Women with a dichorionic twin pregnancy will then have 
a structural anomaly scan at 20–22 weeks’ gestation. Following 
this, serial fetal growth scans will be performed from 24 weeks 

Identical (monozygotic) Non-identical (dizygotic)

Two ova
Two sperms

Dichorionic, diamniotic and dizygotic

Rare

Very
rare

One ovum
One sperm

Division < day 3

Division day 4–8

Division day 9–A3

Late, incomplete
division

Dichorionic, diamniotic but monozygotic (DCDA)

Monochorionic, diamniotic (MCDA)

Monochorionic, monoamniotic (MCMA)

Conjoined twins

Figure 33.1  Mechanisms of twinning.
Reproduced with permission from Lawrence Impey and Tim Child, Obstetrics and Gynaecology, Thirteenth Edition, John Wiley & Sons, Oxford, UK, Copyright © 2012.
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at 4-weekly intervals. Blood pressure monitoring and urinaly-
sis should be performed at 20, 24, and 28 weeks’ gestation and 
fortnightly thereafter. Elective delivery is recommended at 37–38 
completed weeks’ gestation.

For monochorionic twin pregnancies, monitoring is more fre-
quent due to an increased risk of complications. Following the 
initial scan at 10–13 weeks’ gestation, ultrasound surveillance 
begins at 16 weeks’ gestation and 2-weekly thereafter, to highlight 
any growth discordance or twin-to-twin transfusion syndrome 
(TTTS; see ‘Complications of Monochorionic Twin Pregnancy’). 
The structural anomaly scan at 20–22 weeks will also include a 
fetal echocardiogram. As with dichorionic twins, blood pressure 
monitoring and urinalysis should be performed at 20, 24, and 28 
weeks of gestation and fortnightly thereafter. Elective delivery is 
recommended at 36–37 completed weeks of gestation in uncom-
plicated monochorionic twin pregnancies.

Complications
There is a higher risk of obstetric complications associated with 
multiple pregnancy and these can be classed as fetal or maternal, 
as demonstrated by Table 33.3.

Complications of monochorionic twin pregnancy
A completely separate but serious complication of monochorionic 
twin pregnancy is TTTS. This affects about 10–15% of monocho-
rionic twins and left untreated has an 80% mortality rate.47 It is 
caused by placental vascular anastomoses which result in transfu-
sion of blood from the ‘donor’ twin to the ‘recipient’ twin. As a 
result, the donor twin becomes hypovolaemic, anaemic, and devel-
ops growth restriction and oligohydramnios. The recipient twin 
becomes hypervolaemic and polycythaemic with a large bladder 
and polyhydramnios. There may be evidence of fetal hydrops in 
this twin (ascites, pleural and pericardial effusions). The mother 
may present with a sudden increase in swelling of her abdomen 
or breathlessness, and urgent ultrasound is advised. Treatment 
options for TTTS include laser ablation of the placental anasto-
moses, selective feticide, serial amnioreductions, or septostomy 
which allows equilibration between the two amniotic sacs. In the 
incidence of death of a co-twin in a monochorionic pregnancy, an 
acute TTTS can occur, causing a high risk of death or neurological 
damage in the surviving twin of up to 50%.

A further complication specific to monochorionic twin preg-
nancy is twin reversed arterial perfusion sequence (TRAP). This 
occurs when one twin is acardiac but continues to be partially 

perfused through vascular connections from the surviving twin. 
This is a rare complication but one which has a high mortality for 
the donor twin, usually secondary to cardiac failure and prematu-
rity. Cord ligation has been beneficial in some cases.45

Monochorionic monoamniotic twins carry all the risk of com-
plications as already mentioned but with an additional risk of cord 
entanglement. This may hinder fetal movement and development 
and complicate labour. For this reason, it is recommended that all 
monochorionic monoamniotic twins are delivered by elective cae-
sarean delivery at 32 weeks’ gestation after corticosteroid admin-
istration.45 Conjoined twins also pose mechanical difficulties for 
labour and so are delivered by elective caesarean delivery at a time 
to suit the entire multidisciplinary team including obstetricians, 
anaesthetists, and paediatric surgeons.

Delivery of twins
It is recommended by the RCOG that dichorionic twins are deliv-
ered at 37–38 weeks’ gestation. If the presenting twin is cephalic 
and there are no other complications, a trial of vaginal delivery 
is encouraged but in some cases the mother may request elective 
caesarean delivery. Forty per cent of twin pregnancies have both 
twins in cephalic presentation at term.43

When a woman with twin pregnancy presents in labour or for 
induction of labour, an ultrasound scan should be performed 
to determine the lie and presentation of the twins. Intravenous 
access should be obtained with a large-bore cannula and a group 
and save sample should be taken due to the risk of postpartum 
haemorrhage. A Syntocinon® infusion should be prepared in 
advance in anticipation of uterine atony after delivery.

Fetal distress is more common when labouring with a twin preg-
nancy, and fetal distress in twin two is a concern, particularly after 
delivery of twin one.48 For this reason, continuous monitoring is 
essential throughout labour. Usually the presenting twin is moni-
tored via fetal scalp electrode and twin two is monitored abdomi-
nally. Once twin one has delivered vaginally, twin two must be 
‘stabilized’; this is where the midwife or obstetrician palpates the 
abdomen keeping the twin stable in a longitudinal lie. Vaginal 
examination and ultrasound will determine the presentation and 
station of the second twin. If fetal monitoring of the second twin 
remains reassuring, labour can be allowed to continue and as the 
twin descends into the pelvis, amniotomy can be performed. It is 
usual for contractions to become more infrequent after delivery 
of twin one and so an infusion of Syntocinon® should always be 
available. Providing there is no fetal distress of the second twin, 
there is no specified time to wait before commencing the infusion.

The management of fetal distress in twin two will depend on the 
presentation and station. If the presenting part is above the ischial 
spines or if there is transverse lie, a caesarean delivery is indicated. 
Caesarean delivery for twin two occurs in 10% of twin deliver-
ies.46 For this reason, some units choose to have mothers deliver 
in the operating theatre, or have a low threshold for transferring 
to theatre when the CTG is non-reassuring. Another option would 
be internal podalic version and total breech extraction. If twin two 
is cephalic and at the ischial spines or lower, instrumental delivery 
is indicated for fetal distress.

In uncomplicated monochorionic twin pregnancies, the RCOG 
recommends that women aim for vaginal delivery unless there is 
a clinical indication for caesarean delivery such as the presenting 
twin lying breech. Delivery should be planned for 36–37 weeks’ 

Table 33.3  Risks associated with multiple pregnancy

Maternal risks Fetal risks

Hyperemesis gravidarum

Anaemia

Pre-eclampsia

Gestational diabetes

Polyhydramnios

Placenta praevia

Antepartum and 
postpartum haemorrhage

Increased risk of miscarriage

Congenital abnormalities

Intrauterine growth restriction

Preterm labour—40% of twins deliver before 
37 weeks

Increased perinatal mortality

Increased intrauterine death

Increased risk of disability

Increased risk of cerebral palsy
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gestation.45 Continuous surveillance of both twins during labour 
is essential as there is a small risk of acute transfusion during 
labour. Some units deliver all monochorionic twins by planned 
caesarean delivery.

Analgesia and anaesthesia for twin delivery
For women opting for vaginal delivery of twins, epidural anaes-
thesia is strongly recommended. Twin labour and delivery can be 
unpredictable. Epidural anaesthesia will keep the mother com-
fortable during a possibly long labour and two deliveries which 
may require Syntocinon® augmentation, while being flexible in 
affording anaesthesia in cases requiring instrumental or caesar-
ean delivery. Anaesthetists should be aware that analgesic require-
ments may change rapidly according to fetal monitoring and 
presentation, particularly once twin one is delivered. It is strongly 
recommended that the anaesthetist stays within the vicinity of the 
patient delivering twins.

Whether elective or emergency, caesarean delivery may be per-
formed under spinal, epidural, or general anaesthesia. However, 
because of the increased uterine contents, both fetuses and amni-
otic fluid, there is a reduced dose requirement of local anaesthe-
sia. This is because the very gravid uterus compresses the vena 
cava, engorging the epidural vessels and creating effectively a 
space-occupying lesion in the epidural space. This squeezes the 
local anaesthetic cephalad and if the standard doses of local 
anaesthetic are used, the block can rise too high and cause signifi-
cant hypotension. although a recent study has challenged this.49

As with vaginal delivery, there is an increased risk of uterine 
atony and postpartum haemorrhage therefore all twin deliv-
eries should be followed by administration of a prophylactic 
Syntocinon infusion. If bleeding continues, further oxytocics may 
be requested by the obstetrician and in some cases, Bakri or Rusch 
balloon insertion may be required to tamponade the bleeding. In 
extreme cases emergency hysterectomy may be necessary. See 
Chapter 35 for more details.

Key points

◆	 Chorionicity should be determined early and antenatal care tai-
lored accordingly.

◆	 Twin pregnancies are high risk with many potential complica-
tions, especially when monochorionic.

◆	 Mode of delivery will depend on the lie of the presenting twin.
◆	 Epidural anaesthesia during labour is advised.
◆	 Local anaesthetic requirements are reduced.
◆	 Postpartum haemorrhage is a serious and common com-

plication and the necessary preparations should be made in 
anticipation.

Abnormal presentation
The presentation of a fetus is the portion of that fetus which over-
lies the pelvic inlet. This can be determined via abdominal palpa-
tion of the pregnant uterus, vaginal examination, or ultrasound. 
The presentation may be cephalic, breech, or shoulder. Cephalic 
presentations can be further divided into vertex, brow, and face 
presentation.

The lie of the fetus refers to the direction of the fetal spine in 
relation to the mother’s spine and can be longitudinal (in the 
majority of cases), transverse, or oblique. The lie of the fetus can 
also be classed as unstable, where it is constantly changing. The 
recommended method of delivery for transverse, oblique, and 
unstable lie is caesarean delivery. Abnormal lie and some breech 
presentations are associated with the risk of cord prolapse there-
fore all women are warned of this possibility and to present to 
hospital if membranes have ruptured. This obstetric emergency 
requires prompt delivery by caesarean delivery, usually under GA.

Abnormal cephalic presentations
The position of the fetus is determined by vaginal examination 
and describes the cranial sutures of the fetus in relation to the 
mother’s pelvis, for example, the occiput or posterior fontanelle 
will be anterior, posterior, or transverse. Occipito-posterior (OP) 
positions are associated with a longer and more painful labour and 
delay in the second stage. Epidural anaesthesia is strongly recom-
mended for OP labours as not only will it provide good analgesia 
but also anaesthesia for interventive deliveries which is common 
in OP presentations. Spontaneous vaginal delivery of this position 
occurs in one-third of primiparous and 55% of parous women,50 
but in prolonged second stage in OP or occipito-transverse posi-
tions, it may be necessary to transfer the woman to theatre for a 
trial of rotational instrumental delivery. If this is not successful 
or if the vertex is above the ischial spines, a caesarean delivery 
will be performed. Therefore, any neuraxial anaesthesia given for 
a trial of forceps in theatre should have a sufficient block to enable 
a caesarean delivery.

Face
Face presentation occurs in about 1/500 live births and 70–80% 
of these can be delivered vaginally.51 The success of this depends 
on the position of the chin. Mento-anterior positions (90% of face 
presentations) tend to be successful whereas mento-posterior 
positioned babies require delivery by caesarean delivery.

Brow
This is where the head occupies a position midway between full 
flexion and full extension. Brow presentation occurs in between 
1/1000 and 1/3500 deliveries and when persistent, requires cae-
sarean delivery. Spontaneous flexion or extension of the neck may 
occur during labour, allowing vaginal delivery.43,51

Breech presentation
The incidence of breech presentation decreases from about 20% at 
28 weeks of gestation to 3–4% at term, as most babies turn spon-
taneously to the cephalic presentation.52 Persistent breech presen-
tation is associated with abnormalities of the baby, the amniotic 
fluid volume, the placental localization, or the uterus (Box 33.1). 
One per cent of breech deliveries occur in multiple pregnancy, and 
these rates are rising with the increase in assisted reproduction 
techniques. There is higher perinatal mortality and morbidity with 
breech than cephalic presentation, due principally to prematurity, 
congenital malformations, and birth asphyxia or trauma.53,54 
Caesarean delivery for breech presentation has been suggested as 
a way of reducing the associated perinatal problems.54,55

Breech presentation can be further classified (usually by ultra-
sound scan) into frank or extended breech, where the legs are 
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flexed at the hips and extended at the knees with the buttocks 
presenting. This is the most common breech presentation (70% 
of cases); 15% of cases are flexed breeches with the legs flexed 
at the knees so buttocks and feet are both presenting, and 15% 
of cases are footling breeches where one leg is flexed and one 
extended.

External cephalic version
Women are given the option of ECV which aims to convert a 
breech to cephalic presentation. Success rates have been reported 
as between 30% and 80%. Spontaneous reversion to breech 
presentation after successful ECV occurs in less than 5%.56,57 
The highest success rates are seen with multiparous, non-white 
women with a relaxed uterus, where the breech is not engaged 
and the head is easily palpable.58 Absolute contraindications 
include antepartum haemorrhage, ruptured membranes, and 
multiple pregnancy. Relative contraindications include intrau-
terine growth restriction, reduced liquor volume, and previous 
caesarean delivery.

The RCOG recommends tocolysis with beta-sympathomimetics 
at the time of ECV as it has been shown to increase the success 
rate. Terbutaline or salbutamol may be given subcutaneously or 
intravenously. The procedure should be offered from 36 weeks’ 
gestation in nulliparous women and from 37 weeks in mul-
tiparous women. Women should be counselled that ECV has a 
very low complication rate, though they should also be aware 
of the possible complications. These include fetal bradycardia 
or non-reassuring CTG features which may be transient but in 
around 1/300 cases persist and require emergency caesarean 
delivery. The incidence of placental abruption during ECV is 
1/1000. For these reasons, ECV should take place in a unit where 
monitoring is available and arrangements can be made for imme-
diate delivery if necessary. Therefore all women having ECV 
should be fasted and have been given ranitidine. Women should 
also be advised that ECV may be painful and that the procedure 
can be suspended at any point. There is a higher rate of successful 
ECV with spinal anaesthesia but this has not been adopted by the 
obstetric community.59

Mode of delivery for breech presentation
Women who have breech presentation diagnosed, or those who 
have had an unsuccessful ECV, should be given information on 
the options of vaginal breech delivery versus planned caesarean 
delivery. They should be informed that planned caesarean delivery 
carries a reduced perinatal mortality and early neonatal morbid-
ity for babies with a breech presentation at term compared with 
planned vaginal birth.

A systematic review of randomized trials including the Term 
Breech Trial, compared a policy of intended caesarean delivery 

with a policy of intended vaginal birth, and involved 2396 partic-
ipants.60 Caesarean delivery occurred in 1060/1169 (91%) of those 
women allocated to planned caesarean delivery and 550/1227 
(45%) of those allocated to a vaginal delivery protocol. Perinatal 
or neonatal death (excluding fatal anomalies) or short-term neo-
natal morbidity was reduced with a policy of planned caesarean 
delivery (relative risk (RR) 0.33; 95% CI 0.19–0.56) and perinatal 
or neonatal death alone (excluding fatal anomalies) was reduced 
with a policy of planned caesarean delivery (RR 0.29; 95% CI 
0.10–0.86). Although these conclusions are still somewhat dis-
puted,61 caesarean delivery is recommended for breech presenta-
tion. However, there is still a place for vaginal breech delivery, 
for example, in the case of twin two, in advanced labour where 
caesarean delivery would be technically difficult, or on maternal 
request. See Box 33.2 for factors regarded as unfavourable for 
vaginal breech delivery.
Caesarean delivery for breech presentation
According to the RCOG, women should be informed that planned 
caesarean delivery for breech presentation carries a small addi-
tional risk of serious immediate complications compared with 
planned vaginal birth, in terms of abdominal pain, but no there 
is no evidence of any additional risk to their long-term health. 
Spinal anaesthesia is the usual technique for caesarean delivery in 
breech presentation. Occasionally, abdominal delivery of the fetus 
may be difficult if skin and uterine incisions are insufficient, or 
if there are fetal abnormalities such as hydrocephalus. In certain 
circumstances, the obstetrician may request provision of a uterine 
relaxant, such as glyceryl trinitrate or terbutaline. In some cases, 
women who have opted for a planned caesarean delivery go into 
spontaneous labour. Each of these cases is managed individually 
and many will proceed to vaginal breech delivery if labour is too 
advanced.
Vaginal delivery for breech presentation
Vaginal breech delivery may occur in three different ways. The 
first is spontaneous breech delivery where there is no manipu-
lation or traction other than support of the infant’s body. In 
assisted breech delivery, the infant is delivered spontaneously 
as far as the umbilicus and the chest and after-coming head are 

Box 33.1  Fetal abnormalities associated with breech presentation

◆	 Hydrocephalus
◆	 Anencephaly
◆	 Neural tube defects
◆	 Neck masses
◆	 Aneuploidy

Box 33.2  Factors regarded as unfavourable for vaginal 
breech birth

Factors include the following:
◆	 Other contraindications to vaginal birth (e.g. placenta prae-

via, compromised fetal condition)
◆	 Clinically inadequate pelvis
◆	 Footling or kneeling breech presentation
◆	 Large baby (usually defined as >3800 g)
◆	 Growth-restricted baby (usually defined as <2000 g)
◆	 Hyperextended fetal neck in labour (diagnosed with ultra-

sound or X-ray where ultrasound is not available)
◆	 Lack of presence of a clinician trained in vaginal breech 

delivery
◆	 Previous caesarean section.
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delivered with the assistance of the obstetrician. Total breech 
extraction is only really ever used for delivery of a second twin, 
where the obstetrician applies traction on the feet and ankles to 
deliver the entire body of the infant. The RCOG states that spon-
taneous delivery of the trunk and limbs is preferable. If there is 
delay in delivery of the arms, they may be delivered by sweep-
ing them across the baby’s face and downwards or by the Lovset 
manoeuvre (rotation of the baby to facilitate delivery of the 
arms). For delivery of the after-coming head, suprapubic pres-
sure by an assistant may be used to assist flexion of the head, and 
the Mauriceau–Smellie–Veit manoeuvre should be considered. 
This involves two fingers of the right hand placed over the max-
illa and two fingers of the left hand at the back of the head to flex 
it52,62 (Figure 33.2). Forceps are occasionally used to facilitate 
delivery of the after-coming head.

If there is delay in the second stage of labour, caesarean delivery 
should be considered, as this would be a sign of relative fetopel-
vic disproportion. In cases of fetal head entrapment, Dührssen 
incisions to the cervix may be necessary, at the 4 and 7 o’clock 
positions; however, this is associated with genitourinary trauma 
and haemorrhage. Alternatives would be administering a smooth 
muscle relaxant such as glyceryl trinitrate, or performing an 
emergency caesarean delivery.

Anaesthesia for vaginal breech delivery
There is no evidence that epidural analgesia is essential,52 but cer-
tainly women would be given this option during labour for vagi-
nal breech delivery. As well as adequate pain relief, its advantages 
would also be the inhibition of early pushing (as pushing past a 
cervix which is not fully dilated has implications for fetal head 
entrapment), a relaxed pelvic floor and perineum for delivery, and 
the option of extending the block in cases requiring emergency 
caesarean delivery.

Other abnormal presentations
Transverse lie
Transverse lie or shoulder presentation is principally managed by 
performing caesarean delivery. This is most difficult if the baby 
is ‘back-down’ in which case a classical uterine incision may be 
made. Vaginal delivery may be possible following successful ECV 
or following internal podalic version and breech extraction of a 
second twin.

Compound presentation
Compound presentation is where an extremity (usually an upper 
extremity) is prolapsed alongside the main presenting fetal part 
and occurs in 1/400 to 1/1200 deliveries. Complications include 
umbilical cord prolapse in 10–20% for which immediate caesar-
ean delivery is required, and neurological or musculoskeletal 
damage to the involved extremity.51 However, labour and deliv-
ery can occur safely and manipulation of the prolapsed extremity 
should be avoided.

Key points

◆	 Abnormal presentation can take many forms: abnormal cephalic 
presentations, breech, transverse, oblique, and compound.

◆	 Women should be offered information on the risks and benefits 
on modes of delivery for breech presentation.

Conclusion
In conclusion, patients with preterm labour, multiple gestation, 
and pregnancies with malpresentation are all high-risk obstet-
ric cases requiring a multidisciplinary approach using local and 
national guidelines. This chapter has endeavoured to highlight 
the important issues in each of these high-risk situations to enable 
safe and effective clinical care.
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CHAPTER 34

Sepsis in obstetrics
Nuala Lucas, Colleen D. Acosta, and Marian Knight

Introduction
Sepsis in obstetrics is an important cause of maternal mortality 
and morbidity worldwide, accounting for 15% of all maternal 
deaths.1 In the United Kingdom, the maternal mortality rate from 
sepsis has almost tripled in the last 25 years2 and in the penul-
timate Confidential Enquiry into Maternal Death in the United 
Kingdom, sepsis was the leading cause of direct maternal death. 
There has also been an increase in the incidence and severity of 
sepsis morbidity in other parts of the resourced world including 
other European countries and the United States.3–5 The Scottish 
Confidential Audit of Severe Maternal Morbidity showed a rate of 
septicaemic shock of 0.13/1000 maternities in the 2003–2005 trien-
nium.6 In a retrospective analysis covering 10 years between 1998 
and 2008 and using data from the Nationwide Inpatient Sample, 
Bauer et al. demonstrated that of 44,999,260 hospitalizations for 
delivery, sepsis complicated 1/3333 (95% confidence interval (CI) 
1/3151–1/3540) deliveries with severe sepsis complicating 1/10,823 
(95% CI 1/10,000–1/11,792) deliveries.5

Sepsis in the obstetric population poses significant chal-
lenges:  the physiological changes of pregnancy may mask the 
clinical signs of sepsis and lead to a delay in diagnosis and treat-
ment. When sepsis occurs in the antenatal period, maternal dete-
rioration can quickly lead to fetal compromise. Early recognition 
and diagnosis with rapidly instituted therapy are key to ensuring 
a good outcome.

History of obstetric sepsis
There was never a time when this disease did not exist.

Nathaniel Hulme, A Treatise on the Puerperal Fever 
(London, 1772)

Like all infectious diseases, the history of ‘childbed fever’ is a 
tragic one, rooted in the incomprehension of contagiousness. 
Historically, childbed fever referred to puerperal sepsis due to 
infection, primarily by Group A Streptococcus (GAS), contracted 
from aseptic, unsanitary birthing conditions. Until the recent era 
of antibiotics, puerperal sepsis was the leading cause of mater-
nal mortality worldwide. In eighteenth-century England, sepsis 
accounted for approximately 50% of all maternal deaths.7 During 
this time and up until the latter part of the nineteenth century, 
the concept of germs or how infection was spread was unknown 
or misunderstood. Hence, there was no form of antisepsis at 
this time. Births were attended to by midwives or accoucheurs 
(licensed physicians with some training in midwifery), and it was 
these medical professionals who unknowingly acted as vectors of 

transmission. As obstetrics became a more formal part of medi-
cal practice in mid-nineteenth-century Europe and America, 
physicians reluctantly began to accept the contagious nature of 
puerperal infection. Louis Pasteur and Robert Koch confirmed 
this several decades later with their development of germ theory. 
After the advent of penicillin in 1944, severe puerperal sepsis 
was finally relegated to the rare case study in most obstetricians’ 
careers—until recently.

Although insufficient written accounts were made or have sur-
vived from before the seventeenth century to make an estimate of 
the burden of maternal sepsis, it is generally thought that the inci-
dence was relatively rare. This is attributed to the fact that women 
gave birth at home and were usually attended to by another female 
family member.7 In seventeenth-century Europe however, several 
determinants of maternal health changed, and so too did rates of 
childbed fever.

Seventeenth-century Europe saw the burgeoning of hospital 
establishments and with it the beginning of ‘lying-in’ hospitals. 
One of the first schools of midwifery and lying-in wards was 
established at the Hôtel Dieu Hospital in Paris in 1610.

Although viewed by impoverished women as preferable to giv-
ing birth in squalor outside of the hospital, accounts of conditions 
inside the hospital were appalling. As the only hospital in the city, 
it was severely overcrowded with often more than 2000 patients 
occupying its 1200 beds.8 Most patients shared beds and it was 
not uncommon to find a live patient occupying a bed with another 
who had already died.8 At this time, obstetricians or accoucheurs 
were still not recognized in the medical profession. Obstetric sur-
gery was performed by barber-surgeons, and physicians were seen 
as superior to either barber-surgeons or midwives. When physi-
cians on occasion had to visit the wards, it is said that they held 
sponges soaked in vinegar or perfume to their noses to block the 
vile stench of the sick and dying destitute.8

It was in these noxious wards, where mortality is estimated 
to have been one in four to five,9 that conditions were rife for 
epidemics of childbed fever. After the establishment of the 
Hôtel Dieu lying-in ward in Paris, other lying-in wards and 
hospitals were founded throughout the eighteenth century in 
many European cities including Berlin, Vienna, Amsterdam, 
Stockholm, Copenhagen, Dublin, and London. The first docu-
mented epidemic of childbed fever occurred at the Hôtel Dieu in 
1646. Subsequent epidemics followed in Paris and other European 
cities throughout the eighteenth and nineteenth centuries. In the 
1770s, the highest annual mortality rate during an epidemic year 
in the London General Lying-in Hospital was 398/10,000 deliv-
eries.7 In the Vienna Maternity Hospital during the 1820s, the 
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highest annual mortality rate of an epidemic year was 745/10,000, 
and in the Paris Maternité during the 1830s the highest annual 
mortality rate of an epidemic year was 880/10,000.7 These rates 
compare sharply with those of poor women attended to at home 
by charity midwives. For example, from 1831 to 1843, the rate of 
mortality due to puerperal sepsis among home births attended to 
by the Royal Maternity Charity in London was 10/10,000 births, 
while the mortality rate at the London General Lying-in Hospital 
was over 600/10,000 births.7 During epidemic periods, case fatal-
ity rates in lying-in hospitals could soar to over 80%. In two of 
the most devastating epidemics, in the Hôtel Dieu in 1746 and 
another in Edinburgh, the case fatality rate was 100%—every 
woman in the wards died.7

These epidemics are today widely accepted as having been 
caused by GAS, mainly due to the fact that puerperal fever epi-
demics closely correlated with other less invasive GAS infec-
tions, particularly erysipelas. In lying-in hospitals midwives, 
barber-surgeons or accoucheurs would carry out frequent vaginal 
examinations and successively deliver women without any form of 
antisepsis in between. In addition, because women were crowded 
onto the wards and often shared beds, direct transmission of GAS 
from one woman, with either erysipelas or puerperal fever, to their 
bed-partner would have been likely.

As accounts of epidemics in lying-in hospitals and towns became 
more frequently known, what did people think caused this illness? 
Physicians and midwives agreed that puerperal sepsis was in some 
way contagious and seasonal, peaking in the winter. Germ theory, 
however, was not developed until the late nineteenth century. In 
1843, Oliver Wendell Holmes published the results of a scholarly 
review of all published reports of puerperal fever epidemics in the 
New England Quarterly Journal of Medicine. He emphasized the 
thesis of his work, which was:

The disease known as puerperal fever is so far contagious as to be fre-
quently carried from patient to patient by physicians and nurses.10,11

He went on to write:
The time has come when the existence of a private pestilence in the 
sphere of a single physician should be looked upon not as a misfor-
tune, but a crime; and in the knowledge of such occurrences, the 
duties of the practitioner in his profession, should give way to his 
paramount obligations to society.10,11

Almost at the same time, a similar story was unfolding indepen-
dently in Vienna. In the 1850s, the Vienna Lying-in hospital was 
the largest in the world with approximately 7000 births per year.7 
Because of the large volume of patients, in 1833 the hospital was 
divided into two clinics which admitted patients on alternating 
days. In 1839, one clinic was allocated to serve as the teaching 
hospital for male medical students training to be obstetricians, 
and the other was allocated to female midwifery students. After 
the teaching allocation, the mortality rate of the physicians’ clinic 
rose to three times that of the midwifery clinic (984/10,000 deliv-
eries vs. 388/10,000 deliveries).7 In 1846 a physician by the name 
of Ignaz Semmelweis was appointed as assistant to the physicians’ 
teaching clinic. He soon realized that the mortality difference was 
a result of medical students and physicians going directly from 
postmortem dissections to examinations on the wards without 
washing their hands in between.

Despite dogged resistance to Holmes and Semmelweis, the 
climate of opinion eventually swayed in the latter half of the 

nineteenth century. This occurred for several reasons. Firstly, 
Holmes, Semmelweis and their predecessors had created enough 
controversy on the topic of contagion and antisepsis to begin to 
cast doubt in budding and open-minded obstetric practitioners. 
Secondly, the vehicle of transmission was eventually confirmed 
by the development of germ theory by Louis Pasteur in 1865 and 
Robert Koch in the 1870s and 1880s. Lastly, the introduction and 
acceptance of antisepsis in surgery and childbirth by Joseph Lister 
in the 1860s resulted in a remarkable decrease in puerperal mor-
bidity and mortality that continued into the twentieth century.

At the turn of the century until the introduction of sulphona-
mides in 1936, rates of puerperal sepsis mortality were on average 
175 per 100,000 births per year in England and Wales.12 From 1936 
to 1943, they had fallen to below 30/100,000, which is a testament 
to the impact of sulphonamides. By 1950, after the introduction of 
penicillin, the rate was four and by 1960 there was only one death 
per 100,000 births.7 Between 1985 and 1987, the rate of death from 
puerperal sepsis in England was nearly zero (Figure 34.1).7 This 
dramatic decrease in puerperal sepsis mortality was mirrored in 
the United States and the rest of Europe.

However, since the 1980s there has been an increase in the 
maternal death rate from sepsis (Figure 34.2). This was first high-
lighted by the UK Confidential Enquiry into Maternal Death 
covering the 2006–2008 triennium.2 In this report, sepsis was 
noted to be the leading cause of direct maternal deaths, account-
ing for 29 deaths (26  ‘direct’ deaths and a further three deaths 
classified as ‘late direct’). This was in the context of a decline in 
maternal deaths from other causes, notably thromboembolic dis-
ease and haemorrhage (Figure 34.3).2 Bauer et al. used data from 
the Nationwide Inpatient Sample in the United States to investi-
gate the frequency and trends in maternal morbidity and mortal-
ity from sepsis. They found that sepsis-related death complicated 
1/105,263 (95% CI 1/83,333–1/131,579) deliveries.5

Definitions
There is currently no universally accepted definition of sepsis in 
obstetric practice. Various terms are used interchangeably but 
there are important distinctions. ‘Infection’ describes a microbial 
phenomenon characterized by an inflammatory response to the 
presence of microorganisms or the invasion of normally sterile 
host tissue by these organisms. Bacteraemia describes the pres-
ence of viable bacteria in the blood.

The term sepsis includes illness that ranges from minor signs 
and symptoms through to organ dysfunction and shock. The term 
puerperal sepsis is still used to describe sepsis occurring after 
delivery and the World Health Organization (WHO) has defined 
it as ‘infection of the genital tract occurring at any time between 
rupture of membranes or labour, and the 42nd day postpartum’, 
in which two or more of the following are present (Box 34.1).13

A widely used definition for sepsis in the non-pregnant patient 
came from the American College of Chest Physicians and the 
Society of Critical Care Medicine (Box 34.2).14 This was modi-
fied in 2001 by the International Sepsis Definition Forum to 
include alterations in physiological variables, in order to more 
accurately convey the clinical experience. However, because of 
the physiological changes of pregnancy and particularly those 
around the time of delivery, this definition lacks validity in 
obstetric patients.
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There are various other reasons that add to the difficulty of 
defining sepsis in obstetric practice. Sepsis may arise in an obstet-
ric patient at any time: before delivery, during labour, or in the 
postnatal period. In addition, sepsis in obstetric patients can arise 
from many sources and is not limited to infections arising from 
the genital tract. This difficulty in reaching a definition is dem-
onstrated by the organization of cases in the UK Confidential 
Enquiry reports. Deaths due to group A  beta-haemolytic 
Streptococcus pyogenes, as well as other infections related to preg-
nancy or delivery, are classified as direct deaths, whereas deaths 
from infections unrelated to the genital tract such as pneumococ-
cal meningitis and HIV disease are classified as indirect maternal 
deaths. A new pathological classification has been proposed for 
future confidential enquiries.2

The WHO Technical Working Group has introduced the 
term puerperal infections as a more general term than puer-
peral sepsis, to include not only infections related to genital tract 

sepsis, but also all extragenital infections and incidental infec-
tions (Box 34.3).13

The immune system in pregnancy
Pregnancy has traditionally been viewed as an immunocompro-
mised state arising as a result of the necessity not to immunologi-
cally reject the fetus, and therefore placing the mother at increased 
risk of infectious diseases. However, there is now a wealth of evi-
dence to suggest that rather than being an immunosuppressed 
state, pregnancy presents a modified immune state whereby there 
may be contrasting responses to different infections, responses 
that are also determined by the stage of pregnancy.15,16,17 From 
a logical and evolutionary perspective a successful pregnancy is 
key to the conservation of the species and it has been suggested 
by Wilson that pregnancy is a ‘paradoxical immune state where 
foreign tissue is not only tolerated but nurtured’.18
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Figure 34.1  Mortality rates from puerperal sepsis in England and Wales 1900–1984. 
Data from: Loudon I. The Tragedy of Childbed Fever. 1st ed. Oxford University Press, USA; 2000; and UK Confidential Enquiries 1972, 1975 and 1984.
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Figure 34.2  Causes of direct maternal death in the United Kingdom 1985–2008.
Reproduced from Confidential Enquiry on Maternal and Child Health, Saving mothers iives: reviewing maternal deaths to make motherhood safer 2006–2008, BJOG: An International Journal of 
Obstetrics and Gynaecology, 118, pp. 1–203, Copyright 2011, with permission from Centre for Maternal and Child Enquiries (CMACE), BJOG, and Wiley.

 



Chapter 34  sepsis in obstetrics 537

A competent immune response is essential to protect the mother 
directly and the fetus indirectly. The immune response depends 
on either cell-mediated immunity (particularly T lymphocytes) 
or the humoral response (antibodies secreted by B lymphocytes 
and plasma cells). During pregnancy, progesterone and oestrogen 

reduce T-cell proliferation and there is consequently a reduction 
in cell-mediated immunity which might otherwise prove harm-
ful to the fetus. The maternal immune system is therefore biased 
towards humoral immunity.19 Coupled with this is the develop-
ing active immune system of the fetus, which will also modify the 
maternal response to infection.

Three distinct immunological phases have been described in 
pregnancy, roughly corresponding with the first, second, and third 
trimesters, and associated with dramatic changes in cytokine lev-
els.17 The combined effect of these interactions serves to explain 
why pregnancy women may exhibit a diverse response to infec-
tion, depending not only on the infecting organism but also on 
the stage of the pregnancy, for example, pregnant women living in 
malarial endemic areas are more susceptible to malarial infection 
in the first half of pregnancy and this susceptibility decreases as 
the pregnancy progresses.20

Risk factors for sepsis in obstetrics
Sepsis can arise at any time during pregnancy and the puerperium, 
and may develop as a result of bacteraemia (although bacterae-
mia does not always lead to sepsis), or as a result of local infec-
tion. Risk factors for maternal sepsis may be divided into intrinsic 
patient factors and obstetric factors, and these are summarized 
in Box 34.4. In addition, women from poor socioeconomic back-
grounds are at greater risk of sepsis although the mechanisms are 
unclear.21 Although none of the women who died from sepsis in 
the 2006–2008 UK Confidential Enquiry report were obese, obe-
sity remains a significant risk factor for obstetric sepsis; in the 
2003–2005 report, the majority of the women who died from 
sepsis were obese.22 More recently in a Scottish population-based 
case–control study, obese women had twice the odds of uncom-
plicated sepsis, that is, with no diagnosis of septic shock or addi-
tional organ dysfunction (adjusted odds ratio (aOR) 2.12; 95% CI 
1.14–3.89) compared with women of normal weight.23 The same 
study also identified other significant risk factors as age less than 
25 years (aOR 5.15; 95% CI 2.43–10.90) and multiparity (aOR for 
uncomplicated sepsis and severe sepsis, 6.29, 12.04 respectively). It 

Box 34.1  WHO definition of puerperal sepsis

◆	 Pelvic pain
◆	 Fever
◆	 Abnormal vaginal discharge
◆	 Abnormal smell of discharge
◆	 Delay in postpartum reduction of size of uterus.

Reprinted from The Prevention and Management of Puerperal Infections. 
Report of a technical working group, WHO, p.3 Copyright (1992).

Box 34.2  American College of Chest Physicians and Society 
of Critical Care Medicine definitions related to sepsis

Systemic inflammatory response syndrome

Systemic inflammatory response syndrome (SIRS) is a wide-
spread inflammatory response to a variety of severe clinical 
insults. This syndrome is clinically recognized by the presence 
of two or more of the following:
◆	 Temperature > 38°C or < 36°C
◆	 Heart rate > 90 beats/min
◆	 Respiratory rate > 20 breaths/min or PaCO2 < 32 mmHg
◆	 White blood cells > 12 × 109/dL or < 4 × 109/dL or > 10% 

immature (band) forms.

Sepsis

Sepsis is the systemic response to infection. Thus in sepsis, the 
clinical signs describing SIRS are present together with defini-
tive evidence of infection.

Severe sepsis

Sepsis is considered severe when it is associated with organ dys-
function, hypoperfusion, or hypotension. The manifestations of 
hypoperfusion may include, but are not limited to, lactic acido-
sis, oliguria, or an acute alteration in mental status.

Septic shock

Septic shock is sepsis with hypotension despite adequate fluid 
resuscitation. It includes perfusion abnormalities such as lac-
tic acidosis, oliguria, or an acute alteration in mental status. 
Patients receiving inotropic or vasopressor agents may not nec-
essarily be hypotensive at the time that perfusion abnormalities 
are present.

Reprinted from Chest, 101, 6, Bone RC, Balk RA, Cerra FB, et al. Definitions 
for sepsis and organ failure and guidelines for the use of innovative therapies 
in sepsis. The ACCP/SCCM Consensus Conference Committee, pp. 1644–55. 
Copyright 1992 American College of Chest Physicians.

Box 34.3  World Health Organization definition of puerperal 
infections

Infections of the genitourinary system related to labour, deliv-
ery and the puerperium:

Infections related to the uterus and its associated structures 
(endometritis)

Infections related to the urinary tract
Infections specifically related to the birth process but not of 

the genitourinary system:
e.g. breast abscess
Incidental infections:
e.g. malaria, respiratory tract infections

Reprinted from The prevention and management of puerperal infections: 
report of a technical working group, Geneva, 20–22 May 1992, Technical 
Working Group on the Prevention and Management of Puerperal 
Infections (1992: Geneva, Switzerland) World Health Organization. 
Maternal Health and Safe Motherhood Programme, Copyright 
(1995) WHO.
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has been suggested that a possible explanation for sepsis associated 
with the identified risk factors is low serum 25-hydroxyvitamin D 
(25(OH)D) concentrations.24 Vitamin D has been found to reduce 
the risk of sepsis through induction of antimicrobial peptides 
known as cathelicidin and defensins.25 Women who are obese have 
lower serum 25(OH)D concentrations because of their larger body 
mass. It is well established that chronic comorbid conditions such 
as congestive heart failure, chronic liver disease, and chronic renal 
disease are risk factors for sepsis in the general population and 
Bauer et al demonstrated these associations for parturients also.5 
In the same study, systemic lupus erythematosus was also identi-
fied as a risk factor, likely as a result of the immunological effects 
of the disease itself but also secondary to the use of steroids and 
immunosuppressive medications. Although women with these 
conditions are a relatively small proportion of obstetric patients, 
the study authors suggested that the magnitude of risk associated 
with these conditions prompted consideration of the diagnosis 
and treatment of sepsis in patients with these conditions.

In patients with sickle cell disease, functional asplenia results in 
increased susceptibility to bacterial infection; three women whose 
deaths were reported in the 2006–2008 Confidential Enquiry were 
noted to have either sickle cell disease or sickle trait. An analysis 
of maternal outcomes in almost 18,000 deliveries by women with 
sickle cell disease found that there was a significantly higher rate 
of sepsis in this group (odds ratio (OR) 6.8) compared to women 
without sickle cell disease.26 This risk may be further compounded 
by the presence of anaemia.27 Sickle cell trait has in the past been 
viewed as a benign carrier state but there is now some evidence 
that it can be viewed as an intermediate disease phenotype.28 
A  study of maternal outcomes amongst haemoglobinopathy 

carriers found an increased risk of bacteriuria in women with 
sickle cell trait.29

Causes of sepsis in obstetrics
The causes of sepsis in obstetrics may be divided into obstetric 
causes and other causes, and are summarized in Box 34.5. In 
early pregnancy, the commonest causes of sepsis are septic abor-
tion and termination of pregnancy. Caesarean delivery endome-
tritis used to be a major cause of postpartum infection with the 
incidence of sepsis following operative delivery once being as 
high as 36%.30 Women undergoing caesarean delivery still have 
a 5–20-fold greater risk for infection and infectious morbidity 
compared with a vaginal birth.31 A cohort study from Denmark 
of over 32,000 women compared the risk of postpartum infec-
tions within 30  days of delivery, following vaginal delivery, or 
emergency or elective caesarean delivery. The risk of postpartum 
infection for all women delivered by caesarean delivery was 7.6%, 
versus 1.6% for women who had a vaginal delivery (aOR 4.71).32 
Routine antibiotic prophylaxis at caesarean delivery was in place 
during the study period and therefore even with this precaution 
infection was five times more likely in women who delivered by 
caesarean delivery rather than vaginal delivery. The authors also 
found a nearly 50% higher risk of postpartum wound infection 
after emergency caesarean delivery compared to elective caesar-
ean delivery (OR 1.49).

Smaill et al. reviewed 86 studies involving over 13,000 women.31 
They found prophylactic antibiotics in women undergoing cae-
sarean delivery substantially reduced the incidence of febrile 
morbidity, wound infection, endometritis, and serious maternal 

Box 34.4  Risk factors for sepsis in obstetrics

Obstetric factors

Amniocentesis, and other invasive intrauterine procedures

Cervical suture

Prolonged rupture of membranes

Prolonged labour with multiple (>5) vaginal examinations

Vaginal trauma

Caesarean delivery

Operative vaginal delivery

Retained products of conception after miscarriage or delivery.

Patient factors

Obesity

Impaired glucose tolerance/diabetes

Impaired immunity, for example, immunosuppressive therapy

Anaemia

Chronic comorbid conditions (renal/hepatic/cardiac disease)

Sickle cell disease

History of pelvic infection.

Box 34.5  Causes of sepsis in obstetrics

Obstetric causes

◆	 Genital tract causes:

•	 Chorioamnionitis

•	 Endometritis

•	 Septic abortion

•	 Wound infection following caesarean delivery/episiotomy/
vaginal tear

◆	 Non-genital tract causes:

•	 Lower urinary tract infection

•	 Pyelonephritis

•	 Breast infection—abscess/mastitis

•	 Septic pelvic thrombophlebitis.

Non-obstetric causes

◆	 Human immunodeficiency virus
◆	 Pneumonia
◆	 Tuberculosis
◆	 Malaria.
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infectious complications. The mandatory use of prophylactic 
antibiotics at caesarean delivery has been a recommendation for 
some time. However, the timing of prophylactic antibiotics has 
been the subject of some discussion.33 Largely because of con-
cerns about neonatal infection, the prevailing practice in the 
United Kingdom has been to use narrow-range antibiotics after 
cord clamping, compared to the practice of broad-spectrum pre-
incision antibiotics which is standard in non-obstetric surgery. 
A recent meta-analysis suggests the latter approach may be more 
effective in reducing infections after caesarean delivery, without 
any detrimental effect on the neonate.34 The American College of 
Obstetricians and Gynecologists recommends this strategy35 and 
in the United Kingdom the National Institute for Health and Care 
Excellence (NICE) Caesarean Section guideline update has also 
made similar recommendations.36 The appropriate and optimal 
antibiotic for prophylaxis likewise remains unclear.37 A Cochrane 
review found there was no conclusive evidence of any outcome 
difference between cephalosporins and penicillins in regard to 
maternal sepsis, endometritis, fever, wound infection, urinary 
tract infection, and adverse effects.38

Septic abortion was once the leading cause of maternal death 
around the world and remains a significant cause of maternal 
mortality in the under-resourced world, largely as a result of 
illegal abortions. According to the WHO, an estimated 21.6 mil-
lion unsafe abortions took place worldwide in 2008 with deaths 
from unsafe abortion accounting for 13% of all maternal deaths 
(as a result of sepsis and haemorrhage).39 In the UK Confidential 
Enquiry into Maternal Death, eight women died as a result of 
infection associated with spontaneous miscarriage or therapeutic/
artificial abortion. Initially infection involves the endometrium 
and any retained products of conception, thus removal of retained 
products of conception are essential in the early management. 
Rarely hysterectomy may be required.40

Chorioamnionitis may be defined as acute inflammation of the 
membranes and chorion of the placenta. It typically arises second-
ary to ascending bacterial infection in the presence of membrane 
rupture, although it can occur with intact membranes.41 More 
rarely it occurs as result of haematogenous spread42 or as an iatro-
genic infection secondary to an invasive procedure. The incidence 
of chorioamnionitis varies according to different diagnostic cri-
teria (clinical, microbiological, or histopathological). Risk factors 
for the development of chorioamnionitis include prolonged rup-
ture of membranes,43,44 multiple vaginal examinations,43 the use 
of internal monitoring,43 meconium-stained amniotic fluid,45,46 
and bacterial vaginosis.47 Women who smoke are also at increased 
risk.44 In addition to the risks of infection, chorioamnionitis is 
associated with significant other risks to both the mother and 
baby; for the mother there is an increased risk of caesarean deliv-
ery and postpartum haemorrhage, likely as a result of dysfun-
tional uterine activity.48 Fetal/neonatal risks include fetal death, 
neonatal sepsis, intraventricular haemorrhage, and long-term dis-
ability including cerebral palsy.

It has been estimated that after vaginal delivery, mastitis and 
urinary tract infections are the commonest causes of infec-
tion.49 Mastitis affects up to 20%50 of postpartum women but is 
comparatively rare as a cause of postpartum sepsis. It is usually 
unilateral and associated with hardening of the affected breast, 
erythema, and severe pain. It has been estimated that one-third 
of women admitted with mastitis develop breast abscesses that 

require surgical drainage. The majority of these are caused by 
community-acquired methicillin-resistant Staphylococcus aureus 
(MRSA).51,52 One of the deaths in the 2006–2008 UK Confidential 
Enquiry into Maternal Death occurred as a result of sepsis arising 
from mastitis. There are isolated case reports of toxic shock syn-
drome occurring as a result of mastitis.

As a result of the physiological and anatomical changes of preg-
nancy within the urinary tract there is increased susceptibility to 
urinary tract infection and urosepsis. There is renal pelvic and ure-
teric dilatation secondary to mechanical obstruction by the gravid 
uterus. Progesterone-induced smooth muscle relaxation leads to 
decreased peristalsis of the ureters, increased bladder capacity, 
and urinary stasis. Asymptomatic bacteriuria has an incidence in 
pregnancy of between 2% and 10% but it has been estimated that 
if left untreated as many as 20–40% will go on to develop pye-
lonephritis.53,54 A retrospective cohort study of over half a mil-
lion pregnancies in the United States found an incidence of acute 
antepartum pyelonephritis of 0.5%.55 Pyelonephritis in pregnancy 
is associated with increased maternal and fetal morbidity, includ-
ing acute kidney injury, acute respiratory distress, stillbirth, and 
preterm birth.56 The presence of a urinary catheter in association 
with operative delivery and/or neuraxial analgesia increases the 
risk.57 A Cochrane review found that antibiotic treatment com-
pared to placebo or no treatment was effective in clearing asymp-
tomatic bacteriuria (risk ratio (RR) 0.25; 95% CI 0.14–0.48) and 
that the incidence of pyelonephritis was also reduced (RR 0.23; 
95% CI 0.13–0.41). Antibiotic treatment was also associated with a 
reduction in the incidence of low birthweight babies (RR 0.66; 95% 
CI 0.49–0.89) but there was no difference in preterm delivery.58

Postpartum ovarian vein thrombophlebitis is a rare complica-
tion of sepsis in pregnancy. The incidence varies from 1/600 to 
1/2000 deliveries.59 It occurs as a result of the hypercoagulable 
state of pregnancy combined with blood flow stasis and is then 
further compounded by vessel wall damage by direct trauma 
which then predisposes to infection. The right ovarian vein is 
involved in the majority of cases.60 The right-sided prevalence 
is due to two factors:  the physiological dextrorotation of the 
uterus during pregnancy, which compresses the ovarian vein on 
the right; and to the direction of postpartum blood flow, which 
is antegrade in the right ovarian vein and retrograde in the left 
ovarian vein. The symptoms of ovarian vein thrombosis usually 
develop within 4 weeks of delivery, most frequently within the 
first 4 days. Symptoms may be vague and can include abrupt onset 
fever, rigors, and lower abdominal pain. The differential diagnosis 
includes endometritis, acute appendicitis, and pyelonephritis.61 
Abdominal examination may reveal a tender elongated mass and 
the diagnosis may be confirmed by ultrasound, computed tomog-
raphy (CT), or magnetic resonance imaging (MRI). Treatment 
involves broad-spectrum antibiotics and anticoagulation and may 
rarely require surgical intervention.62 One study estimated a mor-
tality of 5% if untreated.

Pneumonia as a cause of sepsis in pregnancy is associated 
with significant morbidity and mortality.63 It is one of the lead-
ing causes of sepsis arising in the antepartum period. The true 
incidence of antepartum pneumonia is difficult to ascertain but 
has been estimated at 0.78–2.7/1000 deliveries.64,65 In the United 
Kingdom, pneumonia is the most common reason for admis-
sion to intensive care for pregnant women;66 in the United States, 
respiratory failure as a result of pneumonia is the third leading 
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indication for intubation during pregnancy.67 The risk of devel-
oping pneumonia appears to increase with advancing gestation 
with the lowest risk in the first trimester and the highest risk in 
the third trimester. There are various maternal risk factors associ-
ated with an increased incidence of developing pneumonia; these 
include co-morbidities such as cardiac disease and asthma, one 
study showed a fivefold increase for the risk of pneumonia in a 
pregnant woman with asthma. Maternal obesity is another sig-
nificant risk factor.68,69 In pregnant women who develop pneu-
monia, there is a higher rate of complications such as respiratory 
failure. Fetal outcome in pregnant women with pneumonia is sig-
nificantly worsened: the fetus is vulnerable to intrauterine growth 
retardation and in utero death; preterm delivery may be required 
to improve maternal respiratory function.68

The clinical features of pneumonia can mimic the physiological 
changes of pregnancy and delay diagnosis and treatment leading 
to a poor outcome. The specific respiratory physiological changes 
of pregnancy predispose the parturient with pneumonia to rapid 
desaturation and a reduced ability to compensate for the develop-
ment of a metabolic acidosis.

The differential diagnosis of pneumonia in pregnancy includes 
pulmonary embolus and pulmonary oedema. It is essential to 
remember that pregnancy does not exclude the use of chest radi-
ography. The most common bacterial agent causing pneumonia 
in pregnancy is Streptococcus pneumoniae. The consequences of 
viral pneumonia in pregnancy have been particularly topical in 
recent years as a result of the H1N1 flu pandemic. Women in preg-
nancy and the puerperium are known to be at higher risk of com-
plications of seasonal flu than the non-pregnant population. In 
previous flu pandemics, pregnant women had significantly higher 
mortality and morbidity rates and this effect was seen in the 2009 
pandemic.70,71 A UK-based case–control cohort study found that 
pregnant women admitted to hospital with H1N1 influenza had 
significantly higher rates of adverse pregnancy outcomes than 
uninfected pregnant women. These included three to four times 
higher rates of preterm birth, four to five times higher rates of 
stillbirth, and four to six times higher rates of neonatal death.72

Risk factors associated with admission to hospital with 2009/
H1N1 in pregnancy include maternal obesity, asthma, multipar-
ity, multiple pregnancy, black or other minority group ethnicity, 
and smoking. A delay in starting treatment with antiviral drugs, 
more than 2 days after the onset of symptoms, was associated with 
an increased risk of admission to intensive care.70–72

Microbiology
The genitourinary tract is colonized with a wide variety of organ-
isms; however, not all of these will cause infection and sepsis. 
Pregnant women who develop sepsis are very likely to be infected 
with more than one organism. Analysis of the microbiological 
causes of deaths from sepsis (direct and indirect) over the last 
20 years of the UK Confidential Enquiries is shown in Table 34.1.

Historically, although they were not characterized serologically 
by Rebecca Lancefield until 1933, it seems likely that GAS was the 
predominant cause of obstetric sepsis in the first half of the twenti-
eth century.73,74 Outbreaks were frequently described, particularly 
when scarlet fever was also prevalent. In the latter part of the twenti-
eth century, factors such as improved antiseptic techniques, the use 
of antibiotics, and an increase in natural immunity lead to a decline 

in the virulence of this organism. Gram-negative organisms such 
as Escherichia coli then became more common sources of infection. 
However, over the past 20 years Gram-positive organisms, and in 
particular GAS infections, have again become predominant. This is 
consistent with the pattern of GAS infections in the general popula-
tion of the developed world, where there has been a dramatic rise in 
the number of such infections.75,76 The Lancefield classification of 
Streptococcus species is based on their haemolytic properties. GAS 
are β-haemolytic species that cause complete rupture of red blood 
cells in culture media leading to a clear zone around the bacteria. 
They have a number of factors that affect their virulence, for exam-
ple, M proteins which form complexes which adhere to vascular 
endothelium and cause endothelial leaks and hypercoagulability 
leading to disseminated intravascular coagulation. Other factors 
that further contribute to the virulence of GAS include the produc-
tion of toxins such as streptokinase, streptolysins, and exotoxins.77 
The epidemiology of GAS is of relevance in obstetric sepsis. It has 
been estimated that in the resourced world between 5% and 30% of 
the community are asymptomatic carriers of GAS, usually on the 
skin or in the throat. It is present in the vaginal tract of only 0.03% 
of pregnant women; however, postpartum women have a 20-fold 
increased incidence of GAS infection compared with non-pregnant 
women.78 In the 2006–2008 Confidential Enquiry, the majority of 
the deaths were noted to occur between December and April; GAS 
upper respiratory tract infections are most common during win-
ter and early spring in contrast to skin infections caused by GAS 
which are seen more frequently during the summer, when the skin 
is exposed and abrasions and insect bites are more likely to occur. In 
many of the women who died in the Confidential Enquiry there was 
a history of a recent upper respiratory tract infection and/or of con-
tact with young children.2 It is thought that women auto-inoculate 
themselves, through contamination of the perineum, and the 
organism then ascends leading to systemic infection. GAS is highly 
communicable and this has implications for identifying the source 
of infection and also for contacts of a parturient with GAS infec-
tion, including healthcare workers.

A major source of concern is sepsis arising as a result of 
extended-spectrum beta-lactamase (ESBL)-producing organ-
isms.79 ESBLs are enzymes that can be produced by bacteria mak-
ing them resistant to third-generation cephalosporins commonly 
used for treatment of serious infections. The first beta-lactamase 
was identified in an isolate of Escherichia coli in 194080 and since 
then an increasing number of organisms producing ESBL have 
been identified. Initially ESBLs were mostly found in Klebsiella 
species in hospital, particularly intensive care patients. However, 
a new group of ESBLs (called CTX-M enzymes) has emerged and 
these have been widely detected among Escherichia coli bacteria.81

The emergence of these bacteria has been attributed to the 
extensive use of broad-spectrum beta-lactamase in empiric ther-
apy and rapid plasmid-mediated distribution of resistance genes 
between bacterial species. Although ESBL-producing organisms 
occur principally in Enterobacter species, particularly Escherichia 
coli, Klebsiella pneumoniae, and Proteus mirabilis (all recognized 
causes of obstetric sepsis), they can occur in other members of the 
non-enteric organisms, such as Acinetobacter species.82

In the developing world, there are more limited data on the spe-
cific microbiological causes of obstetric sepsis. Available evidence 
suggests a similar pattern of bacterial causes to that in the devel-
oped world.83 However, in recent times the HIV/AIDS pandemic 
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has undoubtedly been the most important factor with regard to 
sepsis-related maternal morbidity and mortality in the develop-
ing world. A major WHO analysis assessing progress towards the 
Millennium Development Goal of reducing maternal mortality, 
found that in 2008 there were an estimated 342,900 maternal 
deaths worldwide from all causes, a 34% decline from 1980.84 
It is estimated that HIV disease accounted for 61,400 of these 
deaths. The impact of this disease was greatest in sub-Saharan 
Africa, where WHO estimates for 2008 suggest that without HIV/
AIDS-related deaths, the maternal mortality ratio for sub-Saharan 
Africa would have been 580 maternal deaths per 100,000 live 
births instead of the actual figure of 640.85

Pregnant women with HIV/AIDS are more susceptible to sepsis 
and postsurgical complications. Many opportunistic infections 

associated with HIV/AIDS may complicate pregnancy and cause 
maternal mortality.86 Pneumocystis jirovecii (previously carinii) 
pneumonia has a more aggressive course during pregnancy, with 
an increase in both morbidity and mortality.87 The South African 
confidential enquiry into maternal deaths, ‘Saving Mothers’, found 
that bacterial pneumonias, bacterial sepsis, atypical pneumo-
nia, cryptococcal meningitis, and tuberculosis (TB) are common 
co-morbid conditions associated with HIV/AIDS, and may be the 
primary causes of maternal death in that country.88 Worldwide 
the most significant infection contributing to maternal mortal-
ity in HIV-infected women is TB. TB accounts for about 700,000 
deaths annually in women of reproductive age,89 and is by far the 
most common opportunistic infection associated with HIV in 
the developing world. A 5-year review of maternal mortality at a 

Table 34.1  Microbiological causes of maternal death identified in UK Confidential Enquiries 1991–93 
to 2006–08

1991–93 1994–96 1997–99 2000–02 2003–05 2006–08 Total

β-haemolytic Streptococcus

Lancefield group A

1 7 3 3 8 13 25

Escherichia coli 2 3 6 2 7 5 25

Streptococcus pneumoniae 3 4 2 5 3 17

HIV 1 4 5 2 11

Staphylococcus aureus 1 3 2 4 10

Streptococcus unspecified 5 3 8

Clostridium species 1 1 1 1 1 5

β-haemolytic Streptococcus

Lancefield group B

2 2 1 5

TB 4 2 6

Pseudomonas 1 3 4

Proteus species 2 2 4

Meningococcus 1 1 1 3

Toxoplasmosis 2 1 3

Enterococcus faecalis 1 1 3

Varicella 1 1 2

β-haemolytic Streptococcus

Lancefield group C

1 1

β-haemolytic Streptococcus

Lancefield group D

1 1

Morganella 1 1

Actinobacter 1 1

Listeria 1 1

Citrobacter kosseri 1 1

Fusobacterium necrophorum 1 1

Bacteroides melaminogenicus 1 1

Reprinted from International Journal of Obstetric Anesthesia, Volume 21, issue 1, D.N. Lucas, P.N. Robinson, M.R. Nel, Sepsis in obstetrics 
and the role of the anaesthetist, pp. 56–67, Copyright (2012), with permission from Elsevier.

Number of deaths in table may not equal actual number of deaths from reports as full microbiological data not always available.
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tertiary referral centre in Johannesburg found that mortality in 
HIV-infected women was 6.2 times greater than in HIV-negative 
women and that 31% of HIV-related deaths were due to TB.90

Postnatal care is often poor in African countries, and puerperal 
sepsis is a major cause of maternal mortality.91 It has been suggested 
that the impact of puerperal sepsis could be significantly reduced if, 
following delivery, women were to remain in hospital for at least 24 
hours, and/or improved arrangements were put in place for post-
natal follow-up. Clinical experience suggests that HIV-infected 
women may be clinically well at the time of early discharge, only to 
be re-admitted with florid sepsis 7–10 days after delivery.88

Clinical presentation and diagnosis
Sepsis is a clinical diagnosis and microbiological investiga-
tions may be negative. The onset of sepsis may be insidious and 
non-specific, particularly given the physiological changes of 
pregnancy, labour, and the puerperium. There is significant over-
lap with the clinical features associated with the physiological 
changes of pregnancy (particularly around the time of delivery) 
and the pathophysiology of sepsis. Diagnosis can therefore be dif-
ficult, especially in the early stages. Conversely the disease process 
can be fulminant, overwhelming, and rapidly fatal.92–94 The clini-
cian must often rely on a high index of clinical suspicion rather 
than objective criteria. Women at risk of infection (e.g. the immu-
nocompromised) should be identified early in pregnancy.

Initially infection may present with non-specific symptoms 
such as fever, malaise, and muscle ache. A careful history should 
aim to elicit features of localized symptoms and clarify the pos-
sible source of infection; the presenting features vary depending 
on the source of infection (Table 34.2). Maternal infection can 
rapidly affect the fetus:  the uteroplacental circulation does not 
exhibit autoregulation, so that fetal perfusion and oxygenation is 
dependent on maternal oxygenation and cardiovascular stability. 

Thus the septic woman may present with an abnormal fetal heart 
rate pattern or intrauterine fetal death.

Women will invariably experience some degree of pain follow-
ing caesarean delivery or significant vaginal tears. However, the 
presence of constant, severe abdominal or perineal pain, poorly 
responsive to analgesics and disproportionate to that which would 
be anticipated, is a cause for concern, particularly when it is asso-
ciated with diarrhoea, and sepsis must then always be considered 
in the differential diagnosis.2 When mastitis that does not respond 
to conservative management within 24 hours, and the woman is 
becoming systemically unwell, then the breasts must be consid-
ered as a possible source of sepsis.

The onset of sepsis is characterized by a hyperdynamic circula-
tion, reduced systemic vascular resistance secondary to arterial 
vasodilatation, and increased respiratory rate in association with 
the development of anaerobic metabolism and lactic acidosis. 
Therefore when sepsis develops not only can diagnosis be made 
more difficult because of the physiological changes of pregnancy, 
but in addition the combined effect of pathological processes 
superimposed on a state of increased physiological demand may 
result in a particularly severe disease burden.

Pyrexia is common in sepsis but normothermia may also 
be present. Hypothermia is a particularly significant finding. 
Swinging pyrexia suggests a persistent source of infection or inad-
equate treatment.2 Although an elevated white cell count is com-
monly associated with sepsis, pregnancy also leads to an increase 
in white cell count, particularly during labour. After delivery, the 
white cell count usually decreases to prepregnancy levels within a 
week: a white cell count that fails to decrease to normal levels or 
conversely decreases rapidly or becomes less than 4 × 109/L may 
indicate severe infection. One of the most sensitive and earliest 
clinical signs of sepsis is tachypnoea which arises as a result of 
pyrexia, lactic acidosis, or cytokine-mediated effects on the res-
piratory centre. The overlapping physiological changes of preg-
nancy and clinical features of sepsis will often pose diagnostic 
difficulty and the existence of a suitable biomarker in this con-
text would be particularly useful. In the intensive care commu-
nity, there has been significant interest in the use of biomarkers 
to help establish a diagnosis of sepsis. Much of this discussion has 
focussed on procalcitonin. Procalcitonin is a peptide precursor 
of the hormone calcitonin and is produced by the parafollicular 
cells of the thyroid and the neuroendocrine cells of the lung and 
the intestine. Procalcitonin levels rise specifically in the presence 
of bacterial but not viral or fungal sepsis.95 Therefore laboratory 
measurement of procalcitonin levels can potentially assist with 
diagnosis. However, meta-analyses have produced conflicting 
results on whether procalcitonin is an effective and useful sep-
sis biomarker.96.97 A  recent comprehensive review states that 
clinical judgement should remain the cornerstone of clinical 
decision-making. A more encouraging role for procalcitonin is its 
measurement to guide duration of antibiotic therapy.98 Paccolat 
and colleagues have published work establishing procalcitonin 
levels during pregnancy, delivery, and postpartum.99

Management and the surviving sepsis 
campaign
Management of the septic pregnant patient follows the same prin-
ciples as that of any septic patient: resuscitation, identification 

Table 34.2  Symptoms and signs of sepsis

Symptoms General Specific

Fever

Influenza-like symptoms

Sore throat

Diarrhoea

Vomiting

Shortness of breath

Wound infection

Premature contractions

Abdominal pain

Sickle cell crisis

Atonic uterus precipitating 
postpartum 

haemorrhage

Mastitis

Vaginal discharge—profuse and/or 
malodorous

Signs Pyrexia or hypothermia, < 36°C

Early pregnancy loss/abnormal fetal heart rate/death in utero

Tachycardia > 100 beats/min

Tachypnoea > 20 breaths/min

Elevated white cell count and neutrophilia or low white cell 
count/neutropenia

Rising C-reactive protein

Lactic acidosis

Signs of organ decompensation: hypoxaemia; hypotension; 
cool extremities; reduced capillary refill; oliguria
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and treatment of the source of sepsis, management of complica-
tions such as hypotension and tissue hypoxia, and the applica-
tion of organ-protection strategies. The management of sepsis 
arising in the antenatal period is complicated by the presence of 
the fetus; in this situation, maternal resuscitation is key to ensur-
ing fetal well-being100 and attempting early delivery in women 
with cardiovascular compromise due to sepsis may increase 
maternal and fetal mortality.101 However, when intrauterine 
infection is suspected as the source of sepsis, delivery should be 
expedited.102

Early recognition of the obstetric patient with sepsis is vital to 
ensuring optimal outcome. As noted previously, the physiologi-
cal changes of pregnancy can make early detection difficult and 
at the same time exacerbate the course of sepsis in an obstetric 
patient. The use of early warning scores was a recommendation 
in the 2003–2005 UK Confidential Enquiry.22 Clear evidence of 
outcome benefit is, however, lacking, with one major study on 
the use of early warning scores and medical response teams in 
the non-obstetric hospital population failing to demonstrate a 
reduction in mortality, though this has been attributed to a pos-
sible lack of sensitivity in the criteria used for triggering clinical 
calls.103 The importance of developing maternity early warning 
scores with appropriately sensitive parameters for use in obstet-
ric patients has been emphasized by a retrospective review104 
and work in this area is starting to emerge. A prospective review 
of almost 700 obstetric admissions evaluated a maternal early 
warning score (MEOWS) chart adapted from the Confidential 
Enquiry into Maternal and Child Health report.105 The authors 
looked at completed MEOWS charts for triggers and hospital 
notes for evidence of morbidity. Two hundred patients (30%) 
triggered and 86 patients (13%) had morbidity according to pre-
set criteria, including haemorrhage (43%), hypertensive disease 
of pregnancy (31%), and suspected infection (20%). The MEOWS 
was 89% sensitive (95% CI 81–95%), 79% specific (95% CI 76–82%), 
with a positive predictive value of 39% (95% CI 32–46%) and a 
negative predictive value of 98% (95% CI 96–99%). There were 
no admissions to the intensive care unit (ICU), cardiorespiratory 
arrests, or deaths during the study period. Although these results 
are encouraging, the authors recognize that adjustment of the 
trigger parameters may lead to an improvement in positive pre-
dictive value. Another group has used data from direct obstetric 
admissions from the Intensive Care National Audit and Research 
Centre’s Case Mix Programmed Database to design and validate 
an aggregate weighted early warning scoring system specific to 
the obstetric population that could be used in the ward environ-
ment.106 Over two thousand direct obstetric admissions from 
the Intensive Care National Audit and Research Centre’s Case 
Mix Programmed Database were randomly allocated to model 
development and a similar number allocated to validation sets. 
The authors analysed physiological variables collected during the 
first 24 hours of critical care admission and used logistic regres-
sion analysis for mortality in the model development set to cre-
ate a statistically based early warning score. The statistical score 
was then modified to create a clinically acceptable early warning 
score. Again, this work produced encouraging results though the 
study did have some limitations. Although the dataset analysed 
a large number of admissions these were from admission to the 
ICU. Therefore it has been postulated that after multiple medical 
interventions have already taken place, such data may not actu-
ally be reliable enough to base an obstetric early warning score 

on. It is clear that this is an important area and studies such as 
the Oxford 4P study Pregnancy Physiology Pattern Prediction 
will provide further valuable information in the future.107

Recommendations from the Royal College of Obstetricians and 
Gynaecologists are that sepsis should be managed in accordance 
with the Surviving Sepsis Campaign guidelines.108 This cam-
paign, a collaboration between the European Society of Intensive 
Care Medicine, the Society of Critical Care Medicine, and the 
International Sepsis Forum, was launched as a major international 
health initiative in 2002 and recently updated.109 It aimed to 
improve outcome in sepsis and advocated a standardized ‘bundle’-
based approach for management of the (non-pregnant) critically 
ill septic patient. A clinical care bundle is a set of interventions, 
usually no more than five, that when grouped and implemented 
together lead to better outcomes with a greater impact than if per-
formed individually. The elements in a bundle are ideally based 
on high-quality or level 1 evidence such as systematic reviews of 
multiple, well-designed randomized controlled trials. In clini-
cal practice, the application of these elements may not always be 
done consistently, leading to variations in patient care, so a bun-
dle aims to tie the care elements together into a cohesive unit that 
must be strictly adhered to for every patient, every time. Lastly, all 
the components of a clinical care bundle must be completed in a 
specified time period and place (‘the golden hour’). Compliance is 
measured in an ‘all or none’ approach.110

The Surviving Sepsis Campaign guidelines described two clini-
cal care bundles—the resuscitation bundle and the management 
bundle. The Royal College of Obstetricians and Gynaecologists 
advocates the use of these in obstetrics.

The following care bundle, shown in Box 34.6, should be applied 
immediately where possible or within 6 hours and has been shown 
to significantly improve survival rates.111

Box 34.6  Surviving sepsis care bundle

To be completed within 3 hours

	 1.	Measure lactate level.

	 2.	Obtain blood cultures prior to administration of antibiotics.

	 3.	Administer broad spectrum antibiotics.

	 4.	Administer 30 mL/kg crystalloid for hypotension or lactate 
≥ 4 mmol/L.

To be completed within 6 hours

	 5.	Apply vasopressors (for hypotension that does not respond 
to initial fluid resuscitation) to maintain a mean arterial 
pressure (MAP) ≥ 65 mmHg.

	 6.	In the event of persistent hypotension after initial fluid 
resuscitation [MAP <65 mm Hg] or if initial lactate was 
greater than or equal to 4 mmol/L, reassess volume status 
and tissue perfusion and document findings.

	 7.	Remeasure lactate if initial lactate was elevated.

Reproduced with permission Dellinger RP, Levy MM, Rhodes A et al. 
Surviving Sepsis Campaign: International Guidelines for Management of 
Severe Sepsis and Septic Shock: 2012, Crit Care Med 2013; 41(2): 580–637. 
Copyright © 2013 the Society of Critical Care Medicine and Lippincott 
Williams and Wilkins.
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Antibiotic therapy via the intravenous route and in high ther-
apeutic doses should be started as early as possible, and prefer-
ably within 1 hour. There is overwhelming evidence that delay in 
starting antibiotics is associated with increased mortality112 and 
this has consistently been cited as an area of substandard care in 
successive UK Confidential Enquiries. Causes of delay include 
errors in administration, prescription errors, patients awaiting 
senior review, and patients being transferred between depart-
ments, and strenuous efforts must be made to avoid such delays.113 
Broad-spectrum antibiotics should be used initially and two or 
more agents are likely to be needed.114,115 Urgent microbiologi-
cal advice should be sought as soon as possible but should also 
not delay starting antibiotics. The physiological changes of preg-
nancy, including the increased volume of distribution, which can 
also be increased in sepsis, can have an effect on the pharmaco-
dynamic and pharmacokinetic profile of the drug. Some women 
may have impaired renal or hepatic function and serum drug lev-
els may need to be monitored to ensure correct dosage. However, 
the appropriate loading dose when starting antibiotic therapy is 
independent of the patient’s renal function and the initial loading 
dose is particularly important to ensure appropriate serum con-
centrations of drugs.116

Regular reassessment of antibiotic therapy should occur in relation 
to the patient’s clinical condition. Treatment should be for a mini-
mum of 7–10 days and it is essential that treatment is not discontinued 
too soon.2,22 The 2006–2008 UK Confidential Enquiry2 suggested a 
stratified approach to antibiotics in sepsis (Box 34.7); antibiotic regi-
mens should be altered to adapt to the requirements of the local pop-
ulation and the particular clinical situation of the patient.

Early haemodynamic resuscitation is a key goal of therapy.118,119 
The objective is to restore adequate oxygen delivery to peripheral 
tissues. It is well recorded that in high-risk surgical patients with 
sepsis, early haemodynamic optimization before the development 
of organ failure reduces mortality by 23% in comparison with those 
optimized after the development of organ failure.120,121 In hypo-
tensive septic patients with a serum lactate greater than 4 mmol/L, 
volume resuscitation should be used initially, aiming to reach the 
following clinical endpoints: central venous pressure 8–12 mmHg, 
mean arterial pressure 65 mmHg, and a urine output of 0.5 mL/
kg/h. If measurable, a central venous oxygen saturation of greater 
than 70% should be aimed for. There is no evidence to support one 
type of intravenous fluid over another122 but it is important to note 
that starch solutions have been withdrawn in the light of recent 
evidence suggesting they are associated with increased mortal-
ity in the critically ill septic patient.123 Vasopressor support may 
be considered even before optimal intravenous loading has been 
achieved.124 Transfusion of red blood cells may be considered if 
tissue oxygen delivery still remains inadequate.125

Fluid management is difficult in sepsis and may be particu-
larly so in the severely ill obstetric patient: fluid overload lead-
ing to pulmonary oedema has contributed to the deaths of some 
women in UK Confidential Enquiries reports.2 There are various 
reasons why the obstetric patient may be vulnerable to fluid over-
load: the physiological changes of pregnancy are such that at term 
the parturient is already in a relatively volume overloaded state; 
co-morbidity such as pre-eclampsia may be present and uterotonic 
drugs that are known to predispose to fluid retention (e.g. oxy-
tocin) or pulmonary oedema (e.g. prostaglandins) may have been 
used. Oesophageal Doppler monitoring to guide intravenous fluid 

therapy has been endorsed by NICE. 126 Although this report did 
not assess its use in obstetric patients, the oesophageal Doppler 
has successfully been used in the obstetric emergency situation.127 
A  variety of other minimally and non-invasive techniques for 
maternal cardiac output monitoring are available128 and it would 
seem likely and appropriate that these should become increas-
ingly used in obstetric practice. Further details on these devices 
are available in Chapter 30.

Supplemental oxygen therapy is recommended even if there is 
no respiratory distress. Tracheal intubation and ventilation should 
be considered if the level of consciousness is reduced or if there is 
hypoxia or progressive respiratory distress.129

A simplified strategy for the bundle-based approach to sepsis 
(the ‘sepsis six’), has recently been shown to be effective in a gen-
eral hospital setting (Box 34.8.130)

In addition to starting antibiotic therapy and the strategies 
described above, it is essential that any septic focus is identified 
and removed wherever feasible. Even with effective antibiotics the 
woman may continue to deteriorate unless the source of infec-
tion is identified. Relevant swabs and cultures should be taken 

Box 34.7  Suggested antibiotic therapy in obstetric sepsis

Where the organism is unknown and the woman is not 
critically ill

◆	 Co-amoxiclav 1.2 g 8-hourly or cefuroxime 1.5 g 8-hourly or 
cefotaxime 1–2 g 8-hourly or 6-hourly plus metronidazole 
500 mg 8-hourly

◆	 In cases of allergy to penicillin and cephalosporins, use 
clarithromycin 500 mg 12-hourly or clindamycin 600 mg to 1.2 
g 8-hourly or 6-hourly plus gentamicin to give Gram-negative 
cover, while waiting for microbiological advice

In severe sepsis or septic shock

◆	 Piperacillin–tazobactam 4.5 g 8-hourly or ciprofloxacin 600 
mg 12-hourly plus gentamicin 3–5 mg/kg daily in divided 
doses every 8 hoursa

◆	 A carbapenem such as meropenem 500 mg to 1 g 8-hourly ± 
gentamicin

◆	 Metronidazole 500 mg 8-hourly may be considered to provide 
anaerobic cover

◆	 NB If Group A streptococcal infection is suspected, clinda-
mycin 600 mg to 1.2 g three or four times daily 8-hourly is 
more effective than penicillins

If there are risk factors for MRSA septicaemia, add teicoplanin 
10 mg/kg 12-hourly for three doses, then 10 mg/kg 24-hourly or 
linezolid 600 mg 12-hourly.

aGentamicin is more commonly given as a once-daily dose: studies have 
shown increased efficacy and reduced nephrotoxicity with this strategy.117

Reproduced from Confidential Enquiry on Maternal and Child Health, 
Saving mothers lives: reviewing maternal deaths to make motherhood 
safer 2006–2008, BJOG: An International Journal of Obstetrics and 
Gynaecology, 118, pp. 1–203, Copyright 2011, with permission from 
Centre for Maternal and Child Enquiries (CMACE), BJOG, and Wiley.
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before antibiotic therapy is started but should not delay treatment. 
Where applicable, these should include placental and neonatal 
swabs, as well as breast milk culture in the presence of mastitis. In 
women with endometritis, particularly after surgical instrumen-
tation (caesarean delivery or septic abortion) or in patients who 
fail to respond to antibiotic therapy, imaging with ultrasound or 
CT is indicated to detect abscess formation. The choice of imag-
ing depends on the condition of the patient and the presence 
or absence of localizing features. Although ultrasound is more 
portable than other imaging modalities, the information yielded 
may not be as helpful and advice from radiologists will be useful. 
A surgical opinion should be sought as soon as possible with sur-
gery where required.

Necrotizing fasciitis is rare but constitutes a surgical emergency. 
It has been described in association with caesarean delivery 131 
and can present as a perineal infection after vaginal delivery.132 It 
is characterized by widespread necrosis of the subcutaneous tissue 
and fascial layers and can progress to necrosis of muscle. It is most 
commonly associated with GAS infection, though a mixed bacte-
rial flora including anaerobes is often present. In the early stages 
it may be difficult to distinguish between cellulitis and necrotiz-
ing fasciitis and any patient with a wound infection and signs of 
systemic sepsis needs careful evaluation to exclude necrotizing 
fasciitis. Distinguishing features include the presence of copious 
and malodorous discharge, dusky skin discolouration, and radio-
logical or clinical evidence of gas in the soft tissues.133 Markedly 
severe pain disproportionate to that which would be anticipated 
in the context of individual patients may be present initially but 
as the condition advances can become painless as a result of dis-
ruption in blood supply and innervation. Surgical exploration and 
extensive debridement is indicated and without early aggressive 
treatment the mortality is 100%.

Timing of delivery in the septic parturient
Traditionally it was thought that fetal outcome is entirely depend-
ent on maternal outcome and that delivery is not mandated by 
the presence of maternal sepsis. However, this approach is being 
re-evaluated particularly in the context of care of the critically ill 
parturient, although there is limited data in this area. The con-
siderations of whether there is potential benefit to the mother 

and fetus need to be balanced against the risks of delivery to both 
(including issues around fetal viability) and the method of delivery 
(caesarean or possibly vaginal delivery). From a maternal perspec-
tive, there seems to be some evidence that maternal respiratory 
function and oxygen requirements in the critically ill ventilated 
parturient may be improved by delivery of the fetus.134 In a study 
of obstetric sepsis, worsening maternal respiratory function was 
the primary indication for delivery.135 From a fetal perspective, 
oxygenation is dependent on maternal oxygen delivery, uterine/
placental blood flow, with a relative maternal hypocapnia facili-
tating fetal carbon dioxide extraction. All of these factors may be 
adversely affected in severe sepsis. Fetal assessment with cardi-
otocography is indicated and may show fetal tachycardia with an 
absence of variability occurring as a result of maternal pyrexia. 
The production of endotoxins can cause uterine contractions. An 
editorial suggested possible criteria, shown in Box 34.9, that might 
be considered to indicate a need for delivery.136

The same authors emphasized that such decisions must be made 
in discussion with the patient or her family emphasizing our cur-
rent lack of firm evidence.

A further consideration in this area is the paucity of evidence 
on the fetal effects of drugs used in the management of maternal 
sepsis (antibiotics and inotropes). Decisions relating to the deliv-
ery of the baby are ultimately the responsibility of the obstetrician, 
though the obstetric anaesthetist may be able to advise on the tim-
ing of this decision in relation to maternal resuscitation. The key 
elements of maternal status, fetal status, and gestational age need 
to be carefully weighed to ensure optimal outcome.

Role of the anaesthetist
Anaesthetists have broad experience in all the elements (resuscita-
tion skills, organ support techniques, and a thorough knowledge 
of obstetric physiology) required to care for a critically ill parturi-
ent and thus the obstetric anaesthetist may have a pivotal role in 
the management of the septic parturient.137

In UK practice, acute management and stabilization of the sep-
tic obstetric patient in the maternity unit is most often conducted 
by the obstetric anaesthetic team. The initial multidisciplinary 
‘golden hour’ of immediate treatment needs to be guided by using 
a specially adapted sepsis bundle written for the parturient.108 
If the patient does not respond rapidly and the decision is made 
to escalate her care to level 3 critical care, this transfer should 
be carried out by an appropriately skilled doctor. Transfer of the 
critically septic patient requires satisfactory stabilization, rigorous  

Box 34.8  The sepsis six

The sepsis six to be delivered within 1 hour

	 1.	Deliver high-flow oxygen

	 2.	Take blood cultures

	 3.	Administer empiric intravenous antibiotics

	 4.	Measure serum lactate and send full blood count

	 5.	Start intravenous fluid resuscitation

	 6.	Commence accurate urine output measurement.

Daniels R, Nutbeam T, McNamara G, et al. The sepsis six and the severe 
sepsis resuscitation bundle: a prospective observational cohort study. 
Emerg Med J 2011; 28:507–12.

Box 34.9  Suggested criteria indicating early delivery when sepsis 
present

	 1.	Maternal rapid deterioration

	 2.	Failure to maintain adequate blood oxygenation

	 3.	Difficulty with mechanical ventilation due to the 
gravid uterus

	 4.	Multiorgan failure

	 5.	Fetal compromise

	 6.	Other obstetric indications.
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en route monitoring, and close communication with the receiving 
unit. Lack of early and precise communication between special-
ties is an ongoing problem with clinicians involved with obstetric 
emergencies, and the anaesthetist is often best placed to commu-
nicate between the various teams involved.2,22

When the decision to deliver has been made, the anaesthetist 
then has to make a decision about whether to recommend surgery 
using neuraxial or general anaesthesia. It is generally agreed that 
neuraxial anaesthesia is relatively contraindicated in patients with 
severe sepsis. The biggest concerns are the hypothesized increased 
risk of epidural abscess or meningitis. Quantifying these risks is 
difficult—the white cell count increases in pregnancy and particu-
larly during labour138 and there is little correlation between white 
cell count and the presence of bacteraemia in pregnancy.139

Epidural abscess in association with neuraxial blockade can 
occur as a result of direct introduction of microorganisms on the 
needle, via local infection at the puncture site, contaminated flu-
ids, or the epidural catheter acting as a foreign body and a nidus 
for infection in the presence of bacteraemia. Spontaneous cases 
unrelated to neuraxial anaesthesia are also described and while 
underlying medical conditions such as diabetes can increase risk, 
epidural abscesses have also occurred in postpartum women 
without risk factors and who did not receive neuraxial block.140 
The incidence in all patients admitted to hospital has been esti-
mated at 0.2–1.2/10,000.141 The Third National Audit Project of 
the Royal College of Anaesthetists found an incidence of 1/47,000 
cases although the majority of reports were in perioperative 
patients;142 there was only one report in an obstetric patient. 
Scott and Hibbard in a retrospective review found only one case 
in 505,000 women who received epidural anaesthesia for vaginal 
delivery or caesarean delivery.143 An incidence of 3% has been 
quoted in patients who had epidural catheters inserted for chronic 
pain procedures.144 Similarly there are several case reports in the 
literature of meningitis following spinal and epidural anaesthesia 
and also epidural blood patches,145–147 but it is difficult to draw 
firm conclusions from isolated reports. Common features to these 
reports include difficult procedures, multiple attempts, and epi-
dural catheters remaining in situ for extended periods.

In 2004, the American Society of Regional Anesthesia and Pain 
Medicine convened a Practice Advisory Panel on the Infectious 
Complications Associated with Regional Anesthesia and Pain 
Medicine who produced a series of practice guidelines.148,149 They 
noted that all patients with local or systemic infection who require 
neuraxial anaesthesia should be considered at risk of central nerv-
ous system infection. The current evidence suggests that patients 
with evidence of systemic infection may safely receive spinal 
anaesthesia provided the patient has been commenced on antibi-
otics and has begun to show a response to treatment. Regarding 
epidural insertion, evidence is limited to very small studies in 
women with chorioamnionitis which suggest that it may be safe in 
similar circumstances. Only in the most unusual circumstances 
should central neural blockade be performed in patients with 
untreated systemic infection.

Two final points to consider in relation to neuraxial anaesthesia 
and sepsis are that a septic hypotensive patient may not tolerate 
the sympathetic blockade and that coagulopathy may have devel-
oped. Ultimately the decision to perform an epidural or spinal in 
these circumstances must be considered on a case by case basis, 
assessing the risk:benefit ratio for that individual.

General anaesthesia may often be indicated and once achieved 
this can facilitate initiating invasive vascular monitoring and ino-
tropic support, if indicated. Decisions as to the reversal of general 
anaesthesia will depend on the stability of the patient. It may be 
safer to first transfer the sedated, intubated, ventilated patient to a 
more appropriate environment.

When radiological imaging (CT or MRI scanning) is required 
to help identify the source of sepsis, this should only occur in the 
stabilized patient. Early removal of the source of sepsis is recom-
mended whenever possible and suitably cross-matched blood and 
blood products may be required before and during surgery.

A secondary role in this area for the anaesthetist is that of 
education and training in the recognition and management of 
obstetric sepsis. A systematic review on the effectiveness of mul-
tidisciplinary teamwork training in a simulation setting was 
found to be potentially effective in the prevention of errors and 
improved patient safety in acute obstetric emergencies.150 Sepsis 
shares many features of other obstetric emergencies that simula-
tion training is used for and would benefit from addition to an 
obstetric training programme.

A strategy including a mandatory rigorous annual train-
ing programme and computerized guidelines in an emergency 
department had a beneficial effect on the management of sep-
sis, as evidenced by earlier administration of antibiotics and 
more liberal use of intravenous fluids.151 In the obstetric setting, 
anaesthetists are uniquely placed to lead on similar teaching 
initiatives.

The future
Sepsis is a major cause of morbidity and mortality worldwide and 
much work has been directed at improving the outcome of this con-
dition. The management of sepsis in obstetric practice is likely to 
benefit from this work. The UK maternal death enquiry (Mothers 
and Babies, Reducing Risk through Audit and Confidential 
Enquiries across the UK, MBRRACE-UK), are currently conduct-
ing a detailed themed review of maternal sepsis and this is likely 
to yield further valuable information. Recommendations from the 
2006–2008 UK Confidential Enquiry emphasize the importance 
of early recognition of and response to the septic obstetric patient 
in a ‘back to basics’ manner.
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CHAPTER 35

Obstetric haemorrhage
Jane E. Norman and Vicki Clark

Definitions
Obstetric haemorrhage encompasses both antepartum (APH) and 
postpartum haemorrhage (PPH).

Antepartum haemorrhage
The Royal College of Obstetricians and Gynaecologists (RCOG) 
defines APH as ‘bleeding from or into the genital tract, occur-
ring from 24 weeks of pregnancy and prior to the birth of the 
baby’.1 This symptom-based definition will be used throughout 
this chapter.

Postpartum haemorrhage
PPH is defined as loss of 500 mL or more of blood from the genital 
tract within 24 hours of the birth of a baby.2 PPH can be minor 
(500–1000 mL) or major (more than 1000 mL). These definitions 
are endorsed in a World Health Organization (WHO) guideline 
on the management of PPH.3 Secondary PPH is defined as abnor-
mal or excessive bleeding from the birth canal between 24 hours 
and 12 weeks postnatally. The tenth revision of the International 
Classification of Diseases (ICD-10) code for PPH [072] is defined 
as ‘haemorrhage after delivery of the fetus or infant’ with no spe-
cific volume or time interval attached (Box 35.1).

In the Scottish Confidential Audit of Severe Maternal Morbidity 
(SCASMM), major obstetric haemorrhage has been defined as 
occurring in women with ‘estimated blood loss of ≥2500 mL, or 
who are transfused 5 or more units of blood or receive treatment 
for coagulopathy (fresh frozen plasma, cryoprecipitate, platelets)’.4

Statistics
Major obstetric haemorrhage was reported to occur in around 
3.7/1000 births in Scotland during the period 2003–2005 (95% 
confidence interval (CI) 3.4–4.0).5 Most recent data from Scotland 
suggests that the rate of major obstetric haemorrhage has increased 
to 5.5/1000 births in 2010.4 This increase has been attributed to 
better ascertainment rather than increased incidence, although 
the fact that PPH itself is increasing raises cause for concern (see 
later in this section). Less than 10% of major obstetric haemor-
rhages occur antenatally (usually due to praevia or abruption) with 
the remainder occurring either intrapartum (10%) or postpartum 
(80%).4 These data confirm major obstetric haemorrhage to be the 
commonest major obstetric complication. On the background 
of this increasing incidence of major obstetric haemorrhage, it is 
reassuring that the rate of direct maternal deaths due to haemor-
rhage (i.e. deaths resulting from obstetric haemorrhage complica-
tions of the pregnant state (pregnancy, labour and puerperium) is 

stable6 (Table 35.1). In the last ‘Saving Lives, Improving Mothers’ 
Care (MBRRACE)’ report for which data is available (2009–2012), 
the maternal death rate due to haemorrhage was 0.49/100,000 
maternities (95% CI 0.29–0.78).6

Worldwide rates of PPH (of which major obstetric haemorrhage 
occurs in a subset) are around 30–70/1000 births, and have also 
been found to be increasing.7–10 Increasing rates of atonic PPH 
appear to be a major cause.7,9,10 There is a significant regional vari-
ation in PPH rates, perhaps reflecting either differences in meth-
ods to measure blood loss, or a truly lower prevalence in Asian 
compared with European women.11

Major obstetric haemorrhage is the commonest reason for 
intensive therapy unit (ITU) admission amongst pregnant 
women, accounting for nearly 50% of admissions. The outcome 
for the baby is also compromised, with perinatal mortality rates of 
55.3/1000 in the last SCASSM report.4,12

Risk factors for postpartum haemorrhage
Uterine atony is the commonest cause of major obstetric haemor-
rhage,4 occurring in 52% of those affected. A  further 18% have 
retained placenta/fetal membranes. Women undergoing emer-
gency caesarean delivery are over-represented amongst those with 
major obstetric haemorrhage, with 44% of major obstetric haem-
orrhage associated with this scenario (compared to 15% of those 
without).

In a large population-based study of over 850,000 deliveries, the 
following were independent risk factors for PPH due to uterine 
atony that was sufficiently severe to require blood transfusion: age 
less than 20 or greater than 40 years, caesarean delivery, hyper-
tensive diseases of pregnancy, polyhydramnios, chorioamnionitis, 

Box 35.1  Obstetric haemorrhage—definitions

The ICD-10 codes antepartum haemorrhage by both aetiology 
(e.g. premature separation of the placenta (abruption placentae) 
[045], and placenta praevia (a condition in which the placenta is 
implanted in the lower part of the uterus) [044]) and by symp-
toms (e.g. antepartum haemorrhage not elsewhere classified 
[046], which specifically excludes haemorrhage in early preg-
nancy, placenta praevia, and abruption placentae; and intrapar-
tum haemorrhage [067]). These definitions are important for 
international comparisons, but include women with pathology 
(placenta praevia) who are not actively bleeding.

Data from various sources (see references).
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multiple pregnancy, retained placenta, and APH.13 The adjusted 
odds of PPH were stronger after emergency compared with 
elective caesarean delivery, but the greatest odds of PPH were 
observed in association with retained placenta, leading to a 4.1 
(3.1–5.5) adjusted odds of atonic PPH requiring transfusion. In 
another population-based study of 650,000 deliveries, extremes of 
age, caesarean delivery, hypertensive diseases of pregnancy, poly-
hydramnios, chorioamnionitis, and multiple pregnancy were also 
confirmed as risk factors for atonic PPH, with the presence of a 
large fetus, maternal diabetes, genital tract trauma, and instru-
mental delivery being additional risk factors.9 The highest relative 
risk (RR) of haemorrhage was in women diagnosed with a mor-
bidly adherent placenta who had a markedly higher risk of total 
PPH (unadjusted RR 13.14; 95% CI 11.43–15.11).9 Other known 
risk factors for PPH include upright position in labour (RR 1.65; 
95% CI 1.32–2.60, although there is evidence of publication bias),14 
obesity15 and antidepressant use in pregnancy (RR 1.4–1.9-fold16). 
Elective and/or postdates induction of labour may be protective 
against PPH.17 Having a mother or grandmother with PPH does 
not appear to confer increased risk.18

The association between caesarean delivery and PPH noted 
in both the above-mentioned large prospective studies and in 
Scottish data on major obstetric haemorrhage is important. Given 
that emergency caesarean delivery (particularly emergency cae-
sarean at full dilatation) is a stronger risk factor than elective 
caesarean delivery, it is possible that the association derives from 
common risk factors for both (such as poor uterine contractil-
ity), rather than the process of caesarean delivery itself. The inde-
pendent effect of caesarean delivery can be inferred from the few 
randomized trials of caesarean delivery compared with vaginal 
delivery, either for breech presentation19 or in the scenario of 
previous caesarean delivery.20 In the former scenario, there were 
no significant differences in rates of maternal PPH between the 
groups (with the trends favouring elective caesarean delivery).19 
A randomized trial of mode of delivery in women with a previ-
ous caesarean delivery favoured repeat elective caesarean delivery, 

with the risk of major haemorrhage (blood loss > 1500 mL and/
or need for blood transfusion) actually being lower in the elec-
tive caesarean delivery group in women with a previous caesarean 
delivery (RR 0.37; 95% CI 0.17–0.80).20

Antenatal and intrapartum optimization
Prevention of anaemia
A major strand of antenatal optimization of major obstetric 
haemorrhage involves ensuring pregnant women maintain their 
haemoglobin concentrations during pregnancy. The National 
Institute of Health and Care Excellence (NICE) identifies mater-
nal anaemia (haemoglobin of <8.5g/dL) as a possible risk fac-
tor for PPH, although it notes that the evidence is inconclusive. 
Regardless, women with a low haemoglobin are evidently more 
at risk of adverse consequences following any further blood loss. 
Screening for anaemia is part of good antenatal care, with NICE 
advising that ‘Screening should take place early in pregnancy 
(at the booking appointment) and at 28 weeks when other blood 
screening tests are being performed. This allows enough time 
for treatment if anaemia is detected’.21 This is a grade B recom-
mendation. NICE further suggests that haemoglobin levels out-
side the normal UK range for pregnancy (that is, 11 g/100 mL 
at first contact and 10.5 g/100 mL at 28 weeks’ gestation) should 
be investigated and iron supplementation considered if indicated 
(grade A  recommendation).21 Although routine iron supple-
mentation reduces the risk of maternal anaemia, it is associated 
with adverse maternal effects without improving outcomes and 
is not therefore recommended. Despite these recommendations, 
which are not new, the recent Confidential Enquiries on Maternal 
Health again identified a low haemoglobin at the time of deliv-
ery as a factor in maternal haemorrhage due to atony attributed 
to depleted uterine myoglobin levels necessary for uterine con-
traction.6 Parenteral iron preparations should be considered in 
women who are unable to take or are unresponsive to oral iron 
(see Chapter 48).

Table 35.1  Direct deaths by type of obstetric haemorrhage 1994–2012

Time 
period

Placental 
Abruption

Placental 
praevia

Postpartum haemorrhage Total 
deaths from 
haemorrhage

Direct haemorrhage death rate 
per 100,000 maternities

Atony Genital Tract Trauma rate CI

1994–06 4 3 5 5 17 0.77 0.45–1.24

1997–99 3 3 1 2 9 0.42 0.19–0.80

2000–02 3 4 10 1 18 0.9 0.53–1.42

2003–05 2 3 9 3 17 0.8 0.47–1.29

2006–08 2 2 3+2 (0/2) 9 0.39 0.18–0.75

2009–12† 2 1* 7** 7*** 17 0.49 0.29–0.78

Reproduced from Knight M, Kenyon S, Brocklehurst P, et al. Saving Lives, Improving Mothers’ Care – Lessons Learned to Inform Future Maternity Care  
from the UK and Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2009–12. Oxford: National Perinatal Epidemiology Unit,  
University of Oxford; 2014. © 2014 National Perinatal Epidemiology Unit, University of Oxford.
†Figures for UK and Ireland. All other figures are UK only.
*One placenta praevia percreta.
**Includes one woman who had a portion of retained placenta which contributed to the bleeding, and one who also sustained vaginal tears.
***There were four ruptured uteri, two others were lower genital tract trauma, and one had trauma sustained in the form of angle extensions at caesarean 
section.
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Antenatal identification of placenta praevia/accreta
Pre-delivery identification has a major role to play in optimizing 
outcomes in women with placenta praevia or accreta. All women 
with a previous caesarean delivery should have ultrasound locali-
zation of placental site performed in the third trimester because of 
the increased risk of placenta praevia and accreta in this scenario.3 
The risk of both praevia and accreta is proportional to the num-
ber of previous caesarean deliveries—women with three or more 
caesarean deliveries and placenta praevia in the index pregnancy 
have over a 50% risk of each of placenta accreta and hysterectomy, 
and over an 80% risk of composite maternal morbidity. Although 
magnetic resonance imaging is increasingly used before delivery 
as an adjunct to ultrasound in women with suspected placenta 
accreta, MRI is not 100% accurate in the diagnosis of accreta and 
current expert advice is that ultrasound is sufficient unless there 
is uncertainty.22

Intrapartum and immediate 
postpartum care
Routine management of the third stage 
after vaginal delivery
The mainstay of ‘routine’ obstetric management to prevent major 
obstetric haemorrhage is ‘active’ management of the third stage of 
labour. This is a package of care consisting of prophylactic admin-
istration of a uterotonic agent, early cord clamping and controlled 
cord traction to deliver the placenta. Active management of third 
stage of labour is associated with a major reduction in the risk of 
blood loss over 1 L (RR 0.34; 95% CI 0.14–0.87),23 although recent 
evidence suggests that controlled cord traction adds little to the 
efficacy of the other components of active management, and can 
be omitted with minimal effect on major haemorrhage rates.24 
NICE indicates that ‘Active management of the third stage is rec-
ommended, which includes the use of oxytocin (10 international 
units [IU] by intramuscular injection), followed by deferred clamp-
ing and cutting of the cord and controlled cord traction’.25 In view 
of the maternal side effects of active management (nausea, vomit-
ing, and headache), and the strong wish by some women to have a 
‘physiological’ third stage, NICE also suggests that ‘Women at low 
risk of postpartum haemorrhage who request physiological man-
agement of the third stage should be supported in their choice.’

Importantly, the oxytocic agent endorsed by NICE is oxytocin, 
10 IU.25 Although there is evidence that routine oxytocin–
ergometrine (Syntometrine) is superior to oxytocin alone for 
prevention of PPH (with the odds of blood loss > 500 mL in the 
oxytocin–ergometrine group being 0.82 times that of the oxytocin 
group),26 the side effects of combination therapy are considered to 
be too great to warrant routine use. Sublingual misoprostol also 
reduces the risk of severe PPH (compared with no treatment), but 
is associated with both a greater risk of severe PPH and a greater 
risk of maternal shivering and pyrexia compared with conven-
tional injectional uterotonics, so its use is best restricted to coun-
tries where other agents are not available.27

Routine management of the third stage 
during caesarean delivery
In women undergoing caesarean delivery, 5 IU of oxytocin given 
slowly intravenously is recommended to prevent PPH—this dose 
appears as effective as a 10 IU dose but is associated with fewer 

side effects such as hypotension and tachycardia.28,29 The oxy-
tocin analogue carbetocin may reduce the requirement for further 
uterotonics, but does not appear to be superior to Syntocinon® in 
terms of prevention of PPH.30

Delivery of women with placenta praevia/accrete
Where placenta praevia and/or placenta accreta is identified, 
delivery should be by caesarean. In asymptomatic women, deliv-
ery should be deferred until at least 38 weeks of gestation for 
women with placenta praevia and 36–37 weeks of gestation for 
women with suspected placenta accreta. Delivery in both these 
scenarios should be conducted in units that can cope with the risk 
of major obstetric haemorrhage—blood transfusion and intensive 
care facilities should both be available. In women with placenta 
praevia but not accreta, the RCOG suggests that the method of 
anaesthesia can be a decision for an individual anaesthetist.3 
Where there is anterior placenta praevia, a strategy of inserting 
the operator’s hand through the lower segment incision and then 
superiorly between the uterus and the placenta to access the fetus 
is likely to be safer than cutting through the placenta.

Good practice advice is that women with suspected placenta 
accreta should be cross-matched before delivery and the use of 
cell salvage considered. If the placenta is morbidly adherent, con-
sideration should be given to leaving it in situ rather than risk-
ing its traumatic avulsion.3 There is no evidence for the efficacy 
of methotrexate in this scenario22 but follow-up with human cho-
rionic gonadotropin and ultrasound may be useful in confirming 
regression of placental tissue. Alternatively, where there is accreta, 
the use of a fundal uterine incision may avoid placental incision, 
although the latter is preferred by some authors.31

Interventional radiology (IR) balloon occlusion techniques are 
increasingly used to prevent haemorrhage in placenta accreta. 
Additionally, IR-administered embolization is increasingly used 
therapeutically in PPH. If an obstetric patient is at high risk of 
haemorrhage (e.g. has placenta accreta or fibroids), then prophy-
lactic internal iliac balloons can be inserted prior to caesarean 
delivery (Figure 35.1). There is some controversy regarding the effi-
cacy of this, with some studies demonstrating a reduction in blood 
loss or need for hysterectomy and others showing no difference.32 
This may be due to non-standardization of the techniques applied. 
Further, there is substantial collateral circulation to the uterus 
from the ovarian artery and vaginal plexuses so that even total 
occlusion of the internal iliac arteries may still result in bleeding.

There is also controversy about where surgery for the bleeding 
obstetric patient should take place—the obstetric theatre or the IR 
suite. Patients with suspected placenta accreta can be managed in 
the IR suite but this must match theatre standards of sterility and 
safety. If the patient is to be looked after in the obstetric suite, then 
an image intensifier and a radiologically compatible theatre table 
must be available.

Regardless of the therapeutic strategy employed, senior obstet-
ric and anaesthetic staff should be readily available for the delivery 
of all women with placenta praevia, and directly involved in the 
delivery of all women with suspected placenta accreta.

Resuscitation in obstetric haemorrhage
Initial management
Management of obstetric haemorrhage requires more than one 
attendant, so help should be requested as soon as possible. Many 
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hospitals have an emergency protocol in place whereby the switch-
board will set off simultaneous pagers of all the relevant staff, that is, 
obstetricians, anaesthetists, midwives, operating department prac-
titioners, and porters. The presence and experience of senior staff 
are essential in a major obstetric haemorrhage and in several CEMD 
reports6,33,34 attendance of senior personnel too late in the care of 
such a patient and lack of continuity of care6 have been criticized.

Assessment of the amount of blood loss can be difficult due 
to loss outside the hospital, on the bed linen, and floor. In some 
placental abruptions, blood loss may be entirely concealed. 
Observations of pulse rate, blood pressure, and peripheral circu-
lation may guide assessment but often it is a ‘guesstimate’. It is 
important to note that healthy parturients may maintain their 
blood pressure remarkably well until they have a lost a significant 
part of their (unreplaced) circulating blood volume by compensa-
tory vasoconstriction, so pulse rate is a better indication of blood 
loss than blood pressure. Oliguria and poor capillary refill are 
other important signs, as is tachypnoea (Table 35.2). All these 
parameters normalize as the patient is appropriately resuscitated.

Obstetric haemorrhage should be treated, as all emergencies, 
along ABC lines. Most women are conscious unless hypovolaemia 
has compromised cerebral perfusion. Therefore the airway usually 

does not need to be secured. A Hudson mask and high-flow oxy-
gen should be given to maximize oxygen saturation. If the patient 
is antenatal, the wedged position is vital as aortocaval compres-
sion which reduces venous return, will worsen an already hypo-
tensive situation.

Two large-bore cannulae should be inserted and appropriate 
blood samples sent for a full blood count, coagulation screen, bio-
chemistry profile, and, most importantly, a group and save sample 
for cross-match.

From a practical point of view, both venous cannulae should be 
sited preferably in the same arm. Siting cannulae in different arms 
results in one cannula being occluded whenever the non-invasive 
blood pressure cuff is inflated and also reduces access for obtain-
ing blood samples later. However, a patient who has lost signifi-
cant blood may have peripherally collapsed veins and if it is only 
possible to gain venous access in both arms, then this should be 
pursued.

Many rapid infuser devices are available (e.g. the Belmont™ 
infusers). These can infuse at 1000 mL/min and simultaneously 
warm the fluids. Hypothermia should be avoided as this worsens 
coagulopathy.

Recently the intraosseous (IO) needle has been introduced 
to gain venous access when peripheral veins cannot be found 
(Figure  35.2).35 This is particularly useful in the patient who 
is ‘shut-down’ or in the obese. The needle is inserted into the 
humerus  or near the tibial tuberosity and fluids pumped into 
the medullary canal. The infusion rate through the IO needle can 
be 68–205 mL/min (without and with pressure bag)36 and once the 
patient is resuscitated, conventional venous access may become 
easier.

Most obstetric patients should be able to withstand a degree of 
hypovolaemia without permanent effects. However, in previously 
healthy labouring women during PPH, Karpati et al. found that 
low systolic (<88  mmHg) and diastolic (<50  mmHg) pressures 

Table 35.2  Signs of haemorrhagic shock

Compensated Mild Moderate Severe

Blood loss 
(mL)

<1000 1000–1500 1500–2000 >2000

Pulse rate 
(beats/min)

<100 100–120 120–140 >140

Systolic 
blood 
pressure

>100 <100 <80 Unrecordable

Peripheral 
extremities

Warm Slightly 
cool

Very cool Cold

Respiratory 
rate (breaths/
min)

<20 20–25 25–30 >30

Urinary 
output 
(mL/h)

>30 <30 <20 Anuric

Conscious 
level

Normal Agitated Confused Lethargic, 
unresponsive

Figure 35.1  Interventional radiology bilateral internal iliac artery catheters 
inserted via contralateral femoral arteries prior to caesarean delivery in a case of 
placenta accrete. Balloons deflated.
Thanks to Dr. Hamish Ireland, Consultant Radiologist for the image of the internal iliac catheters.
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and a tachycardia of more than 115 beats/min were independent 
predictors of myocardial ischaemia37 and therefore every effort 
should be made to maintain normotension and avoid tachycardia.

The patient who is bleeding should be resuscitated first with 
crystalloid fluid, for example, Hartmann’s solution or saline to a 
maximum of 2 L. But if the patient is hypotensive, colloid is an 
alternative. No more than 1.5 L of colloid should be given. There 
is a danger of inducing pulmonary oedema and dilutional coagu-
lopathy if large volumes of fluid are given.

Monitoring in obstetric haemorrhage
Essential monitoring includes electrocardiography, non-invasive 
blood pressure, and pulse oximetry. The patient should also 
be catheterized and placed on a Modified Early Warning Score 
(MEWS) chart (see Figure 35.3).

An arterial line is useful in a patient with major haemorrhage as 
it will give continuous blood pressure, is useful to guide inotropic 
support if needed, and also allows easy access for blood sampling. 
A central venous catheter (CVC) can also be useful to guide fluid 
therapy and to give inotropes. However, invasive lines are not 
without potential complications. Arterial spasm, thrombosis, and 
aneurysm formations are all well-known complications of arterial 
lines. CVC insertion may complicated by pneumothorax, carotid 
puncture, and air embolism. The risks versus the benefits should 
be considered before placing these lines.

Treatment of specific causes of bleeding
Management of antepartum haemorrhage
The major causes of APH include abruption and/or placenta prae-
via. Effective treatment of both of these causes of APH involves 
delivering the baby, and this should be undertaken in good time 
if the pregnancy is at term. When there is major haemorrhage, 

delivery by caesarean delivery is normally required in the mater-
nal interest regardless of gestation. When bleeding is ‘minor’ (e.g. 
<500 mL), conservative treatment to enable fetal maturation or 
(in the case of abruption) induction of labour, may be appropri-
ate. A detailed discussion of when it is reasonable to delay deliv-
ery in women with a preterm APH is discussed in Chapter 33. 
As described previously, caesarean delivery can be a challenging 
operation in women with massive obstetric haemorrhage, and 
senior assistance is advisable.

Pharmacological management of postpartum 
haemorrhage
Effective ‘treatment’ of PPH requires identification of the cause 
and appropriately directed therapy. Uterine atony is the single 
biggest cause of PPH. In the ‘4Ts’ nomenclature, a useful method 
of remembering the causes of PPH, uterine atony is described as 
problems with ‘tone’. This may be aggravated by ‘tissue’—retained 
products of conception. Other causes include ‘trauma’ of the geni-
tal tract and ‘thrombin’ problems—coagulation defects.

Conservative therapy/examination under anaesthesia
Where uterine atony appears the likely cause of PPH, and when 
haemorrhage is minor, it is reasonable to attempt conservative 
therapy with oxytocic agents without transferring the woman to 
theatre. Where bleeding is heavier, regardless of the suspected 
cause of bleeding, transfer to theatre and examination under 
anaesthetic (EUA), including exploration of the uterine cavity, is 
wise. Any retained products of conception can then be removed. 
If bleeding is thought to be due to genital trauma, packing may 
be a useful interim measure, or an alternative to formal suturing 
if a repairable source of bleeding cannot be identified. The deci-
sion of which women can reasonably be managed conservatively 
is difficult, especially for the inexperienced clinician—PPH is a 
condition which can deteriorate rapidly and a low threshold both 
for requesting senior help and for transfer to theatre for EUA is 
advisable.

Atonic postpartum haemorrhage
Retained placental fragments can contribute to PPH—exploration 
of the uterine cavity is useful to determine firstly whether there are 
any placental fragments and secondly to remove them. Thereafter, 
bimanual compression of the uterus may temporarily halt the 
bleeding and gain some time. The evidence base for pharmaco-
logical management (in contrast to prevention) of PPH is limited. 
The following is based on good practice advice from the RCOG, 
and represent widely used strategies for the management of this 
condition. In order, relevant treatment strategies are: Syntocinon® 
5 IU by slow intravenous administration (may be repeated); ergo-
metrine 0.5 mg either intramuscularly or intravenously (note this 
can cause vomiting and is contraindicated in women with hyper-
tension because of the risk of further amplifying hypertension and 
associated cerebrovascular accidents); and Syntocinon® 10 IU/h 
intravenously (administered as 40 IU in a 500 mL bag of crystal-
loid, administered at 125 mL/h).2 Thereafter, further measures 
include carboprost 0.25 mg administered intramuscularly, to a 
total of eight doses at 15-minute intervals (there are some reports of 
improved outcomes with intramyometrial injection, although this 
is not normally recommended, and women with asthma should 
not be given carboprost regardless of route of administration as 

Figure 35.2  EZ IO® (intraosseous needle).
Reproduced with permission of Vidacare Corporation.

 

 

 

 

 

 

 



Figure 35.3  Example of a Modified Early Warning Score (MEWS) chart.
© NHS Lothian.
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it can cause bronchospasm and hypoxia with V/Q mismatch), fol-
lowed where necessary by misoprostol 1000 mcg rectally.

Pharmacological measurements have little to contribute to 
the management of PPH caused by tissue or trauma. Treatment 
of ‘thrombin’-related PPH is by replacement of specific clot-
ting factors or increasing concentrations of other prothrombotic 
agents, and is discussed later in ‘Transfusion of Blood and Blood 
Products’.

Surgical treatments of postpartum haemorrhage
Genital tract trauma sufficient to cause major haemorrhage should 
be repaired in theatre where there is good lighting and access to 
appropriate anaesthesia.

Surgical treatments for PPH due to uterine atony include place-
ment of an intrauterine balloon followed by inflation to pre-
vent bleeding by inducing tamponade (e.g. the Bakri™ balloon 
(Figure 35.4)), a haemostatic ‘brace’ suture around the uterus (e.g. 
the B-lynch suture), hysterectomy and either external ligation of 
uterine or internal iliac arteries, or use of IR to embolize the uter-
ine artery. The frequency with which these agents were used, in 
a series of 323 women in Scotland in 2010 with major haemor-
rhage, together with their ‘success’ rates (in terms of hysterectomy 
avoided) are shown in Table 35.3.4 It should be noted that appar-
ently superior success rates of one strategy compared with another 
cannot be firmly inferred from this series, since different strate-
gies will have been used in different clinical scenarios. However, 
the fact that only 5% of women treated with an intrauterine bal-
loon went on to need hysterectomy, together with its relative ease 
of placement are likely to account for the more than eightfold 
increase in use of the balloon since 2003. There has also been a 
threefold increase in the use of compression sutures over this 
time period. A systematic review of hysterectomy-sparing treat-
ments for PPH (balloon tamponade, uterine compression sutures, 
arterial embolization, and uterine devascularization or arterial 

ligation) demonstrated efficacies of 84–92%, with no significant 
difference in efficacies.38

Although intrauterine balloon tamponade has not been sub-
jected to formalized randomized controlled trials, the demon-
stration of a reduction in the need for arterial embolization and 
conservative surgical procedures after its introduction supports its 
use.39 It works by applying pressure greater than systemic arterial 
pressure to the inside of the uterus. The RCOG endorses the use of 
intrauterine balloon tamponade as a first-line surgical intervention 
in women with bleeding due to uterine atony.2 Balloon tamponade 
appears equally effective in resource poor settings.40 A variety of 
balloon devices are suitable, including a Foley catheter, a Bakri™ 
balloon (Figure 35.4), a Sengstaken–Blakemore oesophageal cath-
eter, a condom catheter, and the Rusch balloon (see Georgiou41 for 
further details on use in practice). The Rusch balloon appears to 
have advantages in terms of size, cost and ease of use, although the 
Bakri™ balloon with its opening in the uterine cavity may allow 
earlier detection of continued bleeding. Regardless of the balloon 
used, it should be kept in place for at least 4–6 hours with most 
publications suggesting its removal by 48 hours.

The next most commonly used treatment for PPH is the haemo-
static brace suture, as described by Christopher B-Lynch in 199742 
(Figure 35.5). Again, there have been no large randomized trials 
comparing the haemostatic brace suture to alternative treatments. 
The UK Obstetric Surveillance System (UKOSS) cohort reported 
outcomes of 272 women needing second-line treatment for PPH 
(i.e. when drug treatment and/or uterine balloon tamponade had 
failed): uterine compression sutures were successful in 75% of the 
199 women so treated.43 Uterine necrosis and pyometra have been 
reported as complications, but these can be minimized with appro-
priate attention to technique and the use of a suture such as poly-
necaperone (Monocryl®) which degrades completely over 3 weeks, 
losing its tensile strength.44 Again, the use of the B-Lynch suture 
and/or other compression sutures is endorsed by the RCOG.2

Figure 35.4  Bakri™ balloon.
Permission for use granted by Cook Medical Incorporated, Bloomington, Indiana.
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The use of IR techniques is increasingly popular in the man-
agement of obstetric haemorrhage. Its use in placenta accreta 
has been described previously in this chapter. Bilateral uterine 
arterial embolization is appropriate when the uterus is thought 
to be the source of bleeding. Where the source of bleeding is 

unknown, or where it is likely to come from vaginal, cervical, 
or pelvic ‘trauma’, imaging can be useful to visualize the bleed-
ing point, followed by embolization to the relevant vessel. Again, 
there are no randomized trials, and few series reporting long-
term outcomes. Out of 19 women treated with embolization in 
the UKOSS series, 17 (89%) avoided hysterectomy.43 These imme-
diate success rates are similar to those from the Netherlands in 
a series of 114 women with arterial embolization, although 25% 
women ultimately underwent hysterectomy.45 One series of 28 
women with mean follow-up of 12 years, noted that all six who 
wished to become pregnant again did so and delivered success-
fully.46 Another series demonstrated future successful pregnancy 
in all 16 women who wished another pregnancy after arterial 
embolization to treat PPH.47

Hysterectomy is the definitive treatment for PPH in women 
with uterine atony or uterine trauma. However, hysterectomy is 
life-saving in selected cases and should not be denied in an effort 
to preserve fertility. The Confidential Enquiry into Maternal and 
Child Health recommends that ‘consider[ing] hysterectomy early’ 
is an important component of effective management of PPH.33 
The RCOG guidelines endorse this advice, especially in cases of 
placenta accreta or uterine rupture, and suggest that a second con-
sultant be involved in both the decision-making and the surgery.2 
UKOSS reviewed a series of 315 women undergoing peripartum 
hysterectomy in the United Kingdom.48 The majority (53%) were 
performed because of uterine atony, with a further 38% performed 
because of placenta percreta, accreta, or increta. Eighty per cent 
of peripartum hysterectomies followed caesarean delivery. 
Complications included death (0.6%), need for intensive care unit 

Table 35.3  Frequency of use and ‘efficacy’ (hysterectomy avoided) 
of procedures used to treat major obstetric haemorrhage in Scotland 
in 2010

Procedure Number % of total % Success ratea

Intrauterine balloon 
tamponade

81 21.5% 95%

Haemostatic brace uterine 
suturing

(e.g. B-Lynch)

34 10.5% 82%

Hysterectomy 18 5.6% 0

Uterine artery embolization 
(interventional radiology)

17 5.3% 70%

Bilateral ligation of uterine 
or internal iliac arteries

5 1.5% 80%

aHysterectomy avoided.

Lennox C, Marr L. Scottish Confidential Audit of Severe Maternal Morbidity © Healthcare 
Improvement Scotland 2014. First published July 2014. You can copy or reproduce the 
information in this report for use within NHS Scotland and for educational purposes. 
Commercial organisations must get our written permission before reproducing this 
report. http://www.healthcareimprovementscotland.org
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Figure 35.5  B-Lynch suture.
Reproduced from Christopher B Lynch et al., ‘The B-Lynch surgical technique for the control of massive postpartum haemorrhage: an alternative to hysterectomy? Five cases reported’,  
BJOG: An International Journal of Obstetrics & Gynaecology, Volume 104, Issue 3, pp. 372–375, Copyright 1997, with permission from Wiley.
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admission (80%), bladder damage (12%), ureteric damage (4.4%), 
ovary removal (5.7%), other further surgery (19.4%), and other 
severe morbidity (17%). There were no differences in complication 
rate comparing subtotal with total hysterectomy. Bladder damage 
was more likely in the presence of placenta accreta, and younger 
and multiparous women. Caesarean delivery and morbidly adher-
ent placenta were noted as risk factors for peripartum hysterec-
tomy in another systematic review.49

Transfusion of blood and blood products
The term uterus has a blood flow of approximately 750 mL/min 
and therefore in the event of a massive haemorrhage, all obstetric 
units should have immediate access to O-negative blood. Blood 
transfusion is, however, not without its potential hazards,50 spe-
cifically transfusion reactions, transfusion-related lung injury, 
and infection. Blood should not therefore be given without due 
consideration.51 Furthermore, most obstetric patients are healthy 

prepregnancy and have no co-morbidities. They can usually there-
fore tolerate relative anaemia well and a haemoglobin of 7 g/dL 
is acceptable to most stable postpartum women. See Figure 35.6 
for the Simpson Centre for Reproductive Health transfusion algo-
rithm for stable postpartum women.

However, in the actively bleeding parturient, it is recommended 
that the haemoglobin be kept between 7 and 9 g/dL by transfu-
sion.52 Laboratory samples for a full blood count and clotting 
screen are useful only for baseline purposes as in a haemor-
rhage, the patient may have lost several circulating blood volumes 
before these results are to hand which will therefore not reflect 
the real-time picture. Some units may have near-patient testing 
devices like the HemoCue® (Figure 35.7) and a thromboelasto-
graph (Figure 35.8) which will give very rapid haemoglobin53 and 
clotting status respectively. Furthermore, the thromboelasto-
graph will indicate which blood products are required to treat any 
coagulopathy which may be present although the reference ranges 
may be different in obstetric patients.54

Lothian guidelines for blood transfusion in stable postpartum women

Hb <70 g/dL

Blood transfusion
is usually indicated

If asymptomatic
consider IV iron

Recheck Hb after each
unit of blood a

Is this patient
symptomatic?

Short of breath?
Fatigue, light headed?
Pallor?
Tachycardia?

Consider
transfusion or
alternativese

Aim to maintain
Hb >90 g/dL

Consider
transfusion or

alternatives

Aim to maintain
Hb >90 g/dL

No need for
transfusion

Consider oral iron
therapy

Reassess Hb if
symptoms of anaemia

present/develop

Does this patient have:

IHDb

Cardiac diseasec

Ongoing blood loss
Pulmonary diseased

Haemolysis

Hb 70–90 g/dL

YES

YES

NO

NO

Hb >90 g/dL

No need for
transfusion

Commence IV or oral
iron

aReassessing patients between units prevents unnecessary transfusion and minimizes patient exposure to multiple blood donors.
bIHD = ischaemic heart disease.
cIf cardiac disease, consider giving furosemide 20 mg per 2 units of blood.
dPulmonary disease that causes low SpO2 (excluding well controlled asthma) is an indication to maintain haemoglobin level
>90 g/dL.
eAlternatives to blood transfusion may be oral or intravenous iron therapy.

Figure 35.6  Lothian guidelines for blood transfusion in stable postpartum women.
© NHS Lothian; Data from Carson JL et al., Transfusion triggers: a systematic review of the literature. Transfusion Medicine Reviews, 2002, volume 16, issue 3, pp. 187–99; and Data from Murphy 
MF et al. Guidelines for the clinical use of red cell transfusions. British Journal of Haematology, 2001, volume 113, issue 1, pp. 24–31.

 



Chapter 35  obstetric haemorrhage 561

A more detailed explanation of the thromboelastograph and its 
interpretation are available in Chapter 48.

Where a thromboelastograph is not available, it has been sug-
gested from major trauma studies52 that the platelet count should 
be maintained above 50 × 109/L and prothrombin and activated 
prothrombin time within 1.5 times the mean control. Fibrinogen 
should be 1.5–2 g/L, higher than that recommended by the 
RCOG55 of 1 g/L as most pregnant women have fibrinogen levels 

often greater than 4 g/L, so 1 g/L would seem excessively low. In 
fact, a fibrinogen level less than 2 g/L has a positive predictive value 
of 100% for severe PPH and is the only marker among those inves-
tigated to do so.56 Fibrinogen can be given as fresh frozen plasma 
(FFP) 10–15 mL/kg or as cryoprecipitate (10 units). Recently there 
have been case reports of fibrinogen concentrate used in obstetric 
haemorrhage.57 This has the advantages that it does not need to 
be thawed and can be given in small volumes thus reducing the 
volume load and the chances of pulmonary oedema.

A 1:1 transfusion ratio of blood:FFP: has been advocated fol-
lowing improved survival in military casualties in Iraq and 
Afghanistan.58 Here the patients were aggressively treated with 
blood products along with early damage control surgery and avoid-
ing the ‘lethal triad’ of hypothermia, acidosis, and coagulopathy. 
However, obstetric patients are of a different physiological milieu 
than soldiers, with a higher thrombotic potential than their male 
non-pregnant counterparts. The Association of Anaesthetists of 
Great Britain and Ireland (AAGBI) has currently advised against 
this 1:1:1 regimen in routine obstetric practice.59

Donor blood has been anticoagulated with acid citrate dextrose 
which chelates calcium, resulting in hypocalcaemia after massive 
transfusion. It is recommended that calcium chloride is given to 
maintain calcium levels above 0.9 mmol/L.55

Cell salvage
The collection and re-transfusion of autologous blood from surgical 
sites has been well established in many specialities—orthopaedics, 
cardiac, vascular, and hepatobiliary surgery—for decades.60 
However, there has been a reluctance to embrace it in obstet-
rics because of the fears of amniotic fluid embolism and rhesus 
isoimmunization.

The cause of amniotic fluid embolism, now re-named anaphy-
lactoid syndrome of pregnancy61 is unknown. It is rare, occurring 
in approximately 1/50,000 births but with a high mortality (20%)62 

Figure 35.7  HemoCue®.
Reproduced with permission of Sylva Lindskog, Hemocue.

Figure 35.8  Thromboelastograph in patient with disseminated intravascular coagulation (left) and subsequent normalization following treatment with fresh frozen 
plasma and platelets.
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and accounted for 15 deaths in the most recent Confidential 
Enquiry into Maternal Deaths in the United Kingdom.6 
Previously, fetal squames and other debris were thought to cause 
the syndrome which resulted in cardiovascular collapse, hypoxia, 
and coagulopathy. More recently, it is thought that there is a sys-
temic inflammatory response which results in release of endog-
enous inflammatory mediators.63

More detail about anaphylactoid syndrome of pregnancy can be 
found in Chapter 38.

When cell salvage was first introduced into obstetrics, a sepa-
rate suction device was used to collect amniotic fluid and another 
introduced post delivery to collect maternal blood.64 The cell saver 
machines have integral filters and when a leucocyte depletion filter 
(LDF) is used as well, the salvaged blood returned to the mother 
has similar levels of amniotic fluid contaminants as that seen 
in maternal blood after a normal delivery.65 Recently, however, 
some units have abandoned the two-sucker approach and aspirate 
amniotic fluid as well as blood into the same suction device. There 
appears to be no increased risk of anaphylactoid syndrome with 
this approach66 and it may be that this is the way forward as in 
some cases (e.g. placenta praevia or anterior fibroids), most of the 
blood is lost before delivery.

In 2011, there were case reports of severe hypotension with 
salvaged blood given with a LDF.67,68 The mechanism of this 
was postulated to be bradykinin release, bradykinin being a 
potent vasodilator. An article in 2013 suggests that interleukin 
6 may be the culprit if the blood has been filtered using subat-
mospheric pressures applied with a 50 mL syringe.69 But neither 
theory explains why hypotension does not occur in the millions of 
patients receiving non-autologous blood which has been filtered 
through the LDF.70 If severe hypotension does occur, the filter 
should be removed and the salvaged blood transfused without 
it. A  SHOT (Serious Hazards of Transfusion) report should be 
completed.

Using the LDF has another practical disadvantage. The rate of 
blood flow through the filter is severely hampered by the fine mesh 
and is a major drawback in replacing blood in a rapidly haem-
orrhaging patient. Removing the filter speeds up re-transfusion 
rates significantly. It should be remembered that before the intro-
duction of filters several hundred patients were transfused sal-
vaged blood uneventfully and continue to do so in non-obstetric 
settings.

The cell saver machines cannot differentiate maternal from fetal 
cells and there can be transfusion of fetal cells from salvaged blood 
back to the mother. This may give rise to Rhesus isoimmuniza-
tion in Rhesus-negative mothers who have Rhesus-positive babies 
with problems in subsequent pregnancies if anti-D is not given. 
However, the transference of fetal cells in cell salvage is of the 
same magnitude as occurs in a normal delivery.71 The Kleiheur 
test done postnatally, and after the salvaged blood has been given, 
will detect how much anti-D needs to be given to prevent Rhesus 
isoimmunization. Transference of other alloantibodies has not 
given rise to any clinical problems following cell salvage (J. Faulds, 
personal communication).

One of the problems of cell salvage is the uncertainty of which 
patients would benefit from the process. In the 2007 SCASMM, 
Peacock and Clark identified all the Scottish women in that year 
who had had a loss greater than 2500 mL, or required a 5-unit 
transfusion of blood or coagulation products.72 It would appear 

that worthwhile volumes of blood could be salvaged in those with 
placenta praevia, accreta, and abruption, pre-eclampsia, caesar-
ean after induction of labour, and at exploratory laparotomy. 
However, a definitive study has yet to be done to confirm this. If 
clinicians are unsure about potential blood loss, the collect-only 
reservoir of the cell savage system can be used without the centri-
fuge, the more expensive part. This can easily be activated if blood 
loss becomes significant.

It must be remembered that there are no coagulation products 
in salvaged blood and FFP, cryoprecipitate, and platelet transfu-
sions may be required.

NICE, the AAGBI, RCOG, and MBRRACE have all recently 
endorsed cell salvage in obstetrics. A  large randomized trial is 
underway which will determine the role of cell salvage in reduc-
ing blood transfusion in obstetrics (SALVO, ISRCTN66118656).

Women who refuse blood products
There are some parturients who refuse blood products due to reli-
gious beliefs.34 They are at increased risk of dying with two such 
women dying in the last MBRRACE report.6 The implications of 
their decisions regarding refusal of blood products should be dis-
cussed at length antenatally. The best place for this to be done is in 
the high-risk clinic or similar suitable environment. The partner 
should accompany the patient as they may have different views 
but must be made aware that the patient’s wishes supersede theirs. 
Some women may request their religious advisor attend the clinic 
appointment also.

Haematinics must be prescribed and a full blood count should 
be checked at 32 and 36 weeks to ensure that their haemoglobin is 
optimized for delivery. Some may need intravenous iron or eryth-
ropoietin to bring the haemoglobin above 10 g/dL.5

Apart from impressing upon these women that they have a 
greater chance of dying compared to others, the exact nature of 
what they will accept in the event of a haemorrhage must be dis-
cussed and documented. Some adjuncts, if they have non-blood 
components (e.g. recombinant factor Vlla), and some techniques 
like cell salvage, may be acceptable. A useful chart is shown in 
Figure 35.9.

On admission to the delivery suite, all staff should be aware 
of the status of the patient. Senior medical staff should also be 
informed. If there is a haemorrhage, a consultant obstetrician and 
consultant anaesthetist should be called in a timely manner. The 
patient should be monitored for at least 4 hours postpartum so 
that any complications are diagnosed and managed early. Each 
hospital should have a group which liaises with organizations 
whose members refuse blood.

Anaesthesia in obstetric haemorrhage
Neuraxial anaesthesia is relatively contraindicated in a patient 
who is actively bleeding as spinal or epidural anaesthesia causes 
sympathetic blockade with resultant vasodilatation and removes 
the compensatory vasoconstriction which would naturally occur 
in the presence of blood loss. General anaesthesia (GA) is the tech-
nique of choice with judicious use of induction agents to avoid 
vasodilation and hypotension. This is offset somewhat initially 
by the hypertensive stimulus of laryngoscopy. The use of vola-
tile agents for maintenance of anaesthesia used to be notoriously 
associated with relaxation of the uterus but since the demise of 
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halothane this has not clinically been a problem and up to 0.46 
minimum alveolar concentration of sevoflurane and isoflurane 
can be given without affecting uterine tone.73 During a haemor-
rhage, if the patient is hypovolaemic and hypotensive, reducing 
the volatile will not necessarily lessen atony and increases the risk 
of awareness.

Unfortunately, haemorrhage often occurs unexpectedly in 
obstetrics and many patients who bleed will already have a spinal 
or epidural in situ. Provided the patient is kept well-filled, and 
comfortable, the anaesthetist may persevere with the regional 
technique. However, if the operation is prolonged and outlasts 
the spinal, or if there is pain or discomfort, there is no choice but 
to provide a GA. Further, a hypovolaemic hypotensive patient 
will feel faint and nauseous and a GA indicated for these rea-
sons. Inducing GA can also be advantageous as it then frees the 

anaesthetist to proceed with insertion of arterial and CVCs and 
for the staff in theatre to communicate more frankly without the 
need to curtail discussion to prevent alarming the patient and 
partner.

Unless already in situ, two large-bore cannulae are indicated as 
well as use of the rapid infuser and cell saver if available. An arte-
rial line and CVC are indicated in a massive haemorrhage. A sec-
ond dose of antibiotic is necessary if blood loss exceeds 1500 mL. 
Perioperative thromboelastography and HemoCue® are invalu-
able to guide blood and coagulation product replacement in these 
circumstances. If there is evidence of fibrinolysis, tranexamic acid 
may be considered.

There are some cases where using neuraxial anaesthesia is con-
troversial. One of these is for placenta praevia. This can potentially 
cause catastrophic bleeding and theoretically a GA should be given 

Figure 35.9  Simpson Centre for Reproductive Health checklist for women who refuse blood products.
© NHS Lothian.
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for the reasons described above. However, if the placenta praevia 
is minor or posterior, bleeding is less likely and many experienced 
anaesthetists would use a regional technique. In a series of 350 
consecutive placenta praevia cases, Parekh found that neuraxial 
anaesthesia even in the presence of considerable haemorrhage 
was not problematic and was associated with significantly less 
blood loss and transfusion.74 Hong and colleagues75 also demon-
strated that epidural anaesthesia as opposed to GA resulted in less 
transfusion requirements in grade 4 placenta praevia patients. An 
alternative to epidural or single-shot spinal would be a combined 
spinal–epidural (CSE). This would allow longer surgical time if 
problems were encountered.

Another area where the choice of anaesthetic depends on anaes-
thetic experience is in the management of an elective caesarean 
with a placenta accreta. In many of these cases, internal iliac bal-
loons are placed preoperatively. Some anaesthetists insert a CSE 
providing anaesthesia for insertion of the radiology catheters with 
the spinal component. The caesarean is then performed under epi-
dural top-up, although if blood loss becomes excessive, conver-
sion to a GA is advised (G. O’Sullivan, personal communication). 
This will work well if the bleeding from the adherent placenta is 
not excessive but many of these cases bleed torrentially despite the 
internal iliac balloons if the placenta starts to separate and the 
anaesthetic team may be stretched to cope with a nauseous anx-
ious patient (and partner) rather than proceeding unhampered 
with resuscitation.

Patient choice should be taken into consideration when discuss-
ing anaesthetic techniques unless there is an overwhelming rea-
son to choose one technique over another. In a case like placenta 
praevia and accreta, the patient and partner should understand 
that neuraxial anaesthesia can be initiated but GA may be neces-
sary if complications arise. The partner’s understanding that they 
should leave when requested must be determined from the outset.

Patients who have had a major haemorrhage will inevitably 
require level 3 (intensive) care. A period of ventilation will buy 
time for re-warming, reversing coagulopathy, and often righting 
fluid balance as one of the commonest causes for ITU admission 
is pulmonary oedema caused by over-generous fluid resuscitation 
in the early stages of haemorrhage.

Simulation training for management 
of obstetric haemorrhage
Simulation training using ‘drills’ is an increasingly important 
component of quality improvement in obstetrics. Simulation 
training may either focus on the individual (e.g. MOET, ALSO) or 
the ‘team’ (PROMPT). There is some (weak) evidence that drills 
may improve team-working and identify knowledge and perfor-
mance gaps.76

Debriefing
The mortality and morbidity associated with major obstetric 
haemorrhage are considerable. Communication with the woman 
and her relatives is an important feature of the management of 
obstetric haemorrhage and appropriate management requires 
good team communication.

Once the immediate danger period has past, it is appropriate to 
conduct a formal debriefing with the woman and her relatives. This 

should include an accurate account of events, some explanation 
of ‘why’ this happened, ‘why’ any specific measures or treatments 
were undertaken, and ‘what this means’ for future health (includ-
ing pregnancies). Regular morbidity reviews identify examples 
of good practice, and management that could be improved in the 
future. This should be fed back to staff who will also require some 
debriefing, both to help them come to terms with what has hap-
pened, and for educational purposes.

Controversies in obstetric  
haemorrhage
Treatment modalities in massive obstetric haemorrhage have 
rarely been subjected to randomized trials, and it could therefore 
be argued that much of the accepted treatment lacks a robust evi-
dence base. Many ‘new’ techniques and drugs are introduced by 
enthusiasts—in the presence of a life-threatening situation is it 
difficult to persuade such individuals to randomize to ‘no treat-
ment’. Some new treatments are described below.

Recombinant factor VIIa
Factor VIIa is an important component of the clotting 
cascade—the recombinant form can be given intravenously. 
The RCOG advises: ‘In the face of life-threatening PPH, and in 
consultation with a haematologist, rFVIIa may be used as an 
adjuvant to standard pharmacological and surgical treatments’.2 
A suggested dose is 90 mcg/kg, which may be repeated in the 
absence of clinical response within 15–30 minutes. Importantly, 
factor VIIa requires adequate concentrations of fibrinogen 
and platelets to be effective—consideration should be given to 
fibrinogen and/or platelet administration for those with fibrino-
gen below 1 g/L and platelets greater than 20 × 109/L. Patients 
who are hypothermic, hypocalcaemic, and acidotic will not 
respond to factor VII treatment either.77 There have been recent 
reports of arterial thrombosis following the use of factor VIIa in 
non-obstetric patients.78

Tranexamic acid
Although the RCOG does not endorse the use of tranexamic acid, 
there is weak evidence for its efficacy in PPH79 and considerable 
evidence for its use in trauma.80 In trauma usage, a dose of 1 g is 
given slowly intravenously and repeated if required after 8 hours. 
The WOMAN trial is currently addressing the role of tranexamic 
acid in obstetrics.81

Cell salvage
The last controversy is the use of cell salvage, which is widely 
used, although there is no evidence it has any clinical benefit 
or cost-effectiveness (both in terms of reducing transfusion). 
A multicentre trial ‘SALVO’ is ongoing in the United Kingdom to 
address this issue, as described previously.

Conclusion
Major obstetric haemorrhage remains a significant cause of 
maternal mortality and morbidity. Risk factors should be identi-
fied. Prompt and effective anaesthetic and obstetric intervention 
(ideally as part of a multidisciplinary team) significantly improves 
outcomes. Management includes pharmacological and surgical 
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techniques with frequent input from blood transfusion and inten-
sive care services. IR is sometimes required. Research increasingly 
identifies effective and ineffective strategies in the treatment of 
this condition.
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CHAPTER 36

Hypertension in pregnancy
John A. Anderson, Pierre-Antoine Laloë 
and Derek J. Tuffnell

Introduction
Hypertensive disorders during pregnancy occur in women with 
pre-existing primary or secondary chronic hypertension, and 
in women who develop new-onset hypertension in the second 
half of pregnancy. Both carry risks for the woman and the baby. 
Although the rate of eclampsia in the United Kingdom appears to 
have fallen,1 hypertension in pregnancy still caused 19 maternal 
deaths in the United Kingdom between 2009 and 2012 in the latest 
2014 national report, ‘Saving Lives, Improving Mothers’ Care’.2 
Hypertensive disorders during pregnancy may also result in sub-
stantial maternal morbidity. A study reported that one-third of 
severe maternal morbidity was a consequence of hypertensive 
conditions.3 A  study from one region of the United Kingdom 
reported that 1 in 20 (5%) women with severe pre-eclampsia or 
eclampsia were admitted to intensive care.4 Pre-eclampsia is asso-
ciated with significant fetal mortality and morbidity, mostly as 
a result of prematurity. One in 20 perinatal deaths of deaths of 
infants without congenital abnormalities in the United Kingdom 
are associated with pre-eclampsia.5

Spectrum of hypertensive disease 
in pregnancy
Non-proteinuric hypertension
Women with normal blood pressure at the onset of pregnancy 
who subsequently develop hypertension without proteinuria 
after 20 weeks of gestation have gestational hypertension (GH). 
In itself, GH is less likely to cause significant morbidity than 
pre-eclampsia, but it pre-disposes women to the development of 
pre-eclampsia.

Primary or secondary chronic hypertension
There is a group of women who have pre-existing, chronic, pri-
mary or secondary hypertension prior to conception. In the 
United Kingdom it is likely that the majority of these women 
are unknown to their general practitioner, midwife, or obstetri-
cian (though rates are estimated at 0.6–2.7%)6 and the diagnosis 
of underlying chronic hypertension is revealed at final postnatal 
follow-up. It is therefore difficult to truly identify patients with 
chronic pre-existing hypertension, from hypertensive patients in 
the antenatal clinic with GH. For this reason, women presenting 
with GH prior to 20 weeks are considered to have chronic hyper-
tension. In excess of 95% of women with chronic hypertension 

will not have any underlying discoverable pathology, and there-
fore have essential hypertension. The remainder may have associ-
ated, proven cardiovascular, renal, or endocrine disease.7

Rising rates of obesity and increasing maternal age in the devel-
oped world are increasing the incidence of chronic pre-existing 
hypertension and GH.8 These conditions are additional risk fac-
tors for subsequently developing pre-eclampsia.9,10

Proteinuric hypertension
This encompasses pre-eclampsia and eclampsia; haemolysis, ele-
vated liver enzyme levels, and low platelet count (HELLP) syn-
drome; and acute fatty liver of pregnancy (AFLP). They all may 
be considered as a continuum of the same disease at a cellular 
level and are more likely to result in harm than non-proteinuric 
hypertension. The careful management of women with moderate 
and severe proteinuric hypertension in the intra- and postpartum 
periods reflects this. It is also worth noting that HELLP and AFLP 
may not initially present with significant hypertension or protein-
uria, though this may develop later.

Definitions
About one in ten pregnancies in the developed world are affected 
by hypertension in pregnancy and this includes two relatively 
benign conditions (chronic and gestational hypertension) and a 
potentially dangerous one (pre-eclampsia).11 Considerable debate 
has always surrounded the definition of the hypertensive disor-
ders of pregnancy. Consequently broad clinical definitions are 
used, reflecting that much overlap occurs in the phenotypic pres-
entations of conditions of hypertension in pregnancy.

Pre-eclampsia affects up to 1 in 20 pregnancies dependent on 
parity12 and is characterized by placental dysfunction, and mater-
nal vascular, neurological, renal, and hepatic dysfunction which 
may lead to hypertension, stroke, seizures (eclampsia), end-organ 
damage, haemorrhage, placental abruption, fetal growth restric-
tion, and both fetal and maternal death. Rarely this disease may 
manifest itself as HELLP and AFLP.

Clinically differentiating the more benign conditions of chronic 
hypertension and GH from pre-eclampsia to predict outcome has 
been dependent on traditional, but non-specific, clinical markers 
such as blood pressure, urinary protein excretion, signs, and symp-
toms. The difficulty in identifying women with pre-eclampsia is 
underlined by the knowledge that HELLP and AFLP patients may 
not present with hypertension in the initial stages of the disease 

 

 

 

 

 

 

 

 



Part 8  obstetric complications568

and up to 20% of women with eclamptic seizures do not meet typi-
cal diagnostic criteria prior to their seizure event.13 The lack of 
specificity makes the prediction and prevention of complications 
difficult.

Clinical definitions advocated by the National Institute of 
Health and Care Excellence (NICE)14 have been used in an effort 
to provide consistency about the parameters to classify the con-
dition in the United Kingdom. These depend upon the detection 
of hypertension, with or without proteinuria. However, these are 
crude proxy measurements of disease activity as both are signs of 
the condition rather than its cause or consequence. Clinically it is 
much more difficult to identify the more important consequences 
of pre-eclampsia such as cerebral oedema, glomerular damage, or 
basement membrane permeability.

Hypertension
Pregnancy-related hypertension is currently defined in the 
United Kingdom as a sustained raised blood pressure of over 
140/90 mmHg, with a diastolic blood pressure of 90 mmHg on 
two separate occasions or a single diastolic reading of 110mmHg, 
in a woman who is pregnant or in the puerperium (6 weeks post-
natal).15 Current guidance divides cases into:
◆	 Mild hypertension: diastolic blood pressure 90–99 mmHg, sys-

tolic blood pressure 140–149 mmHg.
◆	 Moderate hypertension: diastolic blood pressure 100–109 mmHg, 

systolic blood pressure 150–159 mmHg.
◆	 Severe hypertension: diastolic blood pressure 110  mmHg or 

greater, systolic blood pressure 160  mmHg or greater.16 This 
definition is used in the United Kingdom and by the American 
Society of Hypertension and Society of Obstetricians and 
Gynaecologists of Canada. The Society of Obstetric Medicine 
of Australia and New Zealand use a level of 170/110 mmHg for 
severe hypertension

Significant proteinuria
Defined as 300 mg of protein excreted in 24 hours, or a urine 
protein:creatinine ratio greater than 30 mg/mmol.16

Gestational hypertension
Raised blood pressure falling within the above-mentioned catego-
ries, without proteinuria or associated biochemical abnormalities 
developing after 20 weeks of gestation, is described as gestational 
hypertension (GH) and used to be termed pregnancy-induced 
hypertension (PIH). Raised blood pressure prior to 20 weeks is 
considered to be chronic underlying hypertension.

Chronic hypertension
Chronic hypertension is hypertension that is present at the book-
ing visit or before 20 weeks of gestation or hypertension requiring 
treatment when referred to maternity services. It can be primary 
or secondary in aetiology.

Pre-eclampsia
Pregnant women with confirmed hypertension with significant 
persistent proteinuria (i.e. >300 mg on 24-hour urine collection or 
a urinary protein:creatinine ratio greater than 30 mg/mmol) are 
said to have pre-eclampsia.

In the United Kingdom, severe pre-eclampsia is considered to 
be pre-eclampsia with severe hypertension and/or with symp-
toms, and/or biochemical and/or haematological impairment. The 
Society of Obstetricians and Gynaecologists of Canada includes 
gestation of onset before 34 weeks, heavy proteinuria, maternal 
symptoms, signs of end-organ dysfunction, abnormal labora-
tory tests, or signs of fetal morbidity. The American Society of 
Hypertension includes gestation below 35 weeks, maternal symp-
toms, abnormal laboratory tests, or fetal morbidity. This gener-
ates difficulty in comparisons of outcomes in different settings. 
Eclampsia is a convulsive condition associated with pre-eclampsia.

Epidemiology
Hypertension complicates between 6% and 12% of all pregnan-
cies.17 Around one in ten women will develop hypertension and 
over 4% pre-eclampsia in their first pregnancy12 though most will 
have straightforward pregnancies and good maternal and neona-
tal outcomes.1 Good care of hypertensive women in pregnancy 
involves minimizing risk in the antenatal period along with good 
surveillance and effective antenatal treatment. Timely interven-
tion for delivery and multidisciplinary care in the face of severe 
disease or complications can minimize the morbidity and mor-
tality for both mother and fetus. The hypertensive conditions of 
pregnancy can result in life-threatening multisystem pathology, 
affecting the nervous, hepatic, haematological, renal, and respira-
tory systems.

Maternal morbidity and mortality
An estimated 63,000 women die worldwide as a consequence of 
pre-eclampsia and its complications with 98% of these occurring 
in the developing world.18 In the United Kingdom, pre-eclampsia 
accounts for the second largest number of direct maternal deaths. 
There were 22 deaths in the triennium 2006–2008.2 Of these, 
nine died of cerebral haemorrhage, five due to cardiac arrest due 
to uncontrolled eclamptic seizures, three from liver failure, two 
from multiorgan failure while in critical care, two from complica-
tions of AFLP, and one from an intra-abdominal haemorrhage of 
uncertain origin. In 20 cases their care was viewed as ‘substand-
ard’ by the assessors. This was usually due to a failure to manage 
severe hypertension. The overall mortality rate has ranged from 
0.66 to 0.83/100,000 maternities. The three predominant causes 
of death are cerebral events, pulmonary problems, or liver dis-
ease. The lack of a reduction in cerebral deaths has led to tighter 
recommendations for the control of hypertension with a gradual 
reduction in the recommendation to treat hypertension from 
170/110 mmHg to the current recommendation of treating blood 
pressure above 150/100 mmHg and that a systolic blood pressure 
above 170 mmHg should be a medical emergency. A significant 
success has been the reduction in pulmonary deaths. This is pre-
dominantly due to fluid restriction regimens avoiding pulmonary 
overload leading to adult respiratory distress syndrome. Deaths 
from liver disorders have remained relatively constant.

Severe pre-eclampsia
Determining the incidence of severe pre-eclampsia is difficult 
because of a lack of precision about exact criteria to differentiate 
between moderate and severe cases. In Yorkshire between 1999 
and 2003, there were 1087 cases of severe pre-eclampsia in 210,631 
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maternities. This was a rate of 5.2/1000 maternities.4 There were 
no maternal deaths in this series but 49 women (rate of 23/10,000 
maternities) needed intensive care; Pulmonary oedema devel-
oped in 2.3% of cases, 0.55% of women required renal dialysis, 
and 4.3% of women had platelets below 50 × 109/L and an alanine 
aminotransferase (ALT) level over 70 IU/mL. Oliguria (defined 
as <80 mL/4-hour block for two consecutive blocks) occurred in 
7.9% of cases.

Fetal morbidity and mortality
Hypertensive disorders also carry a risk for the baby. In the most 
recent UK perinatal mortality report, 1 in 20 (5%) stillbirths in 
infants without congenital abnormality occurred in women with 
pre-eclampsia.5 The contribution of pre-eclampsia to the overall 
preterm birth rate is substantial; 1 in 250 (0.4%) women in their 
first pregnancy will give birth before 34 weeks as a consequence of 
pre-eclampsia12 and 8–10% of all preterm births result from hyper-
tensive disorders.19 Half of women with severe pre-eclampsia give 
birth preterm. Small-for-gestational-age babies (mainly because 
of fetal growth restriction arising from placental disease) are com-
mon, with 20–25% of preterm births and 14–19% of term births 
in women with pre-eclampsia being less than the tenth centile of 
birth weight for gestation.20

Pathogenesis
Most research relating to the pathogenesis of hypertension in 
pregnancy relates to pre-eclampsia, largely because chronic 
hypertension, essential or otherwise, has its causes outside preg-
nancy, while GH on its own has a less severe impact on maternal 
or neonatal outcome, unless pre-eclampsia develops.

The pathogenesis of pre-eclampsia is unresolved but it is widely 
accepted that abnormal placentation is involved in the pathophys-
iology. The disease will begin to resolve following the delivery 
of the fetus and placenta, while pre-eclampsia can occur in the 
absence of fetal tissue, as occurs in a complete molar pregnancy, a 
condition in which pre-eclampsia is more frequent.

It has become increasingly apparent that the manifestation of 
pre-eclampsia in a given pregnancy is determined at the outset 
of pregnancy, when the trophoblast implants in the endometrium 
and invades to access the maternal spiral arteries arising from 
the myometrium. Normally the infiltration of fetal cytotropho-
blasts act to trigger the maturation and remodelling of the spiral 
arteries from small-capacity, narrow vessels into high-capacity, 
wide vessels. The failure of this process is a consistent histologi-
cal finding in the placentae of those pregnancies complicated by 
pre-eclampsia clinically. The balance of opinion is that the fail-
ure of the maturation of these spiral arteries and the subsequent 
placental ischaemia causes cytokines, interleukins, and growth 
factors to be released into the circulation, whose vasoactive prop-
erties can cause end-organ damage and lead to the clinical signs 
and symptoms of the disease. This would also support the obser-
vation that pre-eclampsia is an independent variable for maternal 
cardiovascular disease in later life.21

Research has been aimed at identifying these key vasoactive 
factors and several possible molecules have been identified. These 
include elements of the angiotensin pathway and tumour necrosis 
factor alpha. While alterations in these substances have been iden-
tified in pre-eclampsia, a definitive mode or pattern of causation 

has yet to be defined. This may reflect the complexity of the bio-
chemical milieu surrounding pregnancy and pre-eclampsia and 
also the biochemical research difficulties in developing a valid 
animal model,22 as pre-eclampsia only occurs in primates.

The most promising avenues have focused on the vascular 
endothelial growth factor (VEGF) family of cytokines, its recep-
tors and variants. VEGF is one of the platelet-derived growth 
factor family and has several variants including VEGF-A, placen-
tal growth factor (PGF), and VEGF-B, VEGF-C, and VEGF-D. 
The main activities of all of these molecules are to promote the 
growth of blood or lymph vessels and modulate the behaviour of 
that growth. In the case of VEGF-A, this includes angiogenesis, 
lumen, and fenestration formation, while VEGF-B encourages the 
formation of the myocardium in the embryo. All the VEGF mol-
ecules act by activating specific, tyrosine kinase type receptors, 
which span the cell membrane of target cells. In pre-eclampsia, 
abnormal levels of VEGF have been implicated as predictive of 
pre-eclampsia.23

Soluble fms-like tyrosine kinase-1 (sFlt1) has also been impli-
cated in the development of pre-eclampsia. This variant of the 
VEGF receptor (VEGFR)-1, which lacks the usual transmembrane 
and intracellular components, can bind to circulating VEGF and 
PGF, thereby reducing the free levels of these molecules and their 
subsequent biological activity to promote angiogenesis and pla-
centation. Women with pre-eclampsia have increased amounts of 
sFlt1 and smaller amounts of circulating VEGF and PGF leading 
to theories that reduced levels of the former may lead to early renal 
manifestations of PET. In vitro and in vivo primate studies have 
demonstrated higher levels of sFlt-1 in hypoxic placentae.24

Similarly, endoglin (sEng), a version of the transforming growth 
factor beta co-receptor, is increased in pre-eclampsia and has been 
demonstrated to have some synergy with sFlt-1 in hepatic damage 
associated with pre-eclampsia.25 It is becoming increasingly evi-
dent that the levels of these molecules can be elevated in women 
who will go on to become severely pre-eclamptic, weeks before 
any clinical manifestations.26

A hypothesized link to a longstanding observation has also been 
put forward as a consequence of these findings. Cigarette smokers 
are known to have a reduced rate of pre-eclampsia in comparison 
to the background population. Haemoxidase (HO)-1 is induced 
by the inhaled products of tobacco smoke as a probable stress 
response. The induction of HO-1, a stress response gene, promotes 
cellular protective measures, particularly against hypoxia, includ-
ing the degradation of haem to biliverdin and carbon monoxide. 
Both biliverdin and carbon monoxide have been shown to reduce 
the production of sFlt1 and sEng.27 Investigation into the possible 
role of statins in obstetrics to treat pre-eclampsia, via this mode 
of action, may reveal an effective therapy. Pilot work to assess the 
maternal-fetal safety and pharmacokinetic profile of pravastatin 
in patients at high risk of pre-eclampsia is also being studied in 
the United States.28

The mode of action of aspirin in reducing the rate of recurrence 
of pre-eclampsia has not been precisely elucidated but is likely to 
be a consequence of its selective antagonism of cyclooxygenase-1. 
A  randomized control trial is prospectively studying the value 
of 81 mg daily aspirin for patients with high pre-eclampsia risk 
scores.29

Pre-eclampsia is more common in scenarios where there 
has been a reduced exposure time to paternal antigens prior to 
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conception. Classically pre-eclampsia presents more commonly in 
first pregnancies, though extends to first pregnancies to current 
partners and is more common in pregnancy following in vitro fer-
tilization treatment with donor sperm.

Antenatal risk assessment and risk reduction
Over 100 different methods of testing women antenatally to pre-
dict their risk of developing pre-eclampsia have been put forward 
over the last 60 years. These have included biochemical, physical, 
and epidemiological methods; however, none has proven singu-
larly superior. It is still possible to counsel women to some extent 
in the preconceptual or early antenatal period regarding their 
risks of developing GH and most importantly pre-eclampsia.

All pregnant women in the United Kingdom will have a risk 
assessment performed as part of routine antenatal care, in order 
to identify those women at high risk of pre-eclampsia. Several risk 
factors are known and these have been incorporated into NICE 
guidance30 and are summarized in Box 36.1.

In high-risk women, management involves increased ante-
natal surveillance. Clinicians should ensure women are aware 
of important symptoms and should have a lower threshold for 
investigation with symptoms or abnormalities on urinalysis or 
blood pressure assessment. The principal reason for this is the 
lack of a definitive diagnostic or screening test with sufficient 
positive predictive value. Whilst uterine artery Doppler does 
also predict women who are at increased risk, it is only appropri-
ate in women who are already identified as at higher risk. Since 
all higher-risk women need aspirin, uterine artery Doppler does 
not alter clinical management and is therefore unwarranted in 
most cases.

When discussing risk with individual patients, assessing the 
likelihood of pre-eclampsia is difficult and is more complex than 
a cumulative assessment of the risk factors listed above. Factors, 
such as family history of pre-eclampsia, can have a variable signifi-
cance on risk assessment; one first-degree relative with a history of 
pre-eclampsia is significant, whereas two will increase these risk fac-
tors further. It is therefore possible to counsel women about their risk 
dependent on history and the strength of positive risk factors despite 
the difficulty of no definitive investigative testing. The relative risks 
of history factors and co-morbidities are outlined in Table 36.1.31

Prevention of pre-eclampsia
Antenatal aspirin
The only intervention shown to reduce the rate of pre-eclampsia is 
aspirin 75 mg daily. Therefore women at high risk of pre-eclampsia 
should be advised to take 75 mg of aspirin daily from at least 
12 weeks of gestation. Although NICE recommends aspirin only 
from 12 weeks onwards, this is because firm evidence for its use 
has only been widely tested in randomized controlled trials from 
this gestation.32 In theory and probably in practice it would have 
more effect if started as early in pregnancy as possible. Women at 
high risk include those with previous or current relevant obstetric 
history, or existing co-morbidities known to increase the risk of 
hypertensive disease of pregnancy.

Women who are at high risk or have a number of moderate risk 
factors should therefore be advised to take daily low-dose aspirin. 
The use of aspirin or non-steroidal anti-inflammatory drugs in 
obstetrics patients is not considered to increase the relative risk 
(RR) of complications for regional anaesthesia and requires no 
additional precaution.33

Other ‘preventative therapies’
Many drugs have been put forward as effective therapies for the 
prevention of pre-eclampsia in at risk women. However, only 

Box 36.1  Risk factors for the development of pre-eclampsia

High risk factors

◆	 Hypertensive disease during a previous pregnancy
◆	 Chronic renal disease
◆	 Autoimmune disease such as systemic lupus erythematosus 

or antiphospholipid syndrome
◆	 Type 1 or type 2 diabetes
◆	 Chronic hypertension

Moderate risk factors

◆	 First pregnancy
◆	 Age 40 years or older
◆	 Pregnancy interval of greater than 10 years
◆	 Body mass index (BMI) of 35 kg/m2 or greater at booking visit
◆	 Family history of pre-eclampsia
◆	 Multiple pregnancy

National Institute for Health and Clinical Excellence (2011) CG 107 
Hypertension in pregnancy: the management of hypertensive disorders 
during pregnancy. Manchester: NICE. Available from www.nice.org.uk/
CG107 Reproduced with permission. Information accurate at time of 
press. For up-to-date information, please visit www.nice.org.uk.

Table 36.1  Antenatal risk factors for the development 
of pre-eclampsia

Risk factor Relative risk Confidence intervals

Antiphospholipid syndrome 9.72 4.34–21.75

Previous history of 
pre-eclamptic toxaemia

7.19 5.83–8.83

Pre-existing diabetes 3.56 2.54–4.99

Multiple pregnancy 2.93 2.04–4.21

Nulliparity 2.91 1.28–6.61

Family history 2.90 1.70–4.93

Raised BMI

Before pregnancy

At booking

2.47

1.55

1.66–3.67

1.28–1.88

Age over 40 1.96 1.34–2.87

Diastolic blood pressure 
>80 mmHg

1.38 1.01–1.87

Adapted by permission from BMJ Publishing Group Limited., The BMJ, Risk factors for 
pre-eclampsia at antenatal booking: systematic review of controlled studies, Kirsten 
Duckitt, Deborah Harrington, volume 330, pp. 576–580, © 2005.
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aspirin is known to be effective. Despite anecdotal evidence, no 
robust evidence base exists for the use of nitric oxide donors,34 
progesterone,35 diuretics,36 fish/algal oils,37 garlic oil,38 antioxi-
dants (vitamins C and E),39 folic acid, or magnesium. Indeed, there 
is evidence that pharmacological doses of vitamins C and E are 
associated with an increased risk of adverse outcome.40 Dietary 
salt reduction also has no evidence base to support it. High-dose 
folic acid (4 mg daily) is being studied in Canada to prospectively 
determine if it can lower the incidence of pre-eclampsia.41 There 
were no suitable randomized control trials assessing the value of 
Chinese herbal medicine in pre-eclampsia in a Cochrane review, 
despite identification of 45 trials on the subject.55

Low-molecular-weight heparin (LMWH) should not be pre-
scribed to reduce the risk of hypertension in pregnancy. However, 
women with conditions such as systemic lupus erythematosus and 
antiphospholipid syndrome, which not only carry an increased 
risk of pre-eclampsia, but are more likely to suffer thromboem-
bolic disease or pregnancy loss, will be given LMWH to reduce 
these risks.33

Controversy still surrounds the use of dietary calcium sup-
plementation antenatally to reduce the risk of hypertensive dis-
eases in pregnancy. Trials have produced ambiguous results in 
varied populations making a definitive conclusion impossible. In 
women with a low dietary calcium intake, some preventative ben-
efit has been seen; however, in women with good dietary calcium 
intake, no benefit is seen.43 Nevertheless, the intervention is low 
risk, low cost, likely to be well tolerated, and holds little harm to 
mother and fetus. Thus, even modest benefits, would warrant the 
use of oral calcium supplementation. The case for its use remains 
to be proven.

No particular additional lifestyle advice for women at risk of, 
or suffering from, hypertension in pregnancy is required beyond 
that normally given to pregnant women regarding rest, exercise or 
the timing of maternity leave from work. Additional information 
can provide further indications to shape antenatal management.

Diagnosis of pre-eclampsia
The primary method for the diagnosis of pre-eclampsia is the 
measurement of the blood pressure and the assessment of the 
urine for proteinuria. Other clinical signs have limited specific-
ity for pre-eclampsia. The validity of methods used to assess the 
blood pressure and to quantify proteinuria in order to make the 
diagnosis is therefore very important.

Assessment of blood pressure
Given the nationally defined thresholds for blood pressure meas-
urement and categorization of hypertension in pregnancy, the 
accurate assessment of blood pressure is paramount in the screen-
ing of the pregnant population and for the diagnosis and risk 
assessment of hypertensive disease in pregnancy. The margin for 
error commonly introduced when measuring blood pressure in 
the pregnant and non-pregnant population has been widely docu-
mented either through mechanical or operator limitations. Strict 
validation protocols now exist for automatic blood pressure meas-
uring devices for use within specific populations and clinical set-
tings.44 Similarly, inaccuracies introduced by operator error when 
using manual devices have led to the introduction of guidance for 
the use of manual devices.45 Simple measures such as being aware 
of digit preference, where practitioners will round blood pressure 

readings up or down to the nearest 5 or 10 mmHg, will reduce 
inaccuracies. Use of standard sphygmomanometer cuffs will be 
inappropriate for up to a quarter of women who require a larger 
cuff to reduce the incidence of artificially elevated blood pressures 
and thus the over-diagnosis of hypertension. Similarly, use of the 
correct Korotkoff sounds to measure blood pressure will reduce 
over-diagnosis of hypertension when taking blood pressure man-
ually. Using Korotkoff phase 5 rather than Korotkoff phase 4 will 
prevent over-diagnosis of diastolic hypertension, while keeping 
the rate of cuff deflation lower than 2–3 mmHg/s will also reduce 
this error.46,47

All women in the United Kingdom will have their blood pres-
sure routinely monitored as part of their antenatal care. This will 
occur at midwifery-led appointments at home or in the commu-
nity when the women first registers her pregnancy (typically just 
after finding out she is pregnant), and then at 16 and 25 weeks 
(for primigravid women), 28 (for all women), 31 (primigravidae), 
and then for all women at 34, 36, 38, 40, and 41 weeks of gesta-
tion. If the blood pressure readings gained at these visits are above 
the threshold of 140/90  mmHg as specified in the NICE guid-
ance this will result in escalation of care, usually for a period of 
sustained blood pressure monitoring in an outpatient maternity 
day unit type setting.48 Additional investigation will occur as per 
Table 36.2 dependent upon persistent increases in blood pressure 
and significant proteinuria.

Table 36.2  Management of gestational hypertension and 
pre-eclampsia

Gestational hypertension Pre-eclampsia

Admission to 
hospital

Only to control severe 
hypertension

Yes

Anti-hypertensive 
treatment

For moderate or severe 
hypertension to target of 
80–100 mmHg diastolic 
and below 150 mmHg 
systolic

For moderate or severe 
hypertension to target of 
80–100 mmHg diastolic 
and below 150 mmHg 
systolic

Measure blood 
pressure

Weekly in mild 
hypertension

Twice-weekly in moderate 
hypertension

Four times daily with 
severe hypertension until 
controlled

Four times daily or more 
if severe hypertension

Assessment of 
proteinuria

At each visit using 
automated assessment 
or PCR

Not necessary once 
diagnosis confirmed

Blood tests:

Full blood count

Renal function

Transaminases

Bilirubin

Electrolytes

Albumin

Not necessary with mild 
hypertension

As a baseline with 
moderate hypertension 
but do not repeat

Weekly if has had severe 
hypertension

Mild pre-eclampsia—  
twice-weekly

Moderate and severe 
pre-eclampsia check 
three times a week 
(though more frequent if 
abnormal)

National Institute for Health and Clinical Excellence (2011) CG 107 Hypertension in 
pregnancy: the management of hypertensive disorders during pregnancy. Manchester: 
NICE. Available from www.nice.org.uk/CG107 Reproduced with permission. Information 
accurate at time of press. For up-to-date information, please visit www.nice.org.uk
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Assessment of proteinuria in hypertensive disorders 
of pregnancy
The differentiation and diagnosis of GH and pre-eclampsia and 
therefore the increased likelihood of more serious complications, 
is dependent upon the reliable and accurate diagnosis of signifi-
cant proteinuria. This has traditionally been taken at a level of 
greater than 300 mg excretion in a 24-hour period. This level is 
endorsed in international guidelines. However, the accuracy of 
the quantification of proteinuria is vulnerable to collection and 
measurement error. By its very nature, the length of time required 
to undertake a 24-hour collection rules it out as a bedside test and 
a tool for immediate assessment at first presentation to second-
ary care. A widely used screening test is urine dipstick analysis, 
but good evidence has established that significant error exists in 
measuring proteinuria even when experienced staff read urinaly-
sis strips.49 To reduce inaccuracies of proteinuria measurement, 
use of an automated reagent-strip reading device is recommended 
by NICE guidance in secondary care settings.30 However it should 
be stressed that this is still insufficient for absolute confirma-
tion of significant proteinuria and formal quantification of pro-
teinuria should be performed. The two approaches are either a 
24-hour urine protein collection or a urinary protein:creatinine 
ratio. There is no evidence to suggest that this is necessary in 
the routine screening of the whole pregnant population. Urine 
protein:creatinine ratio requires a single urine sample that is sent 
for immediate biochemical analysis which allows for faster turna-
round than a 24-hour urine collection. It is now recognized that 
this investigation is comparable to a 24-hour urine protein meas-
urement.50 Results of 300 mg of protein excreted in 24 hours, or 
a urine protein:creatinine ratio result greater than 30 mg/mmol, 
indicates significant proteinuria.

Further research to improve accuracy is still needed. Similarly 
convincing evidence, as to where the correct thresholds lie to 
determine prognostic significance (and thus influence manage-
ment), remains to be discovered. Once the degree of hypertension 
and presence and quantity of protein are confirmed, the initial 
treatment regimens will follow the patterns outlined in Table 36.2.

Symptoms of pre-eclampsia
The symptoms listed in Box 36.2 are commonly associated with 
pre-eclampsia but are by no means universal. Symptoms do not 
necessarily correspond with the objective severity of disease and 
subsequent maternal or fetal complications. Similarly, women 
may only have one of these symptoms and not the expected con-
stellation. A woman with no symptoms can yet present with severe 
pre-eclampsia.

Antenatally it is important that all pregnant women, especially 
those diagnosed with hypertension, are aware of the above symp-
toms and their significance. They must therefore be able to seek 
advice from a healthcare professional 24 hours a day, or if neces-
sary, attend secondary care obstetric services directly should these 
symptoms manifest themselves.

Antenatal care
Gestational hypertension
Women with GH should have a full assessment carried out in 
secondary care by the obstetric team. They will need ongoing 
follow-up and care throughout and after the pregnancy. The risk 
factors of developing GH and pre-eclampsia are listed in Box 36.3.

Dependent on the severity of disease, obstetric units offering 
care and follow-up to these women should have the capability 
to offer admission to hospital, treatment, regular measurement 
of blood pressure, facilities for accurate testing for proteinuria, 
and blood tests as described in Table 36.2. Most women with 
non-proteinuric hypertension can and should be managed as 
outpatients.

Women who have been treated as inpatients for severe GH, 
which has then been subsequently stabilized, will usually be 
managed on an outpatient basis with regular reviews.51 A  rec-
ommended regimen of monitoring in these patients will include 
blood pressure and urine checks twice weekly, with weekly blood 
testing. Similarly, those women presenting with mild hyperten-
sion prior to 32 weeks, and those women with hypertension and 
increased risk factors for pre-eclampsia (see Box 36.3), should be 
offered increased outpatient monitoring, with blood pressure and 
urine check twice per week.

There is no evidence regarding the benefit of bed-rest in women 
with hypertension in pregnancy.30

Pre-eclampsia
Women diagnosed with pre-eclampsia should usually be managed 
as inpatients.

The monitoring of pre-eclampsia requires regular blood pres-
sure monitoring and relevant blood testing. Once the diagno-
sis of pre-eclampsia is confirmed by the presence of significant 

Box 36.2  Symptoms of pre-eclampsia

◆	 Severe headache
◆	 Problems with vision, such as blurring or flashing before 

the eyes
◆	 Severe pain just below the ribs
◆	 Nausea and vomiting
◆	 Sudden swelling of the face, hands, or feet.

Box 36.3  Risk factors for developing gestational hypertension and 
pre-eclampsia

◆	 Nulliparity
◆	 Age 40 years or older
◆	 Pregnancy interval of more than 10 years
◆	 Family history of pre-eclampsia
◆	 Multiple pregnancy
◆	 BMI of 35 kg/m2 or more
◆	 Low gestational age at presentation
◆	 Previous history of pre-eclampsia or gestational hypertension
◆	 Pre-existing vascular disease
◆	 Pre-existing kidney disease.
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proteinuria there is little value to the ongoing monitoring of uri-
nary protein excretion. The blood tests include a full blood count 
(FBC) to assess haemoglobin levels and platelets, liver function 
tests to monitor enzymatic changes, and renal function tests. 
Clotting tests to diagnose any developing coagulopathy are appro-
priate if there are abnormalities of platelet levels or liver function. 
There is no evidence of additional value to urate assessment. The 
advice from NICE is summarized in Table 36.2. Ongoing moni-
toring of physiological and biochemical markers should be organ-
ized, a plan made for management of hypertension, along with 
a plan for delivery. Ideally, thresholds in blood pressure or bio-
chemistry should be should be specified to trigger an escalation in 
monitoring and management, including those which would war-
rant an expedited delivery.

If the likelihood of premature or urgent delivery is deemed 
significant due to severe hypertension, defined as hyperten-
sion which is refractory to first-line antihypertensives, concerns 
regarding fetal growth or well-being, or if a women has significant 
co-morbidities, then anaesthetic pre-assessment is indicated.

Women diagnosed with pre-eclampsia should be managed with 
an integrated care package. Due to the unpredictable nature of 
pre-eclampsia and the difficulty in anticipating which women will 
develop complications such as severe pre-eclampsia, eclampsia, 
and fetal complications, women must be fully assessed on a regu-
lar basis. When women are assessed, they need to be seen by pro-
fessionals experienced in the management of pre-eclampsia, who 
have the facilities to measure blood pressure, test for proteinuria, 
and blood tests

Antihypertensive treatment
The evidence available regarding the use of antihypertensives in 
pregnancy is limited due to a surprising lack of good quality clini-
cal trial data relating to pregnant women, and the unwillingness 
of clinicians to use untried and untested newer antihypertensives. 
First-line treatment is labetalol. Labetalol has both non-selective 
β-adrenoreceptor antagonism and selective α-adrenoreceptor 
antagonism which together reduce systemic vascular resistance, 
reduce heart rates, and reduce the risk of arrthymias.52 If com-
mencing treatment for the first time, a graduated course of treat-
ment should be commenced and titrated to control hypertension. 
A blood pressure with a systolic below 149 mmHg and between 
80 and 100 mmHg diastolic should be aimed for, whilst avoiding 
profound and sudden drops in blood pressure. Labetalol is supe-
rior to other agents including methyldopa and other beta block-
ers such as atenolol in various studies demonstrating effectiveness 
in reducing hypertension while minimizing maternal and fetal 
side effects.53–57 It also has a licence for use in pregnancy. Whilst 
some studies have suggested that particular drugs are associated 
with impaired fetal growth it is probably the lowering of blood 
pressure that drives this effect. Therefore it is likely that any drug 
which effectively lowers blood pressure will be associated with a 
reduction in fetal weight. A reasonable initial dosage for moderate 
hypertension is 200 mg orally two or three times a day.

In the more acute setting with severe hypertension, an initial 
dose of oral labetalol 200 mg is used when commencing anti-
hypertensive treatment. If blood pressure has not started to fall 
within 20 minutes a repeat dose should be given. Rarely if a third 
dose fails to manage blood pressure, 50 mg of intravenous labetalol 

should be given. Again this should be repeated every 10–15 min-
utes, until the blood pressure is brought below 150/100 mmHg, 
but maintaining a diastolic above 80 mmHg to avoid fetal com-
plications. Once this is achieved a labetalol infusion up to a maxi-
mum of 2 mg/min should be commenced.30 In some settings, an 
arterial line for closer blood pressure monitoring and frequent 
blood sampling is inserted when intravenous antihypertensives 
are required, though this is uncommon in the United Kingdom.

If bolus doses of IV labetalol fail to bring hypertension under 
control then second-line treatments such as hydralazine or nifedi-
pine can be used. In some settings nicardipine or urapadil are 
used. An initial dose of 10–20 mg of oral nifedipine is recom-
mended. Note that oral nifedipine is recommended over sublin-
gual nifedipine as the latter can cause precipitous falls in blood 
pressure. Modified- or slow-release preparations help reduce this 
phenomenon and are very useful in ante- or postnatal settings, 
but are less helpful in the acute situation. Rarely nifedipine can 
cause profound drops in blood pressure, leading to fetal com-
promise due to placental hypoperfusion and in severe cases this 
may necessitate delivery. Whilst there have been concerns about 
nifedipine and a possible interaction with magnesium sulphate, 
that does not seem to have been the case in the larger trials or in 
clinical practice.

Hydralazine is a very effective treatment when given intrave-
nously. However, it is more commonly associated with profound 
reductions in blood pressure and tachycardia than other agents. 
A dose of 5 mg hydralazine can be given intravenously. Usually a 
fluid bolus of up to 500 mL crystalloid fluid should be given before 
or at the same time as the first dose of intravenous hydralazine 
prior to delivery. This is to avoid fetal compromise. Other agents 
are less commonly used in the United Kingdom but can be con-
sidered. Diazoxide 15mg intravenous is an arterial vasodilator and 
could be used as an alternative to hydralazine.

Nicardipine is an alternative calcium channel blocker that can 
be given parenterally. Intravenous nicardipine 10 mg over 5min-
utes may be given in severe hypertension.

Angiotensin-converting enzyme (ACE) inhibitors and angio-
tensin II receptor blockers are contraindicated antenatally as they 
are associated with congenital abnormalities. They may be consid-
ered postnatally.

In all cases it is important not to drop the maternal blood pres-
sure precipitously. Stabilizing the maternal condition, thus pre-
venting the secondary consequences of hypertension such as 
a cerebrovascular accident, remains the principal objective of 
treatment and supersedes any indication for delivery. A precipi-
tous decision to delivery prior to maternal stabilization can lead 
to sudden physiological changes in response to anaesthesia and 
surgery with increased maternal and fetal complications. During 
administration of antihypertensive medication, ongoing critical 
care and fetal monitoring must be continued to track any response 
and modify treatment accordingly and identify any adverse out-
comes for both mother and fetus.

Timing of birth
Women with chronic hypertension or GH should not be advised 
to have elective delivery prior to 37 weeks due to the increased 
risks of the complications of prematurity and increased admis-
sion to special care baby services.5 Only women with severe 
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hypertension above 160/110 mmHg, which is refractory to medi-
cal treatment, should be offered delivery prior to 37 weeks.58–60 
Delivery arrangements should be agreed between the woman, 
the obstetric team, the anaesthetic, and critical care teams in 
consultation with other professionals as required (cardiology, 
haematology, and neurology). When planning elective delivery it 
is important to ensure optimization of maternal blood pressure 
and to decide on the administration of corticosteroids with a pos-
sible 48-hour delay to optimize their effect.61 If vaginal birth is 
planned, steroids are usually given before 34 weeks of gestation 
but if elective caesarean delivery is planned, then they are benefi-
cial up to 38 weeks.

When women present with pre-eclampsia prior to 34 weeks, the 
aim should be to manage them conservatively. The blood pres-
sure should be treated and stabilized, ideally avoiding same-day 
delivery, unless fetal or maternal risks from pre-eclampsia are 
critical. The main contraindication to delivery is the more seri-
ous consequences of prematurity in this group. However, prior 
to 34 weeks, women with pre-eclampsia will have hypertension 
increasingly refractory to antihypertensive treatment. They are 
also more likely to have worsening biochemical or haematologi-
cal profiles or concern about fetal well-being. Even women with 
severe hypertension and pre-eclampsia should have their blood 
pressure stabilized and a plan to aim for delivery after 34 weeks as 
associated neonatal morbidity begins to decline. However, these 
decisions are multidisciplinary and must not be detrimental to the 
woman’s well-being. The advantage of prolonging gestation is to 
the fetus alone.

Obstetric care plans should indicate clinical and investigation 
thresholds, which must be crossed to warrant elective delivery 
prior to 34 weeks. Mode of delivery should be agreed between the 
woman and obstetric team. A semi-planned caesarean delivery 
or induction may be offered. However, induction is less likely to 
result in labour and subsequent vaginal birth at earlier gestations. 
Before 32 weeks a caesarean delivery will probably be required. 
The multidisciplinary team should also be involved in decision-
making, including the anaesthetic and neonatal consultants, who 
can provide maternal and neonatal support respectively, in the 
event of any associated morbidity.

Women with mild or moderate pre-eclampsia can be offered 
delivery from 34 weeks onwards and prior to 37 weeks, as clini-
cally indicated by maternal or fetal condition. The neonatal risks 
are reduced after 34 weeks; however, they must be considered as 
their incidence does not drop below 10% until after the 36th week 
of gestation. After 37 weeks, once the diagnosis of pre-eclampsia 
is confirmed, obstetricians will usually advise women to deliver 
within 24–48 hours of confirmation of the diagnosis.

There is a ‘grey’ zone for women who have pre-eclampsia 
with mild or moderate hypertension between 34 and 37 weeks 
when the optimal timing of birth is not clear. Women who have 
pre-eclampsia with mild or moderate hypertension may progress 
to severe disease with its risks, but it is not clear whether these 
risks outweigh or should outweigh the risks of planned late pre-
term birth for the baby. Neonatal services are under constant 
pressure and planned preterm birth without clear benefit to either 
woman or baby would have costs. The HYPITAT study62 in 2008 
randomized women with GH and mild pre-eclampsia to induction 
of labour at 36 weeks versus expectant management and delivery 
as clinically dictated by changing symptoms. Of women who were 
randomized, 117 (31%) allocated to induction of labour developed 

poor maternal outcome (as measured by a range of composite 
outcomes, including severe hypertension and the development of 
HELLP syndrome) compared with 166 (44%) allocated to expect-
ant monitoring (RR 0.71; 95% confidence interval (CI) 0.59–0.86; 
P < 0.0001). No cases of maternal or neonatal death were seen due 
to the limited size of the trial. Interestingly women randomized to 
induction of labour were probably less likely to require a caesarean 
delivery RR 0.75 (95% CI 0.55–1.04; P = 0.085). This is likely to be 
due to the decreased likelihood of these women developing more 
severe hypertensive disease.

Future randomized controlled trials are planned that compare 
policies of immediate planned birth between 34 + 0 and 36 + 6 weeks 
in women who have pre-eclampsia with mild or moderate hyperten-
sion with expectant management and birth for clinical progression.

Intrapartum management
Women with pre-eclampsia should receive the same basic care in 
labour as all women and in particular they should have one-to-
one midwifery care. Additionally, blood pressure should be moni-
tored hourly in women with mild or moderate hypertension and 
more frequently in women with severe hypertension. Any antena-
tal hypertensive medication should be continued in labour with 
dose titration as per the clinical picture.

Blood testing and analgesia
Haematological and biochemical testing in women with mild 
or moderate hypertension should be organized according to the 
antenatal criteria outlined in Table 36.2, even when considering 
neuraxial anaesthesia. This means that women with mild hyper-
tension and no proteinuria do not need a platelet count or coagu-
lation screen and are suitable for neuraxial anaesthesia barring 
other concurrent pathology or contraindication. There is evidence 
to avoid over-testing by only performing a thromboelastograph 
study if platelets are less than 100.63

Decision about level of care (critical care levels)
Woman with severe hypertension or severe pre-eclampsia should 
be managed in a critical care setting with:
◆	 close blood pressure monitoring
◆	 continuous heart rate monitoring
◆	 continuous oxygen saturation monitoring
◆	 fluid balance
◆	 fluid restriction
◆	 intravenous access (2 × 16 G cannulae if possible)
◆	 haematological and biochemical testing
◆	 continuous fetal heart rate monitoring prior to delivery

Close blood pressure monitoring does not imply invasive blood 
pressure monitoring, though that may be required on occasions. 
Generally non-invasive blood pressure monitoring with checks at 
frequent intervals depending on the blood pressure reading is rea-
sonable. One possible advantage of invasive monitoring is that it 
can also make repeated blood sampling more patient-friendly and 
especially if there is concurrent thrombocytopaenia.

A multidisciplinary approach to treating pre-eclampsia and 
severe hypertension is crucial and critical care is a vital part of 
management. Obstetric and midwifery teams are often proficient 
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in diagnosing, treating, and managing pre-eclampsia. They are 
also acutely aware of the complications which may arise due to the 
disease itself or iatrogenically, but will be unable to supply a full 
range of supportive care for these women. Anaesthetists on the 
labour ward are therefore ideally placed to offer this expertise and 
support to the woman and the team.

In order to manage complicated pre-eclampsia appropriately, 
the following recommendations are made to guide appropriate 
obstetric critical care support:30

◆	 Level 3 care (or intensive therapy unit (ITU) care)—severe 
pre-eclampsia needing ventilatory or inotropic support or renal 
replacement therapy.

◆	 Level 2 care (or high dependency unit (HDU) care)—step-down 
from Level 3 or severe pre-eclampsia with any of the following 
complications:

•	 eclampsia

•	 HELLP syndrome

•	 haemorrhage (estimated blood loss greater than 1000 mL)

•	 hyperkalaemia

•	 severe oliguria

•	 coagulation support

•	 intravenous antihypertensive treatment

•	 initial stabilization of severe hypertension

•	 evidence of cardiac failure

•	 abnormal neurological findings.
◆	 Level 1 care (routine delivery suite care)—women with the fol-

lowing conditions:

•	 Pre-eclampsia with mild or moderate hypertension

•	 Ongoing conservative antenatal management of severe pre-
term hypertension

•	 Step-down treatment after the birth.

(National Institute for Health and Clinical Excellence (2011) CG 107 
Hypertension in pregnancy: the management of hypertensive disorders 
during pregnancy. Manchester: NICE. Available from www.nice.org.uk/
CG107  Reproduced with permission. Information accurate at time of 
press. For up-to-date information, please visit www.nice.org.uk)

Fluid management and renal complications 
of pre-eclampsia
Fluid overload has been a contributory factor in deaths due to 
pre-eclampsia.2 Whilst it is the case that the intravascular vol-
ume is depleted, the fact that the capillary membranes are more 
permeable can lead to fluid entering the tissues. This is exacer-
bated if there is excess fluid administration. Therefore women 
with pre-eclampsia should not be given volume expanders intra-
partum. The one exception is if hydralazine or other potent vaso-
dilators are the antihypertensives being used, prior to birth. The 
vasodilatation and drop in blood pressure can cause a reduction in 
placental blood flow and fetal compromise.

Where fluid management is problematic, intrapartum monitoring 
should include invasive arterial blood pressure but pulmonary artery 
flotation catheters are not recommended as there is a high reported 
complications rate (1/25 catheters inserted in a retrospective review 

of 100 cases of severe pre-eclampsia or eclampsia).64 Central venous 
catheters can be used if fluid balance is difficult though interpreta-
tion of the information provided can be difficult.

Fluid restriction is undertaken to prevent pulmonary and cere-
bral oedema. The incidence of pulmonary oedema in pre-eclampsia 
is around 2%.5 The synergy of left ventricular diastolic dysfunc-
tion, reduced colloid oncotic pressure of pregnancy, and increased 
capillary permeability make this a dangerous complication of 
pre-eclampsia.65 The negative inotropic effect of the commonly 
used agent labetalol as well as injudicious fluid administration with 
oliguria also increase the risk of pulmonary oedema. Whilst no spe-
cific amount of total fluid input per hour can precisely be defined, 
it is recommended that clear guidance is given to avoid iatrogenic 
fluid overload. A  regimen in current clinical use is 1mL/kg/h  
of fluids in total, up to a maximum of 80 mL/h. These can be given 
by the oral or intravenous route. Given that fluid restriction must 
take into account oral intake, intravenous crystalloid, magnesium 
sulphate, and labetalol infusions, careful fluid balance monitor-
ing is vital. Ongoing fluid losses such as haemorrhage should be 
replaced appropriately. If oxytocin is to be continued post delivery 
it should be administered in small crystalloid volumes by syringe 
driver (e.g. 50 units in 50 mL 0.9% saline over 5 hours, i.e. thera-
peutic dose delivered of 10 units/hour). To facilitate fluid restric-
tion, magnesium sulphate and labetalol should equally be given in 
a low-volume infusion (e.g. in a 50 mL syringe).

Oliguria is a common feature of pre-eclampsia in the peripar-
tum and early postpartum period. However, this will usually 
resolve spontaneously with a marked diuresis 24–48 hours after 
delivery. Glomerular capillary endotheliosis is a classical histolog-
ical appearance in association with pre-eclampsia. However, acute 
kidney injury is rare, with an incidence of less than 1/10,000 preg-
nancies. In pre-eclampsia, circulating volume may be reduced 
despite increased total body water so hourly monitoring of urine 
output is necessary, particularly with severe pre-eclampsia.

Postnatally, fluid restriction should be maintained. Urine out-
put should be monitored and 4-hour blocks of urine output con-
sidered. If urine output is more than 80 ml in a 4-hour block, this 
should be considered acceptable. If two consecutive 4-hour blocks 
have less than 80 mL urine output, a fluid bolus should be consid-
ered. However, if the woman is already in positive balance by more 
than 750 mL then furosemide 20 mg intravenously may be given. 
If the woman is in less than 750 mL positive balance then crystal-
loid boluses of up to 250 mL should be given. This will resolve 
most cases of oliguria. If there is still no improvement in urine 
output then it would then be appropriate to seek the advice of a 
renal specialist, especially if there is also a raised serum creati-
nine. A central venous catheter may be useful here in guiding fluid 
management, though interpretation of the results can be difficult.

In the presence of pulmonary oedema, hypertension can be 
treated with a glyceryl-trinitrate infusion (5 mcg/min titrated up 
to response—maximum 100 mcg/min) as recommended by the 
European guidelines.66 Such treatment should only be under-
taken in the presence of invasive blood pressure monitoring 
in the ITU. Sodium nitroprusside is reserved only for resistant 
cases under expert supervision. The risk of cyanide toxicity, par-
ticularly for the fetus, makes sodium nitroprusside a short-term 
option only.

Massive haemorrhage, particularly placental abruption, which 
occurs more commonly in pre-eclampsia can, however, precipi-
tate acute renal injury due to hypovolaemia. Whilst this may be 
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prevented with timely replacement of blood loss, there is a risk 
of renal problems even when blood loss is replaced. There is also 
the challenge of blood replacement leading to fluid overload and 
pulmonary oedema. In these cases, accurate measuring of blood 
loss with suction jar measurements and swabs weighting is man-
datory. Treatment includes strict attention to electrolyte balance, 
particularly potassium and fluid balance. Rarely, if renal function 
does not return to normal or deteriorates, advice from renal phy-
sicians may be warranted, especially an assessment of whether 
dialysis is indicated, though this is rarely required in women who 
do not have pre-existing renal disease,

Mode of delivery
As previously discussed, the ultimate cure for pre-eclampsia is 
delivery of the placenta. Intuitively, expediting delivery can there-
fore seem the most logical solution in treating poorly controlled 
pre-eclampsia with severe hypertension. However, stabilizing the 
mother should be a priority over delivery as failure to do this will 
increase maternal complications (e.g. stroke). Control of the blood 
pressure to target values of below 140–150 mmHg systolic and 
80–100 mmHg diastolic, should be undertaken before the decision 
to deliver the fetus is made. For this reason the majority of caesar-
ean deliveries for pre-eclampsia are category 2 according to the 
NICE classification with ‘maternal or fetal compromise which is not 
immediately life-threatening’.67 In the advent of eclampsia, in par-
ticular with fulminant pulmonary oedema or treatment-resistant 
seizures, it may occasionally be necessary to precipitate the delivery 
of the fetus before satisfactory blood pressure control can be gained.

Once the decision to deliver has been determined, the mode of 
delivery should be chosen. This should take into account the wom-
an’s wishes and the clinical circumstances. These include:
◆	 hypertensive control
◆	 symptoms
◆	 complications such as HELLP syndrome
◆	 eclampsia
◆	 timing of magnesium sulphate administration
◆	 fetal condition and likely outcome
◆	 unit resource and staffing availability, both maternity and 

neonatal staff
◆	 the prospects for a reasonably timely vaginal birth

The fetus will be monitored throughout labour regardless of gesta-
tion, due to the potentially reduced placental function associated 
with pre-eclampsia and due to the increased risk of complications, 
which may affect the fetus such as placental abruption.

There is no evidence supporting the limitation of the second 
stage of labour in women who have mild or moderate hyperten-
sion, but operative delivery is advised for those women with severe 
hypertension who have not responded to initial treatment in order 
to expedite delivery. Note that ergometrine should be avoided in 
the management of the third stage in hypertensive women due to 
its propensity to aggravate hypertension.

Anaesthetic considerations
In the anaesthetic management of hypertensive diseases of 
pregnancy, the overarching goals are to ensure adequate tissue 

perfusion and oxygenation of parturient and fetus whilst treating 
hypertension to minimize maternal stroke risk. Providing effec-
tive analgesia in labour and optimal surgical conditions for cae-
sarean delivery are integral to achieving these goals. There are a 
number of excellent reviews on this subject.68,69

Labour analgesia
Epidurals are the analgesia of choice for labour in the pre-eclamp-
tic patient. The reduction in pain afforded by an epidural prevents 
catecholamine surges and thus reduces the risk to the mother of 
stroke or cardiac events. There are advantages to the fetus and 
Jouppila et al. have shown that placental blood flow is increased 
in labour by epidural analgesia.70 This is postulated to occur 
via decreased uterine vascular resistance which is secondary to 
the epidural-induced sympathectomy. Further, there is a lower 
threshold for obstetric interventions with pre-eclamptics and a 
working epidural can quickly facilitate these. It should be noted 
that oedema may be present over the lumbar spines and sacrum 
making insertion of neuraxial anaesthesia challenging.

In the United Kingdom, many obstetric units provide neu-
raxial anaesthesia to pre-clamptics with platelets down to 75 × 
109/L based on the observed hypercoagulability seen in severe 
pre-eclamptics on thromboelastography.71,111 A postal survey of 
obstetric anaesthetists from 1996 had already documented that 
62% of responding anaesthetists would place epidural catheters 
in otherwise healthy patients with platelets counts as low as 80 × 
109/L.72 Some units advocate the use of platelet transfusion prior 
to regional anaesthesia if the platelet count is between 50 and 70 × 
109/L.72 Platelet transfusion for levels below 50 × 109/L prior to 
delivery may not only be indicated to perform neuraxial anaesthe-
sia but may also be warranted prior to caesarean delivery to reduce 
the risk of postpartum haemorrhage. Some units would consider 
neuraxial anaesthesia at lower levels of platelet count especially 
if they are able to undertake platelet function testing. A careful 
risk:benefit analysis is required given the concerns of general 
anaesthesia (GA) in this group of women, due to the risk of surges 
in blood pressure or failed intubation with laryngeal oedema. 
Before the removal of epidural catheters in pre-eclamptics, a 
platelet count is warranted if the count has been low prior to inser-
tion of the epidural or if there has been intervening haemorrhage.

Neuraxial anaesthesia for operative delivery in the 
pre-eclamptic woman
In the absence of a contraindication to neuraxial anaesthesia, 
epidural and spinal anaesthesia are currently the anaesthetics of 
choice for caesarean delivery in pre-eclampsia. Contraindications 
to neuraxial anaesthesia are no different than in patients without 
pre-eclampsia/eclampsia, namely untreated coagulopathy includ-
ing disseminated intravascular coagulation, seizure, pulmonary 
oedema requiring invasive ventilation, and lack of informed con-
sent. Risk and benefit analysis for cases of eclampsia must be taken 
on a case-by-case basis by senior anaesthetists and obstetricians.

There have been retrospective and prospective studies with 
evidence to support the safe use of neuraxial anaesthesia73–75 in 
severe pre-eclampsia. A  number of studies have compared spi-
nal and epidural anaesthesia in pre-eclamptics76,77 and found 
that with spinal anaesthesia, blood pressure drops much less in 
pre-eclampsia than in healthy partunients.78 In the context of 
neuraxial anaesthesia-induced sympathectomy with hypotension, 
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because of an increased sensitivity to vasopressors, ephedrine in 
small dose increments (3–6 mg) or phenylephrine (50 mcg) may 
be used. Anaesthetists should have a low threshold for inserting 
arterial lines as continuous blood pressure measurement will 
guide vasopressor use.

It is reassuring to know that no significant difference has been 
found in neonatal outcomes to date when comparing spinal and 
epidural anaesthesia in pre-eclampsia,78 although this study by 
Aya et al.78 was powered to find haemodynamic differences rather 
than differences in neonatal outcomes. Other advantages of spi-
nal anaesthesia over epidural are that the former is usually quicker 
and less traumatic to perform and this may be pertinent when the 
platelet count is low. Further, some studies have shown that epidur-
als for caesarean delivery are not as effective as in normotensive 
patients and require higher conversion rates to spinals or GA.77,79

The current evidence thus supports the view that a single-shot 
spinal anaesthetic is recommended in the pre-eclamptic patient. 
Similar doses of intrathecal local anaesthetic should be used 
unless the fetus is premature, when a larger spinal dose is needed. 
Alternatively, a combined subarachnoid and epidural injection 
has been found to be a suitable technique. Low-dose subarach-
noid bupivacaine (maximum 7.5 mg) with sufentanil in the sitting 
position followed by an epidural catheter insertion for titrating 
supplemental anaesthesia was studied prospectively in 30 severely 
pre-eclamptic parturients.80

General anaesthesia in the pre-eclamptic
GA versus neuraxial anaesthesia has been the subject of a 2012 
Cochrane review in which there were no differences found in 
terms of major maternal and neonatal outcomes.81 The Cochrane 
review, however, was only able to retain data from 1793 women, 
of whom none died. There are two potential challenges for the 
obstetric anaesthetist managing the pre-eclamptic patient requir-
ing a GA. Firstly, there is the risk of dramatic hypertension and 
cerebral haemorrhage upon direct laryngoscopy at induction and 
secondly there is the risk of the failed intubation in patients who 
are well known to have oedematous larynxes. 82 Neuraxial anaes-
thesia avoids both these potential complications.

However, GA is the recommended anaesthetic technique when 
patient oxygenation is at risk because of uncontrolled seizures 
(treatment-resistant eclampsia), or pulmonary oedema requiring 
invasive ventilation, or if severe coagulopathy is present. In the 
context of severe thrombocytopenia, the patient declining neu-
raxial anaesthesia or having disseminated intravascular coagula-
tion, GA is unavoidable. On top of usual considerations for GA 
for obstetrics (see Chapter 22), considerations must be given to 
the conduct of a rapid sequence induction and intubation in the 
presence of hypertension. The use of the ramped position for 
pre-oxygenation should negate the risk of passive regurgitation 
and limit the rise in blood pressure seen at direct laryngoscopy by 
facilitating venous pooling in the lower limbs.

With the aim to secure the airway with a cuffed endotracheal 
tube, but without hypertensive response to direct laryngoscopy, 
two broad options are available, namely avoidance of direct laryn-
goscopy and obtunding the response to laryngeal manipulation 
with pharmacological options.

The choice of antihypertensives prior to laryngoscopy should 
be based on the anaesthetist’s experience. Drug options include 
the use of intravenous alfentanil (10–20 mcg/kg 1 minute prior 

to induction), or remifentanil.83 A  remifentanil dose–response 
study of 75 parturients with severe pre-eclampsia found that the 
ED50 of remifentanil as a bolus dose for attenuating a hyperten-
sive response 90 seconds before induction was 0.59 mcg/kg.84 
A  meta-analysis of remifentanil prior to induction, either as a 
1 mcg/kg bolus or a 0.5 mcg/kg bolus followed by an infusion, 
found that remifentanil was effective in attenuating hyperten-
sive response to laryngoscopy and that fetal base excess was sta-
tistically higher, although the clinical significance of the latter is 
unclear as Apgar values were similar.85 The choice of opioid will 
be guided by the opioid onset time, the urgency of the caesarean 
delivery, and the fetal effects. Discussions about the merits of indi-
rect laryngoscopy (e.g. AirTraq® and Glidescope®), optical stylets 
(e.g. Levitan FPS and Shikani Optical Stylet), and fibreoptic intu-
bations to avoid hypertension are beyond the scope of this text, but 
may be increasingly relevant as new equipment is developed and 
studied.86,87 Details of this equipment can be found in Chapter 26 
on the difficult or failed obstetric airway.

The problem of failed intubation amongst pre-eclamptics is 
well known and steps must be taken to avoid a ‘can’t intubate, 
can’t ventilate’ scenario. Senior anaesthetists should be present 
at induction if at all possible and the difficult airway trolley (see 
Chapter  26 for an example of such a trolley) must be to hand 
including small endotracheal tubes (down to 5.5 mm). Induction 
and maintenance of GA, and use of intraoperative analgesia, 
is similar to that of healthy parturients. The use of magnesium 
sulphate infusion in pre-eclampsia does not seem to affect the 
reversal of non-depolarizing neuromuscular blockers in clinical 
practice, despite the theoretical risks to do so.

Extubation after GA in a pre-eclamptic patient is another 
potential challenge as there may be more mucosal swelling of 
the trachea in response to the presence of the endotracheal tube. 
There is nothing more frightening for an obstetric anaesthetist 
than to have a pre-eclamptic develop stridor on extubation. To 
avoid this and after positioning the patient in the sitting position, 
the cuff of the endotracheal tube should be deflated and if a leak 
is present, extubation can be performed but if there is no leak, 
signifying significant mucosal swelling of the trachea, it is better 
to re-inflate the cuff, re-administer GA, and transfer the patient 
to intensive care. Diuresis postpartum will result in a reduction 
of oedema including that of the mucosa and extubation should be 
subsequently uneventful.

Uterotonics in pre-eclampsia
Oxytocin can cause haemodynamic changes in parturients, 
namely hypotension, so its dose is usually limited to 5 IU by slow 
intravenous injection post delivery.88 Ergometrine is contrain-
dicated in hypertension in pregnancy or with pre-eclampsia89 
because of its hypertensive effect and the consequent risk of cer-
ebral haemorrhage.

Postoperative care
Apart from the usual standards of postoperative care and postan-
aesthetic care,90 Level 2 critical care (HDU care) is required par-
ticularly in the presence of invasive monitoring and oliguria.

Regular analgesia should be prescribed as paracetamol 1 g 
6-hourly per os or per rectum only to avoid intravenous fluid bolus. 
Care should be taken to avoid non-steroidal anti-inflammatory 
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drugs (NSAIDs). In the presence of hypertension or pre-existing 
renal impairment, which pre-eclamptic patients have by defini-
tion, NSAIDs can lead to renal failure, papillary necrosis, or 
interstitial fibrosis.91 Tramadol may be useful in this setting, par-
ticularly in breastfeeding mothers. If the patient has had a caesar-
ean delivery under GA and no neuraxial opiate has been given, 
patient-controlled analgesia with opioid is necessary. Transversus 
abdominis plane (TAP) blocks have been shown to reduce mor-
phine requirements postoperatively.92 TAP blocks should prob-
ably be avoided in the presence of abdominal wall oedema or 
eclampsia owing to the risk of local anaesthetic toxicity.

Postoperative care includes continuation of magnesium sul-
phate infusion for 24 hours after the delivery or the last seizure 
in cases of eclampsia. Pre-eclampsia is a risk factor for thrombo-
embolic disease so thromboembolic stockings should be in place 
and LMWH prophylaxis prescribed as soon as the platelets count 
is above 80 × 109/L.

Complications and specific treatment
Coagulopathy
Disseminated intravascular coagulation requires close coordina-
tion of care with involvement of the haematologists and blood 
transfusion specialists. Blood products including packed red calls, 
clotting factors (both cryoprecipitate and fresh frozen plasma), 
and platelets may all be required (see Chapter 35 and Chapter 48). 
Supportive haematological care benefits from point-of-care test-
ing and some centres are developing thromboelastography-guided 
treatment plans.93

Renal failure
Acute kidney injury should be treated with supportive treat-
ment in the first instance. Cessation of all nephrotoxic drugs (e.g. 
NSAIDs and ACE inhibitors) should be undertaken. Strict man-
agement of the fluid balance with 250 mL crystalloid boluses in 
case of oliguria is currently recommended. There is no evidence 
for the use of dopamine in pre-eclampsia according to a Cochrane 
review.94 Indications for renal replacement therapy are as per the 
usual clinical criteria: refractory hyperkalaemia, severe acidosis, 
refractory pulmonary oedema, or symptomatic uraemia.

Pulmonary oedema and cardiac failure
Peripartum cardiac failure is a complication in around 3% of 
parturients with severe pre-eclampsia. It may be a direct compli-
cation of pre-eclampsia along with inappropriate fluid manage-
ment. However an important differential to exclude is peripartum 
cardiomyopathy (see Chapter  41). Heart failure secondary to 
pre-eclampsia is characterized by left diastolic dysfunction and 
is managed with non-invasive respiratory support, fluid restric-
tion, diuretics, antihypertensives, and careful fluid balance espe-
cially in cases of haemorrhage and/or pulmonary oedema. More 
severe cases will require Level 3 critical care with invasive ventila-
tion, intravenous furosemide, intravenous morphine, and as dis-
cussed earlier all drug infusions should be in high-concentration/
low-volume syringe drivers to minimize fluid intake. But typically, 
pre-eclampsia-induced cardiac failure resolves in the 24–48 hours 
after delivery, unlike peripartum cardiomyopathy. Transthoracic 
echocardiography can be used to differentiate between patholo-
gies and aid appropriate management. Findings usually seen in 

pre-eclampsia-induced heart failure include left diastolic dysfunc-
tion, preserved ejection fraction, and left ventricular hypertrophy 
with a normal sized ventricle. In peripartum cardiomyopathy, 
there is more systolic dysfunction, reduced ejection fraction, min-
imal left ventricular hypertrophy, and a dilated ventricle.95

Eclampsia
The 2009–2012 maternal mortality report2 did not state whether 
any maternal deaths occurred from eclampsia per se. However, 
the overall incidence of eclampsia seems to be reducing. In 
1992, the estimated incidence of eclampsia was 4.9/10,000 in the 
United Kingdom. In Yorkshire between 1999 and 2003, it was 
3.89/10,0005 and by the time of the UKOSS survey in 2005/2006, 
it was 2.75/10,000 cases.1 Whilst this reduction in the level of 
eclampsia is consistent with the reduction achieved by using mag-
nesium sulphate in severe pre-eclampsia, much of the reduction 
had happened before the widespread use of magnesium sulphate 
for prophylaxis. Therefore some of the reduction must be due to 
better management of pre-eclampsia in general.

Eclampsia is one of the well-known complications of 
pre-eclampsia. However, other neurological complications can 
occur including cerebral haemorrhage/stroke due to uncon-
trolled hypertension or seizures, encephalopathy, and amau-
rosis fugax. Loss of autoregulation and perfusion pressures due 
to pre-eclampsia can account for some of these complications. 
Thromboembolic disease may contribute to further morbid-
ity as counterintuitively, pre-eclampsia is associated with a 
hypercoagulable state.

Women with a single typical eclamptic seizure in the first 24–48 
hours after birth probably do not need neuroimaging. However, 
any focal neurological sign should be investigated in the context 
of hypertension in pregnancy but the syndrome of pre-eclampsia 
itself, AFLP, and treatment with magnesium sulphate may all 
serve to generate non-specific neurological symptoms such as 
confusion, memory loss, inattention, drowsiness, visual distur-
bance, and tremor. It can thus be difficult to differentiate these 
signs and symptoms from a focal neurological insult. Careful 
assessment must be made in consultation with obstetricians, 
anaesthetists, neurologists, and radiologists whether neurological 
imaging is required, how it would affect immediate management, 
and whether the woman is stable enough to move to the com-
puted tomography (CT) or magnetic resonance imaging scanner. 
Usually the former is sufficient to rule out major neurological 
change. However, the decision for the final mode of investigation 
should rest with the neurology and radiological team. Women 
who have a seizure more than 48 hours after birth, even when 
there are no focal neurological signs, probably should have neuro-
imaging to exclude the risk of a cerebral event, especially cerebral 
venous thrombosis.

Attention to thromboprophylaxis must always thus be taken 
during antenatal admission due to moderate or severe disease and 
in the postnatal period if there is no concern about postpartum 
haemorrhage, low platelets, and the removal of epidural catheters.

Magnesium sulphate
Women who have had an eclamptic fit should be put in the recov-
ery position or wedged if antenatal. The airway should be secured 
and high-flow oxygen given by a Hudson mask. They should 
receive intravenous magnesium sulphate. A 4 g intravenous bolus 
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should be given over 15–20 minutes with a further intravenous 
infusion over 24 hours of 1 g per hour.96 Diazemuls,97 pheny-
toin,98 or lytic cocktail99 (chlorpromazine, promethazine, and 
pethidine) are no longer recommended. These latter treatments, 
while stopping seizure activity, increase morbidity and mortal-
ity by complicating communication, obtunding the airway and 
masking symptoms of ongoing disease. Prior to the publication of 
the Eclampsia Trial Collaborative in 199596 there was much debate 
about the appropriate treatment of eclampsia. The trial established 
that women allocated magnesium sulphate had a 52% lower risk 
of recurrent convulsions (95% CI 37–64% reduction) than those 
allocated diazepam and a 67% lower risk of recurrent convulsions 
(95% CI 47–79% reduction) than women randomized to pheny-
toin. Women allocated magnesium sulphate were also less likely to 
be ventilated, develop pneumonia, or require critical care admis-
sion than those treated with phenytoin. The babies of women who 
had been allocated magnesium sulphate before delivery were less 
likely to require intubation at delivery or require admission to a 
specialist neonatal unit than the babies born to women treated 
with phenytoin.

Recurrent seizures should be treated with a 2–4 g bolus of 
magnesium sulphate given over 5 minutes.96 In eclampsia, mag-
nesium sulphate infusion should continue for 24 hours after the 
last seizure. Oral magnesium is not used in the management of 
pre-eclampsia or eclampsia—this route is reserved for use as a 
laxative only.

Women on magnesium sulphate should have additional obser-
vations to monitor the signs of magnesium toxicity. Regular neuro-
logical observations, including orientation and signs of confusion 
should be noted along with deep tendon reflexes. Pulse oximetry 
and respiratory rate should also be measured. Since magnesium is 
renally excreted, urine output should also be monitored. Usually 
it is not required to measure magnesium levels. But if the patient 
is confused, has absent reflexes, or urine output of below 0.5 mL/
kg (of lean body mass) per hour then magnesium levels should be 
sent. The infusion should be stopped until the magnesium levels 
are available. Should magnesium toxicity be diagnosed, that is, 
levels greater than 5 mmol/L, the standard treatment for magne-
sium overdose is 10 mL of intravenous calcium gluconate 10%.

Consideration should also be given to commencing the same 
magnesium regimen in women with severe pre-eclampsia if 
birth is planned within 24 hours. Again, these women should 
be treated in a critical care setting. In 2002, the Magpie100 trial 
followed up the success of the Eclampsia Collaborative trial 
group and examined the use of magnesium sulphate in women 
with pre-eclampsia. Almost 10,000 women in 33 countries were 
randomized and received allocated treatment. Women allocated 
magnesium sulphate had a 58% lower risk of eclampsia (95% 
CI 40–71) than those allocated placebo (40, 0.8%, vs 96, 1.9%) 
which equated to approximately 11 fewer women with eclamp-
sia per 1000. In the magnesium sulphate arm, 24% of women 
complained of side effect symptoms compared to 5% of women 
recruited to the placebo arm. Maternal mortality was also lower 
among women allocated magnesium sulphate, though the con-
fidence interval crosses unity, so it was not statistically signifi-
cant, the trend is towards reduction in mortality (RR 0.55; 95% 
CI 0.26–1.14). For women randomized and receiving treatment 
before delivery, there was no clear difference in the risk of the 
baby dying (576 (12.7%) vs 558 (12.4%) RR 1.02; 99% CI 0.92–1.14).

The indications for magnesium are severe pre-eclampsia or 
mild or moderate hypertension and proteinuria with one or more 
of the following:

◆	 symptoms of severe headache

◆	 problems with vision, such as blurring or flashing before 
the eyes

◆	 severe pain just below the ribs or vomiting

◆	 papilloedema

◆	 signs of clonus (≥3 beats)

◆	 liver tenderness

◆	 HELLP syndrome

◆	 platelet count falling to below 100 × 109/L

◆	 abnormal liver enzyme tests (ALT or AST rising to above  
70 IU/L)

Anaesthetic management following eclampsia
Delivery of the fetus becomes a priority after an eclamptic fit. 
However, stabilization of the mother should not be superseded 
by hasty delivery. Blood pressure control must be achieved as 
described previously and blood tests taken in anticipation of 
imminent delivery and possible neuraxial anaesthesia. Delaying 
delivery also allows time for recovery of maternal cerebral func-
tion so that explanation and informed consent can be done. 
This will also facilitate cooperation for neuraxial anaesthesia or 
pre-oxygenation prior to GA.

Randomized control trials are not feasible for a study of anaes-
thesia for delivery after eclampsia—case reports, expert opinion, 
and the rare retrospective review can give insight into appropri-
ate management. One such review presented 66 ‘stable’ eclamptic 
parturients who had caesarean deliveries.101 Of these patients, two 
had intrathecal anaesthesia while 37 had epidural and the remain-
ing had a GA. We must bear in mind that these 66 patients had 
a Glasgow Coma Scale score of 14 or 15 and are a 12.4% subset 
of the eclamptic patients seen in one South African centre over a 
4.5-year period.

HELLP syndrome
HELLP syndrome is a serious complication of pregnancy related 
to pre-eclampsia. It is characterized by haemolysis, elevated liver 
enzymes and a low platelet count, thus generating the accepted 
acronym.102

United Kingdom obstetric surveillance system definition
Diagnosis is based upon laboratory investigations including FBC, 
liver function tests, and blood film. Box 36.4 lists the diagnostic 
signs of HELLP.

Incidence estimates vary from 0.5 to 7.6/1000 deliveries and 
between 8% and 24% of cases with severe pre-eclampsia/eclamp-
sia.103,104 Although there have been reports that women with 
HELLP syndrome are more likely to be older, of white ethnicity, 
and multiparous,105–107 and the majority, although not all, have 
signs of pre-eclampsia,108 there is no current strong evidence to 
confirm or refute these risk factors.

UKOSS has completed a study of HELLP syndrome. A total of 210 
women met the case definition from an estimated 799,003 pregnan-
cies; 129 had evidence of haemolysis giving an incidence of 1.6/10,000 
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maternities (95% CI 1.3–1.9) but in 79 cases there was no haemolysis, 
meaning they had ELLP, or no information about haemolysis. This 
gives an incidence of 1.0/10,000 maternities (95% CI 0.8–1.3).109

Previously HELLP was considered to be a discreet entity from 
pre-eclampsia. However, the overlap in some of the symptoms 
including the manifestation of hypertension at some point in the 
disease course in most women and the similarity in some of the 
biochemical changes along with shared placental histology and 
molecular biomarkers has led to an acceptance that HELLP lies 
within the same spectrum of disease as pre-eclampsia.

Presentation
Women may present with oedema, headache, visual distur-
bance, and epigastric pain in a similar way to pre-eclampsia with 
additional symptoms of nausea, vomiting, and general malaise. 
However, they may also be asymptomatic.

To date, there is no robust evidence or data which can be used 
to formulate risk factors for the development of the HELLP syn-
drome. Therefore, in the pregnant population, the principal 
screening methods and measures are currently the same as those 
for pre-eclampsia.

Management
Treatment overlaps with that of pre-eclampsia should hyperten-
sion develop. However, additional monitoring of liver function 
and symptoms is mandated as rare complications such as liver 
ischaemia, intrahepatic or subcapsular haemorrhage, and haema-
toma can occur. All of these complications pose a significant risk 
of mortality, though conservative management may be appropri-
ate in the stable patient. Hepatological or hepatic surgical support 
input is required in unstable patients.

Debate exists regarding the optimal management of women 
with HELLP prior to 34 weeks of gestation, when the maternal 
and fetal status remains stable. Though this is rare, there is no 

clear evidence that active management (i.e. plan prompt delivery) 
or a ‘watch and wait’ policy of maternal and fetal monitoring with 
delivery upon signs of worsening HELLP results in best outcomes 
while minimizing harm. The earlier point that robust, accurately 
predictive risk factors to guide management have not been eluci-
dated by the current evidence base complicates this.

There is no evidence that corticosteroids effectively manage 
HELLP syndrome, therefore, do not use dexamethasone or beta-
methasone for the treatment of HELLP syndrome (unless this is 
for the benefit of fetal lung maturation).

Thus the clinical management of HELLP syndrome is much 
the same as for other variants of severe pre-eclampsia. The mater-
nal condition should be optimized, with haematological support 
(Chapter 48), then birth should be planned. It may be possible to 
defer for 48 hours for the benefit of antenatal corticosteroids for 
the fetus but that would require very close maternal monitoring 
for any signs of deterioration, particularly of renal function. After 
birth, the recovery of women with HELLP is often much slower 
than in women with more common pre-eclampsia. They will com-
monly need 5–6 days of HDU-type care to await the improvement 
of liver, renal, and haematological function. However, they rarely 
need significant amounts of treatment for hypertension.

Acute fatty liver of pregnancy
Background and epidemiology
AFLP is a rare but dangerous disorder which may present in 
combination with pre-eclampsia, is difficult to differentiate from 
HELLP, and is largely a diagnosis of exclusion. It is said to be more 
common in primigravidae and in pregnancies carrying a male 
fetus110 and twins.111 AFLP virtually always occurs in the latter 
part of the third trimester with an average gestational age of 37.5 
weeks112 and may only become clinically apparent after deliv-
ery.113 The UKOSS survey of AFLP in 2005–2006111 estimated the 
incidence at 5.0/100,000 pregnancies (95% CI 3.8–6.5/100,000). 
Case fatality was 1.8%—just one case. However, 60% of women 
needed critical care.

Definition and diagnosis
Given the non-specific clinical and biochemical changes associ-
ated with AFLP, there is a necessity and a difficulty in differen-
tiating non-pregnancy-related liver disease from AFLP. Many 
women will report persistent nausea and vomiting and these 
symptoms, while non-specific and unhelpful in pregnancy, may 
predate any biochemical change. Half of affected women might 
have hypertension, proteinuria, and oedema, alone or in combi-
nation. Accordingly, the Swansea criteria114 have been developed 
and are widely accepted as the best international definition and set 
of diagnostic measures.115 They are listed in Box 36.5.

The systemic complications of AFLP are due to fulminant hepatic 
failure and may include encephalopathy, acute kidney injury, 
infection, pancreatitis, haemorrhage, coagulopathy, and hypogly-
caemia. Symptoms may vary and may not progress beyond nausea, 
vomiting, and epigastric pain but can rapidly deteriorate to enceph-
alopathic symptoms such as restlessness, confusion, disorientation 
through to asterixis, seizures, psychosis, and ultimately coma. 
Other, non-hepatic complications are possible, including respira-
tory failure, sometimes requiring assisted ventilation,116 gastroin-
testinal bleeding from gastric ulceration, and Mallory–Weiss tears 
as a consequence of excessive nausea and vomiting. Hepatorenal 

Box 36.4  Signs of HELLP syndrome

◆	 Elevated liver enzymes:  defined as serum aspartate ami-
notransferase (AST) ≥70 units/L or gamma-glutamyl trans-
ferase (γ-GT) ≥70 units/L or alanine aminotransferase (ALT) 
≥70 units/L

◆	 And low platelets: defined as platelet count < 100 × 109/L
◆	 And either haemolysis: defined by abnormal peripheral blood 

smear or serum lactate dehydrogenase (LDH) levels ≥ 600 
units/L or total bilirubin ≥ 20.5 μmol/L

◆	 Or hypertension, defined as a systolic blood pressure ≥ 140 
mmHg or a diastolic blood pressure ≥ 90 mmHg or protein-
uria, defined as 1 + (0.3 g/L) or more on dipstick testing, a 
protein:creatinine ratio of 30 mg/mmol or more on a random 
sample, or a urine protein excretion of 300 mg or more per 24 
hours

Reproduced with permission from Kathryn Fitzpatrick, Kim Hinshaw, 
Jennifer Kurinczuk, et al, Risk Factors, Management, and Outcomes 
of Hemolysis, Elevated Liver Enzymes, and Low Platelets Syndrome 
and Elevated Liver Enzymes, Low Platelets Syndrome, Obstetrics & 
Gynecology, volume 123, issue 3, pp. 618–627, Copyright © 2014 Wolters 
Kluwer Health, Inc.
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syndrome may eventually develop and cause kidney injury failure 
due to oliguria and acute tubular necrosis.

Investigation
If AFLP is suspected, investigations should include a FBC, clotting 
profile, renal and liver function tests, and urate and a cross-match 
would be prudent.

Imaging
Ultrasound and CT scans of the liver can be used for diagnosis, 
but the specificity and sensitivity of these tests are limited, may 
be insufficient to make a firm diagnosis and the likelihood of false 
negative results is high.113 Imaging may show hepatic steatosis 
but, unfortunately, findings are inconsistent as the fat deposits 
are microvesicular and the liver can appear normal. Ultrasound 
imaging is a helpful, but not definitive, test as approximately 20% 
of the general population will demonstrate a hepatic echogenic 
appearance suggestive of fatty changes to the liver.

Liver biopsy is the gold standard diagnostic test but, given the 
potential for coagulopathy, biopsy should only be used where 
the diagnosis is unclear and where delivery will not be delayed. 
The characteristic findings on biopsy are of microvesicular fatty 
infiltration, fibrin deposition, and haemorrhage.

Management
Care of patients with AFLP is centred on supportive care and should 
include careful monitoring for evidence of progressive hepatic 
failure, hypoglycaemia, and coagulopathy. This usually requires 
admission to areas that can provide high dependency levels of care. 
Some hospitals have dedicated high dependency facilities within 
delivery suites, but this is not universal. The local service setup 
and a multidisciplinary team approach will determine the most 

appropriate area for patient management. As treatment and dis-
ease progress, the situation may need review. The likelihood is that 
these women will suffer at least one organ failure, thus level two 
care should be considered as these women will be best cared for in a 
critical care setting. The required multidisciplinary team effort will 
involve the obstetricians and midwives initially, the anaesthetic 
team throughout, and the input, advice, and review by intensivists 
and physicians with gastroenterological or hepatological expertise.

A plan of care should include:
◆	 ventilatory support if required
◆	 attention to fluid balance
◆	 fluid restriction to 80 mL/h
◆	 regular monitoring of liver function tests, coagulopathy, hae-

moglobin, platelets and glucose, and renal function
◆	 antihypertensive medication as required
◆	 vitamin K
◆	 intravenous vitamins B1,2,3,6 and vitamin C
◆	 delivery.

Spontaneous resolution usually follows delivery; however, liver 
damage can be sufficient to require liver transplant. Maternal 
deaths are caused by sepsis, haemorrhage, aspiration, renal failure, 
pancreatitis, and gastrointestinal bleeding. Although maternal 
mortality rates in the past approached 75%, an average mortality 
rate of 7% has been cited. Early diagnosis, prompt therapy, ade-
quate supportive care, and a multidisciplinary approach are the 
key to a good outcome.

Differentiating between HELLP and acute fatty liver 
of pregnancy
In both conditions women may or may not have significant hyper-
tension. They may well have proteinuria. They will have abnormal 
liver function and commonly disordered renal function. However, 
in AFLP the liver disorder will be the primary dysfunction. The 
bilirubin level is likely to be higher and disordered coagulation 
will be more prominent. Platelets may still be reduced but the 
urate, if measured, will be significantly higher.

Hypoglycaemia is more common with AFLP. If the plasma 
ammonia can be measured it will be significantly higher with 
AFLP. The primary management is not different between the two 
conditions—stabilization of the mother and then delivery of the 
baby. However, the likelihood of deterioration of liver function 
with encephalopathy means that specialist hepatology involve-
ment is more likely to be needed with AFLP.

Chapter 48 has a useful table to help in the differential diagnosis 
of HELLP, AFLP, and the rarer idiopathic thrombocytopenic pur-
pura and haemolytic uraemic syndrome where presentation may 
be similar.

Breastfeeding and anti-hypertensives
NICE Clinical Guideline 107 provides a comprehensive overall 
summary of antihypertensives suitable for use in pregnancy and 
the postnatal period.30

Women who are breastfeeding or expressing milk after birth 
should not be given diuretics for the treatment of hypertension. 
Suitable drugs are listed in Box 36.6.

Box 36.5  Features of acute fatty liver of pregnancy

A patient must have six or more of the signs or symptoms, in 
the absence of other explanations, to be deemed to have the 
syndrome:
◆	 Vomiting, abdominal pain
◆	 Polydipsia/polyuria
◆	 Encephalopathy
◆	 Elevated bilirubin > 14 μmol/L
◆	 Hypoglycaemia < 4 mmol/L
◆	 Elevated urate > 340 μmol/L
◆	 Leucocytosis > 11 × 10 9/L
◆	 Ascites or bright liver on ultrasound
◆	 Elevated transaminases
◆	 Elevated ammonia > 47 μmol/L
◆	 Renal impairment creatinine > 150 μmol/L
◆	 Coagulopathy (PT >14 seconds or APTT > 34 seconds), or 

microvesicular steatosis on liver biopsy

Reproduced from GUT, CL Ch’ng, M Morgan, I Hainsworth, JGC 
Kingham, volume 51, Issue 6, pp. 876–880, 2002, with permission from 
BMJ Publishing Group Ltd.
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There remains insufficient evidence to support the safe use of 
other antihypertensives such as angiotensin receptor blocking 
agents, amlodipine, and ACE inhibitors (other than enalapril and 
captopril) in the postnatal period.

Gestational hypertension: postnatal 
follow-up and longer-term care
Women with GH should receive close monitoring of their blood 
pressure postpartum, with daily monitoring for 2 days and a fur-
ther check between day 3 and day 5 as they are at risk of significant 
hypertension in the early postpartum period. Between 29% and 
57% of women with hypertension will have normal blood pressure 
3 days after delivery, rising to 50–80% by day 7.117 Women with GH 
should continue antihypertensive medication, though this should 
be reduced if their hypertension falls below 130/80 mmHg. If anti-
hypertensive treatment is modified postpartum, either as a change 
of dose or medication, additional monitoring should be in place as 
clinically indicated. Women who had mild antenatal hypertension 
may become more hypertensive postpartum and treatment is rec-
ommended if this increases to 149/99 mmHg or above.

Traditionally, women have continued to take the medication 
prescribed antenatally, except in the case of methyldopa, which 
should be changed to an alternative as soon as possible postpar-
tum. This is in direct opposition to a Medicines and Healthcare 
products Regulatory Agency directive that methyldopa is the only 
recommended antihypertensive in the postnatal period,118 due to 
its minimal excretion in breast milk. However, this directive does 
not take into account the significant increases in postnatal depres-
sion associated with methyldopa. Increasingly, obstetricians are 
acknowledging that more modern antihypertensives offer better 
blood pressure control, fewer side effects, are largely considered 
safe in breastfeeding, and complement recommendations on adult 
hypertension. Typically women will be changed from medica-
tions such as labetalol to slow-release formulations of nifedipine 
or ACE inhibitors which are safe postnatally, even for the breast-
fed infant.

A careful plan for postnatal care should be routine for women 
with GH who return home, with provision for home visits, medi-
cal review if warranted, a specified frequency of blood pressure 

monitoring, along with indications for stopping treatment and 
seeking medical review, should the degree of hypertension or 
clinical situation change while under community follow-up.

Women with GH who remain on antihypertensive medication 
postnatally should be reviewed 2 weeks after delivery in primary 
care. All women with GH require medical follow-up at 6–8 weeks 
after delivery.30 There should be a check of the blood pressure 
and of the urine for protein. This will normally form part of the 
GP review common in most areas in the United Kingdom. If the 
blood pressure has not returned to normal, specialist review of 
the woman’s blood pressure should be sought including potential 
discussion with cardiologists. In these situations, it is likely that 
a degree of chronic hypertension or subclinical causative pathol-
ogy existed prior to pregnancy and this was not discovered until 
the first antenatal appointment, or the physiological stress of the 
pregnancy has revealed an underlying predisposition.21

Pre-eclampsia: postnatal investigation, 
monitoring, and treatment
The cure for pre-eclampsia is delivery, as it probably removes 
the source of abnormal inflammatory cytokines released by 
the placenta. However, it may take several days or even weeks 
for maternal physiology to return to normal parameters for the 
healthy postnatal population. The proportion of eclampsia in the 
United Kingdom is higher among women who have delivered, 
possibly due to the mistaken perception that they are no longer 
at risk. Similarly, a small but significant number of women die 
due to complications, which are a direct result of pre-eclampsia 
and associated hypertension, including stroke, liver failure, and 
hepatic rupture. With this in mind, when reviewing women with 
pre-eclampsia postnatally, all practitioners should continue to 
ask about symptoms, specifically headache and epigastric pain/
discomfort.

All women who have had pre-eclampsia should be closely moni-
tored in the days following delivery, while they are an inpatient, 
with blood pressure monitoring performed at least four times 
per day. Women who have not received antihypertensive medi-
cation to treat their pre-eclampsia can expect monitoring on at 
least one occasion between day 3 and day 5. If this latest reading is 
elevated, blood pressure should continue to be monitored on alter-
nate days until normal. If this persists at 1 week, medical review 
is indicated.43

Occasionally, women who have not required treatment ante-
natally will have postnatal hypertension above 150/100 mmHg, 
in which case antihypertensive medication is indicated to avoid 
complications. Women who have delivered, but required antihy-
pertensive medication, should have their blood pressure moni-
tored four times daily while an inpatient, and then every other day 
for up to 2 weeks, until they are normotensive and have stopped 
medication. If neither of these has occurred, medical review is 
indicated.30

Women who have required antenatal treatment should remain 
on treatment until their blood pressure falls below 140/90 mmHg 
and begin to titrate down antihypertensive treatment if their blood 
pressure falls below 130/80 mmHg. Again, after delivery, women 
who have been taking methyldopa should be switched to an alter-
nate antihypertensive medication as soon as possible after delivery 
to avoid an unnecessary increased risk of postnatal depression.

Box 36.6  Antihypertensives suitable for the breastfeeding 
mother as no known or documented evidence of adverse effects 
upon infants

◆	 Atenolol
◆	 Captopril
◆	 Enalapril
◆	 Labetalol
◆	 Metoprolol
◆	 Nifedipine

National Institute for Health and Clinical Excellence (2011) CG 107 
Hypertension in pregnancy: the management of hypertensive disorders 
during pregnancy. Manchester: NICE. Available from www.nice.org.uk/
CG107 Reproduced with permission. Information accurate at time of 
press. For up-to-date information, please visit www.nice.org.uk
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As a general rule, clinicians caring for women in the puerper-
ium whose blood pressure is 140/90 on several occasions, should 
consider commencing, or increasing antihypertensive medica-
tion. If women have a blood pressure reading of 150/100 mmHg, 
commencing or increasing treatment is recommended. Readings 
of 160/100 mmHg or above should prompt immediate referral to 
an obstetric unit and/or senior review. HDU and/or invasive mon-
itoring should be considered.117

Women who had pre-eclampsia but are no longer symptomatic, 
whose blood pressure is below 149/99 mmHg (treated or untreated) 
and whose blood results are improving, may be transferred from 
the inpatient to the community setting with an appropriate plan 
for care. This should include information to the women regarding 
symptoms to watch out for, a defined team who will review the 
women in the community, and a plan of who should provide med-
ical review if required. Reviews at 2 and 6–8 weeks should also be 
organized at this point as medically indicated. All women should 
receive a medical review at 6–8 weeks; those still on medication 
should be seen 2 weeks postnatally. If they still require medication 
at 6–8 weeks, specialist referral is warranted to investigate further 
causes of hypertension.11,119,120 Similarly, these women will need 
specialist advice regarding the increased risk of pre-eclampsia in 
future pregnancies.30

All women with moderate or severe pre-eclampsia, especially 
those being stepped down from critical care need a postnatal 
check of biochemical and haematological indices of disease at 
48–72 hours. If these are normal, further tests are not necessary; 
however, if they are improving but remain abnormal, these will 
need repeating at the 6–8-week postnatal review, unless clinically 
indicated in the interim.

All women with pre-eclampsia should have their urine checked 
using a reagent strip for proteinuria at 6–8 weeks. If proteinuria 
persists, a further test should be undertaken 4 weeks later and spe-
cialist renal review requested if this remains positive.

Counselling of long-term risks and lifelong 
maternal health
It is important that women who have suffered pre-eclampsia in 
this pregnancy are informed of future risks to their health, both 
in future pregnancy and in later life.30

Women who have suffered an episode of GH or pre-eclampsia 
have an increased risk of developing cardiovascular disease, 
compared to the general female population, in later life. Given 
that there are familial and therefore genetic tendencies towards 
developing high blood pressure in pregnancy, this may represent 
a pre-existing propensity to developing cardiovascular disease in 
later life, compared to the background population. There is some 
evidence to suggest that pre-eclampsia may actually cause under-
lying vascular damage on a cellular level in some women and thus, 
increase their risk of developing pre-eclampsia.121

Later life complications include:21,121

◆	 hypertension
◆	 ischaemic heart disease
◆	 cerebrovascular accident
◆	 venous thromboembolism

◆	 end-stage renal disease (increased but low absolute risk in 
women with no proteinuria at 8 week postnatal review).122

Thrombophilia screening is not recommended in postnatal women 
by NICE solely on the basis of an episode of pre-eclampsia.30 
There is some suggestion that some thrombophilic conditions 
predispose women to pre-eclampsia (including hyperhomocyst-
einaemia, prothrombin heterozygosity, anticardiolipin antibody 
positivity, factor V Leiden heterozygosity, and methylene tetrahy-
drofolate reductase (MTHFR) homozygosity), while others do 
not (factor V Leiden homozygosity, antithrombin III deficiency, 
protein C deficiency, protein S deficiency, lupus anticoagulant 
positive, and acquired activated protein C resistance), though 
the evidence for this is of mixed quality.30 If this has been asso-
ciated with a history of recurrent miscarriage, prematurity, or 
small-for-gestational-age fetus, then thrombophilia screening 
may be warranted.

Antenatal and intrapartum venous thromboembolism prophy-
laxis should be risk assessed as normal, as per guidance from the 
Royal College of Obstetricians and Gynaecologists.123

Future pregnancy
The risk of GH in a future pregnancy ranges from about 1 in 8 
(13%) pregnancies to about 1 in 2 (53%) pregnancies, while the 
risk of pre-eclampsia in a future pregnancy rises to approxi-
mately 1 in 6 (16%) pregnancies.124–127 If their recent episode of 
pre-eclampsia was severe, or complicated by HELLP syndrome, 
or led to a pre-term birth prior to 34 weeks, this risk rises to 1 in 
4 (25%) of pre-eclampsia recurrence in a future pregnancy. If a 
pre-term birth occurred before 28 weeks, the risk rises to 55%.128 
There is no evidence to suggest that an interpregnancy interval of 
10 years increases the risk of pre-eclampsia.

Conclusion
The hypertensive disorders of pregnancy cover a wide range of con-
ditions, most of which are relatively mild with a low risk of compli-
cations for mother and baby. However, they are still an important 
cause of maternal and fetal mortality. They can present in a number 
of ways and require multidisciplinary care to achieve an optimum 
outcome. The more serious complications of eclampsia, hepatic, 
renal, and haematological abnormalities will commonly involve 
the care of the anaesthetic and critical care team and will present 
challenges to the provision of anaesthesia. A full understanding 
of the nature of the condition, its various presentations, complica-
tions, and ability to affect all organ symptoms will be important 
for obstetric anaesthetists. Anaesthetic care focuses on providing 
effective analgesia, safe surgical anaesthesia, and individually tai-
lored supportive critical care to parturients with hypertensive dis-
eases of pregnancy in a context of potentially fatal cardiovascular, 
pulmonary, cerebral, and haematological pathology.
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CHAPTER 37

Thromboembolic disorders 
in pregnancy
Salma Ballal and Ian A. Greer

Introduction
Thromboembolism in pregnancy remains a major cause of direct 
maternal mortality in the Western world. It was the leading cause 
of death in the United Kingdom from 1985 and after dropping 
to third place with sepsis taking pole position in 2006–2008, 
thromboembolism has once more re-emerged as the most com-
mon cause of direct maternal death in the United Kingdom and 
Ireland in the latest 2009–2012 national maternal mortality report 
by MBRRACE-UK1 (Table 37.1).

Deaths previously from thromboembolism were associated 
with failures in (1) obtaining objective diagnoses and investigat-
ing chest symptoms in at-risk women (often because of unfounded 
concerns such as radiation exposure for the fetus), (2)  lack of 
provision of adequate thromboprophylaxis, (3)  inadequate risk 
assessment, and (4) failure to ensure multidisciplinary care.1

The physiological changes of pregnancy, considered to be hor-
monally driven, are associated with alterations in the coagulation 
and fibrinolytic systems. There is an increase in procoagulant fac-
tors, such as factors VII, VIII, X, and von Willebrand factor, and 
a substantial rise in fibrinogen. The endogenous anticoagulant 
activity and fibrinolysis are suppressed, such as through reduced 
protein S and increased placentally derived plasminogen activa-
tor 2 inhibitor respectively. These changes lead to a physiological 
hypercoagulable state in pregnancy, which physiologically may 
prepare the body for the haemostatic challenge of delivery, but 
will also increase the risk of thrombosis during pregnancy. It is 
important to emphasize that thrombosis is usually a ‘multi-hit’ 
disorder and a single risk factor such as the procoagulant effects 
of pregnancy is rarely sufficient to cause a clinical event, rather 
events are more likely when multiple risk factors are present at the 
same time.

Thromboembolic events in pregnancy are spread across the three 
trimesters with over 50% of events occurring in the first 20 weeks 
of pregnancy.2 However, the puerperium is the time of greatest risk 
with a relative risk of around 20-fold compared to the non-pregnant 
population. This is likely to reflect trauma to the pelvic vessels in the 
course of delivery causing endothelial damage. When this is added 
to the hypercoagulable changes of pregnancy, and venous stasis, 
which is also a feature of normal pregnancy, the three components 
of Virchow’s triad, which underlies venous thrombosis will coex-
ist, so increasing the risk. Indeed, in relation to postpartum events, 
around 80% occur in the first 3 weeks after delivery.3

Importantly, when compared to the non-pregnant population 
where distal deep vein thrombosis (DVT) is most common, most 
events in pregnancy are iliofemoral and left sided. This is thought 
to occur due to the compression of the left iliac vein by the right 
iliac artery which leads to decreased blood flow on the left side.

The relative risk of antenatal venous thromboembolism (VTE) is 
about fivefold higher than in non-pregnant women of the same age 
and this is increased further postpartum, but the absolute risk is 
low, with an overall incidence of VTE in pregnancy and the puer-
perium of 1–2/1000.4–6

Risk factors for thrombosis in pregnancy
Pregnancy is itself a risk factor for thrombosis but it is impor-
tant, given the multi-hit nature of the problem, for clinicians to 
be aware of additional risk factors (Table 37.2) that will increase 
that risk further.3,10,12 A  clear example of this is the dramatic 
increase in risk when immobility is combined with a body mass 
index (BMI) of 25 kg/m2 or higher (Figure 37.1). The two most 
significant single risk factors in pregnancy for thromboembolism 
are history of previous VTE and thrombophilia.

Previous venous thromboembolism
In pregnant women with a history of VTE, the risk of recurrence 
is increased three- to fourfold (relative risk 3.5; 95% confidence 
interval (CI) 1.6–7.8).7 Recurrent events account for 15–25% of all 
thromboembolic events in pregnancy.

A previous single VTE can be provoked (e.g. combined con-
traceptive pill, pregnancy, trauma, immobility, surgery, and 
thrombophilia) or unprovoked, where no additional risk factor is 
apparent. Some of these women will require antenatal prophylaxis 
but all should receive postpartum prophylaxis, as this is the period 
of greatest risk.8,9 Women with a history of an unprovoked or idi-
opathic, known thrombophilia or oestrogen-related VTE should 
be treated as a high-risk group and thromboprophylaxis should 
be recommended antenatally and for 6 weeks postpartum. A his-
tory of a VTE provoked by a risk factor that is no longer present 
in a woman with no other risk factors requires close observation 
antenatally with thromboprophylaxis commenced after delivery 
and continued for 6 weeks postpartum.9

For women on pharmacological thromboprophylaxis in preg-
nancy, the rate of recurrence has been reported to range from 0% 
to 2.4%.10,11 However, the rate of recurrent VTE in women who 

 

 

 

 

 



Part 8  obstetric complications588

did not receive prophylactic anticoagulation has been reported to 
range from 2.4% to 12.2%.12,13

Thrombophilia
Thrombophilia is also an important risk factor10 and can be 
divided into heritable and acquired. Heritable thrombophilia is a 
positive finding in 20–50% of women who experience VTE dur-
ing pregnancy and the postpartum period.14,15 Although throm-
bophilia is a risk factor for VTE, performing a thrombophilia 
screen before commencing anticoagulant therapy is not routinely 
recommended as it will not influence the immediate management 
of acute VTE. Furthermore, although the results of genetic texts 
for heritable thrombophilia will be unaltered, such as for factor V 
Leiden, other investigations such as protein S are markedly altered 
by pregnancy, or the presence of thrombus (e.g. antithrombin) 
making such investigations less reliable, often confusing rather 
than clarifying the situation.

Women with multiple previous VTE, or a previous VTE and 
a problem such as antiphospholipid syndrome, are considered to 
be at a high risk of recurrence and may require higher doses of 
low-molecular-weight heparin (LMWH) in pregnancy. They are 
likely to be on long-term anticoagulation with warfarin prior 
to conception. An intermediate or treatment dose of LMWH is 
required throughout pregnancy and should be continued post-
partum for a minimum of 6 weeks or until converted back to 
long-term warfarin.9

Diagnosis of thromboembolism 
in pregnancy
The clinical diagnosis of DVT and pulmonary thromboembo-
lism (PTE) is unreliable in pregnancy. Indeed, following objective 
testing only a minority of those with clinically suspected VTE 
will have the diagnosis confirmed.12,16 Nonetheless, given the 

Table 37.1  Maternal mortality rates by cause, per 100,000 maternities, 2006–2012

Cause of death 2006–08 2009–11 2010–12

n Rate 95% CI n Rate 95% CI n Rate 95% CI

All Direct and Indirect deaths† 261 11.39 10.09–12.86 253 10.63 9.36–12.03 243 10.12 8.89–11.47

Direct deaths

Genital tract sepsis* 26 1.13 0.77–1.67 15 0.63 0.35–1.04 12 0.50 0.26–0.87

Pre-eclampsia and eclampsia 19 0.83 0.53–1.30 10 0.42 0.20–0.77 9 0.38 0.18–0.71

Thrombosis and 
thromboembolism

18 0.79 0.49–1.25 30 1.26 0.85–1.80 26 1.08 0.71–1.59

Amniotic fluid embolism 13 0.57 0.33–0.98 7 0.29 0.12–0.61 8 0.33 0.14–0.66

Early pregnancy deaths 11 0.48 0.27–0.87 4 0.17 0.05–0.43 8 0.33 0.14–0.66

Haemorrhage 9 0.39 0.20–0.75 14 0.59 0.32–0.99 11 0.46 0.23–0.82

Anaesthesia 7 0.31 0.15–0.64 3 0.12 0.03–0.37 4 0.17 0.05–0.43

Other Direct† 4 0.17 0.07–0.47 ‡ ‡ ‡ ‡ ‡ ‡

All Direct 107 4.67 3.86–5.64 83 3.49 2.78–4.32 78 3.25 2.57–4.05

Indirect

Cardiac disease 53 2.31 1.77–3.0. 51 2.14 1.60–2.82 54 2.25 1.69–2.93

Other indirect causes 49 2.14 1.62–2.83 72 3.03 2.37–3.81 61 2.54 1.94–3.26

Indirect neurological conditions 36 1.57 1.13–2.18 30 1.26 0.85–1.80 31 1.29 0.88–1.83

Psychiartic causes 13 0.57 0.33–0.98 13 0.55 0.29–0.93 16 0.67 0.38–1.08

Indirect neurological conditions 3 0.13 0.04–0.41 4 0.17 0.05–0.45 3 0.13 0.0.–0.37

All Indirect 154 6.72 5.74–7.87 170 7.15 6.11–8.30 165 6.87 5.86–8.00

Coincidental 50 2.18 1.65–2.88 23 0.98 0.61–1.45 26 1.08 0.71–1.59

Late deaths 33† † † 325 13.66 12.22–15.33 313 13.03 11.63–14.56

*Genital tract sepsis deaths only including early pregnancy deaths as the result of genital tract sepsis. Other deaths from infectious causes are classified under other indirect 
causes.

‡Acute fatty liver and genital tract trauma: included with pre-eclampsia and eclampsia and haemorrhage respectively from 2009 onwards.
†Figures on late deaths for 2006–08 include only cases reported to CMACE and not all deaths. therefore rates are not calculated. Cases from 2009–12 identified through 
direct report and linked national birth and death data and include late direct. late indirect and late coincidental deaths. These deaths will be described fully in the 2015 
report.

Sources: CMACE. MBRRACE-UK. Office for National Statistics. National Records Scotland. Northern Ireland Statistics and Research Agency.

Reproduced from Knight M, Kenyon S, Brocklehurst P, et al. Saving Lives, Improving Mothers’ Care – Lessons Learned to Inform Future Maternity Care from the UK and 
Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2009–12. Oxford: National Perinatal Epidemiology Unit, University of Oxford; 2014.
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life-threatening nature of this condition, anticoagulant therapy 
should be commenced if there is a delay in obtaining objective 
testing unless there are strong contraindications to its use. The 
condition should be suspected during pregnancy where symptoms 
and signs are consistent with a possible VTE, such as dyspnoea, 
chest pain, haemoptysis, unilateral leg pain and swelling (espe-
cially on the left side), lower abdominal pain, low-grade pyrexia (a 
feature of thrombosis), and collapse.

Clinical probability assessment in pregnancy still has a role in 
pregnancy despite differing from the non-pregnant assessment. 
The LEFt rule reported on 194 suspected DVT cases in pregnancy 
looked at symptoms in the left leg (L), calf circumference difference 
of at least 2 cm (E for (o)edema), and first-trimester presentation 
(Ft) are the components of the LEFt rule. It was found that 0/89 with 
no component had DVT compared with 7/105 with one or more 
components.17 Righini et  al. assessed 157 pregnant women with 
suspected DVT; the diagnosis was confirmed in 11.7% of women 
with one or more LEFt component versus 0% in women with no 
components. Therefore the LEFt rule may be useful in excluding 
the diagnosis but meanwhile objective testing remains important.18

Diagnosis of deep venous thrombosis 
in pregnancy
Compression ultrasonography
Compression ultrasonography (CUS) of the entire proximal venous 
system is considered the optimal first-line diagnostic test for DVT 

in pregnancy.19,20 If the initial ultrasound shows an abnormality 
in the popliteal or femoral veins, the diagnosis of proximal DVT is 
confirmed and therapeutic anticoagulation should be employed. 
As the majority of gestational DVTs are iliofemoral these are usu-
ally easily visualized confirming the diagnosis. Where the initial 
CUS is negative and where the clinician has ongoing suspicion of 
DVT then repeat ultrasound examinations on days 3 and 7 should 
be considered. Treatment should be stopped pending the repeat 
test. An apparently normal ultrasound examination in a patient 
with significant symptoms and signs or risk factors for VTE does 
not completely exclude a calf DVT.19 Results from the recently 
published EDVIGE study found that following a single CUS for 
suspected DVT in pregnancy only 10.5% had the diagnosis con-
firmed. Of 177 women who had a negative CUS and who did not 
receive anticoagulation, only 1.1% (95% CI 0.3–4.0%) had a VTE 
on 3 months of follow-up.21 In women reporting swelling of the 
entire leg with or without back, buttock, or flank pain, an iliac 
vein thrombosis should be suspected. Serial CUS of the proximal 
venous system is not helpful in the diagnosis of iliac vein throm-
bosis and pulsed Doppler of the iliac vein, magnetic resonance 
imaging (MRI), venography, or conventional contrast venography 
should be considered.19,20

D-Dimer
D-dimer, a specific fibrin degradation product, has been exten-
sively used in the exclusion of DVT in the non-pregnant population, 
but its use in pregnancy requires further studies and evaluation. 
Some authorities employ D-dimer measurements in pregnancy 
following the initial negative ultrasound scan, and where there is 
an elevated D-dimer a repeat ultrasound is performed. However, 
D-dimer levels increase in normal pregnancy as gestation 
advances. D-dimer levels will be outside the normal range at term 
and postpartum in most normal pregnancies. D-dimer levels also 
increase with complications such as pre-eclampsia, and abrup-
tion, which are themselves associated with an increase in risk 
for VTE.8,19,20 Further, false-negative D-dimer results have been 
reported with VTE in pregnancy.22 In view of these issues and 
because D-dimer assays have not been evaluated in prospective 
management studies, it is the authors’ practice to proceed direct 
to CUS in women with suspected DVT, and repeat this as required 
rather than rely on D-dimer measurements.

Venography
Venography is the gold standard test for the diagnosis and exclu-
sion of DVT outside of pregnancy.23,24 In pregnancy, concerns 
about in utero fetal exposure to ionizing radiation and potential 
teratogenicity and oncogenicity during testing have limited the 
use of venography and the number of studies involved. When 
venography is used with abdominal shielding the risk from radi-
ation to the fetus is very low, and the fear of fetal irradiation is 
often overstated25 (Table 37.3). For the majority of cases CUS is 
sufficient, particularly as over 70% of DVTs are iliofemoral in 
pregnancy. If difficulty is encountered in imaging possible pelvic 
thrombus then MRI venography can be safely used in pregnancy.

Computed tomography scan venography
Computed tomography venography may be useful in detecting 
pelvic vein thrombosis but it is associated with significant radia-
tion exposure to the fetus, and in practice is rarely required to 
make a diagnosis.26

Table 37.2  Risk factors and their odds ratios for risk of venous 
thromboembolism in pregnancy3,10–12

Risk factor Adjusted odds ratios 95% CIs

Previous VTE 24.8 17.1–36

Immobility:

If combined with BMI ≥ 25

7.7

62

3.2–19

BMI > 30 5.3 2.1–13.5

Smoking 2.7 1.5–4.9

Weight gain > 21 kg (vs 7–21 kg) 1.6 1.1–2.6

Parity > 1 1.5 1.1–1.9

Age > 35 years 1.3 1.0–1.7

Pre-eclampsia 3.1 1.8–5.3

Preeclampsia with fetal growth 
restriction

5.8 2.1–16

Assisted reproductive techniques 4.3 2.0–9.4

Twin pregnancy 2.6 1.1–6.2

Antepartum haemorrhage 2.3 1.8–2.8

Postpartum haemorrhage 4.1 2.3–7.3

Caesarean section 3.6 3.0–4.3

Medical conditions, e.g. systemic 
lupus erythematosus, heart disease, 
anaemia, active infection, varicose 
veins

2.0–8.7

Blood transfusion 7.6 6.2–9.4

Data from various sources (see references).
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Diagnosis of pulmonary thromboembolism
Firstly it is useful to note that the CUS is valuable in assessing 
women with suspected PTE in pregnancy, because the treatment 
of DVT and PTE is the same. Therefore specific chest imaging 
may be avoided with a positive diagnosis of DVT. However, it is 
also important to consider the role of specific thoracic imaging 
modalities and the electrocardiogram (ECG).

Chest X-ray
In a pregnant woman with a suspected PTE who is haemodynami-
cally stable, a chest X-ray (CXR) is valuable. It may identify other 
pulmonary disease such as pneumonia, lobar collapse, or pneumo-
thorax. Pregnant women in general have low rates of pre-existing 
pulmonary disease and in over 50% of cases the CXR will be nor-
mal. Non-specific features of PTE on CXR include atelectasis, effu-
sion, focal opacities, regional oligaemia, and pulmonary oedema. 
The radiation dose to the fetus from a CXR performed at any stage 
of pregnancy is negligible and a CXR should not be withheld from 
a pregnant woman with a potentially fatal condition.

Electrocardiogram
The ECG is a non-specific investigation for the diagnosis of pul-
monary embolus in pregnancy. In normal pregnancy the elec-
trical axis of the heart changes, which can make the ECG lack 

specificity. The ECG may also be normal, however in massive pul-
monary embolus features of acute right heart strain such as right 
bundle branch block, right axis deviation and peaked P-waves 
may be present. The classical S1, Q3, T3 is infrequently seen. It is, 
however, valuable in relation to alternative cardiac diagnoses.

Computed tomography pulmonary angiography 
and ventilation perfusion lung scan
The main techniques for objective diagnosis of PTE are ventila-
tion/perfusion (V/Q) lung scan or computed tomography pul-
monary angiography (CTPA). Local availability and guidelines 
may be the determining factor for which diagnostic technique 
is employed in pregnancy. In the non-pregnant population, the 
British Thoracic Society recommends CTPA as first-line investi-
gation for non-massive PTE due to better sensitivity and specific-
ity than V/Q lung scanning,27 and also the possibility to identify 
other potential pathology contributing to the patients symptoms 
(e.g. aortic dissection). Furthermore, older non-pregnant patients 
with chest symptoms will often have co-morbid chest pathology 
so limiting the value of V/Q scans, but this is not usually the case 
in most young pregnant women.

When weighing up the risks and benefits of these techniques it 
is important to consider not only the diagnostic accuracy, but also 
the issue of radiation exposure in the context of diagnosis of PTE. 

Single previous VTE+
• �rombophilia or family history
• Unprovoked/estrogen-related
Previous recurrent VTE(>1)

High risk

Requires antenatal prophylaxis with LMWH

Refer to trust-nominated thrombosis in
pregnancy expert/team

3 or more risk factors
2 or more if admitted

< 3 risk factors

Lower risk
Mobilisation and avoidance of dehydration

Intermediate risk

Consider antenatal prophylaxis with LMWH

Seek trust-nominated thrombosis in pregnancy
expert/team advice

Single previous VTE with no family
history or thrombophilia

�rombophilia + no VTE

MEDICAL COMORBITIES, e.g.

heart or lung disease, SLE, cancer,
imflammatory conditions, nephrotic
syndrome, sickle cell disease,
intravenous drug user

Surgical procedure, e.g.
appendicectomy

Age > 35 years

Obesity (BMI > 30kg/m2)

Parity > 3

Smoker

Gross varicose veins

Current systemic infection

Immobility, e.g. paraplegia, SPD,
long-distance travel
Pre-eclampsia

Dehydration/hyperemesis/OHSS

Multiple pregnancy or ART

Figure 37.1  Obstetric thromboprophylaxis risk assessment.
Reproduced from Royal College of Obstetricians and Gynaecologists, Reducing the risk of thrombosis and embolism during pregnancy and the puerperium. Green-top Guideline No. 37a. 
London: RCOG; 2015, with the permission of the Royal College of Obstetricians and Gynaecologists.
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Concerns over radiation exposure for the fetus are often cited as rea-
sons to avoid radiation-based investigation in pregnancy. However, 
the commonly employed investigations are not associated with high 
levels of fetal exposure (Table 37.3). In addition, it is important to 
take into account the clinical context—a potentially fatal disorder for 
the mother, and the fetus if the event is antenatal. CTPA is associated 
with less radiation exposure to the fetus than V/Q lung scanning in 
all trimesters of pregnancy. It has been estimated that the risk of fatal 
cancer to the age of 15 years is <1/1,000,000 after in utero exposure to 
CTPA and 1/280,000 following a perfusion scan.19 Perhaps of more 
concern is that CTPA, while associated with a lower dose of radiation 
for the fetus than a V/Q scan, exposes the mother to a relatively high 
radiation dose of as much as 20 mGy to the thorax and in particular 
exposure of breast tissue is a concern, as calculations suggest a sig-
nificant increase in lifetime risk of breast cancer.

Therefore, where available, V/Q scans are generally preferred 
in pregnancy because of the lower radiation dose to the mother, 
and the low incidence of co-morbid pulmonary problems that 
often reduce the value of such scans in the non-pregnant patient.19 
Further, during pregnancy, and especially if the CXR is normal, 
the ventilation component can often be omitted thereby minimiz-
ing the radiation dose for the fetus. Thus the authors generally 
prefer V/Q lung scanning over CTPA for the first-line investiga-
tion of PTE in pregnancy because of its high negative predictive 
value, low incidence of co-morbid pulmonary pathology, and 
lower radiation dose to the mother.

Pulmonary angiography
Pulmonary angiography carries the highest radiation exposure (at 
least 0.5 mSv to fetus, and 5 –30 mSv to mother)19 and should be 
used mainly in severe cases prior to embolectomy.

Management of venous thromboembolism 
in pregnancy
Initial assessment
In the initial assessment of the patient before commencing ther-
apeutic anticoagulation for VTE, a full blood count, coagula-
tion screen, urea, electrolytes, and liver function tests should be 
checked to exclude renal or hepatic dysfunction, which are rel-
evant for anticoagulant therapy. As noted earlier, thrombophilia 
screening is not usually performed as many components of the 
thrombophilia screen are altered by both pregnancy (e.g. lower 
protein S) and the presence of thrombus (lower antithrombin), and 
because the results will not alter the acute management of VTE.

Anticoagulants in pregnancy
Vitamin K antagonists
Warfarin is an oral anticoagulant that interferes with hepatic 
synthesis of vitamin K-dependent clotting factors, which leads to 
depletion of prothrombin, and factors VII, IX, and X with result-
ant anticoagulation. Warfarin crosses the placenta and is asso-
ciated with an increased risk of fetal complications, specifically 
congenital malformations and an increased risk of pregnancy loss 
with first-trimester exposure. While congenital abnormalities are 
reported in up to 5%8,28–32 of cases with first-trimester warfarin 
exposure, only a small number (<1%) develop the specific warfarin 
embryopathy (midfacial hypoplasia, limb hypoplasia, and stip-
pled epiphyses).33,34 There is some evidence to suggest that if the 
woman is taking a dose greater than 5 mg/day this is associated 
with a higher risk of congenital abnormalities.32,35,36 In the third 
trimester, there is a significant risk of maternal and fetal bleeding 
if taken after 36 weeks, as the fetus is also anticoagulated. This is of 
particular concern at delivery. Warfarin can, however, be used in 
the postpartum period if required as there is no significant excre-
tion in breast milk.

Low-molecular-weight heparin
Heparins remain the agents of choice for treatment and prophy-
laxis of VTE in pregnancy.19,20 LMWHs have now largely replaced 
unfractionated heparin (UFH) for the immediate management of 
VTE in pregnancy. LMWH acts by inactivating thrombin and 
factor Xa without depleting circulating levels of clotting factors. 
It does not cross the placenta and is not present in breast milk 
in appreciable amounts, and in any event is orally inactive, so 
there is no risk of anticoagulation in the fetus or the newborn. 
There are now substantial data from randomized controlled trials 
in non-pregnant patients confirming that LMWH is more effec-
tive than vitamin K antagonists in preventing recurrent VTE and 
post-thrombotic syndrome without increasing the risk of seri-
ous bleeding events.8,37 Furthermore, LMWH is more effective, 
has a lower risk of bleeding, and is associated with lower mor-
tality than UFH in the initial treatment of DVT in non-pregnant 
patients.8,19,38 Indeed, a meta-analysis of randomized controlled 
trials has shown equivalent efficacy of LMWH to UFH in the 
initial treatment of PTE.8,38 While data on efficacy of LMWH in 
pregnancy are extrapolated from the non-pregnant, direct data on 
safety are available for pregnancy. A systematic review of LMWH 
in pregnancy has confirmed its safety and also describes efficacy 
consistent with the extrapolation from the non-pregnant in the 
management of acute VTE,11 supported by further data from a 
large retrospective review of over 1000 pregnancies exposed to a 

Table 37.3  Estimated fetal radiation exposure with venous 
thromboembolism investigation

Radiologic procedure Radiation mGy

Bilateral venography without abdominal shield 0.628

Unilateral venography without abdominal shield 0.314

Limited venography < 0.05

Pulmonary angiography (femoral route) 0.221–0.374

Pulmonary angiography (brachial route) < 0.05

Ventilation lung scan:

   133Xenon 0.004–0.019

  99mTc-DTPA 0.007–0.035

  99mTc-SC 0.001–0.005

Perfusion lung scan using 99mTc-MAA:

  3 mCi 0.018

  1–2 mCi 0.006–0.012

Chest radiograph < 0.001

DTPA: diethylenetriamine penta-acidic acid, SC: sulphur colloid; Tc: technetium.

NB 1 Gy = 100 Rad. Threshold for fetal abnormality induced in in utero exposure is 
100–200 mGy.

Reproduced with permission from Ginsberg JS, Hirsh J, Rainbow AJ, et al., Risks to the 
fetus of radiological procedures used in the diagnosis of maternal/venous 
thromboembolic disease, Thrombosis and Haemostasis, Volume 61, pp. 189–96, 
Copyright © 1989 John Wiley & Sons.
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LMWH.39 Heparin-induced thrombocytopenia (HIT) resulting 
in thrombosis, an immune-mediated reaction, is extremely rare 
with LMWHs and therefore in women only exposed to LMWH, 
platelet monitoring is unnecessary. Some patients may develop 
skin reaction similar to UFH with LMWH in the form of pruritic 
skin eruption or local irritation at the injection site. The incidence 
of this has been reported to range from 1.8% to 29%,8 but in sys-
tematic reviews has been of the order of 2%.11

Compared with UFH, LMWH is associated with a substantially 
lower risk of HIT, haemorrhage, and osteoporosis.11,14,40

Although useful in monitoring UFH (see ‘Unfractionated 
Heparin’), the activated partial thromboplastin time (aPTT) is not 
meaningfully changed in patients on LMWH and cannot be used 
to assess response to therapy. Monitoring anti-Xa levels for women 
on LMWH is no longer recommended20 and is difficult to justify in 
pregnancy due to the satisfactory results with weight-based dosing 
and also because anti-Xa monitoring does not reliably predict either 
recurrent thrombosis or bleeding risk, at least in part because of var-
iability in the assay.8,20,41 There may be a case for monitoring levels 
at extremes of body weight (<50 kg and >90 kg), where compliance 
is in doubt, and in women with other complicating factors including 
renal disease, severe thrombophilia, and recurrent VTE (if LMWH 
therapy requires monitoring, the aim is to achieve peak anti-Xa activ-
ity, 3 hours post injection of 0.5–1.2 units/mL for women with VTE). 
Routine platelet count monitoring to identify HIT is not required in 
obstetric patients who have received only LMWH. However, if the 
obstetric patient is receiving LMWH after first receiving UFH, or if 
she has received UFH in the past, making HIT more likely, the plate-
let count should be monitored every other day from day 4 to day 14, 
or until LMWH is stopped, whichever occurs first.42

Unfractionated heparin
UFH, as with LMWH, does not cross the placenta. It was used in 
the past for treatment and prophylaxis of VTE in pregnancy, but 
in contemporary practice it has been widely replaced by LMWH 
due to the evidence discussed earlier. Therefore, in current prac-
tice, UFH use has been limited to specific circumstances, such as 
women considered to be at high risk of haemorrhage who require 
thromboprophylaxis or treatment prior to delivery. Prophylactic 
UFH is administered subcutaneously in divided doses. If UFH 
is required in therapeutic doses it is administered either by an 
intravenous continuous infusion or subcutaneous injection twice 
a day. The aPTT is used to monitor UFH with the dose adjusted 
accordingly to maintain the aPTT in the therapeutic range. The 
effect of UFH can be limited by stopping the intravenous infu-
sion and also by protamine sulphate, which cannot be so readily 
achieved with subcutaneous LMWH.

Any exposure to UFH is associated with an increased risk of 
HIT, which occurs in 3% of non-pregnant patients receiving 
UFH.43 Long-term use of UFH has been associated with increased 
risk of osteoporosis and fractures.44 Up to 30% reduction in 
bone density and approximately 2–3% vertebral fractures with 
long-term use has been reported.45,46 Adverse skin reactions to 
UFH include bruising, urticarial rashes, vasculitis which can lead 
to skin necrosis, and well-circumscribed, erythematous lesions 
(because of a delayed type 4 hypersensitivity reaction).8

Danaparoid
This heparinoid crosses the placenta in negligible quantities. 
Therefore there is no demonstrable fetal toxicity with maternal 

danaparoid use.8 It has an anti-IIa and anti-Xa effects with a long 
anti-Xa half-life of about 24 hours. Danaparoid can be adminis-
tered intravenously or subcutaneously. It is usually used in preg-
nant women who develop HIT or a skin reaction from heparin 
and require ongoing anticoagulant therapy. However, the qual-
ity of evidence available to support its safety is scarce and advice 
should be sought from experts in haemostasis and thrombosis.

Fondaparinux
There are limited data on this anticoagulant as its use in preg-
nancy is relatively new. Fondaparinux is a pentasaccharide that 
acts, like heparins, by inhibiting factor Xa through enhancing the 
effect of antithrombin. In an ex vivo model, no placental passage 
of fondaparinux was demonstrated47 but anti-Xa activity of about 
10% of that in maternal plasma was found in the umbilical cord 
plasma in newborn infants of five mothers being treated with 2.5 
mg during pregnancy.48 It is recommended that the use of fon-
daparinux be restricted to those with severe adverse reactions to 
heparin such as HIT or who cannot receive danaparoid.8

Oral anti-Xa and thrombin inhibitors
There are no significant data supporting the use of new oral direct 
thrombin inhibitors such as dabigatran, or the new anti-Xa inhibi-
tors such as rivaroxaban, or apixaban in pregnancy. As they are 
orally active they are likely to cross the placenta with resultant 
fetal anticoagulation and risk of bleeding. These agents should be 
avoided in pregnancy at the present time9 due to lack of safety data 
and also because a highly effective and safe alternative exists with 
LMWH although not as an oral preparation.

Parenteral direct thrombin inhibitor
There are insufficient data to evaluate the safety of recombinant 
hirudin, and no published reports on the use of bivalirudin in 
pregnancy.8

Thrombolysis during pregnancy
Thrombolysis reduces clot burden by breaking down fibrin. 
Thrombolytic agents include streptokinase, urokinase, recombi-
nant tissue plasminogen activator, and anisoylated plasminogen 
streptokinase activator complex. These markedly enhance the 
conversion of plasminogen to plasmin, with resultant degrada-
tion of fibrin to fibrin degradation products. There is growing 
evidence on the use of thrombolytic agents in pregnancy.8,49,50 
Streptokinase, and probably other thrombolytic agents, do not 
cross the placenta.51–54 No maternal deaths associated with 
thrombolytic therapy have been reported, and the maternal bleed-
ing complication rate is approximately 6%, which is consistent 
with that in non-pregnant patients receiving thrombolytic ther-
apy. Most bleeding events occur around catheter and puncture 
sites, and in pregnant women, from the genital tract. Currently, 
given the limited data on the safety and efficiency of thromboly-
sis in pregnancy, the use of these agents should be reserved for 
life-threatening maternal thromboembolism.8

Treatment of acute venous thromboembolism
In pregnancy, it is recommended that the initial treatment of acute 
VTE is by a twice-daily dosage regimen of LMWH.19 This is because 
of the recognized pregnancy-related alterations in the pharmacoki-
netics of LMWH, which is cleared by the kidney. However, there are 
growing data, mostly with tinzaparin, that once-daily dosing may be 
satisfactory (tinzaparin, 175 units/kg) and may be appropriate in the 
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initial acute treatment of VTE in pregnancy.39,55 As there is greater 
experience with twice-daily dosing and the possibility of reduced 
anticoagulant activity towards the end of the 24-hour period due to 
increased renal clearance, the authors prefer a twice-daily dose in 
the initial treatment of acute VTE with enoxaparin (1 mg/kg twice 
daily) or dalteparin (100 units/kg twice daily) until the situation is 
stable, then converting if required to a once-daily regimen of (1.5 
mg/kg enoxaparin or dalteparin 10,000–18,000 units once daily 
depending on body weight). There are other techniques that are also 
of value in the management of acute DVT in pregnancy. Leg eleva-
tion should be employed and graduated elastic compression stock-
ings should be fitted to reduce oedema.

The prophylactic and treatment dose of LMWHs as recom-
mended by the Royal College of Obstetrician and Gynaecologists 
is described in Table 37.4.

Treatment of DVT by thrombolysis can reduce post-thrombotic 
syndrome, but at the expense of increased bleeding.37 In the 
non-pregnant patient, the current American College of Chest 
Physicians recommendation is to prefer anticoagulation over sys-
temic thrombolysis, reserving consideration of the latter only to 
patients with all of the following criteria: iliofemoral DVT, symp-
toms for less than 14 days, good functional status, life expectancy 
of 1 year or longer, and low risk of bleeding.37 Catheter-directed 
thrombolysis is considered the preferable approach. Because of 
the uncertainty regarding the balance of risks and concerns relat-
ing to major bleeding, in pregnancy anticoagulant therapy alone 
appears preferable to systemic thrombolysis unless there is mas-
sive occlusive iliofemoral DVT threatening leg viability through 
venous gangrene.

Graduated elastic compression stockings
The woman should be encouraged to mobilize whilst wearing 
compression stockings, as in non-pregnant patients37 this has 
been shown to reduce pain and swelling. Studies in non-pregnant 
patients have shown that early mobilization, with compres-
sion therapy, does not increase the likelihood of developing 
PTE.56,57 This approach may also help prevent the development 
of post-thrombotic syndrome as there are some trial data from 
outside pregnancy to suggest that compression stockings started 
within 2 weeks of DVT and continued for 2  years reduce the 

likelihood of post-thrombotic syndrome by around 50% but does 
not impact on the frequency of recurrent VTE.37 Although there 
are no data demonstrating an impact from compression stock-
ings on clinical outcomes in gestational DVT, the effect of these 
stockings on the venous system in postpartum women has been 
studied, where they are associated with reduced diameter of the 
common femoral vein along with increased blood flow velocity.58

Life-threatening pulmonary thromboembolism
A massive PTE is a serious, life-threatening obstetric and medical 
emergency that may be defined as a pulmonary embolus associ-
ated with haemodynamic compromise (systolic blood pressure 
<90 mmHg or a drop in systolic blood pressure of ≥40 mmHg  
from baseline for a period > 15 minutes), not otherwise explained 
by hypovolaemia, sepsis, or new arrhythmia. The collapsed, 
shocked pregnant woman requires rapid assessment by a multidis-
ciplinary resuscitation team of experienced clinicians including 
senior obstetricians, anaesthetists, physicians, and radiologists. 
This situation needs a quick but thorough assessment and decision 
for treatment usually are made on an individual basis taking into 
account the available resources and expertise. The options include 
intravenous UFH, thrombolytic therapy, catheter-assisted throm-
bus removal, or surgical embolectomy. In the initial response, oxy-
gen should be administered and circulatory support provided with 
intravenous fluids and inotropic agents as required. Intravenous 
UFH is the traditional method of heparin administration in acute 
VTE and remains the preferred treatment in massive PTE because 
of its rapid effect and extensive experience of its use in this situ-
ation. The aim is to prolong the a PTT by 1.5–2 times control. As 
anticoagulant therapy will not reduce the obstruction of the pul-
monary circulation, there is a strong case for considering systemic 
thrombolytic therapy. An infusion of UFH can be given follow-
ing thrombolytic therapy. If the patient is not suitable for throm-
bolysis or moribund, cardiothoracic surgeons should be consulted 
urgently with a view to emergency thoracotomy.

Inferior vena cava filters
It is the authors’ experience that inferior vena cava (IVC) filters 
are rarely necessary. In general, these should be restricted to 
women with proven VTE and who have continuing PTE despite 

Table 37.4  Prophylaxis and treatment dose of LMWHs in pregnancy

Weight (kg) Enoxaparin Dalteparin Tinzaparin

<50 20 mg daily 2500 units daily 3500 units daily

50–90 40 mg daily 5000 units daily 4500 units daily

91–130 60 mg dailya 7500 units dailya 7000 units dailya

131–170 80 mg dailya 10,000 units dailya 9000 units dailya

>170 0.6 mg/kg/daya 75 units/kg/daya 75 units/kg/daya

High prophylactic (intermediate) 
dose for women weighing 50–90 kg

40 mg 12-hourly 5000 units 12-hourly 4500 units 12-hourly

Treatment dose 1 mg/kg/12 hourly antenatal;

1.5 mg/kg/daily postnatal

100 units/kg/12-hourly or

200 units/kg/daily postnatal

175 units/kg/daily

(antenatal and postnatal)

aMay be given in two divided doses.

Data from the Royal College of Obstetrician and Gynaecologists.
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adequate anticoagulation or where anticoagulation cannot be 
used. Temporary IVC filters can be considered in the perinatal 
period for large iliac DVT, but their value is uncertain. Each case 
requires individual assessment as there are hazards from filter 
placement including filter migration (occurring in >20%), filter 
fracture (around 5%), and IVC perforation (up to 5%), and lifelong 
anticoagulation may be required.

In the non-pregnant patient, filters reduce PTE, but increase 
DVT, and have no change in overall frequency of VTE.8,19,37 It 
is important to note that temporary filters are sometimes not 
retrieved and so remain in situ in a proportion of patients.

Where a woman enters pregnancy with a filter in situ, her anti-
coagulation must be reviewed. Pregnancy substantially increases 
the risk of thrombosis, therefore in women with a filter in place 
who become pregnant, anticoagulation should be continued 
or restarted (with LMWH) as soon as pregnancy is diagnosed. 
Outside pregnancy, increasingly patients with filters in place do 
not remain on life-long anticoagulation, such as where the risk 
factor for thrombosis resolves. This is because of the risk of bleed-
ing on long-term warfarin relative to the risk of thrombosis. 
With regard to anticoagulation of such women in pregnancy it 
is important to remember that LMWH does not carry the same 
risk of serious bleeding problems as long-term coumarin therapy. 
If she enters pregnancy on coumarin therapy then this should be 
switched to intermediate or treatment dose LMWH by 6 weeks’ 
gestation to avoid the risk of warfarin embryopathy.

Duration and intensity of maintenance 
treatment of venous thromboembolism
Women with antenatal VTE can be managed with subcutane-
ous LMWH for the remainder of the pregnancy. It is uncertain 
whether dose adjustment is required in pregnancy in relation to 
pregnancy-associated weight gain. It is the authors’ practice to 
continue with the initial dose regimen throughout pregnancy for 
the majority of cases despite the pregnancy-associated weight gain 
(since LMWH does not cross the placenta and therefore the weight 
of the fetoplacental unit is not relevant).8,19 It is not yet established 
whether the initial dose of LMWH can be reduced to an interme-
diate dose (75% of treatment dose) after an initial period of sev-
eral weeks of therapeutic anticoagulation. However, this practice 
has been successfully employed outside pregnancy in patients 
with contraindications to coumarin therapy and in patients with 
underlying malignancy.8 Although there have been no studies 
directly comparing these two types of dosing strategies in preg-
nant women, this type of modified dosing regimen may be useful 
in pregnant women at increased risk of bleeding or osteoporosis. 
For pregnant women with acute VTE, it is recommended that anti-
coagulants should be continued for at least 6 weeks postpartum 
and for a minimum total duration of therapy of 3 months.8,19

Delivery in women on anticoagulant 
treatment for venous thromboembolism
For women on therapeutic anticoagulation, a planned delivery, 
either through induction of labour or elective caesarean delivery, 
may allow optimal timing of events and minimizes the risk of the 
woman from an unplanned delivery on full anticoagulation. Each 
case requires individual management depending on the throm-
botic and bleeding risks.

The dose of LMWH should be reduced to a once-daily throm-
boprophylactic dose on the day prior to induction of labour or 
caesarean delivery. When a woman presents in labour on thera-
peutic LMWH, neuraxial anaesthetic techniques should usually 
be avoided for at least 24 hours after the last dose of LMWH due 
to the risk of neuraxial haematomas. In patients receiving prophy-
lactic doses of LMWH, epidural anaesthetic techniques should 
usually be avoided for at least 12 hours after the last dose. A prob-
lem that frequently causes concern is where the thrombotic event 
occurs close to term with a consequently high risk of spontaneous 
labour. Consideration should be given to the use of UFH (since it 
can be relatively easily reversed using protamine sulphate and has 
a short duration of action) in this circumstance. If spontaneous 
labour occurs in women receiving therapeutic doses of subcuta-
neous UFH, assessment of the anticoagulant effect by the aPTT 
is required. Subcutaneous UFH should be discontinued 12 hours 
and intravenous UFH stopped 6 hours before induction of labour.

There is an increased risk of wound haematoma following cae-
sarean delivery with both UFH and LMWH of around 2%.9 For 
this reason, wound drains should be considered at caesarean 
delivery, and the skin incision should ideally be closed with staples 
or interrupted sutures to allow easy drainage of any haematoma.

A further thromboprophylactic dose of LMWH (enoxaparin 
40 mg; dalteparin 5000 IU; tinzaparin 75 IU/kg) should be given 
by 3 hours postoperatively or more than 4 hours after a spinal 
anaesthetic or removal of the epidural catheter, if appropriate. 
The treatment dose should be recommenced around 12 hours 
after delivery.

Postnatal anticoagulation
Heparin and warfarin are not excreted in breast milk and are 
satisfactory for use postpartum and when breastfeeding. In the 
authors’ experience, most women prefer to use LMWH (which 
can be used with once-daily dosing postpartum) because they 
have become accustomed to its administration, and they appre-
ciate the convenience of not having to attend clinics for moni-
toring of coumarin therapy when caring for a new baby. Before 
discontinuing treatment the ongoing risk of thrombosis should 
be assessed including a review of personal and family history of 
VTE. Thrombophilia screening should be discussed and arranged 
if required. Recently it has been reported that low-dose aspirin 
(LDA) can prevent recurrence of VTE in non-pregnant patients 
following completion of 6–18 months of anticoagulant therapy, 
with a low risk of bleeding.58 These data do not suggest that LDA 
can replace therapeutic anticoagulation for VTE, but do suggest 
that where prolonged therapy is considered of benefit following 
completion of a full course of therapeutic anticoagulation, that 
LDA may be valuable. Nor do these data suggest that LDA can 
replace LMWH in pregnancy for women with a previous VTE. In 
view of the risk of VTE and its importance for maternal mortality 
and morbidity, LMWH, where there is now a substantial evidence 
base of efficacy and safety, remains the leading therapeutic option 
for secondary prevention of VTE in pregnancy.

Conclusion
Although VTE remains a challenge in obstetric practice, an 
awareness of risk factors and use of thromboprophylaxis, along 
with objective diagnosis of possible events with prompt treatment, 
usually with LMWH, can reduce the burden of disease.
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CHAPTER 38

Amniotic fluid embolism 
(anaphylactoid syndrome 
of pregnancy)
John A. Anderson, Pierre-Antoine Laloë, 
and Derek J. Tuffnell

Background
The definition of amniotic fluid embolism (AFE) has evolved since 
first being recognized as a cause of maternal death. Amniotic 
fluid and fetal debris in the maternal pulmonary circulation was 
initially described in 1926 by a Brazilian pathologist, RJ Meyer.1 
However, this Portuguese language publication received little 
attention. In 1941,2 Steiner and Lushbaugh identified fetal squa-
mes and lanugo hair in the lungs of eight women who had col-
lapsed and died shortly after giving birth. The term ‘amniotic fluid 
embolism’ was subsequently coined and born with it, the concept 
that women died from the physical emboli of fetoplacental mate-
rial released into the maternal circulation by unspecified means. 
As a result, historical diagnosis has been pathological with the 
observation of fetal squames and hair in the maternal circulation 
postmortem. Attempts to histologically diagnose this condition in 
survivors have previously been attempted by aspirating maternal 
blood from pulmonary catheters in an effort to find histological 
evidence of fetal material, without much success.

More recently, the presence of amniotic fluid and fetoplacental 
material in the circulation of healthy pregnant women has been 
proven to occur regularly without resulting harm. Thus, the mere 
presence of amniotic fluid in the circulation as a cause of mor-
bidity or mortality has been challenged. Focus has turned to an 
associated immunological cascade, which is now accepted to be 
the principal cause of the catastrophic pathophysiological seque-
lae and clinical features of AFE. Subsequently an alternative and 
more accurately descriptive name for AFE has been put forward 
by Clark et al.,3 ‘anaphylactoid syndrome of pregnancy’.

Definition
The diagnosis of AFE is clinical and must be considered as part of 
the differential diagnosis and resuscitation of any acutely unwell or 
collapsed woman who is pregnant, peripartum, puerperal, or who 
has undergone any recent invasive uterine procedure. Symptoms 
or signs may be non-specific and include dyspnoea, reduced oxy-
gen saturation, or coagulopathy. The UK Obstetric Surveillance 
System (UKOSS) uses defined criteria to determine if a patient had 
AFE (Box 38.1).4

Maternal collapse has many differential diagnoses (see later) 
and AFE should be considered. If, after investigation for other 
causes of sudden maternal collapse, no obvious cause is found, a 
diagnosis of AFE becomes likely. In the event of death, pathologi-
cal findings of fetal material in the maternal circulation will con-
firm the diagnosis.

Incidence
The incidence of AFE has not significantly changed over the last 
5 years and is equal to approximately 2.0/100,000 in the United 
Kingdom.4 Despite being very rare, there is some variation in 
the Western world with estimated incidences of 7.7/100,00 in the 
United States,3 3.3/100,000 in Australia,5,6 and 6/100,000 in 
Canada7, though it is worth noting that collection methodolo-
gies for these data vary between nations and uncertainties sur-
rounding diagnosis complicate inclusion criteria. In the United 
Kingdom, mortality rates remain stable between triennia.8

Mortality and morbidity
AFE is the seventh most common cause of all maternal deaths.8 
In the United Kingdom, it has accounted for over 90 deaths since 
1985 and in the United States and Australia, it was responsible 
for between 7.5% and 27% of direct maternal deaths.5,9 In the 
United Kingdom, it has fallen from the second to the fourth lead-
ing cause of direct death, accounting for 0.57 deaths per 100,000 
maternities.10

In the developing world, maternal mortality rates are much 
higher overall, eclipsing the impact of this rare disease. However 
the importance of AFE in maternal mortality in the developed 
world demonstrates that improvements such as better antenatal 
and intrapartum care, which have improved maternal mortal-
ity rates in the 40 years until the 1990s, had little or no impact 
on AFE. Historically case mortality rates were reported as being 
in excess of 85%;11 however, they are now within the range of 
16.5–61% in the United Kingdom, Australia, and the United States 
4,6,9 This is possibly as a result of advances in supportive critical 
care and clinical diagnosis of milder cases.12 Perhaps more impor-
tantly, as underlined by Margarson, the high reported mortality 
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of the 1979 review was from published cases, which should not be 
confused with the overall AFE mortality rate.13 However, given 
the lack of change in the actual number of deaths, this improved 
survival may be due to a greater readiness to make a clinical diag-
nosis rather than a genuine reduction in case survival.

AFE carries significant risk for the fetus. Earlier evidence dem-
onstrated that approximately half of the babies born to women 
who die of AFE will die, and up to 20% of babies born to women 
who survive AFE will die. Of the surviving infants, up to a third 
may suffer hypoxic ischaemic encephalopathy (HIE), a proportion 
of whom will go on to develop cerebral palsy.14 The most recent 
information demonstrates that AFE carries with it a perinatal 
mortality rate of 135 per 1000 cases.4

Pathophysiology
Historical theory underpinning AFE postulated multiple physi-
cal emboli of fetoplacental material leading directly to cardi-
orespiratory collapse (Figure 38.1). Multiple animal studies and 
biochemical research have failed to substantiate this theory, due 
to methodological considerations and conflicting results,15 thus 
supporting the idea that the main mechanism of action in AFE 
is secondary to abnormal activation of multiple inflammatory 
markers and clotting cascades, unique to humans. Furthermore, 
the physical mechanisms have been hypothesized to include 
abnormal contractions, cervical tears, or the involvement of pla-
cental abruption. However, none have been proven. Indeed, the 
presence of amniotic fluid and fetal material in the uterine arteries 
of women undergoing routine obstetric procedures such as a cae-
sarean delivery, who did not display signs of AFE, suggests further 
yet undiscovered mechanisms.

The observation of rapid circulatory collapse, fluid shift out of 
the intravascular space, and the invariable onset of consumptive 
coagulopathy and consequent cardiac and pulmonary complica-
tions are hallmarks of AFE. The underlying mechanism of this is 
thought to be an immune-mediated response to amniotic fluid or 
trophoblastic cellular components. A host of in vitro experiments 
have produced evidence of coagulant and humoral responses. 
Mediators such as prostaglandins, serotonin, proteolytic enzymes, 
leukotrienes, tryptase, and histamine have all been implicated.12

Coagulation
Amniotic fluid has been shown to activate complement in cer-
tain situations and also causes cells exposed to it to externalize 

procoagulants such as phosphatidylserine and tissue factor. Fetal 
surfactant, present in amniotic fluid in increasing levels towards 
term, has a similar structure to thromboplastin and possesses 
some thromboplastic action. Cysteine protease, found in amniotic 
fluid and the amniochorion, can activate factor-X in vitro. Platelets 
will also irreversibly aggregate in amniotic fluid16 and release 
platelet factor III. Amniotic fluid itself contains activated factors 
II, VII, and X. Stimuli to the clotting cascade at multiple points 
may well trigger the disseminated intravascular coagulation 
(DIC) and subsequent coagulopathy seen in AFE. Furthermore, 
amniotic fluid is known to contain high concentrations of antico-
agulants such as thrombomodulin, annexin V, and tissue factor 
pathway inhibitor-2. Correlation between the ability of amniotic 
fluid to shorten plasma re-calcification time and amniotic fluid 
surfactant concentrations have been demonstrated.16 It has also 
been observed that some patients entered into various AFE regis-
ters or case series did not have coagulopathy, while thought to have 
AFE. This may underline either the difficulty of final diagnosis, 
or variation in the disease, which would substantiate inconsistent 
findings in animal studies. One possible confounding explanation 
for this is that patients in whom coagulopathy was not observed 
tended to die, despite resuscitation measures, in the early phase 
of the disease. DIC may not have had time to develop. However, 
when caring for women who clinically are suspected to have suf-
fered AFE, it must be assumed that a consumptive coagulopathy 

Box 38.1  UKOSS case definition

Summary

◆	 Either: a clinical diagnosis of AFE (acute hypotension or car-
diac arrest, acute hypoxia, or coagulopathy in the absence of 
any other potential explanation for the symptoms and signs 
observed)

◆	 Or:  a pathological diagnosis (presence of fetal squames or 
hair in the lungs).

Adapted with permission from D. Tuffnell, M. Knight, F. Plaat., Amniotic 
fluid embolism – an update, Anaesthesia, volume 66, issue 1, pp. 3–6 
Copyright © 2011 John Wiley & Sons.

     Cardiogenic Shock pump failure e.g.
     heart failure, cardiomyopathy, myocardial
infarction, arrhythmias, valvular heart disease,
thyrotoxic shock, cardiac arrest
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Historical model of AFE

Current model of AFE

     Hypovolaemic Shock True hypovolaemia:
     lack of intravascular fluid e.g. haemor-
rhage, diarrhoea & vomiting
    Obstructive Shock Intravascular or ex-
     travascular blockage (local or systemic)
e.g. tourniquet, cardiac tamponade, throm-
boembolus, stroke, tension pneumothorax
    Distributive Shock Effective hypovolae-
     mia: vascular space increases e.g. septic
shock, anaphylaxic shock, neurogenic shock,
burns, toxic shock syndrome, adrenal failure

Previously thought to be predominately an
Obstructive pathology with amniotic fluid,
fetal squames and debris blocking the pul-
monary vascular. Recognised to be fre-
quently complicated by comsumptive coagu-
lopathy leading to Hypovolaemic shock.

Observed cardiovascular pathology describes
a picture of Distributive shock primarily. �is
is further complicated by direct myocardial
suppressants and coagulopathy (respectively
Cardiogenic and Hypovolaemic shock contri-
butions). �e Obstructive pathology contrib-
utes to the observed hypoxia, particularly in
the early phase when ventilation/perfusion
mismatch is high. Renamed “Anaphylactoid
Syndrome of Pregnancy” by SL Clark as Dis-
tributive shock predominates, like in anaphy-
laxis and in sepsis. 

Figure 38.1  Classification of shock with historical and current AFE models.
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is very likely to occur and can occur very early in the course of 
the disease.

Humoral
Other biochemically active substances found in high levels in 
amniotic fluid include endothelin, a potent vasoconstrictor which 
will also reduce myocardial contractility, perhaps explaining the 
reduction in cardiac function seen in AFE cases and animal mod-
els. A variety of inflammatory markers such as cytokines, leukot-
rienes, and prostaglandins have also been implicated. Although 
performed in 30 pregnant goats, Hankins et al. conducted a care-
fully matched study with five study groups, including one group 
who had injectates of 5 μm filtered and boiled amniotic fluid.17 
The allantoic fluid group served as control group and showed that 
the volume of the injectate (2.5 mL/kg) was not a confounding 
factor, adding to the argument that humoral mediators are central 
to the pathology of AFE, much like in sepsis and other forms of 
distributive shock.

The presence of these substances in amniotic fluid and their 
production by the fetoplacental unit may be protective against 
episodes of fetomaternal haemorrhage and may play a crucial role 
in continuation of pregnancy. Animal studies include the obser-
vation that transgenic mice with low tissue factor concentrations 
have a 42% incidence of spontaneous mid-gestational miscarriage.

Haemodynamic
Consequent to the humoral factors described in the previous 
section, the initial haemodynamic insult is probably due to pul-
monary vasospasm, pulmonary hypertension, and right ventric-
ular dysfunction resulting in profound hypoxia. In a reported 
case who underwent transoesophageal echocardiography in the 
hyper-acute setting (performed just after the return of spontane-
ous circulation near the end of an emergency caesarean section), 
acute right ventricular failure with prominent septal bulging 
from right to left was seen.18 Physical embolization of the pul-
monary microvasculature by fetoplacental material would have 
contributed to this clinical picture. This may be transient but 
may lead to a primary lung injury and acute respiratory distress 
syndrome (ARDS). Animal model work supports this as an early 
rise in pulmonary vascular resistance and extravascular lung 
water are seen in goats who had meconium-stained amniotic 
fluid injectates.17 Early studies suggested that pulmonary hyper-
tension was the prominent feature of the condition, thus requir-
ing treatment with pulmonary vasodilators. Subsequent studies, 
which included invasive monitoring during the acute phases of 
the disease, demonstrated an initial period of pulmonary hyper-
tension, which was less than previously thought and then left 
ventricular failure due to impaired left ventricular function. 
The initial right ventricular failure followed by left ventricular 
failure led Clark to suggest that AFE, pending survival of the 
initial phase, is a bi-phasic disease.3 As the subsequent reduc-
tion in left-sided pre-load causes left ventricular failure and 
systemic hypotension, this aggravates the cardiogenic shock by 
reducing myocardial perfusion.19 Figure 38.2 displays the bipha-
sic response in terms of postulated contributions from the four 
causes of shock.

Reduced maternal cardiac output and hypoxia will lead to 
reduced oxygen availability to the fetus. Also, normal physiologi-
cal uterine contractions will temporarily cut off uterine blood flow 

during labour. However, this is resumed during uterine relaxa-
tion. The concurrent release of catecholamines into the maternal 
circulation during the acute phase of AFE is thought to induce a 
tetanic pattern of contraction. Both of these factors may result in 
fetal distress.

Sequelae
AFE carries serious consequences for both mother and fetus, 
including the following:
◆	 Maternal: pulmonary oedema, ARDS, DIC, pulmonary embo-

lus, haemorrhage, left cardiac failure, cardiac arrhythmias, cer-
ebrovascular events, cardiorespiratory arrest, and death

◆	 Fetal:  fetal distress, HIE, learning difficulties, cerebral palsy, 
and intrauterine and neonatal death.

Risk factors
The most recent, comprehensive review of cases within the United 
Kingdom was performed utilizing data collected by UKOSS, using 
the specific diagnostic criteria outlined previously. Box 38.2 lists 
the risk factors that were identified.

There was no association with other risks which were previ-
ously felt to predispose women to AFE.3 These include ethnicity 
(however, black or ethnic minority women are more likely to die 
from AFE; this may reflect their overall poor outcomes in rela-
tion to all causes of maternal mortality), assisted vaginal delivery, 

Relative contributions to shock in Anaphylactoid Syndrome of Pregnancy
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Figure 38.2  Postulated contributions of types of shock seen in AFE with 
biphasic response.3,17,19

Data from various sources (see references).

Box 38.2  Risk factors for AFE

◆	 Maternal age over 35 years old
◆	 Induction of labour (relative risk (RR) 3.86, 95% confidence 

interval (CI) 2.06–7.31)
◆	 Multiple pregnancy
◆	 Caesarean delivery (RR 12.5, 95% CI 6.25–25.8).

Data from UK Obstetric Surveillance System.
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placenta praevia, placental abruption, eclampsia, fetal distress, 
and hyperstimulation

Some observational studies have suggested that mothers carry-
ing a male fetus are at higher risk of AFE. This could corroborate 
similar postulates that rhesus or ABO incompatibilities may be a 
factor in the development of AFE.20

One of the concerns about cell salvage in the obstetric setting 
has been the possibility that it could lead to AFE. That has not 
been the case either in the literature or clinical practice. Cell sal-
vage should therefore not be seen as a risk factor for AFE (see 
Chapter 35).

Presentation
Cases of AFE have been reported prior to labour, during and after 
normal labour, after instrumental delivery, and after caesarean 
delivery. Less commonly, AFE can occur during uterine evacua-
tion and amniocentesis.

Maternal signs and symptoms may include dyspnoea, loss of 
consciousness, cough, wheeze, headache, chest pain, cyanosis, 
hypoxia, hypotension, cardiac arrhythmia, cardiopulmonary 
arrest, seizure and signs of heart failure, and/or pulmonary 
oedema (Box 38.3). Less specific symptoms may include premoni-
tory feelings, restlessness, agitation, numbness, tingling and sei-
zures. In many women, one of these presentations will quickly 
evolve into maternal collapse. As such, AFE should be at the 
forefront of any differential diagnosis when presented with this 
obstetric emergency. Fetal monitoring, if running, is likely to 
show fetal compromise.

Immediate treatment
A working diagnosis of AFE should be considered in any 
women displaying any of the symptoms just described in the 
‘Presentation’ section during labour and postpartum, or after any 
surgical evacuation of the uterus which cannot be explained by 
an alternative diagnosis. Clark and others have best summarized 
this as an ABCD approach to the collapsed pregnant with Airway, 
Breathing, Circulation, and Delivery being the key elements.15,21 
The patient must be wedged as a priority if still pregnant as aorto-
caval compression will worsen the cardiovascular collapse.

Call for help
Any maternal collapse requires the immediate expertise of sen-
ior obstetricians, midwives, anaesthetists at the bedside, and the 
support of critical care and haematology departments. Get help 
immediately.

Ensure airway patency
In the event of collapse, gravid women’s airways are at particu-
lar risk of airway compromise and of subsequent complications 
such as Mendelson’s syndrome owing to delayed gastric empty-
ing. Concerns regarding the airway changes of pregnancy are 
reviewed in Chapter 26. Cardiopulmonary resuscitation (CPR), 
should it be warranted, raises intra-abdominal pressure thus 
increasing the risk. Practitioners must maintain airway patency. 
Consider immediate intubation especially if the patient is still 
pregnant, requires CPR, or is at risk of cardiorespiratory collapse 
(e.g. profound hypoxia).

Maintain oxygenation
In spontaneously breathing patients, apply high-flow oxygen 
(>12 L/min) via a non-rebreathing mask with a reservoir bag. As 
the gravid uterus displaces abdominal viscera, pulmonary func-
tional reserve capacity typically decreases by 20% in pregnancy.22 
A  progesterone-mediated physiological rise in respiratory rate 
throughout pregnancy, means that patients already have an 
increased minute alveolar volume despite typical 4 cm diaphrag-
matic displacement.23 In the presence of respiratory distress, 
pregnant patients therefore have reduced compensatory mecha-
nisms. The management of hypoxia must therefore be acutely 
and aggressively managed in proportion with the clinical picture. 
Symptoms (dyspnoea, collapse), signs (tachypnoea, cyanosis), 
and monitoring (pulse oximetry, arterial blood gas) should guide 
care. Invasive positive pressure ventilation via a cuffed endotra-
cheal tube is required in cases of severe respiratory distress, or 
imminent or actual cardiorespiratory arrest. Consider the use of 
positive end-expiratory pressure, particularly in the presence of 
cardiogenic and non-cardiogenic pulmonary oedema.

Cardiovascular support
Women with AFE are prone to sudden circulatory collapse sec-
ondary to acute right heart failure, left heart failure, cardiac 
arrhythmias, pulmonary embolism, and sudden fluid shifts asso-
ciated with massive haemorrhage and/or disseminated intravas-
cular coagulation. CPR must be started immediately in case of 
cardiac arrest.

Despite there being no robust evidence of benefit to the arrested 
mother, delivery should be expedited as a necessary adjunct to 
maximize the effectiveness of CPR. An accepted threshold within 
UK practice is that if CPR is proving unsuccessful after 3 minutes, 
action to deliver the fetus should be taken.21 Perimortem caesar-
ean delivery of a viable fetus is a time-critical intervention with 
reported fetal outcomes varying from 67% intact survival to 0% 
survival if the fetus is delivered respectively within 5, or beyond 
35, minutes of maternal arrest.3 However, this kind of interven-
tion should be performed to aide maternal treatment, regardless of 
fetal condition, including fetuses which have already died in utero.

Continuous monitoring and aggressive management form the 
basis of personalized cardiovascular support of patients with AFE. 

Box 38.3  Consider AFE in the presence of:

◆	 Acute fetal compromise
◆	 Cardiac arrest
◆	 Cardiac dysrhythmias
◆	 Coagulopathy
◆	 Hypotension
◆	 Maternal haemorrhage (with evidence of early coagulopathy 

or cardiorespiratory compromise)
◆	 Premonitory symptoms, e.g. restlessness, numbness, agita-

tion, and tingling
◆	 Seizure
◆	 Shortness of breath.
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If still pre-delivery, a left lateral tilt remains indicated. Monitoring 
should include a continuous electrocardiogram (ECG) and invasive 
blood pressure in a suitable critical care environment, with urgent 
bloods taken for full blood count, coagulation, urea and electro-
lytes, and crossmatching. Cardiac output monitors and transoe-
sophageal echocardiography may provide valuable information in 
the management of AFE-induced shock. Supportive care should be 
individualized and may include two large-bore intravenous can-
nulae, replacing intravascular fluid loss with crystalloid, colloid 
and blood products. Identified arrhythmias should be treated, with 
particular consideration of the possibility of abnormal electro-
lytes. Vasopressor, chronotropic, and/or inotropic support will be 
guided by cardiac output monitoring. The use of cardiopulmonary 
bypass, extracorporeal membrane oxygenation, and intra-aortic 
balloon pump devices have all been reported in the management 
of AFE-induced cardiovascular collapse.24

Delivery of the fetus
If CPR is being performed, its success will be impaired by the 
gravid uterus making chest compression difficult and reducing 
cardiac venous return despite left lateral tilt. There is good evi-
dence that pregnant women are more vulnerable to hypoxic brain 
injury in the event of circulatory collapse.21 High-quality CPR 
is therefore paramount in preventing such injures should the 
women survive. To this end, if CPR has not been successful after 
3 minutes, plans for immediate delivery should be made, with the 
aim of delivering by 5 minutes. CPR should not be interrupted 
wherever possible.

The fetus is also at risk, but this is of secondary concern to 
maternal well-being. The fetus is at risk of significant mortality or 
morbidity. The known UK case series cohort is small but suggests 
that survival is 50/50 if born to a dead mother, rising to over 70% 
if born to a live women.15

If instrumental delivery is not possible, an emergency caesar-
ean delivery should be performed. Considerations of sterility 
and precise anatomical dissection are secondary, to expediting 
delivery, and an obstetrician will only need a scalpel. A modified 
Joel–Cohen or similar technique could be used, or whatever the 
clinician feels most comfortable with. To this end, a disposable 
scalpel should be on the resuscitation trolley in every clinical area 
that pregnant women can present.

Delivery of the fetus, though necessary, is likely to compound 
the problems presented by DIC. Haemorrhage is likely to ensue. 
The full armamentarium of postpartum haemorrhage treatments 
should be employed (see Chapter 35).

A significant proportion of women will need a hysterectomy 
(20%) and early recourse to hysterectomy is reasonable. The other 
systemic effects of AFE mean that early cessation of any haemor-
rhage is a priority to optimize maternal outcome.

Intermediate treatment
Correct hypoperfusion
Consider cardiac output monitoring, especially in the presence 
of pulmonary oedema, haemodynamic instability, or end-organ 
hypoperfusion. Liaise with obstetricians, intensivists, other 
anaesthetists, and cardiologists for ongoing support. These pro-
fessionals are vital in planning continuing care should the woman 
survive the initial insult.

Correct coagulopathy
Early transfusion of blood and blood products is often required 
in managing AFE. Liaise early with senior haematologists to pre-
pare for and treat DIC with fresh frozen plasma, cryoprecipitate, 
platelets, and red blood cells. The aim of management should be to 
re-establish and maintain normal coagulation profiles. Point-of-
care testing such as thromboelastography will help individualize 
care (see Chapter 48).

In the UKOSS survey of AFE, seven women with confirmed 
AFE were successfully treated with plasma exchange transfusion. 
It is believed that removal of cytokines, cellular debris, and coagu-
lation by-products may moderate and shorten the impact of the 
humoral response. Any acidosis, hypocalcaemia, and hypother-
mia should also be corrected. Due to the small numbers of women 
involved we do not have definitive evidence of additional survival 
or reduced morbidity.

Uterine tone
In instances of concurrent postpartum haemorrhage, whether 
this is in the presence of DIC or not, consideration must be given 
to the use of uterotonic agents in order to limit blood loss and 
maintain a circulating volume. Surgical options, including emer-
gency hysterectomies, have been used when required.

Further investigation
Obtain a chest X-ray. In many cases of AFE, the appearances of the 
chest X-ray of women show a shadowing consistent with ARDS, 
however this seems to improve within a short space of time.14

Retrospective diagnosis
Classically, AFE was diagnosed by the presence of fetal squa-
mes found in maternal circulation postmortem; however, with 
AFE survival rates increasing, diagnosis is increasingly clinical. 
A  maternal collapse can be caused by a number of differential 
diagnoses (see Box 38.4).24–26

In the immediate milieu surrounding the management of a 
maternal collapse due to any of the situations in Box 38.4, treat-
ment will overlap regardless of diagnosis, and uncertainty should 
not delay treatment. After immediate resuscitation, diagnosis 
regains importance, some causes may require reversal through 
particular treatment. Diagnosis of AFE is principally one of exclu-
sion. Thus an ECG should be performed (if not already done), and 
a repeat arterial blood gas, full blood count, and clotting pro-
file are required along with liver function tests and serum elec-
trolytes. An echocardiogram should be considered to exclude 
myocardial problems. Similarly a ventilation perfusion scan or 
computed tomography pulmonary angiogram will diagnose or 
exclude abnormalities such as a pulmonary embolism.

Zinc coproporphyrin and tryptase levels are not used in the 
diagnoses of AFE as conflicting results in their use to aid diagno-
sis have been published.

Ongoing management
If not already involved, senior intensive care input is invaluable. 
After an episode of maternal collapse and successful resuscita-
tion, transfer to intensive care is inevitable and the only treat-
ment available for AFE is supportive. Failure to provide such care 
reduces survival. In such an environment women can be closely 
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monitored, using invasive techniques if necessary, and receive 
one-to-one nursing care, with the option of treatments for com-
plications such as diuretics, inotropes, and steroids. The timing 
of movement to an intensive care unit should be discussed with 
the specialists involved and is likely to follow initial resuscitation. 
Some units may have the facilities and expertise to provide level 
one intensive care on the labour ward, but outreach support from 
intensivists is paramount.

Following initial fluid resuscitation inotropic support should be 
considered in the event of declining cardiac function.10 Pulmonary 
artery monitoring will sometimes be necessary. Once the blood 
pressure has improved, fluid restriction may act to prevent iatro-
genic overload. On the basis that AFE resembles an anaphylactoid 
process, use of adrenaline and hydrocortisone has been suggested. 
There is no supportive literature on this point.

Documentation
Good documentation should be clear, concise, and contemporane-
ous where possible. High-dependency maternity charts improve 

care by prompting carers for important observations on a regular 
basis and collating results allowing trends and changes to be iden-
tified. Contemporaneous reporting of AFE and maternal collapse 
is also important, not only for the internal hospital risk reporting 
but for national data collection. Critical information will include 
possible precipitant factors, complications, resuscitation timing, 
and neonatal outcomes.

Nationally, if AFE is suspected or maternal collapse occurs, 
the case should be reported to UKOSS. This can be done online 
at http://www.npeu.ox.ac.uk/ukoss. If the woman does not sur-
vive, her death should be reported to the confidential enquiry 
(MBRRACE) which can be found at http://www.npeu.ox.ac.uk/
mbrrace-uk.

Conclusion
Despite being first recognized nearly 90 years ago, AFE remains 
an acute obstetric emergency which carries a high morbidity and 
mortality. The mainstay of treatment continues to be supportive 
care of all affected organ systems. The use of prompt supportive 
treatment, invasive monitoring, and individually tailored care 
of respiratory, cardiovascular, and haematological complications 
maximizes each woman’s chance of survival and provides an 
increasing knowledge base about AFE. Multiprofessional exper-
tise must be sought immediately when managing acutely unwell 
pregnant patients. Owing to thankfully low disease incidence, 
ongoing surveillance and reporting of all AFE cases to national 
registrars, such as UKOSS in the United Kingdom, remains a 
research priority for the benefit of families worldwide.
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CHAPTER 39

The obese parturient
Fiona C. Denison and Alistair Milne

The global phenomenon of obesity
Obesity is defined by the World Health Organization (WHO) 
as a body mass index (BMI) greater than 30 kg/m2 (Table 39.1).1 
Although obesity has been prevalent throughout human history, 
the rising prevalence of obesity in developed and more recently 
in developing countries2 is a relatively recent phenomenon. The 
exponential rise in obesity across the world (‘globesity’) has 
prompted the WHO to describe it as one of the most important 
global health problems today, estimating that by 2020, two-thirds 
of the global burden of disease will be due to non-communicable 
diseases associated with diet.1,3

The aetiology of obesity is complex and multifactorial with 
increasing urbanization,4 social deprivation,5,6 greater use of 
sugar-sweetened drinks and edible oils, a reduction in physical 
activity, increase in sedentary lifestyle, and developmental expo-
sure to endocrine disruptors7 being some of the factors implicated 
in causing the current global epidemic.

Amongst developed countries, recent estimates for the preva-
lence of obesity amongst adults are 26% in England,8 24% in 
Canada,9 and 36% in the United States.10 In developing coun-
tries, the prevalence of obesity is also rising with more women 
than men being obese.2,11 In 2008, overweight and obesity were 
estimated to affect 1.6 billion adults worldwide. Although more 
recent data suggest a slowing or levelling out of obesity prevalence 
in some countries (including the United States),10 the prevalence 
continues to rise rapidly in other countries. By 2030, it is therefore 
estimated that 1.12 billion adults will be obese and a further 2.16 
billion will be overweight.

The incidence of maternal obesity lags behind that of the general 
population, primarily due to the relationship between obesity and 
impaired fertility and age at peak prevalence of obesity. Despite 
this, maternal obesity is now the commonest pre-existing morbid-
ity in pregnant women in the United Kingdom with an estimated 
one in five pregnant women being obese.12,13 In the United States, 
given that one in three women are obese,10 the prevalence of obe-
sity in pregnancy is even higher.

Obesity is associated with increased risk of maternal and off-
spring morbidity and mortality antenatally, intrapartum, and 
postnatally (Table 39.2).14–17,156–162 Although it has been sug-
gested that limiting maternal weight gain during pregnancy may 
reduce the excess maternal and offspring risk associated with 
maternal obesity (Table 39.3),18 this is debated and there is cur-
rently insufficient evidence to recommend any particular inter-
vention or weight gain targets.19

Women with pre-gravid obesity also have higher rates of coro-
nary artery disease, non-alcoholic fatty liver, diabetes mellitus, 

hypertension, gallbladder disease, and depression. The offspring 
of obese mothers are at greater risk of long-term health problems 
including early-onset obesity and hypertension.20

From a practical perspective, maternal obesity poses signifi-
cant technical challenges including availability of appropriate 
equipment and practical issues such as moving and handling. All 
anaesthetists and obstetricians, from those with a special interest 
in high-risk obstetric anaesthesia and obstetrics, to those covering 
the delivery suite out of hours, will therefore inevitably encounter 
maternal obesity.21 It is therefore essential that all clinicians have 
the knowledge and expertise to manage the anaesthetic implica-
tions of maternal obesity and its obstetric complications during 
pregnancy and labour.

Physiological changes of obesity
The respiratory system
Obesity has several significant effects on lung function. The most 
marked of these is the change in functional residual capacity (FRC) 
which decreases in an exponential manner with increasing BMI.22 
This is due to a mass effect of adipose tissue on the chest wall, 
abdomen, around the viscera, and diaphragm. In the obese, this 
decreased FRC encroaches on the closing volume which leads to 
the closure of small airways during normal breathing and is asso-
ciated with ventilation/perfusion mismatch, leading to reduced 
oxygen saturation.23 Figure 39.1 shows the effect of obesity on 
lung volumes. The decrease in FRC also means that obese patients 
are breathing in the less compliant part of the pressure volume 
curve. Increased effort is required to overcome the respiratory sys-
tem elasticity at these reduced lung volumes.24 Residual volume 
usually shows little change, therefore expiratory reserve volume is 
significantly decreased. Total lung capacity shows a small decrease 
with increasing BMI.25

Compliance of the respiratory system also decreases, partly due 
to a decrease in chest wall compliance. This is again due to adi-
pose tissue loading on the chest wall, abdomen, and diaphragm.26 
A  decrease in lung compliance may also be the result of an 
increased pulmonary blood volume,25 along with the reduction 
in FRC.

Forced expiratory volume in 1 second (FEV1) is often reduced 
in morbid obesity, but the FEV1/forced vital capacity ratio is often 
normal, thereby showing a mild restrictive defect.26 However 
Lazarus et al. found an obstructive pattern that worsened with 
increasing BMI.27 These factors result in an increased work of 
breathing in a population who have ventilation/perfusion mis-
match causing reduced oxygen saturations. The obese patient is 
also well recognized to have increased oxygen consumption.28
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Obesity can lead to obesity hypoventilation syndrome and is 
also associated with sleep apnoea. These two conditions share 
many physiological and pathological features. Abnormal ven-
tilatory drive, hypoventilation, and hypoxia lead to pulmonary 
vasoconstriction, which can in turn result in pulmonary hyper-
tension.26 This can exacerbate the cardiovascular pathology of 
obesity discussed in the following section.

The cardiovascular system
Obese patients have an increased blood volume and cardiac out-
put in response to the increased metabolic requirements of excess 
fat. Cardiac output increases by 50 mL/min for every extra 100 g 
of fat.29 This can lead to left ventricular dilatation, hypertrophy, 
and diastolic dysfunction. Systolic dysfunction may also occur 
due to fat deposition in the myocardial fibres. Left ventricular 
afterload is also raised due to increased peripheral resistance.30 
Pulmonary hypertension related to obesity hypoventilation syn-
drome can lead to the right ventricle being affected in a similar 

way. The above changes can lead to heart failure, and are collec-
tively the changes of obesity cardiomyopathy.31,32 Obese subjects 
have double the risk of heart failure of those with a normal BMI.33 
The increase in cardiac workload that leads to obesity cardiomyo-
pathy is exacerbated by the increase in plasma volume and cardiac 
output that occurs in pregnancy, further reducing cardiovascular 
reserve.

Obesity is also a risk factor for hypertension34 and coronary 
heart disease.35 A  significant number of asymptomatic obese 
patients have ischaemic changes on their electrocardiogram. 
Echocardiography may be used as an assessment of myocar-
dial function in these patients,36,37 but quality of scans is often 
poor due to the increased layers of adipose on the chest wall. 
Gestational hypertension and pre-eclampsia are also more com-
mon in the obese.38

Obese women are more susceptible to supine hypotensive syn-
drome in late pregnancy and require to be carefully positioned. 
Tsueda et al.39 described obesity supine death syndrome in the 
super morbidly obese non-pregnant patient, where death on lying 
supine probably occurs due to a combination of aortocaval com-
pression causing a sudden reduction in venous return, coupled 
with hypoxaemia, resulting in cardiac arrest.

The gastrointestinal system
Obese patients have an increase in residual gastric contents40 and 
hiatus hernia is common. Coupled with the hormonal changes of 
pregnancy that lead to an increased risk of gastro-oesophageal 
reflux, it is probable that the obese are at higher risk of pulmonary 
aspiration of gastric contents.

The endocrine system
An increased BMI is the strongest risk factor for developing type 
2 diabetes mellitus,41 and gestational diabetes mellitus (GDM) is 
more common in the obese.42

Pharmacology
Pharmacokinetics
Despite the current prevalence and increasing rate of obesity, 
pharmacokinetic data in obesity is available for a very limited 
number of drugs.

The obese do not simply have an increased amount of fat. They 
also have an increase in lean body weight which can be as much as 
40% of their excess weight.43 This means that drug doses based on 

Table 39.1  Classification of body mass index according to World 
Health Organization criteria

Classification Body mass index (kg/m2)

Underweight <18.5

Normal weight 18.6–24.9

Overweight 25.0–29.9

Obesity I 30.0–34.9

Obesity II 35.0–39.9

Obesity III ≥40.0

Reprinted from Obesity: Preventing and managing the global epidemic. Report of a WHO 
Consultation (WHO Technical Report Series 894), WHO, p. i–xii, Copyright (2000).

Table 39.2  Risks of obesity in pregnancy

Problem Level of increased 
risk

Miscarriage156,157 1–3-fold

Fetal abnormality (spina bifida, heart defect, 
omphalocele)158

2–4-fold

Iatrogenic preterm birth159,160 1.5–2-fold

Gestational diabetes14,16 4-fold

Venous thromboembolism161 3–4-fold

Pre-eclampsia57 2-fold

Induction of labour14,16 2-fold

Caesarean section14,16 2-fold

Postpartum haemorrhage16 1–2-fold

Infection (wound, urinary tract, genital tract)16 2-fold

Stillbirth162 1–5-fold

Maternal death107 Increased

Data from various sources (see references).

Table 39.3  Institute of Medicine recommendations for weight gain 
during pregnancy, by pre-pregnancy BMI

Pre-pregnancy BMI BMI (kg/m2) Total weight gain range  
(lbs)/(kg)a

Underweight <18.5 28–40/12.5–18

Normal weight 18.6–24.9 25–35/11.5–16

Overweight 25.0–29.9 15–25/7–11.5

Obese (includes all classes) ≥30.0 11–20/5–9

aWeight gain during pregnancy.

Reprinted with permission from Weight Gain During Pregnancy: Reexamining the 
Guidelines, K.M. Rasmussen and A.L. Yaktine (Editors), 2009, by the National Academy of 
Sciences, Courtesy of the National Academies Press, Washington, D.C.
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their ideal body weight may result in under-dosing. Calculation of 
lean body weight is not routine in clinical practice, although equa-
tions exist to allow its estimation.44 Due to its relationship with 
cardiac output, lean body weight is important in the early distri-
bution kinetics of drugs.45 Therefore a morbidly obese patient with 
an increased lean body weight and cardiac output will require an 
increase in initial dosing of some drugs.

The volume of distribution (Vd) is a determinant of drug 
loading-dose selection.46 The Vd of a drug can be significantly 
altered in obesity, dependent on its hydrophilic or lipophilic 
nature. Hydrophilic drugs do not widely distribute into fat, and 
their Vd is therefore more dependent on ideal body weight. Total 
body weight has much more of an influence on lipophilic drugs 
that distribute extensively into fat.47 This, however, is a generaliza-
tion that does not hold true for all drugs, nor even all drugs of a 
similar group. Information should always be sought for a specific 
drug, if it is available. Wurtz et al.48 discuss calculating ideal body 
weight and then using a ‘dosing weight correction factor’—a frac-
tion of the difference between actual and ideal body weights—to 
achieve a weight on which to base antimicrobial dosing. This cor-
rection factor differs dependent on the lipophilic or hydrophilic 
nature of the antibiotic in question. With no correction factor 
employed in the morbidly and super morbidly obese, therapeutic 
tissue levels of antibiotics are often not achieved.49

Plasma protein binding is another determinant of Vd. Drug 
binding to albumin does not appear to be affected by obesity. 
However, data as to whether drug binding to α1-acid glycoprotein 
is affected has been contradictory.46

Selection of a maintenance dose regimen is primarily deter-
mined by drug clearance. Varying hepatic and renal changes 
have been postulated to result in changes to drug clearance in 
the obese. Some have shown changes in clearance suggesting an 
increase in cytochrome P450 activity, others an increase in phase 
II conjugation pathways such as glucuronidation and sulphation.46 
Glomerular filtration has been shown to increase in some studies, 
yet decrease in others.50 Again, data on the effects of obesity on 
drug clearance is very limited, although clearance does increase 
proportionately with increasing lean body weight.51 Changes in 
clearance may be the result of obesity itself, or a result of disease 
processes associated with obesity.

Pharmacodynamics
Morbid obesity can alter the pharmacodynamic profile of some 
drugs. For example, the morbidly obese patient with sleep apnoea 
can be very sensitive to the side effects of opiates, resulting in 
increased episodes of hypoxia. This effectively narrows the thera-
peutic window of the drug.

Further information on specific drugs can be found in the gen-
eral anaesthesia section of this chapter.

Obesity and pregnancy
Maternal obesity is associated with increased risk of short- and 
long-term morbidity and mortality for both mother and offspring. 
Some of this excess morbidity is due to significant pre-existing 
morbidities such as essential hypertension and GDM.52,53 
However, much of the disease burden is due to increased risk of 
complications, such as pre-eclampsia, developing de novo during 
pregnancy due to maternal obesity. These complications in isola-
tion have implications for obstetric and anaesthetic management.

Pre-existing morbidity
Obesity is associated with higher risk for pre-existing medical 
complications including chronic hypertension, type 2 diabe-
tes, non-alcoholic fatty liver disease, and asthma.15 For chronic 
hypertension, the incidence is 12-fold higher in a study of 117 
severely obese women compared to normal weight control by 
term (24% vs 2%, respectively).54 Pre-existing medical compli-
cations increase the risk of developing pregnancy-specific mor-
bidities such as pre-eclampsia during pregnancy. Due to greater 
utilization of healthcare resources, pre-existing and de novo 
onset of disease have substantial resource implications for health-
care providers.55

De novo morbidity during pregnancy
Maternal obesity increases the risk of hypertensive disorders of 
pregnancy. In nulliparous women, the risk of gestational hyper-
tension is estimated to be 2.5 times greater for obese and 3.2 times 
greater with severe obesity.56 For pre-eclampsia, the risk doubles 
for each 5–7  kg/m2 increase in weight over normal57 being 1.6 
times and 3.3 times higher in obese and severely obese women, 
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Figure 39.1  The effect of obesity on lung volumes. A decreased functional residual capacity (FRC) encroaching on closing volume is largely at the expense of a 
decreased expiratory reserve volume (ERV).
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respectively.56 In women with pre-existing essential hypertension, 
the risk of developing pre-eclampsia is up to 25%.58

Pre-eclampsia causes significant maternal morbidity and is the 
most common indication for medically indicated pre-term deliv-
ery by caesarean delivery. Diagnosis of pre-eclampsia depends on 
an accurate measurement of blood pressure, which can be chal-
lenging in obese women. To measure blood pressure correctly, it 
is essential that an appropriately sized cuff be used with the cuff 
bladder encircling at least 80% of the arm. In obese women, this 
can be difficult due to increased upper arm circumference. The 
maximum upper arm circumference for which a standard and 
large cuff can be used is 28 cm and 48 cm, respectively.59 In women 
with a BMI greater than 30 kg/m2, a recent study demonstrated 
that 44% needed a large cuff with this rising to 100% in women 
with a BMI greater than 40 kg/m2.60 Even for some women, a large 
cuff may still be too small. Although the thigh cuff can be used up 
to a maximum arm circumference of 52 cm, it is not available in 
all settings and the brachial artery is often obscured after blad-
der inflation due to the width of the cuff. Given that there is a 
direct relationship between upper arm circumference and mater-
nal BMI during pregnancy,61 the diagnosis of pre-eclampsia and 
other hypertensive disorders and their subsequent anaesthetic 
management will be affected if the correct cuff size is not used. 
The Pre-eclampsia Community Guidelines (PRECOG) guidelines 
therefore advise a different size of cuff depending on arm circum-
ference (Table 39.2).62 The diagnosis of hypertensive disorders of 
pregnancy is often further complicated in obese women due to 
the presence of co-morbidities such as pre-existing hypertension, 
renal compromise, non-alcoholic fatty liver, and diabetes which 
can mask diagnostic signs. This diagnostic uncertainty can prove 
challenging to the anaesthetist particularly when delivery by cae-
sarean section is required.

GDM is also much more common in obese women. Although 
as a single risk factor, obesity has a low predictive value, the unad-
justed odds ratio (OR) for developing GDM for overweight, mod-
erately obese, and severely obese were estimated as being 1.97 
(95% confidence interval (CI) 1.77–2.19), 3.01 (95% CI 2.34–3.87), 
and 5.55 (95% CI 4.27–7.21), respectively.63 Although the evidence 
base is lacking, recent UK national guidelines64,65 recommend 
that women with GDM should be delivered by term and that 
induction of labour should be considered if spontaneous labour 
does not occur. GDM is an independent risk factor for caesarean 
delivery and many obese women with GDM will therefore require 
anaesthetic input intrapartum.66

Maternal obesity is also associated with increased risks of 
‘minor complications’ of pregnancy with higher BMI during the 
first trimester (BMI ≥ 30  kg/m2 compared with BMI < 25  kg/
m2) including symphysis pubis dysfunction (OR 3.97; 95% CI 
2.19–7.18), heartburn (OR 2.65; 95% CI 1.42–4.94), and chest infec-
tion (OR 8.71; 95% 2.20–34.44) and with drugs used to treat these 
complications including Gaviscon® (OR 3.52; 95% CI 1.78–6.96). 
Although for an individual woman the burden of disease may be 
relatively low, at a population level, the burden is substantial due 
to these conditions being relatively common.

Pregnancy after bariatric surgery: obstetric 
implications
Bariatric surgery is recognized as the most effective treatment for 
weight loss in morbidly obese patients.67 For many women it may 

be the only way to attain healthy BMI, achieve better regulated 
hormones, and improve fertility. Pregnancies conceived following 
bariatric surgery have a reduced risk of GDM, pregnancy-induced 
hypertension, and pre-eclampsia.68 However, these ben-
efits need to be balanced by the increased risk of preterm and 
small-for-gestational-age births69 and nutritional deficiencies70 in 
women. Women with a history of bariatric surgery should there-
fore be regarded as a high-risk group during pregnancy regardless 
of their BMI.69

Women should be advised to avoid pregnancy during the 
acute weight loss phase, that is, 1–2 years postoperatively due to 
increased risks of nutritional deficiencies.71 Whether conception 
during the acute weight loss phase is associated with increased 
risk of adverse pregnancy outcomes is less certain. Although ear-
lier studies suggested an increased risk of premature birth and 
spontaneous miscarriage in pregnancies conceived within 2 years 
of a gastric bypass, more recent studies have failed to demonstrate 
an excess in maternal and perinatal complications.

The three most common bariatric surgical procedures are laparo-
scopic adjustable gastric banding, laparoscopic sleeve gastrectomy 
and laparoscopic Roux-en-Y bypass. Laparoscopic adjustable gas-
tric banding is a restrictive procedure that comprises of a silicone 
band that encircles the proximal stomach, creating a pouch at the 
top of the stomach. This is connected by a fine-bore tube to a sub-
cutaneously placed port, attached to the abdominal muscle. The 
band’s inner surface has the ability to be inflated thus exerting pres-
sure on the stomach and restricting the passage of food from the 
proximal stomach to the larger part of the stomach. The band infla-
tion or decompression is carried out by injecting or withdrawing 
saline solution through the port using a syringe and Huber needle.

Laparoscopic sleeve gastrectomy is a restrictive procedure 
which involves surgical stapling along the longitudinal reservoir 
of the stomach following the line of the lesser curve from the car-
diac sphincter to the pylorus. This provides a stomach sleeve of 
approximately 150 mL capacity. The fundus and greater curve of 
the stomach are then surgically removed.

The laparoscopic Roux-en-Y bypass is both a restrictive and 
malabsorptive procedure. It involves fashioning a small gastric 
pouch of 20–50 mL capacity; the remainder of the stomach is 
detached and left in situ. Approximately 150 cm of the small intes-
tine is surgically bypassed so that food from the gastric pouch 
empties into the jejunum. The small pouch restricts the amount of 
food the patient is able to consume and the intestinal bypass of the 
duodenum provides the malabsorptive effect.

Both restrictive and malabsorptive bariatric surgery are asso-
ciated with nutritional deficiencies due to a combination of mal-
absorption, food intolerances, and poor dietary intake. Maternal 
weight and nutritional status should therefore be assessed at the 
beginning of pregnancy for women who have had bariatric sur-
gery and identified deficiencies should be treated and monitored.72 
Complications of bariatric surgery such as bowel obstruction, 
anastomotic leak, and band erosion can be difficult to diagnose 
because they may present with nausea, vomiting, and abdominal 
pain which are common features of pregnancy. Early and continu-
ous engagement of bariatric surgeons is therefore recommended 
throughout pregnancy. Even after bariatric surgery, many patients 
remain obese and are therefore at increased risk of developing 
GDM during pregnancy. Patients with malabsorptive proce-
dures will experience dumping following ingestion of the normal 
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glucose used for the oral glucose tolerance test. This is caused by 
hyperinsulinaemia and hypoglycaemia and manifests clinically as 
nausea, vomiting, bloating, and diarrhoea. Alternative tests such 
as a fasting blood glucose or a 2-hour postprandial blood sugar 
between 24 and 28 weeks may need to be used to diagnose GDM.

Pregnancy after bariatric surgery: anaesthetic 
implications
Restrictive and malabsorptive gastric procedures, coupled with 
the anatomical distortion of the stomach in pregnancy, may put 
parturients at even higher risk of delayed gastric emptying. They 
should be treated as having a full stomach at all times. The nutri-
tional deficiencies that occur after bariatric surgery can result in 
anaemia due to iron and vitamin B12 deficiency and electrolyte 
disturbance. Reduction in fat-soluble vitamin absorption can 
lead to vitamin K deficiency and therefore potentially coagu-
lopathy.73 Recommendation that pregnancy should be delayed 
for at least 12–18  months post bariatric surgery may not avoid 
many of these issues. Iron, vitamin B12, and vitamin K deficien-
cies are often present several years after surgery.74 Non-steroidal 
anti-inflammatory drugs should be avoided due to the increased 
risk of marginal ulceration in post-bariatric surgery patients.75 
Whilst bariatric surgery may result in a significant loss of excess 
weight, many patients will still be morbidly obese. Therefore all 
the problems related to obesity remain.

Anaesthetic management  
of the obese parturient
Assessment of the obese 
parturient: the anaesthetic clinic
All women with a BMI over 40  kg/m2 should be seen prior to 
labour and delivery by an anaesthetist.76 Early assessment allows 
for review of current management of any co-morbidities, further 
investigations to be carried out, and involvement of other special-
ties as appropriate in a timely manner. Reduced exercise tolerance 
may signal a decreased cardiorespiratory reserve and the need 
for further investigations to aid assessment. Symptoms of sleep 
apnoea should be investigated as the use of continuous positive 
airway pressure can reduce hypoxaemic episodes and prevent 
right ventricular failure.

Airway assessment can identify the potentially difficult air-
way. The increased incidence of failed intubation in the obstetric 
population is well recognized—approximately 1:250 compared to 
1:2000 in the general population.77 The risk of difficult intubation 
in the morbidly obese parturient has been reported to be as high 
as one in three.78 Whilst difficult intubation in the non-pregnant 
obese patient is also high (15.5% by Juvin et  al.79 with BMI > 
35 kg/m2), it is worth noting that a low incidence of significant 
problems has been reported when there is involvement of senior 
experienced personnel.80 Neck circumference is more predictive 
of difficult intubation than BMI in the morbidly obese.81

Assessment of ease of venous access is also useful. Peripheral 
cannulation can be aided by the use of ultrasound where veins are 
neither visible nor palpable, but in those with extremely difficult 
access a central venous line may be required.

Examination of the patient’s back will give an early indication 
as to the ease with which neuraxial analgesia or anaesthesia may 

be established. In those without a palpable midline or spinous 
processes, ultrasound (Figure 39.2) may be a useful tool to aid 
neuraxial analgesia or anaesthesia.

Early assessment of the morbidly obese pregnant patient in the 
clinic environment also allows explanation of available options. 
Challenges faced in terms of neuraxial analgesia, and neuraxial 
and general anaesthesia can be discussed. This will help with man-
aging the mother’s expectations, and allow anaesthetic involve-
ment at an early stage of labour should she wish it. An anaesthetic 
plan should be discussed and documented.76

Preparation for the morbidly obese parturient involves many 
considerations, including equipment. Firstly, a clinic area equipped 
with patient transport chairs, chairs, and examination couches 
suitable for morbidly obese patients must be available. Beds must 
be large and robust enough for the patient. Some delivery suite 
beds will have a weight limit of around 180 kg, which is also the 
approximate limit for standard operating tables. Bed hydraulic 
adjustments must be able to operate effectively. Bariatric operat-
ing tables have an upper weight limit of around 450 kg and have 
appropriate side adjusters to alter the table width. Consideration 
will need to be given to the method of tilting the patient safely 
to minimize aortocaval compression. This may involve the use of 
additional side supports attached to the operating table, or straps 
to hold the patient in place. Patient hoists and hover mattresses 
will be necessary for patient movement. Bed mattresses must be 
specifically designed to minimize the risk to pressure areas. Calf 
compression stockings and inflatable compression boots must be 
of appropriate sizes.

Blood pressure cuff should exceed the circumference of the 
arm by 20% in order to read accurately. However, the extremely 
conical shaped upper arm that some morbidly obese patients have 
may still make upper arm non-invasive blood pressure recording 
impossible. A forearm blood pressure cuff could be used, but their 
accuracy is not as reliable. Singer et al. found that the differences 
between forearm and upper arm systolic and diastolic blood pres-
sures were within 20 mmHg in 86% and 94% of patients, respec-
tively in non-obstetric, non-obese subjects.82 Forearm blood 
pressures are higher. This would be a useful temporizing measure 
in an emergency situation, but an arterial line would be preferable, 
especially in a group where arterial blood gases may be beneficial 
and venous access poor for peripartum blood samples.

Long spinal epidural needles and combined spinal–epidural 
(CSE) kits will need to be available. The distance between skin 
and epidural space increases in a linear fashion with increas-
ing BMI.83,84 However, Hamza et al.85 found that—despite this 
correlation—very few parturients had an epidural space deeper 
than 8 cm.

Equipment should be available to help achieve optimal patient 
positioning for intubation. Several commercially available 
wedge-shaped pillows exist for this purpose (see Figure 39.3). If 
using these wedges, elevating blocks may require to be secured 
onto arm boards to bring the board level up to that of the patient’s 
shoulders on the wedge. An ultrasound machine may be helpful 
to attain peripheral or central intravenous access, or to assist with 
surface skin marking prior to neuraxial anaesthesia. Equipment 
may be necessary to suspend or lift the fat pannus to aid surgical 
access.

Staffing levels will also need to be considered. Extra staff will 
be required to care for the morbidly obese parturient. Moving 
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patients may require extra personnel, and those operating hoists 
need to be familiar with them. Theatre, anaesthetic, and obstetric 
staffing numbers will all likely need to be increased to assist with 
the increased technical complexity of morbidly obese patients.

Anaesthetic management in labour
Entonox® and opioids are readily available forms of pain relief in 
most delivery suites. Both of these have been shown to increase 
the incidence of hypoxaemia in the morbidly obese86 and often 
provide suboptimal analgesia.87,88

Epidural analgesia is not only more effective, it also allows con-
version to anaesthesia for instrumental or caesarean delivery in 
a patient population where establishing neuraxial anaesthesia de 
novo could take considerable time and general anaesthesia carries 
significantly increased risks.

Placement of an epidural catheter can be very challenging 
and time-consuming in the morbidly obese with more attempts 
required to site the epidural than in a patient of normal body habi-
tus. Once in place, there is a higher failure rate and an increased 
likelihood of requiring resited.54,89 The lack of bony landmarks 
and increased skin to epidural space distance no doubt contrib-
ute to this. Identification of the midline is difficult and any small 

errors in needle direction will only be magnified by the increased 
distance traversed by the needle to reach the epidural space. 
Taking the patient to theatre where the lighting is optimal, the 
theatre bed rigid, and skilled help is available can all make the 
insertion easier. Sitting the patient with her pannus between her 
knees, heels together, and with the table slightly tilted backward 
to promote her bending forward may also facilitate opening up 
the lumbar interspaces. Placing the morbidly obese patient on her 
side for neuraxial block placement is not helpful as the skin folds 
fall over the midline.

The use of ultrasound imaging to aid epidural insertion can 
be of great benefit. Ultrasound is used to identify the midline, 
desired interspace, depth of the epidural space, and needle direc-
tion required. Skin surface markings are made to identify nee-
dle insertion points and standard techniques then used to insert 
the epidural. Studies have shown the use of ultrasound to reduce 
the number of needle punctures and the number of different 
levels attempted to insert an epidural.90 They have also shown 
a decrease in pain scores and an increase in patient satisfac-
tion.91,92 Vallejo et al. found that ultrasound use prior to epidural 
insertion for labour analgesia significantly reduced the number 
of initial attempts taken by first-year trainees and the number 

Figure 39.2  Epidural ultrasound images in a patient with BMI > 40 kg/m2. Top left: paramedian view. Bottom left: transverse view. Right: images repeated with 
landmarks identified. Note the much poorer quality images obtained in the obese patient compared with those often published from non-obese subjects, due to the 
layer of subcutaneous fat.
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of replacements required thereafter.93 Figure 39.2 shows ultra-
sound images from a parturient with a BMI greater than 40 kg/
m2. A curved probe is best suited for the obese subject. Real-time 
insertion is difficult due to the needle and ultrasound beam being 
parallel rather than perpendicular to each other, so the needle is 
not easily visualized. Technology is now available that will indi-
cate the needle position on the real-time ultrasound image even 
when the tip is not visible. This uses multiple position sensors 
embedded in the probe and needle. Other technologies use a mag-
netic field and the ferromagnetic properties of the needle to delin-
eate its position on the ultrasound image.

Once successfully inserted, epidurals in the morbidly obese 
require careful management. Skin to epidural space distance can 
be altered by a change in patient position.85 Moving from a sitting, 
flexed position for insertion to an upright position can result in an 
indrawing of the catheter at the skin. Carefully sitting the patient 
upright prior to fixation of the catheter will mean that movement 
of the catheter occurs inward at the skin rather than the catheter 
being pulled back out of the epidural space if the change in posi-
tion is made after fixation. There is increased mobility of the skin 
over the lumbar spine due to the intervening fat pad. This, coupled 
with the increased depth from skin to epidural space, means that 
any movement on the bed could result in the catheter being pulled 
back out of the space.94,95 Leaving an increased length of catheter 
within the epidural space would seem to be a sensible idea. The 
higher failure rate of epidurals in the morbidly obese dictates that 
careful attention must be paid to these women and the function-
ing of their epidurals throughout labour especially as the obstetric 
intervention rate in obese women is high and the epidural may be 
needed for anaesthesia.

Remifentanil patient-controlled analgesia (PCA) is a method 
used for labour analgesia that has become more prevalent in 
recent years. Epidural analgesia results in lower pain scores 
than remifentanil PCA.96,97 However, some studies have shown 
remifentanil PCA to be similar to epidural analgesia in terms of 
patient satisfaction.98 Its use in the morbidly obese must be under-
taken with extreme caution. Remifentanil is a potent respiratory 
depressant. Virtually all studies report patient desaturation with 
its use,99 and it has been associated with several incidents of res-
piratory100,101 and cardiorespiratory arrest.102,103 Van de Velde104 
noted that if all studies reporting respiratory side effects are com-
bined, 32% of patients using remifentanil experience some degree 
of respiratory depression. There is currently no significant data 
available regarding remifentanil PCA use in the morbidly obese. 
Its unlicensed use in a subgroup of patients who already have an 
increased risk of respiratory complications and a narrowed ther-
apeutic window when using opiates should only be undertaken 
after considerable thought and discussion. If a dosing regimen 
based on body weight is used, it is imperative that this is based on 
lean body weight and not total body weight. Due to the pharma-
cokinetics of the drug, dosing based on total body weight could 
result in significant overdosing in the morbidly obese. The strict 
implementation of written local monitoring standards is essen-
tial. A recent report highlighted compliance of these in one unit 
to be 70%, falling to 10% after withdrawal of supervision by their 
acute pain team.105 Meticulous attention should therefore be paid 
to ensure that monitoring—including the continuous presence of 

an appropriately trained midwife—is instigated appropriately and 
continues throughout PCA use.

Caesarean delivery
Obstetric issues
There are many factors to consider in the morbidly obese partu-
rient undergoing caesarean delivery. This is a patient population 
which is at increased risk of morbidity and mortality, both from 
a global obstetric11 and anaesthesia-specific perspective, particu-
larly when under general anaesthesia.106 The 2007 Confidential 
Enquiries into Maternal and Child Health (CEMACH) report 
highlighted these increased risks, especially of difficult intubation 
and aspiration.107 Wound asepsis is very important as maternal 
obesity is an independent risk factor for wound infection and 
subsequent complications including panniculus necrosis.108 The 
limited available data suggest that use of prophylactic antibiotic 
before caesarean delivery,109 maintaining normothermia intraop-
eratively and closure of the subcutaneous space if it is greater than 
2 cm,110 may help reduce the incidence of postoperative wound 
complications. Specific surgical equipment including longer 
retractors, malleable copper retractors or circular self-retaining 
rigid or flexible retractors may be required to facilitate access to 
the pelvis in an obese woman.

Neuraxial anaesthesia for caesarean delivery
An established and effective labouring epidural can be used to 
provide anaesthesia for delivery. Care should be taken as stand-
ard doses of local anaesthetic may produce a higher block in the 
obese111 as both the intrathecal and epidural space are reduced 
with the deposition of adipose tissue. If an epidural is not already 
in situ, then a CSE should be considered. Firstly, the epidural 
needle can act as a longer introducer needle for the spinal needle 
compared to the introducers that accompany the normal length 
spinal needles. With the increased depth required in the obese, 
the flexible spinal needles often bend but will be unable to do this 
within an epidural needle. Secondly, a single-shot spinal (SSS) 
in the morbidly obese is often less predictable. It can result in a 
higher block112,113 although other studies have found no correla-
tion between BMI and anaesthetic block height.114,115 Further, 
the rapid onset of the sympathetic block due to spinal anaes-
thesia in the obese can result in catastrophic hypotension when 
combined with the aortocaval compression caused by fetus and 
fat pannus and too high a block resulting in intercostal muscle 
blockade along with the decreased FRC of the obese parturient 
can lead to hypoxaemia. Therefore using a smaller than normal 
spinal dose in the first instance can provide a block to appropri-
ate height with less hypotension and the epidural component can 
be used if that block height was not achieved. Another advantage 
of the CSE is that augmentation or prolongation of the block is 
obviously also possible with an epidural catheter in situ if opera-
tive time is prolonged as is common in the morbidly obese.

However, a SSS with a normal dose is preferred by some opera-
tors in the obese parturient. But meticulous care must be taken 
with positioning and the judicious use of vasopressors to prevent 
high block and hypotension respectively. The rationale for a SSS is 
that if the epidural catheter cannot be passed in the CSE technique 
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then one must rely only on the smaller spinal dose with the poten-
tial that this will wear off if surgery is prolonged and a general 
anaesthetic becomes necessary. The two-space technique has been 
advocated to allow placement of the epidural catheter followed by 
a SSS in a lower space but in modern practice this is almost obso-
lete and one could argue that one was fortunate to site the spinal, 
much less the epidural in the two-space technique in the morbidly 
obese. The decision of which neuraxial technique to use depends 
on individual expertise and familiarity with either technique.

Appropriate patient positioning on the operating table is vital. 
Some super morbidly obese patients will be unable to lie horizon-
tally, even with a left lateral tilt. Indeed, Tsueda et al.39 described 
two cases of ‘obesity supine death syndrome’ in super morbidly 
obese patients who had cardiovascular collapse when lying supine. 
A  parturient who cannot lie supine, or who cannot lie supine 
when their fat pannus is manipulated, will not tolerate a caesar-
ean delivery under neuraxial anaesthesia. The ability of the super 
morbidly obese parturient to tolerate this should be tested towards 
the end of pregnancy to allow updated and informed anaesthetic 
and obstetric plans to be made.

The operating table itself should, as discussed earlier, be suitable 
for the patient’s weight, have robust side extenders available, and 
have side supports and straps for securing the patient when tilted.

The patient should also be positioned on the table in the ideal 
position for intubation, as the need for conversion to general 
anaesthesia may arise. This will often be a ramped position (dis-
cussed later). This position can obviously lead to significant effects 
on the spread of spinal anaesthesia when using hyperbaric bupiv-
acaine and so this must be considered when establishing a block. 
Positioning for surgical access may involve methods for elevat-
ing the fat pannus if a Pfannenstiel incision is planned. This can 
involve moving and taping the pannus in a cephalad direction. 
Some women will not tolerate this, however, due to cardiorespira-
tory compromise. A method of suspending the pannus vertically 
will be required in these cases.

Blood pressure monitoring may require an arterial line. This 
should be inserted prior to neuraxial anaesthesia to allow for care-
ful monitoring during onset of the block and when positioning the 
patient supine.

Obese patients have a higher incidence of postpartum haemor-
rhage which is mainly due to uterine atony and increased techni-
cal challenges of operating on the obese parturient. Intraoperative 
blood loss may be significant, so consideration should be given to 
the use of Syntocinon® infusion and cell salvage.

General anaesthesia for caesarean delivery
The risks of general anaesthesia in the morbidly obese parturient 
are significant. Antacid prophylaxis should be used to decrease 
the risk of pneumonitis from gastric acid aspiration in this popu-
lation who are known to have increased residual gastric contents. 
Sodium citrate has been shown to significantly increase gastric pH 
when given shortly before induction.116 A recent meta-analysis of 
ranitidine versus proton pump inhibitors showed ranitidine to be 
more effective in reducing the volume of gastric acid secretions 
and increasing gastric pH.117 A combination of antacids plus H2 
antagonists has been shown to significantly reduce the risk of gas-
tric pH of less than 2.5 compared with antacids alone,118 therefore 
many will choose to use this combination.

The immediate increased risks of difficult and failed intuba-
tion in the pregnant and obese populations are well recognized, 
as mentioned earlier. Each patient undergoing general anaes-
thesia should have an intubation plan made. This may be a rapid 
sequence induction (RSI) ideally involving senior, experienced 
personnel with close attention paid to the factors discussed below, 
or it may be an awake fibreoptic intubation if the risks of an RSI 
are felt to be too great.

If planning a RSI, close attention should be paid to factors that 
can delay the time to onset of critical hypoxia at induction of gen-
eral anaesthesia. FRC, metabolic rate, and alveolar oxygen concen-
tration are the factors which have the greatest effect on this time. 
The morbidly obese parturient has a significantly reduced FRC. 
They also have a significantly increased metabolic rate. Oxygen 
consumption is approximately 250 mL/min in the normal BMI 
patient at rest. This increases to approximately 330 mL/min in the 
term parturient.119 In the morbidly obese at rest, an oxygen con-
sumption of up to 453 mL/min has been reported.28 Figures for 
the morbidly obese parturient at term are not readily available, but 
would be assumed to be significantly elevated. Increasing oxygen 
consumption from 250 to 400 mL/min reduces the time to 50% 
oxygen saturations by around 40%.120 Jense et al. investigated the 
time to 90% saturations after the onset of closed airway apnoea 
in preoxygenated patients with normal BMI versus the morbidly 
obese. These times were 364 seconds in the normal BMI group 
versus 163 seconds in the morbidly obese group.121 Alveolar oxy-
gen concentration can be optimized prior to induction by careful 
preoxygenation with 100% oxygen. Using 90% oxygen has been 
shown to halve the time to critical hypoxia compared to using 
100%, with an open airway during apnoea.120 Attention to main-
taining a patent airway with 100% oxygen during the apnoeic 
phase of RSI will also significantly increase the time to critical 
hypoxia. This is due to the fact that during the apnoeic phase the 
rate of oxygen extraction from the alveoli is tenfold that of carbon 
dioxide reaching the alveoli. This quickly creates a reduction of 
intrathoracic pressure if the airway is obstructed which rapidly 
reduces the partial pressure of oxygen remaining in the lungs 
still further. An open airway allows bulk movement of oxygen to 
the lungs and prevents this reduction of intrathoracic pressure. 
Studies using a physiology simulator have shown the time to 50% 
saturations as 66 minutes with open airway apnoea and 100% oxy-
gen compared to 8 minutes with a closed airway.122

Preoxygenation in a 45° head-up position has also been shown 
to significantly increase the time to desaturation in the obese 
non-pregnant population.123 However, Baraka et al.124 found no 
difference with the head-up position in the pregnant popula-
tion. When severe hypoxia does develop, the oxygen saturation 
decreases extremely rapidly at a rate of approximately 30% per 
minute.120

Appropriate positioning prior to induction of anaesthesia is 
vital, both to optimize position for laryngoscopy and to aid res-
piratory function. Figure 39.3A shows poor positioning for induc-
tion of general anaesthesia. Figure 39.3B shows a better, ramped 
position. This position, with horizontal alignment of the sternum 
and external auditory meatus is an optimized position for laryngo-
scopy.125 The ramping also helps improve respiratory function by 
moving the weight off the chest wall and diaphragm, increasing the 
FRC. This may result in an increased time to hypoxia at induction.

 



Chapter 39  the obese parturient 615

Many drugs used in the management of the morbidly obese par-
turient undergoing general anaesthesia have altered pharmacoki-
netics as discussed earlier.
◆	 Thiopental—induction doses should be adjusted for lean body 

weight. Peak plasma concentrations are reduced in the obese 
due to their increased cardiac output.126 Thiopental is highly 
lipid-soluble, which results in an increased volume of distribu-
tion in the obese. Clearance is also significantly increased.

◆	 Suxamethonium—dosing should be based on total body weight. 
The morbidly obese have an increase in both extracellular fluid 
volume and pseudocholinesterase activity, both of which deter-
mine the duration of action of the drug.127

◆	 Non-depolarizing neuromuscular blockers—dosing should be 
based on ideal body weight. Both vecuronium128 and rocuro-
nium129 duration of action is significantly increased in the 
obese when dosing is based on total body weight. Most studies 
also show the same for atracurium,130 although Weinstein et al. 
showed no difference in the recovery times of obese surgical 
patients.128 However, it would seem sensible to also base atracu-
rium dosing on ideal body weight.

◆	 Volatile anaesthetic agents—the lipid solubility of isoflurane 
is greater than that of sevoflurane which is again greater than 

desflurane. However, the clinical effects that these differences 
produce in the morbidly obese are the relevant factors. Torri 
et al.131 found the difference between the wash out curves of iso-
flurane and sevoflurane only statistically significant in the first 
60 seconds after discontinuation of the agents. This was after 
surgical procedures significantly over an hour in length. Some 
studies have shown no difference in time to follow commands 
and extubation when comparing sevoflurane with desflurane 
in the morbidly obese, if anaesthetic concentration is carefully 
titrated.132 Others have shown a significantly more rapid time 
to obeying commands and extubation using desflurane—and 
higher oxygen saturation on arrival to the post-anaesthetic 
care unit.133 Emergence and both early and intermediate 
recovery—for at least 2 hours postoperatively—have been 
reported as more rapid with desflurane than isoflurane in mor-
bidly obese patients.134

◆	 Remifentanil—dosing should be based on lean body weight. 
Pharmacokinetics are not significantly different in the obese. 
Dosing based on total body weight results in significantly 
increased blood levels of the drug in obese patients.135

◆	 Opiates—fentanyl dosing should be based on lean body 
weight.45 Dosing of longer-acting opiates such as morphine 
and diamorphine must be carefully titrated due to the risk 
of respiratory depression and upper airway obstruction in 
the morbidly obese. Respiratory physiological changes in this 
group of patients along with the increased occurrence of sleep 
apnoea make opioid-induced hypoxia much more likely to 
occur.136,137

The incidence of respiratory complications has been reported 
to be significantly higher at tracheal extubation than at intuba-
tion.138 One-third of events reported to the 4th National Audit 
Project into major complications of airway management in the 
United Kingdom occurred during emergence or recovery.139 The 
most common of these events was airway obstruction. The mor-
bidly obese are in a higher risk category for problems occurring 
at extubation. They are more sensitive to the side effects of opiates 
and at an increased risk of airway obstruction. Decreased FRC 
and increased metabolic rate will lead to more rapid desaturation 
should a problem occur and there is an increased risk of difficult 
intubation should reintubation be required. As such, all patients 
should have an extubation plan made. The Difficult Airway Society 
published guidelines for the management of tracheal extubation 
in 2012.140 These highlight the need to optimize patient and other 
factors—such as location and assistance—prior to extubation. The 
threshold for delaying extubation if any factors are not optimized 
should be low, as extubation is an elective procedure

Postoperative analgesia
This would ideally result in manageable pain levels with minimal 
side effects—such as drowsiness and respiratory depression—and 
would allow the patient to breathe deeply to minimize atelectasis 
and mobilize early to minimize risks of deep venous thrombosis.

If a CSE technique has been used intraoperatively, considera-
tion should be given to running an epidural infusion in the early 
postoperative period. This not only provides optimal analgesia 
and minimize opiate-related side effects, it will also provide a 
method of re-establishing anaesthesia should this be necessary in 
the early postoperative period when the morbidly obese are at a 

(A)

(B)

Figure 39.3  Optimal positioning for tracheal intubation. (A) A single pillow 
provides a poor position. (B) Horizontal alignment of the sternum and external 
auditory meatus provides an optimized position for laryngoscopy. This is 
achieved with the use of wedges.
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higher risk of complications such as postpartum haemorrhage.141 
Multimodal analgesia with non-opiate analgesics should be used 
if appropriate. This will have a morphine-sparing effect.142,143

If intrathecal or epidural opiates are used, appropriate regular 
postoperative monitoring of adequacy of ventilation, oxygena-
tion, and level of consciousness should be in place.144 Morbid 
obesity is a risk factor for respiratory depression from neurax-
ial opiates. In one study of 856 patients, all of the eight patients 
who suffered respiratory depression were markedly obese.145 If 
available, neuraxial diamorphine has been reported as having an 
improved side effect profile compared with morphine in terms of 
pruritis and drowsiness.146 Intravenous morphine is associated 
with higher pain scores than neuraxial morphine after caesar-
ean delivery,147 and is well known to cause respiratory depression 
and sleep-disordered breathing137 However, morphine PCA after 
gastric bypass surgery in the morbidly obese has been reported as 
safe and effective.148

Several different local anaesthetic blocks have been used in an 
attempt to provide improved analgesia and reduce opiate require-
ments postoperatively, such as ilioinguinal–iliohypogastric nerve 
blockade and transversus abdominis plane (TAP) blocks. Bilateral 
ilioinguinal nerve blockade after caesarean delivery has been 
shown to reduce opiate requirement in the first 24 hours postop-
eratively,149,150 but other studies have shown no significant differ-
ence between this technique and wound infiltration.151 TAP blocks 
are a more recent technique shown by meta-analysis to reduce 
postoperative morphine consumption in analgesic regimens that 
exclude neuraxial morphine.152 In the morbidly obese patient, the 
landmark technique—identifying the triangle of Petit—would 
prove difficult. The ultrasound approach, while also more difficult 
in the morbidly obese, may be better suited which allows accurate 
placement of local anaesthetic into the correct tissue plane.

A multimodal postoperative analgesic approach with the aim 
to minimize intravenous opiates would seem sensible, although 
vigilant, appropriate monitoring is probably the most vital ingre-
dient in avoiding postoperative respiratory complications in the 
morbidly obese.

Postoperative care
There should be a low threshold for the morbidly obese to be cared 
for in a high dependency or intensive care area postoperatively, 
with continuous monitoring. This is especially so after general 
anaesthesia when the risk of postoperative respiratory failure is 
elevated.81 Any morbidly obese patient with sleep apnoea or a 
history suggestive of this should be cared for in a high depend-
ency unit postoperatively. A  high level of medical and nursing 
care is required with close attention to detail in order to minimize 
increased risks in the morbidly obese from many postpartum 
complications such as haemorrhage, deep venous thrombosis, and 
wound infection.89,108,153

Obesity is a significant risk factor for venous thromboembo-
lism and warrants particular consideration. All women should 
have an assessment of risk factors for venous thromboembolism 
in the antenatal period. This assessment should be repeated at any 
hospital admission or on development of any new risk factors. 
Detailed guidelines from the Royal College of Obstetricians and 
Gynaecologists describe this risk assessment.154 A  BMI greater 
than 30 kg/m2 is one of a range of risk factors. All women with a BMI 
of over 40 kg/m2 should be offered 7 days of low-molecular-weight 

heparin (LMWH) post delivery, even after a normal delivery and 
in the absence of other risk factors.154 Dosing of LMWH is calcu-
lated on patient weight.

Many of the equipment and staffing needs mentioned earlier 
are equally as relevant in postpartum patient care, such as appro-
priate mattresses to minimize pressure area risk, patient hoists, 
appropriately sized calf compression stockings, inflatable boots, 
and blood pressure cuffs.

The postpartum period provides women with a unique oppor-
tunity to lose weight to reduce the risk of adverse pregnancy 
outcome in a subsequent pregnancy and also improve maternal 
health. To facilitate this and to enable pregnancy spacing, it is 
therefore important that obese women are given appropriate con-
traceptive advice postpartum. Although the overall quality of the 
evidence is low, a 2013 Cochrane review demonstrated that most 
studies do not demonstrate an association between maternal BMI 
and effectiveness of hormonal contraceptives.155

Conclusion
The care of the morbidly obese parturient is truly a multidisci-
plinary affair which must be coordinated by a named consultant 
obstetrician. Figure 39.4 lists the different specialities involved 
in the care of just one super morbidly obese patient in our insti-
tution. This care involves a high level of communication and 
great attention to detail in all aspects of patient management. 
Continuity of care from the anaesthetic team, from prenatal 
assessment through to postnatal care, will aid optimum patient 
management. It can aid peer group discussion through a lead 
anaesthetist to gain consensus opinion on patient care. This will 
not only help to provide optimum patient care, but will also help 
to manage patient expectation, especially in the super morbidly 
obese patient where differing opinions may exist in terms of their 
management.
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CHAPTER 40

Moderate to complex 
congenital heart disease
Daryl P. Dob, Elspeth E. Pickering, 
and Michael A. Gatzoulis

Introduction
Children born with congenital heart disease no longer face the 
prospect of early death and a poor quality of life. In fact, most 
neonates with moderate to complex congenital heart disease have 
a survival rate to adulthood of over 80%.

The ratio of adults to children with congenital heart disease is 
increasing, due to better surgical repairs, and longer survival with 
a better quality of life. In the Western world, there are more adults 
than children alive with congenital heart disease. This remarkable 
medical effort has allowed young women with congenital heart dis-
ease to mature to an age where they wish to have babies of their own.

Early generations of women, palliated with the Mustard or 
Senning intra-atrial switch repairs, have shown it is possible to 
face the cardiovascular challenges of pregnancy and survive. 
Consequently, more women with congenital heart disease are tak-
ing on possibly the greatest cardiovascular challenge of a woman’s 
life—pregnancy and childbirth.

In Europe, maternal death occurred in 0.5% of mothers with 
congenital heart disease compared with 0.007% in the normal 
population.1 As the number of women with congenital heart dis-
ease is predicted to grow by 25% in the next decade2 and more 
women with congenital heart disease become pregnant, a better 
understanding of moderate to complex heart disease, different sur-
gical repair procedures, and residual anomalies is paramount. We 
will examine the management of parturients with transposition 
complexes (both classical and congenitally corrected), tetralogy 
of Fallot, the Fontan circulation, Eisenmenger’s syndrome, and 
congenital aortic stenosis, taking into consideration the effect of 
pregnancy, labour, delivery, and anaesthesia on each circulation.

History
The development of neonatal and paediatric cardiac surgery and 
cardiology represents one of the greatest medical advances of 
the last century. This achievement began in the 1930s when the 
first closure of a patent ductus arteriosus (PDA) was carried out 
by Robert Gross in Boston. In 1944, Alfred Blalock and Helen 
Taussig began to palliate babies with their shunt from the aorta 
to the pulmonary artery which increased pulmonary blood flow.

In 1953, John Gibbon performed the first surgery using a 
heart–lung bypass machine or pump oxygenator as it was origi-
nally known. Quickly after this, repair of Fallot’s tetralogy became 

possible in 1954, and for the first time palliation of transposition 
of the great arteries was performed in the 1960s by Mustard in 
Canada and Senning in Sweden. The Jatene arterial switch was 
performed in 1976 in Brazil and popularized by Professor Sir 
Magdi Yacoub throughout the 1970s and 1980s in London, United 
Kingdom.

This was followed by palliation of even more complex con-
genital heart disease. For the first time babies with univentricu-
lar circulations could be palliated with an atriopulmonary or 
cavopulmonary connection and grow up with the Fontan circula-
tion, a revolutionary idea to separate oxygenated and deoxygen-
ated blood and increase systemic arterial saturations, accepting 
the loss of the hypoplastic right ventricle.

With more babies growing to adulthood, the understanding of 
moderate to complex congenital heart disease, the surgical repairs 
to treat it, and the residual defects left after surgery are paramount 
to allow safe passage through pregnancy and delivery.

The role of prepregnancy counselling  
and the high-risk anaesthetic clinic
In line with the top ten recommendations of the 2006–2008 
Confidential Enquiries into Maternal and Child Health report 
published in 2011,3 pre-conception counselling is essential. Issues 
such as risks of mortality and morbidity may be understandably 
difficult to approach, but need and can be handled sensitively. 
Accurate documentation is important.

The following factors should be specifically considered: a poor 
functional class before pregnancy (New York Heart Association 
(NYHA) functional class higher than II), cyanosis, impaired sys-
temic ventricular function (ejection fraction < 40%), left heart 
obstruction (mitral valve area < 2 cm2, aortic valve area < 1.5 cm2, 
or left ventricular outflow tract peak blood pressure gradient 
> 30  mmHg before pregnancy), or a preconception history of 
adverse cardiac events such as symptomatic arrhythmia, stroke, 
transient ischaemic attack, and pulmonary oedema. The expected 
cardiac event rate with none, one, or more than one of these fac-
tors is 5%, 27%, and 75% respectively.4–6

Multidisciplinary working is essential to ensure a safe out-
come for mothers and babies. A regular clinic which allows the 
mother with congenital heart disease to see her obstetrician, car-
diologist, midwife, anaesthetist, intensivist, and neonatologist is 
paramount.
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Normal cardiac configuration
In order to understand the circulations and physiology of mod-
erate to complex congenital heart disease it is important to have 
a logical understanding of the connections in the normal heart. 
To do this we have divided the normal circulation into seven 
features.7,8

Figure 40.1 shows a schematic drawing of the normal circula-
tion and the features are described as follows:

1.	 Venoatrial concordance, that is, all (right and left) veins (sys-
temic and pulmonary) are connected to the corresponding 
atria normally.

2.	 No atrial septal defect (ASD).

3.	 Atrioventricular concordance, that is, the atria are normally 
connected to the corresponding ventricles (right atrium to 
right ventricle, etc.).

4.	 No valvular abnormalities between the atria and the ventricles.

5.	 No ventricular septal defect (VSD).

6.	 Ventriculoarterial concordance, that is, the ventricles are con-
nected normally to the corresponding great arteries.

7.	 No semilunar valvular abnormalities and no connections 
between the great vessels such as PDA.

Knowledge of these features allows a logical means of communi-
cation about different surgical repairs and their residual effects on 
each circulation.

Physiological changes of pregnancy in the 
normal cardiovascular system
Systemic vascular resistance is reduced due to peripheral vasodil-
atation mediated by progesterone, oestrogen, and prostacyclin, as 

well as low-pressure arteriovenous connections in the placenta. 
In the normal circulation, central venous and pulmonary artery 
pressures are unchanged during pregnancy, although central 
venous pressure is increased during labour and may remain ele-
vated for a few hours postpartum. Blood volume also increases 
throughout pregnancy and is 45–50% greater than prepregnancy 
values by term. This represents an increase in both red cell vol-
ume and plasma volume. The increase in plasma volume is rela-
tively greater, resulting in physiological anaemia. Cardiac output 
increases steadily until 20 weeks of gestation when it is maintained 
at 40–50% above normal until term. This is due to an increase 
in both stroke volume and heart rate. In labour, cardiac output 
may increase by a further 25–50% with an additional increase of 
15–30% during contractions. It remains elevated for a few hours 
after delivery. Aortocaval compression by the gravid uterus can 
lead to reduced venous return, cardiac output, and uterine blood 
flow. Autotransfusion of blood from the placenta also occurs dur-
ing the third stage of labour.

Functional residual capacity steadily decreases as pregnancy 
continues. This, in combination with the increasing oxygen 
demands of the growing fetus, means arterial oxygen desatura-
tion occurs faster than in the non-pregnant state.9

Transposition of the great arteries
Transposition of the great arteries is the commonest cyanotic 
congenital heart disease seen in neonates.10 In the presence of an 
intact ventricular septum, cyanosis is seen on the first day or so of 
life, when the ductus arteriosus usually closes.

Pathophysiology
In transposition of the great arteries there is ventriculoarterial 
discordance. This is a feature 6 type abnormality in the classifica-
tion of cardiac configuration previously described. Figures 40.2 
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Figure 40.1  (See colour figure section). The normal configuration.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3,  
D.P. Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to  
complex congenital heart disease and the impact of pregnancy. Part I: The transposition 
complexes, pp. 298–305, Copyright (2010), with permission from Elsevier.
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Figure 40.2  (See colour figure section). Classic transposition of the great arteries.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, 
D.P. Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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and 40.3 demonstrate the lesion. The aorta and pulmonary 
artery are incorrectly connected to the left and right ventricles 
respectively. There is still normal atrioventricular concordance 
(feature 3). The aorta is connected to the right ventricle and the 
pulmonary artery to the left ventricle. If there is no connection 
between pulmonary and systemic circulations this pattern is 
incompatible with life as the pulmonary circulation receives all 
the oxygenated blood and the systemic circulation none, that 
is, there are two completely separate circuits and the patient is 
severely cyanosed.

Neonates usually survive because mixing between the two cir-
culations allows oxygenated blood to pass through to the systemic 
circulation. Blood mixes in the heart via a VSD (in >50% of cases), 
an ASD, or outside the heart via the ductus arteriosus. The ductus 
arteriosus allows oxygenated blood from the aorta to cross to the 
pulmonary arteries.

For patients with a large VSD or PDA, high flow through the 
pulmonary circulation eventually leads to pulmonary hyperten-
sion and reversal of flow (Eisenmenger’s syndrome—see later). 
These patients then have differential cyanosis, in which oxygen-
ated blood from the left ventricle entering the pulmonary artery 
crosses the PDA because of pulmonary hypertension, supplying 
the lower body with more oxygenated blood than the ascending 
aorta, leaving them with a blue upper body and head and a pink 
lower body.

Management
Rashkind atrial balloon septostomy
Early management in cyanotic babies includes prostaglandin E1 
to maintain the patency of the ductus arteriosus and a Rashkind 
atrial balloon septostomy. This procedure creates a sizeable ASD 
to improve oxygenation until surgery can be performed.11 It is 
performed by passing a catheter through the foramen ovale, blow-
ing a balloon up then pulling the catheter back through, creating 

the defect. A Blalock–Hanlon surgical atrial septectomy is effec-
tively the same as the Rashkind procedure but carried out as an 
open operation for infants presenting later when the septum is too 
thick for balloon septostomy.12

Atrial switch (senning or mustard) procedure
From the 1960s to the 1980s repairs concentrated on switching 
blood flow at atrial level, because arterial switch operations were 
technically too difficult. Atrial switching was achieved with an 
atrial baffle, so that deoxygenated blood could be channelled 
through to the left ventricle and round to the pulmonary circula-
tion, while oxygenated blood could be channelled into the right 
ventricle (systemic ventricle) to go around the systemic circula-
tion. The inferior vena cava and the superior vena cava are tran-
sected and connected to a trouser shaped baffle which conducts 
the venous blood across to the mouth of the mitral valve. This 
allows the deoxygenated blood to be pumped around the pul-
monary circulation by the subpulmonary (morphological left) 
ventricle. Oxygenated blood from the lungs returns via the four 
pulmonary veins into the left atrium. From here it is channelled 
across to the mouth of the tricuspid valve and into the right ven-
tricle. This allows oxygenated blood to be pumped through the 
aorta around the systemic circulation, by the subaortic (morpho-
logical right) ventricle. These are known as Senning and Mustard 
repairs and represent physiological rather than anatomical repair. 
The Senning procedure, in which an atrial baffle was fashioned 
from autologous tissue, was first described in 1959.13 This was fol-
lowed by the Mustard procedure in 1964 where the baffle used 
was made of synthetic material14 (Figure 40.4). The 30-year sur-
vival rate after atrial switch repair (Mustard or Senning) is 80%.15

During surgery for insertion of the atrial baffle, the sinus 
node may be damaged or compressed, leading to arrhythmia.16 
Pregnancy carries a 20% risk of arrhythmia especially supraven-
tricular tachycardia. This is usually related to the presence of atrial 
scar tissue, in addition to the physiological changes of pregnancy.17 
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Figure 40.3  (See colour figure section). Classic transposition of the great arteries 
with a large shunt.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, 
D.P. Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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Figure 40.4  (See colour figure section). Intra-atrial baffle (Mustard or Senning 
atrial switch), represented by the red and blue crossed arrows.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3,  
D.P. Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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Tachycardia is often more haemodynamically compromising, 
because of the systemic right ventricle. The presence of artificial 
tissue, atrial scarring, and complex anatomy makes treatment of 
arrhythmias by radiofrequency ablation and pacemaker insertion 
challenging.18–20

Baff le obstruction is an infrequent late complication. 
Obstruction of the superior vena cava is more common than that 
of the inferior vena cava. Jugular engorgement with facial oedema 
(superior vena caval syndrome) is usually a late sign indicating 
obstruction of both superior and inferior venae cavae.21 Baffle 
obstruction can be managed by percutaneous balloon dilata-
tion, stent insertion, or occasionally surgical refashioning of the 
baffle.22

Pulmonary hypertension occurs in 7% of patients with Mustard 
or Senning repairs. Predisposing factors include operation at more 
than 2 years of age, shunts prior to repair, raised pulmonary pres-
sures, and pulmonary venous baffle obstruction.23 Some patients 
with transposition of the great arteries have a degree of pulmo-
nary hypertension at presentation because the left ventricle pumps 
blood into the pulmonary circulation generating a high pressure, 
particularly in patients with a large VSD. The most common cause 
of pulmonary hypertension after baffle procedure is pulmonary 
venous obstruction secondary to pericardial baffle constriction. 
The incidence has been reduced since the use of polytetrafluoro-
ethylene baffles.24

Women with Mustard or Senning atrial switch repairs for 
transposition of the great arteries used to represent the major-
ity of patients with moderate to complex congenital heart dis-
ease attending high-risk obstetric clinics. This has changed as 
more women present following an arterial switch operation per-
formed in the 1980s, as this became the operation of choice for 
transposition of the great arteries. 25 (See ‘Arterial Switch (Jatene) 
Procedure’.)

Rastelli procedure
This operation is performed in patients with transposition of the 
great arteries, VSD, and pulmonary stenosis. Oxygenated blood 
is directed through the VSD to the aorta using a tunnel made of 
Dacron® (Figure 40.5). After inserting a large ventricular septal 
patch, the pulmonary valve is over-sewn and the right ventri-
cle connected to the pulmonary artery via a valved conduit.26 
The Rastelli procedure is a low-risk operation, but later conduit 
replacement operations are required for most patients. This can 
be done with low risk.27 The perceived advantage of this repair 
is that the systemic ventricle is the left ventricle. In one series, 
early deaths were related to conduit compression and sepsis, 
while late deaths were related to residual VSD and infections.28 
The Réparation à l’Etage Ventriculaire (REV; literally repair of the 
ventricular floor)29 can be used to dissect off the aorta and pulmo-
nary trunk and change them round without using a valved con-
duit from the right ventricle. This has the advantage of not having 
to operate again to replace the conduit. The modified Nikaidoh 
operation can also be used to dissect off the main arteries in bulk 
along with the morphologically correct valves and the coronary 
arteries. These repairs are currently producing good survival and 
reoperation free numbers but longer follow-up is required.30

Arterial switch (Jatene) procedure
The arterial switch procedure (Figure 40.6) was first attempted by 
Mustard and Senning in the 1950s but was unsuccessful due to 
early technical problems with cardiopulmonary bypass in small 
babies. The first successful cases were described in 1976 by Jatene 
in Brazil and by the 1980s the arterial switch procedure became 
the operation of choice for transposition of the great arteries.31 It 
leaves the patient with a repair that is closer to the normal anat-
omy, in that the aorta and pulmonary artery are connected to the 
correct ventricles. The advantages are that the left ventricle now 
becomes the systemic pumping chamber, and the mitral valve 
becomes the systemic atrioventricular valve.

The operation is technically demanding as the coronary arteries 
must be dissected off the pulmonary trunk and re-implanted on to 
the neo-aorta, without being stretched or kinked.

Coronary events may occur in 7% of patients. They are the 
main cause of early morbidity and mortality in the postopera-
tive period. They are often related to abnormal coronary anatomy. 
Kinking, torsion, or extrinsic compression by biological glue are 
some of the causes of early coronary events and require immediate 
surgical revision. Late coronary events are uncommon and they 
are mostly due to progressive intimal thickening due to abnormal 
coronary blood flow or stretching of the coronary arteries with 
normal growth.32 Coronary function must be assessed regularly 
following surgery, aiming for early diagnosis.33 This prevents sud-
den cardiac death due to coronary obstruction.

Ideally the arterial switch operation should be performed 
before the left ventricle becomes adjusted to the lower pulmonary 
pressures and thus potentially unable to support the systemic 
circulation. Left ventricular function may deteriorate gradu-
ally after arterial switch operation in patients with transposition 
of the great arteries with an intact ventricular septum,34 func-
tional impairment can be observed as early as 2 weeks of life.35 
Pulmonary artery banding is used before surgery to prepare the 
left ventricle to take over as the systemic ventricle. Unfortunately 
this is not always successful and left ventricular failure may still 
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Figure 40.5  (See colour figure section). Rastelli procedure. The large red arrow 
represents the Dacron tunnel from the left ventricle to the aorta. The blue arrow 
represents the valved conduit from the right ventricle to the pulmonary artery. 
The pulmonary trunk is transected and sewn up.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, D.P. Dob, 
M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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develop.36–38 Right ventricular outflow obstruction is the most 
common late complication of arterial switch procedures. The 
obstruction can occur at the level of the right ventricle in the form 
of infundibular stenosis or more commonly in the supravalvular 
area at the level of the pulmonary artery.39–41 The mechanism is 
not clear, but the pulmonary artery may be stretched with growth. 
In 10% of cases it can be severe enough to require intervention.

Survival rate after the Jatene arterial switch operation can be as 
high as 96% after 23 years and freedom from reoperation as high as 
81.9%.42 Factors associated with increased mortality include com-
plex transposition of the great arteries, associated cardiac lesions, 
major intensive care unit events, and re-operation.43 Patients with 
arterial switch procedures are now entering early adulthood and 
increasing numbers are attending high-risk obstetric clinics.25

Congenitally corrected transposition  
of the great arteries
This is an uncommon condition with an incidence of about 1% of 
all forms of congenital heart diseases.44 These patients have two 
abnormalities that nearly correct each other in terms of physi-
ology. They have ventriculoarterial discordance (feature 6, as in 
patients with classic transposition of the great arteries) but they 
also have atrioventricular discordance (feature 3), which means 
they have a natural intra-atrial switch leaving them with an essen-
tially normal circulation in terms of oxygenation (Figure 40.7). 
However, they have a systemic right ventricle with all the concerns 
previously discussed. Associated lesions are also common and 
have an impact on outcome, namely VSD, Ebstein’s anomaly of 
the tricuspid valve (which is the systemic atrioventricular valve), 
subpulmonary stenosis, and acquired complete heart block.

Since oxygenation is normal at birth, congenitally corrected 
transposition of the great arteries may present later in life than 
classic transposition, usually with cardiac failure.45,46 The median 
age of death is 40 years, with a 10-year survival of 64–83% from 
the time of diagnosis, depending on associated anomalies. The 
main cause of death is heart failure due to the systemic right 
ventricle.47–49

Medical management of congenitally corrected transposition 
should be aimed at treating complications such as heart failure 
and arrhythmias. Permanent pacing for complete heart block may 
be required and biventricular pacing may have an advantage in 
selected patients.

Surgical treatment such as valvuloplasty or valve replace-
ment for pulmonary stenosis with VSD closure may be required. 
Pulmonary artery banding increases left ventricular pressure and 
shifts the interventricular septum to the right. This reduces tricus-
pid regurgitation and right ventricular dysfunction.

A double-switch procedure (Figure 40.8), in which an arterial 
switch procedure is combined with an atrial switch procedure, 
may be used for selected patients, on occasion in preparation for 
pregnancy. In the atrial switch procedure, the intra-atrial baffle 
directs oxygenated blood from the left atrium across to the left 
ventricle, and deoxygenated blood to flow across from the right 
atrium to the right ventricle. Then the aorta and pulmonary arter-
ies are switched so that the aorta is now connected to the left 
ventricle and pumps oxygenated blood around the systemic cir-
culation. The right ventricle is connected to the pulmonary artery 
and pumps deoxygenated blood round to the lungs.50–52

The parturient with transposition complexes
Pregnancy
Although the arterial switch procedure is now the gold standard 
for treatment of transposition of the great vessels, atrial correction 
was performed regularly until the 1980s and many such patients 
present to antenatal clinics. They can present with a multitude of 
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Figure 40.6  (See colour figure section). Arterial switch (Jatene) procedure. Aorta 
and pulmonary artery switched to the correct ventricle (represented by the black 
arrow). The coronary arteries are transected with a ‘button’ of pulmonary artery 
wall and re-implanted into the neo-aorta, which was the old pulmonary artery.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, D.P. 
Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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Figure 40.7  (See colour figure section). Congenitally corrected transposition of 
the great arteries showing double discordance.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, D.P. 
Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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problems during pregnancy.47,53 The most common and poten-
tially life-threatening is right (systemic) ventricular failure or 
dysfunction. This can be secondary to the pregnancy-induced 
increase in cardiac output, heart rate, and plasma volume.53 Strain 
on the systemic morphological tricuspid valve leads to annular 
dilatation and subsequent regurgitation, so worsening ventricular 
failure. Labour puts further strain on the weaker right ventricle. 
This particular complication can occur any time during preg-
nancy and delivery.54

Patients with more than moderate to severe systemic right ven-
tricular dysfunction should be discouraged from becoming preg-
nant (and given appropriate contraception) as there is a risk to 
themselves and a risk of incomplete cardiovascular remodelling 
even after successful pregnancy, which ultimately compromises 
their prognosis. It is sometimes necessary to make therapeutic 
improvements such as baffle reconstruction, before contemplating 
the demands of pregnancy.

Once pregnant, the woman must be watched carefully for sys-
temic ventricular failure as cardiac output increases with ges-
tation. She will need frequent review by her cardiologist and 
obstetrician. Cardiac output rises to a peak at around 20 weeks 
and must then be sustained for the rest of the pregnancy. This is 
often the time when systemic ventricular failure and pulmonary 
oedema occur. They can be managed medically. Occasionally, in 
very severe cases surgical intervention, such as baffle reconstruc-
tion, is necessary.

If the woman can sustain the increased ventricular workload, 
it is a good sign that her circulation is robust. However, if there 
are signs of decompensation, such as arrhythmias, pulmonary 
oedema or even simply fatigue, then admission to hospital for bed 
rest is essential. Delivery should be considered if the gestational 
age allows.

Mothers with transposition complexes can present with haemo-
dynamically significant arrhythmias, which need to be dealt with 
promptly. Both DC cardioversion and adenosine are safe and 

should be offered in any patient with haemodynamic compromise. 
Beta blockers may convey some protection in arrhythmia control 
and prevention of recurrence. Patients with a history of arrhyth-
mia should be counselled for catheter-based ablative procedures, 
which in the right environment and for well selected patients may 
prevent arrhythmia recurrence during pregnancy.

As gestation progresses, functional residual capacity decreases 
and respiratory function worsens. This is greatly improved after 
delivery, so the needs of the mother must be weighed against 
the needs of a premature fetus. Consultation with the neona-
tologists is very helpful. Risks to the fetus are associated with 
poor maternal functional class before pregnancy or maternal 
cyanosis, left heart obstruction as outlined, maternal age less 
than 20 or over 35 years, maternal smoking, and treatment with 
anticoagulants.55,56

For patients with congenitally corrected transposition of the 
great arteries, potential problems in pregnancy include dysfunction 
of the systemic right ventricle with low cardiac output, increased 
systemic atrioventricular valve regurgitation with heart failure, 
atrial arrhythmias, and atrioventricular block. Occasionally, sur-
gery to repair the circulation such as the double-switch operation, 
may have to be performed prior to conception. The rate of fetal 
loss is increased.

Labour and delivery in patients with transposition 
of the great arteries
In the transposition complexes there is a trend towards vaginal 
delivery and instrumental second stage. If pregnancy is well tol-
erated and systemic ventricular function is unimpaired, then 
it is possible to wait for spontaneous labour. A  low-dose neu-
raxial technique can be used for labour analgesia to reduce pain 
and cardiovascular stress. A traditional epidural or a combined 
spinal–epidural (CSE) technique that maintains haemodynamic 
stability57 are both appropriate. In the CSE technique, 1 mL of 
plain 0.25% bupivacaine with fentanyl 25 mcg is injected intrath-
ecally and epidural 10–15 mL boluses of 0.1% bupivacaine with 
fentanyl 2 mcg/mL may be given half-hourly at the request of 
the patient.58–60 If systemic ventricular function is good, and 
the woman appears well in labour, then it is sensible to use 
non-invasive monitoring:  blood pressure, electrocardiography, 
and pulse oximetry. If systemic ventricular function deteriorates 
then intra-arterial continuous blood pressure monitoring is use-
ful. It is important to remember that if a Blalock–Taussig shunt 
has been performed, pulsations in the radial artery may not be 
present on the operated side. Central venous pressure monitoring 
is rarely needed unless progress is poor. Pulmonary artery cath-
eterization (PAC) to ascertain pulmonary capillary wedge pres-
sure is not used as a routine, because of technical difficulties in 
getting through the heart to the pulmonary artery, particularly in 
an atrial switch (Mustard or Senning) repair and the induction of 
arrhythmias as the PAC is floated.

In past decades, general anaesthesia was regarded as the main-
stay for caesarean delivery in moderate to complex heart disease. 
It is now rarely used for delivery in mothers with transposition 
complexes. The presence of a full stomach with delayed gastric 
emptying in labour necessitates tracheal intubation, which leads 
to a stress response.61 It is possible to modify traditional general 
anaesthesia induction techniques, for example, using high doses 
of short-acting opioids such as fentanyl, alfentanil, or remifentanil 
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Figure 40.8  (See colour figure section). Double-switch procedure—an intra-atrial 
switch is combined with an arterial switch to give a near normal circulation to 
repair congenitally corrected transposition of the great arteries.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, D.P. 
Dob, M.A. Naguib, M.A. Gatzoulis, A functional understanding of moderate to complex 
congenital heart disease and the impact of pregnancy. Part I: The transposition complexes, 
pp. 298–305, Copyright (2010), with permission from Elsevier.
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to allow smoother induction. This may help to avoid ventricular 
depression and hypotension in congenital heart disease but the 
baby may suffer respiratory depression after birth and need nalox-
one to counteract residual opiates in the circulation. General 
anaesthesia tends not to be used for caesarean delivery in women 
with transposition complexes.

The increased haemodynamic stability associated with 
low-dose sequential CSE62,63 or incremental spinal anaesthe-
sia, 64 or de novo epidural anaesthesia, has made neuraxial anaes-
thesia acceptable for caesarean delivery in women with moderate 
to complex congenital heart disease. Following intrathecal hyper-
baric bupivacaine 5 mg with diamorphine 300 mcg, block height 
is assessed and carefully increased with 5 mL epidural boluses 
of plain 0.5% bupivacaine/levobupivacaine or ropivacaine 7.5 
mg/mL with or without epinephrine 5 mcg/mL, so as to increase 
block height to a level necessary for surgery. Unfortunately, post-
dural puncture headache after intrathecal catheter placement for 
continuous spinal anaesthesia may be troublesome in obstetric 
patients.65

The blood pressure can be maintained with vasopressors and 
inotropes. Phenylephrine 25–50 mcg, metaraminol 0.5–1 mg, or 
epinephrine 5 mcg are useful and can be given in repeated doses. 
Epinephrine is particularly useful for severe hypotension, as it 
not only provides vasoconstriction, but positive inotropy and 
chronotropy. Intra-arterial continuous blood pressure monitoring 
is a useful guide to vasopressor therapy, but not always necessary 
for robust circulations. Central venous pressure monitoring may 
also be useful, but not always necessary. Women with transpo-
sition complexes tend to suffer systemic ventricular failure, and 
small doses of furosemide (5–10 mg) may be given at the time of 
delivery, to help mobilize and eliminate the extra plasma volume 
built up during pregnancy. Using these techniques it is possible to 
deliver babies safely by caesarean delivery and for the mother to be 
awake to enjoy the experience.

Tetralogy of fallot
Pathology
First described in 1888 by the French physician Etienne-Louis 
Arthur Fallot,66,67 tetralogy of Fallot is a common cyanotic con-
genital heart disease with an incidence of 10% of all reported con-
genital heart diseases.68 It is characterized by four components 
(Figure 40.9):

1.	 Large VSD.

2.	 Right ventricular outflow tract obstruction: the severity may 
vary but it is almost universally at subvalvular level. It is often 
associated with an abnormality in the pulmonary valve itself. 
This obstruction causes a right-to-left shunt, a reduction in 
blood flow to the pulmonary artery, and subsequent cyanosis.

3.	 Overriding aorta: the aorta receives blood from both the right 
and left ventricles through the VSD.

4.	 Right ventricular hypertrophy:  progressive right ventricular 
outflow tract obstruction results in right ventricular hypertro-
phy which adds to the obstruction and worsens the condition.

Prognosis for patients who do not undergo surgical repair is poor; 
the most common causes of death are pulmonary haemorrhage, 
brain abscess, and thromboembolic complications.69 In 1945, the 

first surgical treatment for tetralogy of Fallot was performed by 
Alfred Blalock.70 This was followed by the first intracardiac repair 
in 1954, and 1 year later, the first repair using a pump oxygenator 
by Kirklin.71 Palliation of tetralogy of Fallot with systemic to pul-
monary shunts such as the Blalock–Taussig shunt has been the 
accepted standard for symptomatic neonates and infants.72 The 
Blalock shunt procedure involves fashioning a conduit from the 
subclavian to the pulmonary artery to increase blood flow to the 
lungs and bypass pulmonary stenosis. Indications for palliative 
treatment include cyanotic spells or persistent profound arterial 
desaturation, very young age, or unfavourable pulmonary arterial 
anatomy.73,74

Surgical repair
Primary repair of tetralogy of Fallot is routinely performed in 
stable patients aged 6 months or older with suitable pulmonary 
artery anatomy. Optimal timing for repair remains somewhat 
controversial, varying between 6 months and 2 years, although 
currently many surgeons are considering primary neonatal 
repair.75,76 Repair involves relieving the right ventricular outflow 
obstruction and closure of the VSD.

Several complications may follow surgical repair. Up to 80% 
of patients develop a degree of pulmonary regurgitation.77 This 
is made worse by factors that elevate pulmonary artery pres-
sure. Although well tolerated in early life, pulmonary regur-
gitation may lead to right ventricular dilatation and failure, 
reduced exercise capacity, arrhythmia, and sudden cardiac death 
in the long term. The pulmonary valve may eventually need 
replacement.78,79

Aortic valve regurgitation may also occur and is mainly caused 
by dilatation of the aortic root secondary to increased aortic blood 
flow before surgical repair. Intrinsic abnormalities of the aortic 
wall also predispose to aortic root dilatation and secondary aortic 
regurgitation.80,81 Other postulated causes are lack of support due 
to a septal defect and retraction of the surgical patch.82
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Figure 40.9  (See colour figure section). Fallot’s tetralogy. The purple colour 
represents mixed oxygenated and de-oxygenated blood.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, 
M.A. Naguib, D.P. Dob, M.A. Gatzoulis, A functional understanding of moderate to 
complex congenital heart disease and the impact of pregnancy. Part II: Tetralogy of Fallot, 
Eisenmenger’s syndrome and the Fontan operation, pp. 306–312, Copyright (2010), with 
permission from Elsevier.

 

 

 



Part 9  systemic disease in pregnancy628

Further problems after repair include residual or recurrent 
right ventricular outflow obstruction, right ventricular dilata-
tion, and residual VSD. Atrial and ventricular arrhythmias can 
also occur. Ventricular arrhythmias are the most common cause 
of sudden late cardiac death after repair of tetralogy of Fallot.83

Pregnancy
Before the introduction of surgical repair, few patients with tetral-
ogy of Fallot reached childbearing age and thus successful preg-
nancy was uncommon. The haemodynamic burden of pregnancy 
combined with residual cardiovascular lesions after repair result 
in a 7% reported incidence of complications. The most important is 
progressive dilatation of the right ventricle and ventricular failure, 
in some patients. The circulation should be reviewed with particu-
lar reference to severe right ventricular outflow tract obstruction, 
severe pulmonary regurgitation, and pre-existing right ventricu-
lar dysfunction.84 Other complications include atrial and ven-
tricular arrhythmias, thromboembolism, progressive aortic root 
dilatation, and endocarditis.85 There is a 6% incidence of fetal 
congenital anomaly, including heart disease and pyloric stenosis. 
Intrauterine growth restriction and spontaneous fetal loss due to 
low maternal cardiac output may also occur.86 Early admission to 
hospital for rest and control of associated complications should be 
discussed and a plan for delivery agreed and documented. Close 
follow-up, repeat echocardiography, and treatment of associated 
complications such as heart failure, arrhythmias, or deterioration 
of NYHA class is paramount. Preterm delivery should be consid-
ered if clinical right ventricular failure and decompensation occur.

Labour and delivery
Vaginal delivery with epidural analgesia is becoming more com-
mon, with forceps or ventouse extraction to shorten the second 
stage. Low-dose epidural or CSE analgesia for labour works well 
and can avoid haemodynamic instability.60 If caesarean delivery 
is planned, low-dose combined spinal with incremental epidural 
anaesthesia,62 or incremental de novo epidural or incremental 
spinal catheter anaesthesia64 are both suitable. If the regional 
technique fails or there is a life-threatening emergency, general 
anaesthesia may be necessary. Invasive blood pressure monitor-
ing is useful, but central venous pressure monitoring should be 
considered carefully, as the information gained can be difficult to 
interpret and is not always needed. Prophylaxis against throm-
boembolism and bacterial endocarditis should be considered and 
postpartum high-dependency care is advised.

Eisenmenger’s syndrome
Pathology
Victor Eisenmenger, an Austrian physician, first described this 
syndrome in 1897, but it was Paul Wood who named it after him 
and gave us our current understanding of the condition in 1958.87 
It is important as 5–10% of patients with congenital heart disease 
develop some degree of pulmonary arterial hypertension, which 
in turn affects functional class and survival prospects.88

In patients with intracardiac shunting (ASD or VSD), blood 
usually flows from left to right, as the pressure on the left side 
is approximately four times higher. When this shunting is pro-
longed, exposure of the pulmonary vasculature to systemic arte-
rial pressure leads to progressive changes in the microvasculature 

causing increased pulmonary vascular resistance. A wide variety 
of mediators is released, resulting in vasoconstriction and vascular 
remodelling. The pressure in the pulmonary circulation rises and 
eventually equals, or, in certain circumstances, exceeds systemic 
pressures.89 Figure 40.10 demonstrates that when the pressure on 
the right side of the heart has increased to equal systemic pressure, 
a significant amount of blood flows across the VSD from right to 
left. This dilutes well-oxygenated blood arriving from the lungs 
with deoxygenated blood, which has completely bypassed the 
lungs. In pulmonary hypertensive crisis, the pressure on the right 
side of the heart rises even higher, resulting in more deoxygen-
ated blood entering the systemic circulation, worsening cyanosis 
(Figure 40.10).

When the shunt reverses from right to left, usually in teenage 
years or early adulthood, chronic cyanosis and secondary eryth-
rocytosis develop. Some patients with Eisenmengeŕ s syndrome 
have minimal cyanosis at rest but desaturate profoundly with 
exercise. General symptoms are usually non-specific and may 
include breathlessness, fatigue, chest pain, and syncope.90

Cerebrovascular accidents result from low oxygen delivery to the 
tissues, paradoxical embolism, or cerebral abscess. Haemoptysis is 
also common and may be caused by pulmonary infarction or rup-
ture of a pulmonary vessel, although this is not usually a terminal 
event. There is also a risk of hepatic and renal impairment and 
bacterial endocarditis. Arrhythmias are common and may lead to 
sudden cardiac death. Although exercise limitation and exertional 
dyspnoea may remain stable for years, poor exercise capacity 
identifies patients at risk of dying and in need of hospitalization. 
Congestive cardiac failure is a late ominous sign.91,92

Management of Eisenmenger’s syndrome
Eisenmenger’s syndrome affects many systems and effective man-
agement spans a wide variety of treatments.93–95 Ventricular failure 
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Figure 40.10  (See colour figure section). Eisenmenger’s circulation. The purple 
colour represents mixed oxygenated and de-oxygenated blood.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, 
M.A. Naguib, D.P. Dob, M.A. Gatzoulis, A functional understanding of moderate to 
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Chapter 40  moderate to complex congenital heart disease 629

and associated arrhythmia must be treated promptly. Cyanosis 
leads to secondary erythrocytosis and blood viscosity increases.96 
As blood viscosity increases, flow and potentially oxygen trans-
port may decrease, leading to symptoms of the ‘hyperviscosity 
syndrome’ (headache, loss of concentration, muscle weakness, 
and fatigue). There is increased risk of cerebrovascular accident97 
and myocardial ischaemia associated with hyperviscosity syn-
drome. It used to be routinely treated with venesection. However, 
repeated venesection although useful for primary erythrocytosis, 
has been shown to result in chronic iron deficiency, microcytosis, 
and increased whole-blood viscosity in congenital heart disease 
and so actually increases the risk of cerebrovascular accidents.98

Symptoms of iron deficiency are similar to those of hyperviscos-
ity syndrome. In fact, the majority of patients with Eisenmenger’s 
syndrome and chronic secondary erythrocytosis do not exhibit 
symptoms of overt hyperviscosity and do not require phleboto-
mies.99 Iron deficiency should be treated with oral iron supple-
mentation because anaemia limits exercise tolerance and increases 
the risk of stroke.100,101 Large intrapulmonary thrombi, occurring 
in up to a quarter of patients with Eisenmenger’s syndrome, may 
require anticoagulation. Conversely coagulation disorders may 
occur and must be corrected.

Over the last decade, there has been much interest in pul-
monary vasodilators often referred to as pulmonary arterial 
hypertension-specific therapies. Prostacyclin, produced by vas-
cular endothelium, is a short-acting vasodilator and an inhibitor 
of platelet aggregation. Prostacyclin analogues, such as epopros-
tenol, have been shown to improve functional residual capacity 
and oxygen saturation, and to reduce pulmonary vascular resist-
ance providing both haemodynamic and symptomatic improve-
ment. 102 Patients treated with epoprostenol for up to 3 years live 
longer than those receiving standard therapy.103 Endothelins are 
powerful vasoconstrictors produced by vascular endothelium; 
competitive antagonists of endothelin-1, such as bosentan, are 
effective vasodilators. Sildenafil, a selective phosphodiesterase-5 
inhibitor, results in increased nitric oxide levels and pulmonary 
vasodilatation.104 Both these classes of drug have been used in the 
management of pulmonary hypertension in Eisenmenger’s syn-
drome, and they are joined by ambrisentan and tadalafil.105 In the 
acute situation, inhalation of nitric oxide itself may reduce total 
pulmonary vascular resistance in 30% of patients.

Heart and lung transplantation or lung transplantation with 
repair of the defect is the only surgical treatment.106 However, it is 
a remote option only in highly selected patients, and there are cur-
rently major problems with shortage of donor organs. Currently, the 
results of the pulmonary arterial hypertension-specific therapies 
mentioned above have improved oxygenation and quality of life 
so much that the decision to offer heart transplantation to patients 
with Eisenmenger’s syndrome is now even more challenging. 
Nevertheless, short-term survival for patients undergoing single or 
bilateral lung transplant is 70–80% at 1 year while long-term results 
are less favourable with only 50% surviving 4 years. Heart and lung 
transplant recipients have a 1-year survival of 60–80% and a 10-year 
survival less than 30%.107,108 Life expectancy without transplanta-
tion in Eisenmenger’s syndrome may be up to 20 years.109

Pregnancy
Although maternal morbidity has decreased significantly over 
the past decade compared with previous decades, it still remains 

extremely high.110 This change is due to the availability of pulmo-
nary artery hypertension specific therapies mentioned previously. 
In the case of patients with pulmonary artery hypertension due 
to congenital heart disease, the mortality rate in a large British 
study was 28%111 (from 36% in a previous study112), with the 
majority of deaths occurring within the first month after deliv-
ery due to right heart failure. In patients with pulmonary artery 
hypertension secondary to congenital heart disease, the systemic 
vasodilation induced by pregnancy together with the increase in 
cardiac output may enhance right-to-left shunting, exacerbating 
pre-existing hypoxia and leading to further pulmonary vasocon-
striction. Additional stress occurring during labour and delivery, 
when hypercarbia and acidosis may lead to an acute increase in 
pulmonary hypertension, can also lead to refractory right heart 
failure, the main cause of postnatal death in women with pulmo-
nary arterial hypertension due to congenital heart disease.

The spontaneous abortion rate is up to 40% and surviving 
infants suffer from intrauterine growth restriction.

Pregnancy prevention or early termination is the preferred 
measure for improving long-term survival. Combined oral con-
traceptives carry an increased risk of thrombosis while proges-
terone only contraceptives have a high failure rate. Laparoscopic 
sterilization carries the risk of general anaesthesia. Intrauterine 
coil and subdermal devices offer good safety and efficacy profiles 
and compare favourably with sterilization. Sterilization of the 
male partner may be an alternative.113,114

Labour and delivery
For the patient who opts to continue pregnancy, coordination of a 
multidisciplinary team consisting of obstetrician, midwife, cardi-
ologist, anaesthetist, intensive care physician, neonatologist, and 
social worker is essential. Antenatal counselling is very important 
and should be carried out in a multidisciplinary forum. Accurate 
records are necessary, because discussions, particularly those 
involving mortality, are often forgotten in the aftermath of subse-
quent events. Early detection and treatment of pregnancy-induced 
complications is important. The most common is ventricular fail-
ure.115 Patients are usually admitted to the hospital early in the 
third trimester for bed rest and supplemental oxygen. The use of 
anticoagulation is controversial, but should be considered on an 
individual basis.

The pulmonary vasodilators mentioned earlier may be used, 
with the exception of endothelin antagonists, which are contrain-
dicated in pregnancy because of concerns about teratogenicity. 
Inhaled nitric oxide may be useful, particularly during the peri-
partum period.

To allow a planned delivery, most patients with Eisenmenger’s 
syndrome are delivered by elective caesarean delivery, frequently 
between 30 and 34 weeks, when the infant is viable and before 
major maternal decompensation ensues. De novo incremental 
epidural, low-dose sequential CSE,62,116 or incremental spinal 
anaesthesia64 are useful, as both allow slow titration of block 
height with minimal effects on the peripheral circulation, some-
times without the need for vasoconstrictors. Care must be taken 
not to reduce the systemic vascular resistance too much with the 
neuraxial technique such that the shunt from right to left wors-
ens. Fluid balance must be meticulous to prevent excessive fluid 
overload or hypovolaemia both of which will affect shunting. If 
general anaesthesia is used, transoesophageal echocardiography 
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and invasive monitoring are easier to perform. High-dose opi-
oids may be used to obtund the stress response to tracheal 
intubation.

Prophylaxis against deep venous thrombosis and infective 
endocarditis are imperative.117 All mothers with Eisenmenger’s 
syndrome should be cared for in a high dependency or intensive 
care unit for at least 48 hours, and close monitoring for 7–10 days 
is recommended

Fontan procedure
Pathology
First described in 1971 by Francis Fontan for the treatment of 
tricuspid atresia,118 the Fontan procedure is now used in the 
treatment of most congenital heart defects which feature a single 
functional ventricle, a configuration that cannot be refashioned 
into a biventricular circulation.119 Figure 40.11 shows the circu-
lation of a patient with tricuspid atresia and a functional single 
ventricle.

The Fontan procedure separates pulmonary and systemic cir-
culations, therefore normalizing the oxygen content of systemic 
blood. It involves either a direct connection between the systemic 
venous return and the pulmonary artery (the total cavopulmo-
nary connection (TCPC)) or via the right atrium (atriopulmonary 
connection or classic Fontan circulation), bypassing the right ven-
tricle.120 This has the advantage that deoxygenated blood is oxy-
genated in the lungs and does not mix with deoxygenated systemic 
venous return in the single ventricle. Because the right ventricle is 
hypoplastic and, after the Fontan procedure, disconnected from 
the lungs, pulmonary flow must come from the remaining kinetic 
energy of the systemic circulation driven by the single ventricle. 
Therefore high venous pressures are usually required. The two cir-
culations are separated and systemic oxygen saturation is high, 

while the single ventricle (left and hypoplastic right together) pro-
motes flow only through the aorta (Figure 40.12).

Early versions of the Fontan procedure involved connecting the 
right atrium directly to the pulmonary artery with a valved con-
duit. This was called the atriopulmonary Fontan or classic Fontan 
procedure. Unfortunately, with time these versions resulted in 
sluggish, turbulent, and diminished blood flow through the lungs. 
Furthermore the relatively underdeveloped pulmonary vascula-
ture was not ready to accept the venous blood flow, and back pres-
sure on the venous system inevitably built up. This caused multiple 
complications such as right atrial dilatation, pleural effusions, 
ascites, liver venous engorgement, cirrhosis, and protein-losing 
enteropathy.

Marc de Leval developed the concept of the modern TCPC.121 
This is now completed in stages to avoid overburdening the devel-
oping pulmonary circulation.

After palliation such as a modified Blalock–Taussig 122 shunt 
to increase pulmonary blood flow, the first stage is to perform 
a bi-directional Glenn shunt operation.123 This involves tran-
secting the superior vena cava from the right atrium and con-
necting it to  the right pulmonary artery. In this operation the 
venous blood from the upper body, head, and neck, flows pas-
sively through the lungs via the right and left pulmonary arter-
ies (bi-directional), becoming oxygenated and returning to the 
left atrium. The inferior vena cava is still connected to the right 
atrium and so deoxygenated blood from the lower body still mixes 
in the single ventricle with the oxygenated blood from the lungs. 
The blood pumped out has an overall oxygen saturation of about 
85–90%. This is an improvement on the previous oxygen satu-
ration of about 80%, and allows the pulmonary blood vessels to 
accommodate a higher blood flow than before. The final stage of 
the procedure is to complete the TCPC. This involves transecting 
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Figure 40.11  (See colour figure section). Univentricular circulation suitable 
for the Fontan operation. The purple colour represents mixed oxygenated and 
de-oxygenated blood.
Reprinted from International Journal of Obstetric Anesthesia, Volume 19, edition 3, 
M.A. Naguib, D.P. Dob, M.A. Gatzoulis, A functional understanding of moderate to 
complex congenital heart disease and the impact of pregnancy. Part II: Tetralogy of Fallot, 
Eisenmenger’s syndrome and the Fontan operation, pp. 306–312, Copyright (2010), with 
permission from Elsevier.
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the inferior vena cava, and connecting it to the pulmonary artery. 
This means that oxygenated and deoxygenated blood are com-
pletely separated, and arterial oxygen saturations reach 94–100%. 
The completely oxygenated blood is pumped out of the aorta 
by the single ventricle. It delivers oxygen to the body and then 
returns via the superior and inferior venae cavae directly to the 
pulmonary artery through the lungs, using the remaining kinetic 
energy of the single ventricle pump.

To overcome the problems of turbulent flow, the inferior vena 
cava is transected and connected to a conduit or ‘tunnel’ which 
takes blood through to the pulmonary artery, without eddying 
through the atrium. This allows smooth laminar blood flow.

In the early period after this operation, the problem of high 
venous back pressure can still occur. It is possible to make a small 
hole or ‘fenestration’ in the tunnel. If pulmonary venous pressure 
rises, then deoxygenated blood can vent out of the tunnel into the 
right atrium. This stops the venous pressure rising too high, at the 
expense of deoxygenated blood shunting through to the single 
ventricle. Although this slightly reduces systemic arterial satu-
ration, it is worth it to allow the pulmonary vasculature time to 
recover from bypass surgery. At a later age it is possible to close 
the fenestration, usually with a catheter technique. In more recent 
times, the tunnel has been placed outside the right atrium form-
ing an extracardiac conduit, with a small fenestration connected 
to the atrium.

In children with slightly better developed right ventricular 
morphology, the ‘one-and-a-half ventricle’ approach can be used. 
In this operation, the pulmonary trunk is not transected and the 
right ventricle is sealed up and allowed to pump blood from the 
inferior vena cava through the lungs, while the superior vena 
cava deoxygenated blood goes directly to the lungs through the 
bi-directional Glenn shunt. Long-term results are good and these 

patients may avoid the cyanosis and other venous back-pressure 
problems seen with the TCPC, because the small right ventricle 
provides some useful kinetic energy for the pulmonary blood 
flow.124 Figure 40.13 shows a TCPC which is the modern version 
of the older atriopulmonary connection or classic Fontan proce-
dure. The superior vena cava is transected and the top part con-
nected to the right pulmonary artery. Subsequently, the inferior 
vena cava is connected to the underside of the pulmonary artery 
confluence either with an intra-atrial baffle or more recently with 
an extracardiac conduit. The proximal pulmonary artery is then 
transected and sewn up. All the systemic venous blood is thus 
directed to the lungs and all the oxygenated blood from the lungs 
travels through the pulmonary veins to the left atrium and into 
the single ventricle, then to the aorta (as there is no connection of 
the ventricle with the transected pulmonary artery). This oxygen-
ated blood supplies the systemic circulation and is returned via 
the venae cavae to repeat the cycle.

The great advantage of the Fontan procedure that the oxygen-
ated and deoxygenated blood are completely separated comes at a 
price; there is sluggish blood flow through the lungs, driven only by 
the remaining kinetic energy of the single ventricle pumping blood 
round the entire circuit. Venous return and pulmonary flow are 
particularly vulnerable to any extrinsic compression of the veins, 
for example, by positive pressure pulmonary ventilation, aorto-
caval compression, or pneumoperitoneum for laparoscopy.125

Survival following the Fontan operation is 85–98% at 1 month, 
97% at 1 year, 94% at 5 years, and 90% at 10 years.126–129

Complications of a fontan circulation
Complications after the Fontan procedure are common and relate 
to increased venous pressure congestion and low cardiac out-
put.130,131 Exercise tolerance is reduced mainly due to impaired 
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Figure 40.13  (See colour figure section). Total cavopulmonary connection (TCPC) in detail with extracardiac lateral tunnel and fenestration (the modern Fontan). The 
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ventricular function and difficulty in increasing preload. The 
common ventricle can become dilated, hypertrophic, and hypo-
contractile. This is caused by the congenital malformation itself, 
previous surgery, or the very abnormal working conditions at 
the various stages of palliation before and after a Fontan opera-
tion. Low to moderate exercise training may improve cardiopul-
monary fitness and should be preceded by exercise testing with 
electrocardiography.132 Unfortunately atrial arrhythmias occur 
in up to 45% of patients and are due to incorporation of the atrial 
wall in the repair, causing atrial dilatation and hypertrophy. The 
sinoatrial node, its arterial supply, or its innervations may also be 
injured at the time of Fontan surgery.

Protein-losing enteropathy secondary to increased venous 
pressure is a serious complication of Fontan surgery occurring 
in 3–13% of late survivors. Protein loss results in hypoalbumi-
naemia and clinical features of oedema, pleural effusion, ascites, 
immunodeficiency, and hypocalcaemia.133,134 Treatment includes 
a low-salt, high-calorie, high-protein diet with medium-chain tri-
glyceride supplements, diuretics, steroids, heparin, protein infu-
sions, and octreotide (synthetic somatostatin).

Thromboembolic complications have a major impact on 
long-term prognosis. There is also evidence to suggest an increased 
risk of intracardiac thrombus formation in patients with the 
Fontan circulation, which is associated with an increased risk of 
systemic thromboembolism, not necessarily eradicated by warfa-
rin or aspirin therapy.135

Pregnancy
Modified Fontan procedures have improved the long-term sur-
vival of patients with single-ventricle physiology, who are now 
reaching childbearing age. The combination of chronic hypoxae-
mia before palliation and chronic venous congestion afterwards 
may influence ovarian function resulting in menstrual cycle dis-
orders and infertility.136 For those who do become pregnant the 
most common obstetric complications are preterm rupture of 
membranes, and premature delivery between 26 and 33 weeks. 
There is a significant risk of neonatal death and postpartum 
haemorrhage. Arrhythmias, most commonly supraventricular, 
complicate at least 26% of pregnancies mostly in those with atrio-
pulmonary connection (the older type of Fontan operation.)137

Labour and delivery
It is important to avoid dehydration, which may reduce central 
venous pressure and blood flow through the cavopulmonary con-
nection to the lungs. Avoidance of aortocaval compression by the 
gravid uterus and thromboprophylaxis are equally important. Since 
negative intrathoracic pressure helps draw venous return around 
the pulmonary circulation, it is important to avoid positive pressure 
ventilation, which will decrease pulmonary blood flow and thus 
cardiac output. The use of low-dose epidural analgesia or sequential 
low-dose CSE anaesthesia is preferred to general anaesthesia.

Any form of pneumoperitoneum for laparoscopic procedures 
will decrease venous return and should be avoided.

Left ventricular outflow tract disorders
Obstructive lesions of the left ventricular outflow tract can occur 
at three different levels. The aortic stenosis may be subvalvu-
lar, valvular, or supravalvular aortic stenosis. Subvalvular and 

valvular aortic stenosis are more commonly found in males than 
females. In fact, valvular congenital bicuspid aortic stenosis is four 
times less common in women than men.

Many women with aortic stenosis will have had a repair dur-
ing childhood. This is commonly done by the Ross procedure.138 
The stenotic aortic valve is removed and replaced by the native 
pulmonary valve, with the allograft valve taking the place of the 
pulmonary valve. This puts the allograft under less pressure.139,140

Pregnancy is usually well tolerated in women with isolated mild 
to moderate aortic obstruction and good left ventricular function. 
However, women with severe aortic stenosis may be at risk from 
20 weeks of gestation onwards as cardiac output has increased by 
as much as 50%, and this increase must be sustained for a further 
18–20 weeks if possible. Women who are pregnant with severe 
aortic stenosis are at risk of angina, left ventricular failure, and 
pulmonary oedema as well as sudden death.

It is possible that these symptoms occur for the first time in 
pregnancy, and management of severe congenital aortic stenosis 
will depend on the individual mother’s needs and her gestation. 
In pregnancy, because of increased cardiac output, transvalvular 
pressure gradients measured by echocardiography are not as use-
ful as valve area measurements. Mild aortic stenosis has a valve 
area of more than 1.5 cm2, moderate 0.8–1.5 cm2, and severe aor-
tic stenosis a valve area of less than 0.7 cm2. Severe aortic stenosis 
gives a transvalvular pressure gradient of more than 50 mmHg in 
the non-pregnant state and more than 80 mmHg in pregnancy. 
If the gradient falls without treatment this may indicate left ven-
tricular failure and prompt immediate action.60

Medical treatment is aimed at reducing heart rate to allow bet-
ter ventricular ejection and coronary filling. Beta blockers may be 
used in conjunction with bed rest and oxygen therapy to allow the 
fetus to grow.

If the mother’s condition deteriorates and the fetus is not mature 
enough for delivery, aortic valve balloon dilatation can be consid-
ered. It does, however, carry the risk of severe aortic regurgitation, 
embolism, and cardiac tamponade. Nevertheless, in severe aortic 
stenosis it may be used as a bridging device to prolong the preg-
nancy and mature the fetus to a stage where it can be delivered and 
a definitive aortic valve replacement performed.141

Cardiopulmonary bypass during pregnancy carries a high risk 
of death to both mother (15%) and fetus (19–33%), so definitive 
aortic valve replacement during pregnancy should only be under-
taken in the most exceptional circumstances. Heparinization for 
cardiopulmonary bypass also carries the risk of placental bleeding.

If, however, the fetus is viable, it can be delivered by caesarean 
delivery and then aortic valve replacement carried out under car-
diopulmonary bypass after delivery, usually with the same general 
anaesthetic.

Beating heart aortic valve replacement and catheter aortic valve 
replacement are alternative strategies for these mothers.

Conclusion
Women with moderate to severe congenital heart disease are now 
presenting to maternity services with increasing frequency; they 
pose additional risks to themselves and their offspring during 
pregnancy and the peripartum period. Better awareness of under-
lying anatomy, physiology, and common complications together 
with a multidisciplinary approach including expertise in obstetric 
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anaesthesia can improve the chances of safe delivery for both 
mother and baby and allow this growing patient population to 
reach their full life potential.142
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CHAPTER 41

Acquired heart disease
Linzi Peacock and Rachel Hignett

Introduction
In the United Kingdom, recent maternal mortality reports high-
light cardiac disease as the leading cause of maternal death.1,2 
(see Table 37.1 in Chapter 37). Similarly, the Centers for Disease 
Control and Prevention (CDC) report cardiovascular diseases 
as the commonest cause of maternal death for 2006–2009 in the 
United States.3 The European Registry on Pregnancy and Heart 
Disease (ERPHD) has recently published mortality rates of 1%, 
over 100 times the background rate of death, for women with 
structural heart disease (congenital, ischaemic, cardiomyopa-
thy, and valvular).4 Morbidity is also increased in women with 
cardiovascular disease which causes 3.3% of severe maternal 
morbidity.5

Heart disease affects approximately 1% of pregnant women 
in the United Kingdom.6 Although congenital heart disease 
(CHD) accounts for 75–82% of heart disease in pregnancy in the 
Western world, numbers of women dying from CHD form the 
minority.1,2 The majority of cardiac deaths are due to acquired 
heart disease (AHD) which is increasing due to factors such as 
obesity, older maternal age, hypertensive disease, and diabetes 
mellitus becoming more prevalent in the female reproductive 
population.7 Table 41.1 shows the rise in cardiac deaths over the 
triennia in the United Kingdom from 1994 to 2008. Women with 
CHD are usually diagnosed prior to pregnancy enabling them to 
have counselling and optimization of treatment before concep-
tion. In contrast, many women with AHD present for the first 
time during pregnancy.

In the ‘Saving Mothers Lives’ report 2006–2008,2 53 women 
died of heart disease which was associated with or worsened by 
pregnancy. Of these 53 deaths, 50 were in women with acquired 
cardiac disease. A further eight deaths which occurred in women 
with cardiac disease were classified as late deaths. The lead-
ing causes of cardiac death were sudden adult death syndrome 
(SADS), myocardial infarction (MI), mostly as a consequence of 
ischaemic heart disease (IHD), dissection of the thoracic aorta, 
and cardiomyopathy (Table 41.1). Worldwide, the ERPHD dem-
onstrated the highest rates of maternal mortality in patients with 
cardiomyopathy.4 In ‘Saving Mothers Lives’ 2006–2008, there 
were no deaths attributable to rheumatic heart disease (RHD). 
This is in stark contrast to resource-limited countries which have 
a significant disease burden in pregnancy due to RHD.

In addition to maternal and neonatal morbidity and mortality, 
there are many other factors which need to be taken into consider-
ation in a woman known to have cardiac disease either prior to or 
during pregnancy. Pregnancy may accelerate disease progression 

in the mother, and may alter her life expectancy after pregnancy. 
The baby may be at risk of being born with cardiac defects. Drug 
regimens will need to be monitored and adjusted to avoid terato-
genicity, and to accommodate the physiological changes encoun-
tered in pregnancy. Finally, invasive therapeutic and investigative 
procedures may need to be undertaken antenatally.

Early identification of heart disease in pregnancy will enable 
prompt referral to a specialist multidisciplinary team consisting 
of cardiologists with expertise in cardiac disease in pregnancy, 
obstetricians, and obstetric anaesthetists. This team will stratify 
risk, and will plan antenatal, intrapartum, and postnatal care 
accordingly.

This chapter will focus on the general principles of manage-
ment of women with AHD in pregnancy, and will look in detail 
at IHD, arrhythmias, cardiac transplantation, aortic pathol-
ogy, cardiomyopathies, valvular heart disease, and infective 
endocarditis (IE).

General principles
Risk assessment
All patients with known cardiac disease should have pre-
pregnancy counselling undertaken by a cardiologist with an inter-
est in pregnancy or by an obstetric physician. This advice should 
commence in adolescence for those with CHD and at the time of 
diagnosis for women with acquired cardiac disease.

The 2006–2008 triennial report2 states that all women who died 
from MI and IHD had identifiable risk factors for IHD, and 60% 
of all the cardiac deaths occurred in women who were classified 
as overweight or obese. This has led to the recommendation that 
women with risk factors for IHD (i.e. diabetes, hypertension, obe-
sity, a family history of IHD, and > 35 years old) should receive 
pre-pregnancy counselling.8 Women should also be assessed for 
risk factors for IHD at booking of antenatal care. These recom-
mendations were made in the 2003–2005 Confidential Enquiries 
report and were re-iterated in the 2006–2008 Confidential 
Enquiries report as lessons have not yet been learnt.2,8

The European Society of Cardiology (ESC) has produced com-
prehensive guidelines for the management of women with car-
diac disease in pregnancy.9 These guidelines include the modified 
World Health Organization (WHO) classification of maternal 
cardiovascular risk (Table 41.2). This classification is applicable to 
women with both CHD and AHD. It is based on the New York 
Heart Association (NYHA) classification (Box 41.1) of diagno-
sis and disease severity. In 2013, the ERPHD demonstrated a 
strong correlation between WHO risk classification and cardiac, 
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obstetric, and fetal outcome in its series of 1321 consecutive preg-
nancies from mainly developed nations.4 The ESC recommends 
that all women with cardiac disease are risk assessed against the 
modified WHO criteria (Table 41.2 and Table 41.3).

Women will have their antenatal care planned based on this 
assessment of risk (Table 41.3). Women with class 1 disease are 
usually treated as low-risk peripartum. It is recommended that 
women with class 2 disease should be referred to a multidiscipli-
nary team consisting of cardiologists, obstetricians, and obstet-
ric anaesthetists and should be seen each trimester. Class 3 and 
4 disease require much closer surveillance, with assessment and 
management by the multidisciplinary team every 2–4 weeks.

The Royal College of Obstetricians and Gynaecologists 
(RCOG)10 recommend that a formalized multidisciplinary care 
plan is agreed at 32–34 weeks of gestation (Figure 41.1). This 
should include consideration of mode of delivery, plan for optimal 
pain relief in labour, mechanisms to avoid and treat atonic post-
partum haemorrhage (including safe drug regimens), postpar-
tum care, thromboprophylaxis, and personnel named to oversee 
labour and delivery.

Physiological changes in pregnancy
Major cardiovascular system (CVS) physiological changes begin 
to occur from the earliest stages of pregnancy.11

◆	 Cardiac output (CO) increases by 30–50% by the end of the sec-
ond trimester to accommodate the rapidly growing fetoplacen-
tal unit. This is achieved by an increase in stroke volume (SV), 
and to a lesser extent due to some increase in heart rate (HR) 
later in pregnancy.

◆	 Blood volume will also increase significantly by 50–70% by 
the end of the second trimester. Red cell mass increases by up 
to 40%:  as the increase in plasma volume is proportionately 
greater, red cell concentration is diluted which commonly 
results in physiological anaemia.

◆	 Systemic vascular resistance (SVR) and blood pressure (BP) fall, 
due to maturation of placental development and circulating vas-
odilators, to a nadir between the 20th and 32nd week. SVR and 
BP rise again to early pregnancy levels at term.

◆	 Inferior vena caval compression by the gravid uterus causes a 
positional reduction in CO from the middle of pregnancy.

◆	 Pregnancy is a hypercoagulable state.
◆	 Drug metabolism may be altered in pregnancy which may 

require alteration of dose or drug regimen.

Most healthy women are able to adapt easily to these physiological 
changes, but women with significant heart disease may develop 

Table 41.1  Causes of maternal death from heart disease in the United 
Kingdom from 1994 to 2008

Type and cause 
of death

1994–96 1997–99 2000–02 2003–05 2006–08

Acquired

Aortic dissection 7 5 7 9 7

Myocardial 
infarction (MI)

6 5 8 12 6

Ischaemic heart 
disease (no MI)

0 0 0 4 5

Sudden adult 
death syndrome 
(SADS)

0 0 4 3 10

Peripartum 
cardiomyopathy

4 7 4 0a 9b

Other 
cardiomyopathy

2 3 4 1 4

Myocarditis 
or myocardial 
fibrosis

3 2 3 5 4

Mitral stenosis or 
valve disease

0 0 3 3 0

Thrombosed 
aortic or tricuspid 
valve

1 0 0 0 2

Infective 
endocarditis

0 2 1 2 2

Right or left 
ventricular 
hypertrophy or 
hypertensive 
heart disease

1 2 2 2 1

Congenital

Pulmonary 
hypertension 
(PHT)

7 7 4 3 2

Congenital heart 
disease (not PHT 
or thrombosed 
aortic valve)

3 2 2 3 1

Other 5 0 2 0 0

Total 39 35 44 48c 53

aTwelve late deaths reported in 2003–2005.
bTwo late deaths reported in 2006–2008.
cIncludes one woman for whom information or cause was not available.

Reproduced from Confidential Enquiry on Maternal and Child Health, Saving mothers 
iives: reviewing maternal deaths to make motherhood safer 2006–2008, BJOG: An 
International Journal of Obstetrics and Gynaecology, 118, pp. 1–203, Copyright 2011, with 
permission from Centre for Maternal and Child Enquiries (CMACE), BJOG, and Wiley.

Box 41.1  New York Heart Association Classification of Heart 
Disease

◆	 NYHA class I No limitation to physical activity
◆	 NYHA class II Slight limitation to physical activity
◆	 NYHA class III Marked limitation to physical activity
◆	 NYHA class IV Symptoms at rest

Reprinted from The Journal of Heart and Lung Transplantation, 28, 6, 
Stevenson LW, Pagani FD, Young JB, Jessup M, Miller L, Kormos RL, 
Naftel DC, Ulisney K, Desvigne-Nickens P, Kirklin JK, INTERMACS 
profiles of advanced heart failure: the current picture, pp. 535–541, 
Copyright (2009) with permission from Elsevier.
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new symptoms or worsening of pre-existing symptoms as they 
struggle to adapt cardiovascularly. Further dramatic physiological 
changes occur in labour and during delivery which may cause or 
worsen cardiac decompensation.11 CO increases by 10% in labour 
due to autotransfusion of up to 500 mL blood with each contrac-
tion, and catecholamine release due to pain. Further increases in 
CO are seen in the second stage: in addition to autotransfusion 
and catecholamine release, pushing by the mother contributes to a 
further increase in CO. CO peaks by up to 80% immediately after 
delivery due to autotransfusion and sudden relief of aortocaval 
compression. CO falls to pre-labour levels 1 hour after delivery. 
Cardiovascular physiology does not return fully to prepregnancy 
levels until 3–6 months postpartum.

Cardiovascular investigations in pregnancy
Electrocardiogram
Twelve-lead electrocardiograms (ECG) are usually normal, but 
may differ from the non-pregnant ECG due to the effect of the 
gravid uterus on heart position:
◆	 Up to 15° left axis deviation
◆	 Non-specific ST-segment and T-wave changes
◆	 Relative tachycardia
◆	 Left ventricular (LV) hypertrophy
◆	 Q wave and inverted T wave in lead III
◆	 Attenuated Q wave in AVF
◆	 Supraventricular and ventricular ectopic beats.

Exercise testing
Exercise testing provides an objective measurement of func-
tional capacity as well as assisting in the diagnosis of IHD and 
exercise-induced arrhythmias. Unlike some more invasive 
tests, there is no radiation exposure, but there is an increased 
false-positive rate in non-pregnant women.11 Exercise testing is 
recommended prior to pregnancy in women with known heart 

Table 41.2  Modified WHO classification of maternal cardiovascular 
risk: application

WHO classification of maternal cardiovascular risk

WHO I

◆	 Uncomplicated, small or mild

•	 pulmonary stenosis

•	 patent ductus arteriosus

•	 mitral valve prolapse

◆ � Successfully repaired simple lesions (atrial or ventricular septal  
defect, patent ductus arteriosus, anomalous pulmonary venous  
drainage)

◆  Atrial or ventricular ectopic beats, isolated

WHO II conditions (if otherwise well and uncomplicated)

◆  Unoperated atrial or ventricular septal defect

◆  Repaired tetralogy of Fallot

◆  Most arrhythmias

WHO II–III (depending on individual)

◆  Mild left ventricular impairment

◆  Hypertrophic cardiomyopathy

◆  Native or tissue valvular heart disease not considered  
WHO I or IV

◆	 Marfan syndrome without aortic dilatation
◆	 Aorta < 45 mm in aortic disease associated with bicuspid  

aortic valve

◆  Repaired coarctation

WHO III

◆  Mechanical valve

◆  Systemic right ventricle

◆  Fontan circulation

◆  Cyanotic heart disease (unrepaired)

◆  Other complex congenital heart disease

◆	 Aortic dilatation 40–45 mm in Marfan syndrome
◆	 Aortic dilatation 45–50 mm in aortic disease associated with bicuspid 

aortic valve

WHO IV (pregnancy contraindicated)

◆  Pulmonary arterial hypertension of any cause

◆  Severe systemic ventricular dysfunction (LVEF < 30%, NYHA III–IV)

◆ � Previous peripartum cardiomyopathy with any residual impairment of left 
ventricular function

◆ Severe mitral stenosis, severe symptomatic aortic stenosis

◆	 Marfan syndrome with aorta dilated > 45 mm
◆	 Aortic dilatation > 50 mm in aortic disease associated with bicuspid  

aortic valve

◆  Native severe coarctation

Reprinted from Modified WHO classification of maternal cardiovascular risk: application, 
Copyright © WHO.

Table 41.3  Modified WHO classification of maternal cardiovascular 
risk: principles

Risk class Risk of pregnancy by medical condition

I No detectable increased risk of maternal mortality and no/mild 
increase in morbidity

II Small increased risk of maternal mortality or moderate increase 
in morbidity

III Significantly increased risk of maternal mortality or severe 
morbidity. Expert counselling required. If pregnancy is decided 
upon, intensive specialist cardiac and obstetric monitoring 
needed throughout pregnancy, childbirth and the puerperium.

IV Extremely high risk of maternal mortality or severe morbidity; 
pregnancy contraindicated. If pregnancy occurs termination 
should be discussed. If pregnancy continues, are as for class III.

Reprinted from Modified WHO classification of maternal cardiovascular risk: application, 
Copyright © WHO.

 

 

 



Part 9  systemic disease in pregnancy640

Cardiac diagnosis ……………………………………….. Please circle agreed plan

If admitted to LW, please inform Consultant obstetrician on call Yes / No If advice is needed, please contact one of the 
following consultants via switchboard:

Obstetric SpR on call senior / junior

Consultant anaesthetist on call Yes / No

Anaesthetic SpR on call senior / junior

Special midwifery team Yes / No

Mode of delivery Elective LSCS / trial of vaginal delivery

Elective LSCS
(see anaesthetic sheet for anaesthetic details)

Prophylactic compression suture

Syntocinon 2 units over 10–20 minutes

Syntocinon low-dose infusion (8–12 mU/minute – see  
over for details)

Inform consultant on call if admitted in labour 
before scheduled date

Anaesthetic echnique……………… Epid/Spin/CSE/GA

Maternal monitoring……………… ECG/SaO2/non-invasive BP/arterial line BP/CVP

Vaginal delivery TED stockings in labour/HDU chart Medications to be continued:

1st stage Mx Prophylactic antibiotics:

(see anaesthetic sheet for anaesthetic details) If operative delivery / in all situations …………………………………….

Epidural for analgesia……………… ◆ As soon as in established labour

◆ If and when requested

Maternal monitoring……………… ECG/SaO2/non-invasive BP/arterial line BP/ CVP

Continuous EFM is recommended for all  
women with cardiac disease

Vaginal delivery 2nd stage Mx Normal second stage Assist if not delivered in …………. minutes

Short second stage…………………

Elective assisted delivery only

Vaginal delivery 3rd stage Mx Normal active Mx (oxytocin 5 i.u. IM and CCT,  
or 2 i.u. IV over 10 minutes) or

DO NOT GIVE ergometrine

Syntocinon infusion 8–12 mU/minutes ……

 (for details, see overleaf)

Continue ……….. hours

Postdelivery High-dependency unit Yes / No For …………... hours

LMW heparin Yes / No Dose…………………Duration……………………

List medications to be given………………………….……………………

and continued for…………………...days/weeks

Recommended post-natal stay ……days

Cardiac review Yes / No weeks…………

Contraceptive plans discussed Yes / No

Please inform the consultant obstetrician on call if there is departure from planned management or if unexpected clinical situations develop in women with cardiac disease.

Figure 41.1  Clinical management plan for delivery.
Reproduced with kind permission from Ms Gubby Aiyida, FRCOG, Chelsea and Westminster Hospital, London.
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Examples of clinical situations Consider the following:

Spontaneous labour and recent thromboprophylaxis use  
(e.g. LMWH/warfarin)

Inform anaesthetist asap

D/W consultant anaesthetist on call

An epidural can be given more than 12 hours after prophylactic dose or more 
than 24 hours after therapeutic dose, or earlier at the discretion  
of the anaesthetist

For additional advice, contact …….

……………………………………..

via switchboard, or obstetricians listed overleaf

Need for syntocinon augmentation in labour Use double-strength syntocinon but halve rate to reduce total volume of fluids 
given (this decision needs to be taken at consultant level)

Syntocinon as prophylaxis against postpartum haemorrhage Low-dose infusion (12 mU/minute): use either 5 i.u. in 50 ml at 7 ml per hour or 
10 i.u. in 500 ml at 36 ml per hour Continue for 4 hours (longer if concerns)

Postpartum haemorrhage Inform anaesthetic and obstetric consultants on call

For uterotonic, misoprostol 600 micrograms rectally is preferred, but  
monitor for hyperpyrexia

Avoid hemabate or high-dose syntocinon

Consider use of compression suture

Consider use of intrauterine balloon (antibiotic cover is recommended)

Strict input/output charts to be maintained

Consider central access or arterial monitoring

Preterm labour Atosiban (tractocile) is the first-line Mx Do not use ritodrine or salbutamol

Pacemaker Do not use unipolar diathermy Beware pacemaker in unusual places  
(e.g. abdominal wall) when performing caesarean section

De-activate implantable defibrillators

Please seek advice from a consultant if there are concerns or if clarification is required on clinical management.
The RCOG is grateful to Ms Gubby Ayida FRCOG (Chelsea and Westminster Hospital) for permission to use this clinical management plan.

disease as it can aid risk assessment.9 The ESC Task Force rec-
ommends performing submaximal tests to reach 80% of the 
predicted maximal HR in asymptomatic pregnant patients with 
suspected coronary vessel disease.
Echocardiography
Due to the hyperdynamic circulation in pregnancy, echocardio-
grams should be interpreted by cardiologists with expertise in 
caring for women with cardiac disease in pregnancy. Confusion 
may arise, for example, where cardiac impairment is not appre-
ciated due to an apparently normal ventricular cardiac function 
(which should be hyperdynamic). Stenotic valve lesion severity 
may also be misinterpreted: increased velocity due to higher CO 
in pregnancy will increase peak gradients across valves.

Cardiac interventions in pregnancy
Interventions maybe required in pregnancy for diagnosis and 
treatment of disease. Cardiac catheterization for diagnosis of cor-
onary artery disease is safest if performed in the second trimes-
ter. By this time, organogenesis is complete and the fetal thyroid 
is inactive. Fetal irradiation can be minimized by shielding the 
abdomen, by using the brachial artery or radial artery approach 
and by limiting duration of fluoroscopy.12

Cardiac surgery is very rarely performed during pregnancy, 
and is a last resort after other modes of management have failed. 
Cardiac surgery during pregnancy carries mortality rates of 6%. 
This is comparable to non-pregnant women undergoing similar 
procedures.13,14 Fetal mortality is very considerable with rates 
of 20–30%,14–16 and survivors have significant late neurological 
morbidity in childhood principally as a result of preterm deliv-
ery.9,12 Maternal risk is higher if surgery is emergent, if the mother 
has significant co-morbidities, and if surgery is for aortic dissec-
tion and pulmonary embolectomy (compared with a lower risk for 
valvular surgery). Surgery at delivery and postnatally is known to 
substantially increase maternal risk.17

The optimum timing of cardiac surgery for the fetus is in the 
second trimester.9 If surgery is planned after 28 weeks the fetus 
is usually delivered by caesarean delivery (CD) immediately 
prior to cardiac surgery. Between 24 and 28 weeks of gestation, 
cases are risk assessed on an individual basis. Risk to the baby 
may be reduced by giving steroids prior to surgery for fetal lung 
maturation, monitoring of uterine contractions and fetal HR 
if possible, use of prophylactic tocolytics, and employment of 
high-flow, high-pressure, pulsatile, normothermic cardiopulmo-
nary bypass.17

Figure 41.1  Continued
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Aims of intrapartum care
After monitoring and optimization of disease in pregnancy, 
the multidisciplinary team should formalize a plan for mode of 
delivery.

Fundamentals of intrapartum care in women with cardiac dis-
ease include:

1.	 Minimization of cardiorespiratory stress. In general, a vagi-
nal delivery with incremental epidural analgesia and assisted 
second stage (i.e. delivery by low cavity forceps or ventouse) 
will be advised. Assisted second stage will reduce the cardi-
orespiratory stress in the mother associated with pushing. 
Effective incremental epidural analgesia will minimize cat-
echolamine release due to the pain of labour. Planned CD is 
usually reserved for those with obstetric indications or very 
severe disease. These include severe aortic stenosis, severe 
pulmonary hypertension, intractable heart failure, acute or 
chronic aortic dissection, and a significantly dilated aortic 
root where the physiological stress of a vaginal birth would 
be very high risk. Advantages of a vaginal delivery compared 
with CD include a reduction in blood loss, reduced risk of 
infection, reduction in pulmonary complications, lower risk 
of venous thromboembolic complications, and reduced stress 
response.

2.	 Avoidance of aortocaval compression.

3.	 Optimization of fluid balance.

4.	 Use of invasive monitoring in those with significant disease. 
Invasive arterial BP monitoring prior to epidural insertion, 
neuraxial anaesthesia (NA) or general anaesthesia (GA) will 
enable rapid detection of cardiovascular instability in those 
women with WHO class 2 to 4 disease.

5.	 Provision of aspiration prophylaxis.

Anaesthesia for caesarean delivery
Underlying disease and disease severity, preference of the anaes-
thetist, and choice of the mother will influence mode of anaesthe-
sia, and use of invasive monitoring.

Over recent years, NA has been increasingly advocated for use 
in women with cardiac disease.18 Compared with GA, NA is asso-
ciated with less blood loss, avoids the CVS response to intubation, 
and avoids the cardiac depressant and vasodilating effects of GA 
agents. In a study published in 200319 of 125 voluntary reports 
of women with heart disease in pregnancy, 38% of emergency 
CD and 62% of elective CD were performed using NA. In addi-
tion to the usual considerations of use of NA in pregnancy, it is 
particularly desirable to use a technique which allows for titra-
tion of anaesthesia and therefore optimization and stability of 
haemodynamics in women with heart disease. The most familiar 
options are:
◆	 Slow epidural top-up
◆	 Combined spinal–epidural (CSE) with a low-dose spinal com-

ponent for haemodynamic stability20

◆	 Continuous spinal anaesthesia technique21 via a spinal catheter 
is used in some centres, but this is an unfamiliar technique to 

most anaesthetists and has been associated with a high inci-
dence of postdural puncture headache.

Whichever NA technique is used care should be taken to:
◆	 Induce anaesthesia slowly to minimize haemodynamic instability
◆	 Control hypotension due to vasodilatation. Phenylephrine is use-

ful in stenotic valve lesions as tachycardia is avoided; ephedrine 
is useful in regurgitant lesions where a relative tachycardia is 
beneficial

◆	 Carefully control fluid balance.

Where GA is the preferred technique, CVS stability can be 
achieved by using a ‘cardiac’ type GA:
◆	 Hypertensive response to intubation should be obtunded, for 

example, by the use of 1–2 mg of intravenous alfentanil, or 0.5 
mcg/kg intravenous remifentanil.

◆	 Induction agent carefully titrated.
◆	 Avoidance of tachycardia (which will increase myocardial work) 

and large swings in BP.
◆	 Transoesophageal echocardiography (TOE), if available, is very 

useful in giving accurate information about ventricular filling 
and ventricular function. However, this requires the patient to 
be anaesthetized.

◆	 Analgesia should be optimized to reduce circulating catecho-
lamines. Epidural analgesia may be advantageous in reduc-
ing cardiac preload and afterload. Alternatively intravenous 
opiates and transversus abdominis plane (TAP) blocks may 
be used.

Invasive monitoring is beneficial in moderate- or high-risk 
cases:  most commonly invasive arterial blood pressure (IABP) 
monitoring. Central venous pressure (CVP) monitoring may also 
be required, for example, where inotropic support is anticipated. 
There are some caveats for the use of CVP monitoring in pregnant 
women both with and without cardiac disease:
◆	 CVP measurement may be an unreliable guide as to the fluid sta-

tus of the patient especially in women with pregnancy-induced 
hypertension.

◆	 Central venous catheter (CVC) tip may not lie in the desired 
position in the superior vena cava due to anatomical abnormali-
ties or variations.

◆	 Right-sided heart pressures may not accurately reflect left-sided 
pressures depending on the underlying disease.

◆	 CVC tip may precipitate dangerous arrhythmias.

Drugs used in the management of atonic postpartum 
haemorrhage
Standard drugs used in the management of atonic postpartum 
haemorrhage have profound CVS effects:
◆	 Syntocinon® causes a sudden fall in SVR and causes a com-

pensatory tachycardia and increase in CO. In women with 
significant heart disease, 2–5 IU should be given by infusion 
over 15–30 minutes to minimize these CVS effects.
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◆	 Ergometrine: smooth muscle contraction causes vasoconstric-
tion and hypertension. Contraindicated in women with signifi-
cant heart disease.

◆	 Carboprost: causes smooth muscle contraction leading to pul-
monary hypertension, bronchospasm, shunting, hypoxaemia, 
hypertension, and pulmonary oedema. Generally contraindi-
cated in women with significant heart disease.

◆	 Misoprostol: may cause pyrexia and shivering. Can be used in 
heart disease but some concern if pyrexia and shivering occur 
because of increased O2 consumption.

Where drug therapies are limited due to significant heart disease, 
early recourse to surgical interventions such as B-Lynch uter-
ine compression sutures, Bakri/Rusch uterine tamponade bal-
loons should be used. (See Chapter 35 for more details of these 
techniques.)

Postnatal care
Women with moderate- or high-risk disease should be cared for 
on a high dependency unit (HDU) for 24–48 hours after delivery. 
HDU care will enable more frequent observation of vital signs, 
use of invasive monitoring, and optimization of analgesia. The 
majority of deaths in women with cardiac disease occur postna-
tally due to lapses in the intensity of monitoring, fluid shifts which 
may precipitate cardiac failure, and poor analgesia which results 
in catecholamine surges.

Ischaemic heart disease
Epidemiology
IHD is rare in women of childbearing age.22 The incidence of acute 
MI in pregnancy has been estimated at 1.3–6.7/100,000 births in 
population-based studies23–25 although a recent UK Obstetric 
Surveillance System (UKOSS) study reported a lower incidence of 
only 0.7 cases/100,000 maternities.26

MI is a rare event in pregnancy with devastating consequences 
for both mother and baby. Maternal mortality due to MI has fallen 
from 37% in the 1980s but rates remain high at 5–11%.23,24,28 
Mortality is twice as high in women diagnosed with an acute 
MI during the peripartum period compared to the antepar-
tum or postpartum periods.28 During the 1990s, fetal mortal-
ity was reported as 21–34%:27,29 again more recent data records 
a fall to 9%28 with most deaths occurring in association with 
maternal death.

In the 2006–2008 Confidential Enquiries report,2 six women 
died from acute MI and five deaths were attributed to chronic 
IHD where no acute MI was recorded. Death in these cases was 
presumed to be the consequence of arrhythmia or heart failure.

Acute coronary syndrome (ACS) is often a new diagnosis in 
pregnancy. The recurrence of ACS in pregnancy is unknown. In 
the European Registry only one patient out of 20 who had previ-
ously had an MI suffered a new ACS event whilst pregnant,3 whilst 
five new cases occurred in previously well women.

The majority of MIs occur in the latter half of pregnancy or in 
the puerperium.26

Risk factors
Pregnancy increases the risk of acute MI by three to four times.23,24 
The physiological changes of pregnancy with increases in blood 
volume, stroke volume, and HR, increase myocardial oxygen 
demand, whilst the physiological anaemia and reduction in dias-
tolic BP reduce myocardial oxygen supply.30 Thus pregnancy can 
result in worsening of known IHD but may also reveal disease in 
previously well women.

The risk factors for MI in pregnancy are similar to those in the 
general population:
◆	 Hypertension.
◆	 Obesity.
◆	 Diabetes mellitus.
◆	 Family history of MI.
◆	 Advanced maternal age significantly increases the risk of MI. 

In the UKOSS report, the mean age of women suffering MI 
was 37  years compared to the mean age in the control group 
of 29 years.26 This study found that for every year increase in 
maternal age the odds of MI increased by 30% whilst James 
et al.24 found the risk of MI was 30 times higher in women over 
40 compared to those under 20. This is of particular concern as 
maternal age is rising in developed countries due to the tendency 
of mothers to delay the age at which they start to have children,31 
and the use of in vitro fertilization. UKOSS is currently conduct-
ing a study of pregnancy at advanced maternal age. This study 
is looking at mothers aged 48 years and older to establish the 
characteristics, management, and outcomes, and to estimate the 
risk of adverse events attributable to advanced maternal age.

◆	 Smoking has been shown to increase the risk of MI in preg-
nancy eightfold24 which is in contrast to non-pregnant female 
smokers in whom this risk is increased twofold.32 It may be that 
the hypercoagulable state of pregnancy and the increase in vas-
cular reactivity29 compound the risk of acute MI in women who 
smoke.

◆	 Thrombophilia.
◆	 Several obstetric complications are associated with an increased 

risk of MI. Endothelial dysfunction is involved in both the 
pathogenesis of pre-eclampsia and cardiovascular disease. 
Haemorrhage is associated with a hypercoagulable response33 
which may increase the risk of coronary artery thrombosis.24 
The association of haemorrhage with increased risk of MI may 
also be due to the use of ergot alkaloids, such as ergometrine, 
to treat uterine atony. These drugs are well known to cause 
coronary vasospasm and have been implicated in cases of acute 
MI.34 Postpartum infection, mulitparity, and blood transfusion 
are also associated with an increased risk of MI.24,28

Pathophysiology
The underlying pathology for MI in pregnancy differs from that 
in the general population where atherosclerotic disease with sub-
sequent plaque rupture and thrombus formation predominates.
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Information regarding coronary anatomy has been collated in 
several reviews of MI in pregnancy. These have shown that ath-
erosclerotic disease ± thrombus accounted for only 40–50% of 
cases of pregnancy-related MI.26,28,29 Coronary dissection, which 
is rarely seen outside pregnancy, accounted for 16–27%, coro-
nary thrombus without atherosclerosis accounted for 6–21%, and 
normal coronary arteries were documented in up to 29%.26,28,29 
Anterior wall MIs occurred more commonly than inferior or 
lateral.24,26

Coronary dissection is the primary cause of MI in the peripar-
tum period. Spontaneous coronary dissection in pregnancy is 
thought to result from hormonal and haemodynamic changes.35 
Excess progesterone results in biochemical and structural changes 
in the vessel wall that persists for up to 3 months postpartum.36 
These changes combined with the elevated shear forces from the 
increased blood volume and CO of pregnancy result in a greater 
susceptibility to dissection.

Coronary thrombosis without evidence of atherosclerosis may 
occur as a consequence of the hypercoagulable state of pregnancy, 
whilst coronary vasospasm may be responsible for the MIs that 
have been observed in patients with normal vessels.

Diagnosis
The diagnosis of acute MI or ACS in pregnancy or the puerperium 
is the same as the non-pregnant state and consists of a history 
of chest pain associated with ECG changes and cardiac enzyme 
rise. Troponin levels may be higher in women with pre-eclampsia 
but they do not reach the threshold for diagnosis of ACS out with 
pregnancy.11 In the UKOSS study,26 all the women presented 
with typical symptoms of MI except for two who developed ECG 
changes whilst undergoing CD. However, there is concern that 
pregnant women may present with atypical symptoms such as 
abdominal or epigastric pain, vomiting, and dizziness, and symp-
toms may be attributed to pregnancy per se resulting in a failure 
to consider ACS.2

The differential diagnoses of ACS in pregnancy are acute 
pulmonary embolism, aortic dissection and pre-eclampsia. 
Echocardiography (Echo) may be a useful diagnostic tool to dif-
ferentiate between these diagnoses. Coronary angiography is both 
diagnostic and allows treatment simultaneously.

Management
Pregnancy

◆	 There are no guidelines advising women who have suffered an 
ACS on how long to defer pregnancy. In general, 1 year is felt 
to be an appropriate length of time as this allows full recovery, 
cardiac remodelling,11 12 months of dual antiplatelet therapy 
for those with drug-eluting stents, and full preconception 
stress testing. The ESC advocates that pregnancy can be con-
sidered in the absence of ongoing cardiac ischaemia and LV 
dysfunction.9

◆	 For women who suffer ST elevation MI (STEMI) during preg-
nancy due to coronary thrombosis, primary percutaneous coro-
nary intervention (PCI) is preferred to thrombolytic therapy as 
the initial mode of treatment provided that therapy is started 
promptly. Although thrombolysis using tissue plasminogen 

activator (which does not cross the placenta) has been used suc-
cessfully,37 subplacental haemorrhage can occur. Haemorrhage 
may be catastrophic particularly if thrombolysis is used in the 
first few weeks postnatally.38 STEMI due to coronary dissection 
can also be treated by PCI whilst thrombolysis may aggravate 
it. All reports of stenting during STEMI in pregnancy have 
been with bare metal stents.9 The safety of drug-eluting stents 
is unknown in pregnancy and requires prolonged use of dual 
antiplatelet treatment. There are case reports of the use of clopi-
dogrel in pregnancy.39,40 However, its safety is uncertain. The 
ESC advises that it should only be used when absolutely neces-
sary and for as short a duration as possible.

◆	 For patients with non-STEMI with intermediate- and high-risk 
features (i.e. raised cardiac biomarkers and ST segment changes) 
PCI should be considered, whilst those who are more stable can 
be managed medically.9

◆	 Beta blockers, nitrates, calcium channel antagonists, and 
low-dose salicylates (e.g. aspirin 75 mg) can be used safely in 
pregnancy but angiotensin-converting enzyme (ACE) inhibi-
tors, angiotensin II receptor blockers (ARBs), and statins are 
contraindicated. There is no safety data on glycoprotein IIb/IIIa 
inhibitors in pregnancy and as such they are not recommended.

Labour

◆	 The mode of delivery is determined by obstetric considera-
tions and the clinical status of the mother. Vaginal delivery 
with assisted second stage and slow incremental epidural anal-
gesia is the preferred mode. Despite these recommendations, 
CD occurred in 60% of women with IHD/MI in the European 
Registry which was the highest rate for all the cardiac condi-
tions studied.4

◆	 Slow incremental epidural analgesia attenuates the progressive 
rise in CO that occurs during labour, and allows for haemody-
namic stability by slow initiation of pain relief. Addition of epi-
nephrine to local anaesthetic mixtures should be avoided.

◆	 Cardiac medication such as aspirin and beta blockers should be 
continued throughout labour.

◆	 The third stage should be managed actively with an infusion of 
Syntocinon® (e.g. 2–5 IU of Syntocinon® infused over 15–30 
minutes).

◆	 A woman with known IHD should receive supplemental oxygen 
and have continuous ECG, pulse oximetry, BP, and cardioto-
cography monitoring throughout labour.

◆	 Invasive BP monitoring should be instituted in women with LV 
dysfunction.

◆	 Postnatal care should be undertaken in the HDU.
◆	 Haemodynamic goals are:

•	 reduction of cardiac workload and myocardial oxygen demand

•	 avoidance of tachycardia

•	 SVR should only be allowed to fall slowly and modestly to pre-
vent reflex tachycardia and to maintain coronary perfusion

•	 avoidance of aortocaval compression.
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Caesarean delivery

◆	 For operative delivery, slow-onset NA with either incremental 
epidural or low-dose spinal component CSE allow for haemo-
dynamic stability.41 A standard single-shot spinal is relatively 
contraindicated as this produces a rapid sympathetic block with 
resultant hypotension and tachycardia.

◆	 GA should be reserved for those women with a contraindication 
to neuraxial block such as the use of dual antiplatelet agents, or 
for women who are unable to lie flat due to congestive cardiac 
failure. Rapid sequence induction should be modified with opi-
oids or beta blockers to obtund the pressor response to laryngo-
scopy and use of invasive BP monitoring is advised.

◆	 Good postoperative analgesia is necessary to reduce 
pain-induced catecholamine surges. This should be provided 
with intrathecal or epidural opiates if NA has been used, or a 
combination of patient-controlled opioid analgesia and TAP 
blocks if the patient has undergone GA.

◆	 Postoperatively, women should be monitored on a HDU for 
24–28 hours and should receive cardiology input.

◆	 Women who are not breastfeeding can start statins and ACE 
inhibitors postnatally as required.

Arrhythmias
Arrhythmias during pregnancy are common and may manifest 
for the first time or recur more frequently. Premature atrial and 
ventricular beats occur in up to 59% of pregnant women inves-
tigated for palpitations,42 whilst sinus tachycardia is observed in 
39% of healthy women during the third trimester.43 Although 
sustained tachyarrhythmias are rare (2–3/1000),44 symptomatic 
exacerbation of paroxysmal supraventricular tachycardia (SVT) 
is common and occurs in 22–44% of women during pregnancy.45

The majority of arrhythmias are benign and occur in women 
who are otherwise healthy and have a structurally normal heart. 
In these circumstances, advice on managing symptomatic epi-
sodes and reassurance is sufficient. However, arrhythmias may 
have serious implications. Silversides et al. observed that arrhyth-
mia recurrence during pregnancy resulted in a significant increase 
in the risk of adverse fetal events, in particular prematurity,45 and 
arrhythmias are a predictor of an adverse cardiac event during 
pregnancy in women with structural heart disease.46 Whilst no 
deaths have been documented from a primary arrhythmia in the 
United Kingdom, 20% of the cardiac deaths (ten deaths) in the 
2006–2008 Confidential Enquiries2 report were attributed to sud-
den adult/arrhythmic death syndrome (SADS) where a primary 
arrhythmia was presumed to be the cause of cardiac arrest.

Pathophysiology
There are a number of cardiovascular adaptations that occur dur-
ing pregnancy that are thought to result in the increased incidence 
of arrhythmias in pregnancy (Box 41.2). Pregnancy may also affect 
the trigger for arrhythmias as most tachycardic episodes are initi-
ated by ectopic beats. These occur more commonly in pregnancy 
and may contribute to the increased frequency of arrhythmias.47

Diagnosis
The most common symptom reported is palpitations. Shortness 
of breath and chest pain may occur with relatively minor arrhyth-
mias in late pregnancy. Syncope and presyncope may reflect 
underlying cardiac disease, but may also be attributed to a fall 
in BP due to peripheral vasodilatation particularly in the second 
trimester.48 Patient enquiry should focus on any family history 
of arrhythmias or sudden death as these may be an indicator of 
hereditary cardiac disease.

It is important to attempt to diagnose the type of arrhythmia 
as this will determine appropriate treatment as well as providing 
prognostic information. Investigations should aim to establish 
whether any underlying cardiac disease exists, or whether there 
are underlying systemic disorders such as thyroid disease, pulmo-
nary embolism, or sepsis.

Resting ECG is often unremarkable but may reveal a delta wave 
due to pre-excitation in Wolff–Parkinson–White (WPW) syn-
drome. Holter monitors, event recorders, or implantable loop 
recorders in conjunction with an accurate patient diary may all 
be used in pregnancy. Echo should be performed to diagnose 
structural and functional heart disease. Exercise ECG may be 
performed with care taken to avoid exceeding the woman’s nor-
mal exercise capacity whilst tilt-table testing is avoided beyond 24 
weeks of pregnancy due to supine hypotension from inferior vena 
cava (IVC) compression. Electrophysiological studies are usually 
delayed until after delivery.11

General principles of treatment
Antiarrhythmic drugs are required in a minority of cases where 
there have been severe symptoms or significant haemodynamic 
compromise. Digoxin can be used for ventricular rate control but 
does not prevent recurrence. Beta blockers, class  I antiarrhyth-
mics, and sotalol should be used with caution with right ventric-
ular (RV) or LV impairment and amiodarone is only used if all 
other drugs have failed.9

DC cardioversion may be used for women who are haemody-
namically compromised by sustained tachyarrhythmia. DC car-
dioversion can be used safely in all stages of pregnancy as the 
amount of current reaching the fetus is small.44

Box 41.2  Pathophysiological mechanisms responsible 
for arrhythmias during pregnancy

◆	 Elevated heart rate: modifies the effective refractory period 
and the velocity of conduction

◆	 Reduced potassium levels
◆	 Increased sympathetic tone
◆	 Increased intravascular volume results in mechani-

cal stretch of atria and ventricles which can unveil an 
arrhythmogenic focus

◆	 Direct effect of hormones on cardiac excitability
◆	 Increased number of myocardial alpha adrenoceptors due to 

oestrogen
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Arrhythmias associated with structural and congenital 
heart disease
Supraventricular and ventricular arrhythmias requiring treat-
ment develop in up to 15% (mean 5%) of patients with CHD 
during pregnancy.49 In the European Registry, supraventricular 
arrhythmias occurred most commonly in patients with valvular 
heart disease, whilst ventricular arrhythmias were most common 
in patients with cardiomyopathy.4 Where a patient has repaired 
CHD the prevalence of arrhythmias increases with age and is 
the result of surgical scarring, the underlying lesion, and age-
ing. Patients who have undergone atrial surgery or who have RV 
impairment are particularly vulnerable to atrial flutter.

Supraventricular tachycardia
The majority of episodes of paroxysmal SVT (PSVT) occur during 
the third trimester of pregnancy, labour, delivery, or postpartum.48 
Atrioventricular (AV) node re-entry tachycardia and AV re-entry 
tachycardia involving an accessory pathway can be treated with 
vagal manoeuvres, or intravenous adenosine. Adenosine is the 
first-line drug for terminating PSVT with doses of 6–12 mg suc-
cessfully terminating 89% of episodes50 although up to 24 mg has 
been used. Metoprolol is an alternative. Intravenous verapamil 
may cause fetal distress secondary to maternal hypotension.

Prophylactic treatment is only required when symptoms have 
been intolerable or haemodynamic compromise has occurred. 
Digoxin and metoprolol are first-line agents followed by sotalol, 
flecainide, and propafenone.9 AV nodal blocking agents are con-
traindicated in patients with WPW as this can result in uncon-
trolled conduction down the accessory pathway resulting in 
maternal compromise.

Catheter ablation should only be considered during pregnancy 
for drug refractory or poorly tolerated arrhythmias. Women with 
a preceding history of SVT should be considered for catheter abla-
tion prior to pregnancy. If this does not occur then the decision to 
stop or continue prophylactic medication should be made on an 
individualized basis following careful consideration of the risks 
versus the benefits.

Atrial flutter/Atrial fibrillation
Atrial fibrillation (AF) and atrial flutter (AFl) are rare in pregnancy 
unless there is structural heart disease, hyperthyroidism, or elec-
trolyte disturbance. Serious haemodynamic compromise to the 
mother and fetus may occur, particularly in women with valvu-
lar heart disease. Management is as the same as for non-pregnant 
patients with cases involving haemodynamic compromise being 
treated with DC cardioversion. Amiodarone is avoided due to fetal 
toxicity. It is preferable to attempt either electrical or chemical 
cardioversion in patients acutely as this avoids the need for anti-
coagulation. Flecainide may be used to cardiovert women with 
structurally normal hearts, whilst alternatives include beta block-
ers such as atenolol and sotalol, verapamil and procainamide. 
Digoxin may be used for rate control. Where AF/AFl is present for 
more than 48 hours, anticoagulation should be considered.
Ventricular tachycardia
Ventricular tachycardia (VT) is rare in pregnancy. In healthy 
women, the most common cause of VT in pregnancy is due to 
idiopathic RV outflow tract tachycardia. It originates from the 
RV outflow tract just below the pulmonary valve and may cause 

ectopic beats, bigeminy or short runs of non-sustained VT. VT 
occurring in women with structural heart disease or ventricular 
dysfunction is associated with an increased risk of sudden car-
diac death.51 VT results in hypotension with subsequent reduced 
coronary perfusion and ischaemia resulting in VF. New onset of 
VT in the last month of pregnancy or in the early postpartum 
period should alert clinicians to the possibility of peripartum 
cardiomyopathy.

Irrespective of the underlying cause for VT, DC cardioversion 
should be performed in all women who are haemodynamically 
compromised. In those who are stable, lidocaine, procainamide, 
sotalol, and amiodarone may be considered. In patients with 
stable polymorphic VT, electrolytes should be corrected includ-
ing magnesium and any precipitating drugs should be stopped. 
Temporary overdrive pacing may be required. Amiodarone, vera-
pamil, and cardioselective beta blockers may be used for prophy-
laxis. Automatic implantable cardiac defibrillators (AICDS) have 
been used successfully in pregnancy52 and should be considered 
where drug treatment for VT fails and for women surviving a car-
diac arrest. Catheter ablation may be used when drug therapy fails.

In women with a family history of sudden death arrhythmo-
genic disorders, long QT syndrome (LQTS) should be considered. 
This occurs in both autosomal dominant and recessive forms. The 
risk of cardiac events is significantly increased in the postpartum 
period in such women but not during pregnancy and delivery.53 
LQTS may also be acquired as a result of certain drugs, electro-
lyte imbalance and metabolic conditions. If untreated the annual 
mortality is 1–2%. It is associated with an increased risk of poly-
morphic VT (torsades de pointes) which unless self-terminating 
may degenerate to ventricular fibrillation (VF). Beta blockers 
and occasionally cardiac pacing are used as prophylaxis. If the 
QT interval is greater than 550 ms or a patient survives a cardiac 
arrest then an implantable defibrillator should be inserted.

Many drugs used in theatres and anaesthetics are capable of 
either prolonging the QT interval directly, or predispose or exac-
erbate QT prolongation secondary to haemodynamic changes. In 
particular hypertension, bradycardia, tachycardia, hypoxaemia 
and electrolyte disturbances should be avoided in patients at risk.
◆	 Terbutaline and ritodrine which are used to arrest preterm 

labour or for tachyphylaxis should be avoided.
◆	 Oxytocin as a bolus of 10 units intravenously prolonged the QTc 

at 1 minute in normal women with a return to normal at 3 min-
utes.54 Thus oxytocin should be administered as an infusion of 
5 units over 20 minutes in women with LQTS for the prevention 
of postpartum haemorrhage.

◆	 Antibiotics: macrolides should be avoided, and the quinolone 
group and antifungals fluconazole and ketoconazole may have 
variable effects on QTc.

◆	 Antiemetics: ondansetron, granisetron, and droperidol should 
be avoided. Cyclizine can be used safely.55

◆	 Volatile agents: all volatile agents prolong the QTc.56 However, 
volatile agents have been used successfully in patients with 
LQTS receiving beta blockers.55 In general, reference books 
tend to advocate the use of isoflurane over sevoflurane although 
there are very few studies comparing the safety amongst vol-
atile anaesthetics. Propofol does not have any effect on the 
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QT interval thus total intravenous anaesthesia may be used 
although this may not be feasible in an emergency situation.

◆	 Phenylephrine has been used successfully in LQTS patients 
with hypotension secondary to neuraxial blockade. Ephedrine 
should be avoided due to sympathomimetic effects.

◆	 Some anaesthetists recommend omission of epinephrine from 
the epidural solution. This is not a universally accepted practice.55

◆	 An up-to-date list of drugs to be avoided or used with caution in 
patients with LQTS can be found at http://www.crediblemeds.org

Bradyarrhythmias
Bradyarrhythmias are rare in pregnancy and usually have a 
favourable outcome in the absence of underlying heart disease. 
Sinus bradycardia may occur secondary to supine hypotension or 
the Valsalva manoeuvre. First-degree AV block can occur without 
underlying heart disease. Second-degree AV block is more com-
monly associated with drugs or structural heart disease and may 
result following repair of tetralogy of Fallot or a ventricular sep-
tal defect. Women with isolated congenital complete heart block 
usually have a favourable outcome and rarely require insertion 
of a permanent pacemaker. Permanent pacemaker insertion is 
reserved for symptomatic women with complete heart block and 
ideally should be performed after the first trimester with shielding 
of the uterus to minimize irradiation of the fetus.

Sudden Adult/Arrhythmic Death Syndrome
SADS is defined as sudden unexpected cardiac death (i.e. pre-
sumed fatal arrhythmia) where all other causes of sudden col-
lapse are excluded including a drug screen for stimulants. SADS 
is a pathological diagnosis and includes those unexplained cases 
with a morphologically normal heart by both gross and histo-
logical examination.2 The incidence of SADS appears to be ris-
ing with ten deaths recorded in the 2006–2008 Confidential 
Enquiries report. Six of the ten women had booking BMIs 
ranging from 30 to 45 kg/m2 and obesity has been suggested as 
a potential risk factor. Cardiac hypertrophy is associated with 
obesity in the absence of hypertension, and both obesity and 
cardiac hypertrophy are risk factors for arrhythmia and sudden 
cardiac death.

Management of pregnant women with arrhythmias
Pregnancy

◆	 Women with a history of arrhythmias should have preconcep-
tion review by a cardiologist to discuss the risks of pregnancy.

◆	 The use of antiarrhythmic drugs should be reviewed to optimize 
dose and to select drugs which are safe to take in pregnancy.

◆	 Anticoagulant medication may need to be altered as warfarin is 
contraindicated in the first trimester.

◆	 Catheter ablation should be considered prior to pregnancy in 
women with a history of SVT.

◆	 Women with pacemakers tolerate pregnancy well and the pres-
ence of an AICD is not a contraindication to pregnancy nor 
does pregnancy increase the risk of major AICD complications 
or frequency of discharge.52

Labour

◆	 The mode of delivery is determined by obstetric considerations. 
Vaginal delivery is preferred and the decision on whether to 
allow maternal expulsive efforts during the second stage should 
be decided on a case-by-case basis. Expulsive efforts can cause 
reflex bradycardia but can also increase circulating catechola-
mine levels and thus trigger an arrhythmia.

◆	 Women with a history of arrhythmias should have continu-
ous ECG monitoring as well as pulse oximetry and regular BP 
measurements during labour.

◆	 Neuraxial analgesia is recommended for women who are symp-
tomatic or have haemodynamic compromise due to arrhyth-
mia. Slow incremental epidural analgesia preserves maternal 
haemodynamic stability and minimizes the increase in circu-
lating catecholamines.

◆	 Phenylephrine is the vasopressor of choice for those with tach-
yarrhythmias whilst ephedrine should be used for women with 
bradycardia.

Caesarean delivery

◆	 Low-dose spinal component CSE or de novo slow incremental 
epidural may be preferred for CD as single-shot spinal results in 
rapid reduction in SVR with resultant reflex tachycardia.

◆	 Syntocinon® should be given by slow intravenous infusion to 
avoid tachycardia.

◆	 Following delivery women should continue to be moni-
tored in a high dependency setting for a minimum period of 
24 hours.

Cardiac transplantation
The number of cardiac transplants performed in children and 
women of childbearing age is increasing.57 Survival rates at 
1 year and 5 years are 84% and 85% respectively (conditional 
on 1-year survival).57 The commonest reason for heart trans-
plantation in these groups is viral cardiomyopathy although 
the number of people being transplanted for CHD is increas-
ing. Combined heart–lung transplants occur more frequently 
than solitary heart transplants. The majority of recipients have 
the underlying aetiology of CHD, idiopathic pulmonary artery 
hypertension, and cystic fibrosis.58 Many women who have 
undergone cardiac transplantation regain normal functional 
status and may desire children. In general, pregnancy is well tol-
erated in cardiac transplant recipients provided the functional 
status of the patient pre-pregnancy is good.59 The incidence of 
graft rejection during pregnancy and the postpartum period 
is unaltered and despite the use of immunosuppressant drugs 
the incidence of birth defects is similar to the general popula-
tion.58 The most frequent maternal complications are thought 
to be secondary to immunosuppressive therapy and include 
hypertension, pre-eclampsia, and infection.60 Episodes of acute 
allograft rejection are usually mild and do not require treat-
ment.59 Fetal complications include preterm delivery and low 
birth weight.60,61
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Pathophysiological changes of pregnancy after cardiac 
transplantation
The transplanted heart lacks autonomic and somatic innervation. 
As a result the baseline HR is 100–120 beats per minute. Drugs 
acting via the vagus nerve such as atropine have no effect whilst 
indirectly acting vasopressors may have unpredictable effects. 
Phenylephrine is the vasopressor of choice. Directly acting sym-
pathomimetics such as isoprenaline reliably produce inotropy and 
chronotropy. The denervated heart responds to the increased car-
diovascular demands of pregnancy by atypical adaptive mecha-
nisms. An increase in stroke volume occurs in response to higher 
CVP and intravascular volume, and a delayed increase in HR 
and contractility occur in response to circulating catecholamines 
from the adrenal medulla. The denervated heart is therefore more 
susceptible to hypovolaemia.

Multivessel coronary artery occlusion develops in 30% of car-
diac transplant recipients at 3 years and 50% at 5 years.62 Due to 
the lack of innervation episodes of myocardial ischaemia are silent 
and paroxysmal dyspnoea may be the only symptom.

Management
Pregnancy

◆	 All cardiac transplant patients should have a recent Echo and 
cardiac catheterization report as these provide assessment of 
ventricular function, the extent of atherosclerosis and permits 
endomyocardial biopsy to assess rejection.

◆	 Exercise tolerance during pregnancy should be recorded at every 
visit as this may be the only indication of cardiac ischaemia.

◆	 Regular monitoring of blood concentrations of immunosup-
pressants is required as the increase in blood volume may neces-
sitate an alteration to their dose.

◆	 Patients should have regular BP assessment due to the risk of 
hypertension and pre-eclampsia.

Labour

◆	 The mode of delivery is determined by obstetric indications 
with vaginal delivery being preferred.

◆	 All staff need to take particular care with asepsis for all proce-
dures including examinations due to the increased risk of sepsis 
secondary to immunosuppression.

◆	 Cardiac transplant patients generally tolerate the haemody-
namic changes of labour and delivery well.63 Although cen-
tral venous and pulmonary artery pressure monitoring may 
be useful for assessing intravascular volume and gauging fluid 
therapy, the risks from introducing infection may outweigh any 
perceived benefit.64 Intravascular volume should be maintained 
with intravenous hydration and avoidance of IVC compression.

◆	 Patients should have continuous ECG, pulse oximetry, and reg-
ular BP monitoring throughout labour.

◆	 Additional steroid cover may be required for patients receiving 
higher doses.

◆	 Epidural anaesthesia is advocated during labour and delivery 
to minimize the hyperdynamic cardiovascular responses that 
may occur.65 Camann et al.65 had recommended the avoidance 

of epinephrine containing local anaesthetics due to concerns of 
increasing the HR further. However, this has been used without 
any untoward effect.64

Caesarean delivery

◆	 Epidural or low-dose spinal component CSE is preferred over 
single-shot spinal for operative delivery as this allows a slower 
onset of block, and therefore more haemodynamic stability.

◆	 Antibiotic prophylaxis should be given for all operative 
deliveries

◆	 Phenylephrine is recommended for treating hypotension.
◆	 Patients should be monitored for 24–48 hours post delivery in a 

high dependency area.

Aortic disease and aortic dissection
Due to hormonal changes in pregnancy and up to 6 months post-
partum, aortic dissection may occur both in women with and 
without underlying vascular disease. Approximately one-half 
of aortic dissections in women below 40  years of age are preg-
nancy related.66 Aortic dissection can occur at any time during 
pregnancy and the puerperium but more than half of dissections 
occur during the third trimester. Aortic dissection is a devastating 
condition: the mortality rate associated with pregnancy is 25%.67

Risk factors

◆	 Acute or chronic hypertension. This is usually, but not always 
present when aortic dissection occurs

◆	 Collagen vascular diseases:

•	 Marfan syndrome (MFS)

•	 Ehlers–Danlos (ED) syndrome type IV
◆	 Bicuspid aortic valve
◆	 Previous repair of aortic coarctation.

Marfan syndrome
Medical literature traditionally quotes the risk of aortic dissection 
in women with MFS as 1% in pregnancy even in the absence of dila-
tation of the aortic root.9 This is mainly based on case reports and 
retrospective studies. A recent prospective study of 199 pregnan-
cies in 69 women with MFS did not document any aortic dissec-
tions even in the 14 women who started pregnancy with an aortic 
root diameter between 45 and 51 mm.68 This study also evaluated 
the aortic root diameter with echocardiography regularly during 
55 pregnancies in 35 women. Aortic root diameters are known to 
increase by up to 1 mm in normal women in pregnancy. In women 
with MFS, slightly more aortic root dilatation was seen which did 
not entirely return to baseline postnatally.68 Pregnancy may there-
fore have long-term implications for women with MFS.68 Women 
who have aortic root diameters greater than 40 mm prior to preg-
nancy, or who are seen to have progressively increasing aortic root 
diameters during pregnancy, are thought to be at significantly 
increased risk of aortic dissection and need careful monitoring dur-
ing pregnancy.9 In women who have already undergone aortic root 
replacement, aortic dissection may still occur in the native aorta. 
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Mitral valve prolapse and regurgitation may progress in pregnancy 
with signs and symptoms of heart failure and arrhythmias.9

Ehlers–Danlos syndrome Type IV
ED syndrome Type IV carries a very high risk of morbidity and 
mortality in pregnancy compared to the other nine ED subtypes. 
Type IV is transmitted as an autosomal dominant syndrome. In 
the general population, type IV EDS is very rare with an incidence 
of 1/50,000–1/100,000.69

Morbidity and mortality in pregnancy may occur due to:
◆	 Spontaneous rupture and dissection of large vessels, including 

the aorta, even in the absence of vessel dilatation
◆	 Uterine rupture
◆	 Vascular fragility puts women at risk of postpartum 

haemorrhage.

Bicuspid aortic valve
Congenital bicuspid aortic valve occurs in the general population 
with a rate of 1–2%. A  high proportion of patients with bicus-
pid aortic valves will have some degree of aortic root dilatation 
whether or not there is dysfunction of the valve.70 However, the 
risk of aortic dissection is less compared with women who have 
MFS: women with bicuspid valves are considered WHO class IV 
when aortic dilatation is greater than 50 mm.9 Aortic dilatation 
may occur in the distal aorta which makes conventional imaging 
with echocardiography less reliable.

Pathophysiology of aortic dissection
Progesterone causes changes in vascular collagen. Dissections 
occur if tears in vascular intima and adventitia propagate and cre-
ate a false lumen. In the aorta, dissection may extend proximally 
and or distally. Signs and symptoms of aortic dissection are due to 
ischaemia and infarction of end organs (such as limb ischaemia, 
cerebrovascular accident (CVA), renal hypoperfusion) as dissec-
tion interrupts arterial supply. Vessel rupture may occur into the 
pericardium, abdomen, thoracic cavity and mediastinum. If dis-
section occurs proximally through the aortic arch, interruption 
of blood supply to organs supplied by the aortic arch will occur 
causing CVA, myocardial ischaemia and infarction, aortic regur-
gitation, pericardial tamponade, upper limb ischaemia, bronchial 
compression and recurrent laryngeal nerve palsy.

Classification of aortic dissection
Aortic dissection may be classified as Stanford type A (i.e. involv-
ing the ascending aorta with or without involvement of the 
descending aorta: DeBakey types I and II) and Stanford type B 
(i.e. involving the descending aorta distal to the origin of the left 
subclavian artery only: DeBakey type III) (Figure 41.2). Most dis-
sections occurring in pregnancy are type A (78.9%).71

Presentation
A typical presentation of acute aortic dissection is a woman pre-
senting with severe chest pain radiating through to the back. 
‘Saving Mothers’ Lives’ urges medical staff to thoroughly investi-
gate women who need strong opiates for analgesia for chest pain.2 
Other symptoms depend on the location and extent of the dissec-
tion and presence of aortic rupture, but may include:

◆	 Differential BP measurements in the arms and legs
◆	 Ischaemic limbs
◆	 CVA
◆	 Dyspnoea
◆	 Myocardial ischaemia and infarction
◆	 Signs of acute aortic regurgitation
◆	 Signs of pericardial tamponade
◆	 Lower abdominal pain.

Investigations
The gold standard for diagnosis is computed tomography (CT) 
or magnetic resonance (MR) angiogram72 (Figure 41.3). These 
imaging modalities will reveal the location and extent of dissec-
tion. Abnormalities on chest X-ray (CXR), ECG, and Echo may 
point to the diagnosis before confirmation by CT or MR. CXR 
may reveal a widened mediastinum, signs of heart failure due to 
acute aortic incompetence, pericardial and pleural effusions, or 
may appear normal. ECG may reveal ST segment elevation due 

De Bakey Type I Type II

Type BType A

Type A

Type B

Stanford

De Bakey

Stanford

Type I Originates in the ascending aorta, propagates at least to
the aortic arch and often beyond it distally. 
Originates in and as confined to the ascending aorta. 

Originates in the descending aorta and extends
distally down the aorta or, rarely retrograde into the
aortic arch and ascending aorta.

All dissections involving the ascending aorta, regardless of
the site of orgin.
All dissections not involving the ascending aorta.

Tsai T T et al. Circulation. 2005;AA2:3802-38A3

Type II

Type III

Type III

Figure 41.2  The most common classification systems of thoracic aortic 
dissection: Stanford and DeBakey.
Reproduced with permission from Christoph A. Nienaber, Kim A. Eagle, Aortic Dissection: 
New Frontiers in Diagnosis and Management: Part I: From Etiology to Diagnostic Strategies,  
Circulation, Volume 108, Issue 5,  pp. 628–635, Copyright © 2003 Wolters Kluwer Health, Inc. 
Data from Daily PO et al., ‘Management of acute aortic dissections’, The Annals of Thoracic 
Surgery, 1970, 10, 3, pp. 237–247; and DeBakey ME et al., ‘Surgical management of dissecting 
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to acute myocardial ischaemia and infarction. Echocardiography 
may reveal a widened aortic root and dissection flap if dissec-
tion has occurred in the proximal aorta, pericardial effusion, and 
aortic regurgitation. TOE will enable imaging of the descending 
aorta.72

Management of women with aortic disease 
in pregnancy
Women who have very significant aortic dilatation (>45 mm in 
MFS, >50  mm associated with bicuspid aortic valves) prior to 
pregnancy are advised to avoid conception until surgical repair 
has been carried out.9 Women with underlying aortic pathology, 
require frequent assessment of aortic diameter with echocardi-
ography and good control of BP throughout pregnancy. The ESC 
guidelines9 recommend that women with MFS are treated with 
beta blockers in pregnancy:  this has been shown to limit aortic 
dilatation and reduce the risk of dissection. Celiprolol is specifi-
cally recommended in women with ED type IV.

Over 60% of patients with MFS may have dural ectasia: up to 
90% may be asymptomatic. Patients with EDS may also be at risk 
of dural ectasia.73 If this is moderate or severe, narrowing of the 
epidural space may make the risk of dural puncture unacceptably 
high. In addition dural ectasia may make the spinal dose difficult 
to estimate as CSF volume may be increased.74 MRI evaluation of 
the lumbar spine should be considered to assist diagnosis.

Intrapartum management aims to limit cardiovascular stress by 
controlling maximal BP and rapid swings in BP. The ESC task-
force recommends controlled vaginal delivery with incremental 
epidural analgesia and assisted second stage for women with MFS 
and aortic diameters between 40 and 45 mm.9

If women with MFS have an aortic diameter greater than 45 mm, 
elective CD is recommended due to the high risk of aortic dissection.

An early elective CD should be planned for all women with ED 
type IV.

Both during labour and delivery, invasive BP monitoring ena-
bles accurate control of BP.

(A)

   

(B)

(C)

Figure 41.3  Computed tomography angiogram (CTA) of thoracic dissecting aneurysm. (A) Sagittal CTA showing dissection flap extending down from thoracic to 
abdominal aorta. (B) Axial image from CTA thorax. (C) Axial CTA image showing flap extending into both common iliac arteries with top of postpartum uterus.
Thanks to Dr. Hamish Ireland for the CTA Images of the aortic dissection.
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Management of women with aortic dissection 
in pregnancy
Women who suffer aortic dissection in pregnancy require imme-
diate aggressive control of BP to limit further dissection. Acute 
type A aortic dissections require surgical correction. Definitive 
surgical management of the dissection will be undertaken with 
or without CD depending on gestation.62 Where aortic rupture 
and organ malperfusion have not occurred, type B dissections are 
usually treated conservatively.71

Cardiomyopathy
Cardiomyopathy (CMP) is encountered rarely in pregnancy.9 CMP 
may be inherited (hypertrophic cardiomyopathy (HCM), some 
types of dilated cardiomyopathy (DCM), arrhythmogenic RV 
cardiomyopathy, LV non-compaction cardiomyopathy, and some 
restrictive cardiomyopathies) or acquired. CMPs may be of toxic, 
infiltrative, ischaemic, and idiopathic aetiology. The symptoms of 
CMP overlap with normal symptoms of pregnancy, especially in 
the later stages of pregnancy, which can make diagnosis difficult.

The commonest forms of CMP encountered in pregnancy in 
the United Kingdom are peripartum cardiomyopathy (PPCM), 
DCM, and HCM. Both PPCM and DCM are acquired LV 
cardiomyopathies.

Peripartum cardiomyopathy and dilated 
cardiomyopathy
PPCM and DCM may manifest in similar ways in pregnancy, but 
DCM may be pre-existing or may present early in pregnancy when 
CVS physiological changes cause cardiac decompensation. In con-
trast, PPCM presents at the end of pregnancy or within 5 months 
after delivery. The Heart Failure Association of the European Society 
of Cardiology Working Group on PPCM (2010) have suggested an 
alternative definition of PPCM to include idiopathic heart failure 
occurring due to LV systolic dysfunction which presents towards 
the end of pregnancy or in the months following pregnancy.75 
Seventy-eight per cent of PPCM cases occur 4 months postnatally, 
compared with 9% in the last month of pregnancy.75 LV dilatation is 
not necessarily present in PPCM in contrast to DCM.

Incidence and aetiology
The limited data available regarding the incidence of PPCM sug-
gests that the incidence varies widely in different populations 
ranging between 1/300 (Haiti) and 1/4000 (United States) preg-
nancies.75 Whilst the aetiology of PPCM is unknown, possible 
causes include:
◆	 Viral infection
◆	 Inflammation
◆	 Autoimmune
◆	 Haemodynamic stress of pregnancy
◆	 Prolactin (excessive production)76

◆	 Genetic predisposition.76

In contrast to PPCM where aetiology is speculative, the cause of 
DCM may be identified in up to 50% of cases as:
◆	 Infections (e.g. viral)
◆	 Connective tissue diseases

◆	 Haematological (e.g. sickle cell anaemia)
◆	 Endocrine (e.g. thyroid disorders)
◆	 Drugs (e.g. alcohol)
◆	 Nutritional deficiencies
◆	 Kawasaki
◆	 Ischaemic
◆	 Arrhythmogenic RV CMP
◆	 Muscular dystrophy
◆	 Metabolic (e.g. haemochromatosis).

Risk factors
The risk factors for PPCM are listed in Box 41.3.

Diagnosis
Presentation of PPCM and DCM in pregnancy may be insidious, 
or may be due to an acute decompensation causing florid car-
diac failure. This may be difficult to differentiate from the nor-
mal symptoms of pregnancy. However, progressive exertional 
dyspnoea, paroxysmal nocturnal dyspnoea (PND), orthopnoea, 
recumbent cough, tachypnoea, and auscultatory chest signs are 
rarely features of a normal pregnancy.77

A typical presentation might include the following signs and 
symptoms:
◆	 Fatigue, lassitude
◆	 Progressive exertional dyspnoea, orthopnoea, PND
◆	 Cough
◆	 Wheeze (which may confuse the diagnosis with asthma), bilat-

eral basal crepitations
◆	 Tachypnoea
◆	 Hypoxaemia
◆	 Peripheral oedema
◆	 Chest pain
◆	 Palpitations, tachycardia, arrhythmias
◆	 Raised JVP
◆	 Gallop rhythm

Box 41.3  Risk factors for peripartum cardiomyopathy

◆	 Older or very young maternal age
◆	 Black ethnicity
◆	 Multiple gestations
◆	 Increasing parity
◆	 Obesity
◆	 Family history
◆	 Smoking
◆	 Diabetes mellitus
◆	 Prolonged use of beta agonists
◆	 Hypertension

 

 

 

 

 

 

 

 



Part 9  systemic disease in pregnancy652

◆	 Hepatomegaly
◆	 Embolic phenomenon due to pulmonary emboli or due to 

emboli secondary to mural thrombus.

Investigations
◆	 CXR:  typically will reveal cardiomegaly and pulmonary 

oedema. Pulmonary effusions may be seen.
◆	 ECG: likely to show tachycardia. May reveal dysrhythmias. ST 

segment, T-wave changes, Q waves, and ventricular ectopic 
beats are common. Left bundle branch block is present in up to 
50% of cases.78

◆	 Echo will demonstrate reduced LV systolic function with an 
ejection fraction (EF) less than 45%, usually with global cardiac 
dilatation. Mitral regurgitation is often seen.78 Echo will also 
detect intracardiac thrombus.

Management
This will depend on the stage of pregnancy. Immediate manage-
ment is focussed on stabilization of the mother’s cardiac function 
and is the treatment of heart failure:9,79

Pregnancy
◆	 Oxygen therapy to optimize oxygen saturation. Non-invasive 

ventilation may be required.
◆	 Diuretics such as 20–40 mg furosemide intravenously for treat-

ment of pulmonary congestion (which may reduce placental 
blood flow).

◆	 Nitrates, nifedipine, hydralazine (to reduce afterload) where 
systolic BP is adequate.

◆	 Anticoagulation in prophylactic or treatment doses (if very poor 
EF less than 35%, if cardiac thrombus is present or the patient is 
in persistent AF).

◆	 Antiarrhythmics for AF or atrial flutter (digoxin) or careful rate 
control with cardioselective beta blockers in women whose CO 
is preserved.

◆	 ACE inhibitors and ARBs are used postnatally (ACE inhibitors 
and ARBs are teratogenic early in pregnancy, and may cause 
fetal hypotension and reduced fetal renal blood flow later in 
pregnancy).

◆	 More intensive therapies may be needed:  inotropic support, 
counter-pulsation intra-aortic balloon device, ventricular assist 
devices, and sometimes cardiac transplantation.

◆	 Bromocriptine, which blocks prolactin release, is a potential 
novel therapy which has reported some success in case reports 
and one randomized pilot study for postnatal treatment.80

Labour
◆	 Depending on response to treatment, mode of delivery will be 

planned by the multidisciplinary team. Delivery will relieve the 
physiological burden of pregnancy on the mother’s CVS. If the 
mother’s cardiac failure can be stabilized, vaginal delivery with 
assisted second stage and early incremental epidural pain relief 
will usually be planned.5

◆	 Invasive arterial BP monitoring would be useful prior to epi-
dural insertion.

Caesarean delivery
◆	 CD would be needed for women with obstetric indications, who 

are fully anticoagulated or in whom stabilization of heart fail-
ure cannot be achieved.9

◆	 For women who are not fully anticoagulated, anaesthesia for 
CD may be provided by a low-dose spinal component CSE, or 
a slow incremental epidural. Both techniques are titratable and 
preserve myocardial contractility and reduce afterload. Invasive 
arterial BP monitoring should be used before commencement of 
anaesthesia.

◆	 GA will be needed for women who are unable to lie flat.

Prognosis for PPCM
In data from the United States, Turkey, and Haiti, between 23% and 
41% of women regain normal LV systolic function.75 This is more 
likely if EF at diagnosis is higher. Mortality rates for PPCM are 
not known in Europe, but worldwide, mortality rates of between 
10% and 16% at 6 months after diagnosis have been reported.75 It 
is strongly advised that women undergo preconception counsel-
ling prior to subsequent pregnancies. Limited studies suggest that 
there are very significant risks in future pregnancies even if LV 
function has returned to normal.9,75,28 Subsequent pregnancy is 
not advised if LV EF was less than 25% at diagnosis, or where LV 
EF has not normalized.5,22 Where LV function has normalized, 
risks include a 26% chance of developing cardiac failure, and 9% 
risk of persistent fall in LV EF of more than 20%. In women whose 
LV function has not normalized, there is a 50% chance of worsen-
ing cardiac failure, 42% chance of persistent fall in LVEF greater 
than 20%, and a 25% risk of maternal death.11

Hypertrophic cardiomyopathy
Incidence and aetiology
Ninety per cent of HCM is familial and is inherited in an autoso-
mal dominant pattern.81 The prevalence of HCM is 1/500.82 HCM 
consists of asymmetrical hypertrophy of the LV and interventricular 
septum which causes diastolic LV dysfunction, atrial and ventricular 
arrhythmias and left ventricular outflow tract obstruction (LVOTO). 
Systolic LV dysfunction may also occur and mitral regurgitation 
may be present with LVOTO. When LVOTO occurs the cardiomyo-
pathy may be termed ‘hypertrophic obstructive cardiomyopathy’.

Presentation
Many patients with HCM are asymptomatic, but symptoms may 
include chest pain, dyspnoea, arrhythmias (atrial and ventricu-
lar), presyncope and syncope (due to LVOTO), heart failure, and 
sudden death which may present at any age.

Management
Pregnancy
◆	 HCM is usually well tolerated in pregnancy:  the risk of preg-

nancy correlates well with NYHA class before conception,9,81 
degree of LVOTO, and presence of arrhythmias.

◆	 For women deemed to be very high risk before embarking on 
pregnancy, surgery may be an option to reduce LVOTO.

◆	 Beta blockers should be continued in women who take them 
prior to pregnancy. Beta blockers may be started in pregnancy 
for symptoms or where LVOTO is significant or if interven-
tricular septal thickness is greater than 15 mm.9
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◆	 Some women with HCM may have implantable cardiac defibril-
lators for prevention of ventricular arrhythmias and sudden 
death. Rates of cardiac events in HCM are similar in pregnant 
and non-pregnant patients: pregnancy does not appear to alter 
disease progression.81

Labour
◆	 In low-risk cases, a vaginal birth may be considered.
◆	 Tachycardias (which will reduce LV diastolic filling, thereby 

reducing LV preload and increasing LVOTO), and sudden 
decreases in preload (e.g. due to Valsalva during expulsive efforts 
and significant blood loss) and afterload should be avoided.

◆	 The degree of LVOTO needs to be considered before using 
neuraxial analgesia and anaesthesia as these may be relatively 
contraindicated.

◆	 A pure alpha agonist such as phenylephrine is the vasopressor 
of choice as tachycardia and increased contractility are to be 
avoided.81

◆	 Fluid balance needs to be carefully maintained.
◆	 Assisted delivery should be considered for women with signifi-

cant LVOTO to avoid reduction in venous return and CO due to 
the Valsalva manoeuvre.83

◆	 Syntocinon® for active management of the third stage should be 
given slowly over 15–30 minutes by infusion.

Caesarean delivery
◆	 CD is indicated for women with obstetric indications, decom-

pensated heart failure, and symptomatic LVOTO.81

◆	 LVOTO, if severe, would favour GA as sudden falls in SVR and 
BP can be avoided.83

◆	 GA would be required for women who cannot lie flat due to 
decompensated heart failure.

◆	 Syntocinon® for active management of the third stage should be 
given slowly over 15–30 minutes by infusion.

Valvular heart disease
Most valvular heart disease in pregnancy in resource-rich coun-
tries is due to CHD. This is in contrast to resource-limited coun-
tries where the majority of valvular heart disease is acquired due 
to RHD.9 The UK triennial Confidential Enquiries into Maternal 
Deaths have stressed the importance of evaluating non-UK born 
residents from resource-limited backgrounds early in pregnancy 
for signs of valvular heart disease.8

In general, right-sided lesions are better tolerated than left-sided 
lesions, and due to the physiological changes which occur in preg-
nancy, regurgitant lesions are better tolerated than stenotic lesions 
for the following reasons:
◆	 Rapidly increasing CO leads to higher peak gradients across 

stenotic valves which causes higher upstream pressures in 
the heart.

◆	 The relative tachycardia in pregnancy increases oxygen demand 
to the myocardium.

◆	 A fixed stenotic lesion will limit the heart’s ability to increase CO.

◆	 The lowered SVR and increase in HR in pregnancy are benefi-
cial for regurgitant lesions and conversely detrimental to sten-
otic lesions.

Aortic stenosis
Aortic stenosis (AS) may present for the first time during preg-
nancy. Usually mild to moderate AS is well tolerated in pregnancy. 
In contrast, severe AS poses a high risk with heart failure occur-
ring in 10% and arrhythmias in 3–25%.9 Death is rare in devel-
oped countries.

Aetiology
In resource-rich countries, AS is most frequently congenital due to 
a bicuspid aortic valve. In contrast, in resource-limited countries, 
AS is usually due to RHD. More than 50% of women who have a 
bicuspid valve will have associated abnormality and dilatation of 
the aorta whether the bicuspid valve causes haemodynamic com-
promise or not:70 women with bicuspid valves should have careful 
monitoring of aortic diameter during pregnancy. Anatomically, 
AS may be supravalvular, valvular, or subvalvular.

Presentation
Women may present for the first time during pregnancy as the 
stenosed aortic valve struggles to cope with the increasing CO, 
HR, and reduction in SVR in pregnancy. A woman with AS may 
present with:
◆	 Dyspnoea
◆	 Angina
◆	 Presyncope or syncope
◆	 Signs and symptoms of cardiac failure
◆	 Sudden death may occur.

Typical signs of AS are:
◆	 Slow rising pulse
◆	 Narrow pulse pressure
◆	 Heaving apex beat
◆	 Ejection systolic murmur heard loudest at the upper right ster-

nal edge with carotid radiation.

Investigations
◆	 ECG: may reveal LVH, left axis deviation, lateral ST segment 

depression in severe disease.
◆	 CXR: may show signs of cardiac failure.
◆	 Echo: will diagnose valve lesion, and severity, associated pathol-

ogy such as dilated aortic root and enables assessment of cardiac 
function. Due to the increase in CO in pregnancy, pressure gra-
dients across the valve will increase which may be misleading. 
For this reason, valve area is used to categorize severity where a 
normal valve area is 2.6–3.5 cm2. Mild AS is greater than 1.5 cm2, 
moderate AS 1.0–1.5 cm2, and severe AS less than 1.0 cm2.84

Management
Pregnancy
◆	 Tachycardia should be avoided: beta blockers may be very useful 

to slow HR enabling increased LV filling, increased coronary 
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perfusion and limiting oxygen demand. Diuretics are required 
for heart failure. For symptomatic and severe disease medical 
treatment will include bed rest and oxygen therapy aiming to 
prolong gestation.

◆	 Surgical management for severe disease not responding to med-
ical therapy is either by means of percutaneous valvuloplasty or 
more rarely aortic valve replacement.

Labour
◆	 Assisted vaginal delivery with slow early incremental epidural 

analgesia is the preferred option. Good epidural analgesia will 
limit the work of labour minimizing tachycardia and surges in CO.

◆	 Careful monitoring should be undertaken with continuous 
ECG, SaO2, and non-invasive BP.

◆	 Invasive monitoring with IABP ± CVP is useful for moderate 
and severe disease.

◆	 Care after delivery should be either intensive therapy or high 
dependency.

◆	 Haemodynamic goals are:

•	 avoidance of aortocaval compression

•	 maintenance of sinus rhythm. Tachycardia should be avoided. 
Bradycardia should also be avoided to prevent falls in CO

•	 optimization of LV filling by keeping the woman well filled

•	 avoidance of sudden falls in SVR.

Caesarean delivery
◆	 CD is planned for women who have severe disease and espe-

cially those who are symptomatic in the third trimester, or for 
those with obstetric indications.

◆	 Traditionally GA has been used for severe AS,19 but there are 
increasing numbers of case reports which have safely used neu-
raxial techniques either with low-dose CSE or slow incremental 
epidural.85

◆	 Invasive monitoring is essential for moderate or severe disease. 
IABP is very useful ± CVP. If the patient undergoes GA, TOE is 
useful if available.

◆	 For GA, CVS response to induction should be obtunded with 
either alfentanil or remifentanil.

◆	 Syntocinon® bolus during the third stage should be avoided. 
An infusion of 2–5 units over 20–30 minutes will limit CVS 
changes. Ergometrine and carboprost are contraindicated.

◆	 As with vaginal deliveries, women with significant AS after CD 
should be cared for in a level 2 or 3 area.

◆	 Haemodynamic goals are as listed earlier under ‘Labour’.

Mitral stenosis
Significant valve stenosis may lead to left atrial dilatation with risk 
of AF, pulmonary hypertension, and RV hypertrophy and dilata-
tion. Women who are most at risk include:
◆	 Moderate or severe MS. Risk of death of up to 3%.9 Women with 

severe disease are WHO class  IV. Pre-pregnancy counselling 
should advise against pregnancy.

◆	 Women who decompensate during pregnancy either due to 
poor tolerance of physiological burden or development of AF.

◆	 Pulmonary hypertension with peak systolic pressure greater 
than 50 mmHg.

Aetiology
In both the developed and the developing world, mitral stenosis 
(MS) is usually due to RHD.

Presentation
Women may present for the first time during pregnancy especially 
during the second and third trimesters as CO peaks and SVR falls 
to a nadir. Symptoms and signs are those of left- and-right sided 
heart failure including:
◆	 Fatigue, lethargy
◆	 Dyspnoea, PND, orthopnoea
◆	 Cough
◆	 AF
◆	 Systemic embolism (from AF and or dilated LA)
◆	 Chest pain
◆	 Haemoptysis (with pulmonary hypertension)
◆	 Pleural effusions, peripheral oedema, hepatomegaly, ascites
◆	 Symptoms of compression by LA: hoarse voice (recurrent laryn-

geal nerve compression), dysphagia (oesophageal compression)
◆	 Typically a mid-diastolic rumbling murmur is heard on 

auscultation.

Investigations
◆	 ECG: may show bifid p waves due to LA enlargement. AF may 

be present
◆	 CXR: may reveal enlarged LA, cardiac failure, prominent pul-

monary arteries
◆	 Echo: valve area is used to assess severity in pregnancy where an 

area of 4–6 cm2 is normal, less than 1.5 cm2 indicates moderate 
disease, and an area of 1.0 cm2 or less indicates severe disease. 
Degree of gradient across the valve, and pulmonary hyperten-
sion are used as prognostic indicators.

Management
Pregnancy
◆	 Prevention of tachyarrhythmia and aggressive treatment of AF 

using beta blockers. Digoxin may be used as a second-line drug 
treatment or DC cardioversion if drug treatment fails.

◆	 Diuretics will treat fluid overload due to heart failure.
◆	 Low-molecular-weight heparin (LMWH) is required for AF or 

LA dilatation.
◆	 Bed rest and O2 therapy may enable a woman to reach a more 

desirable gestation.
◆	 Surgical intervention for poorly controlled severe disease may 

be life-saving. Percutaneous balloon valvuloplasty may be 
offered if the valve looks amenable, that is, absence of significant 
valve regurgitation and a pliable valve. Mitral valve replacement 
is rarely performed in pregnancy.
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Labour
◆	 Assisted vaginal delivery with early slow incremental epidural 

is usually advised for women with mild disease or women with 
more severe disease who are NYHA 1 or 2 and without pulmo-
nary hypertension. Otherwise planned CD is advised.9

◆	 Monitor continuously in labour with ECG, SaO2, non-invasive BP.
◆	 Invasive BP ± CVP are useful for moderate or severe disease.
◆	 After delivery, care should take place in a level 2 or 3 area.
◆	 Haemodynamic goals:

•	 avoid aortocaval compression.

•	 incremental epidural analgesia will reduce the work of labour 
by limiting increases in CO and HR due to pain and Valsalva. 
Epidural analgesia is useful in the immediate postpartum 
period to reduce preload.

•	 prevention of fluid overload. A dose of diuretic should be con-
sidered at the time of delivery to offset the effect of autotrans-
fusion. Venous return should be maintained by avoiding 
aortocaval compression. Excessive fluids should be avoided.

•	 maintain sinus rhythm and avoid tachycardia. AF should be 
treated promptly.

•	 avoid rapid reductions in SVR. If vasoconstriction is required, 
phenylephrine is rapidly titratable, and does not cause 
tachycardia.

•	 avoid factors likely to increase pulmonary arterial pres-
sure: give O2, avoid acidosis, hypercarbia, and pain.

Caesarean delivery
◆	 CD is planned for women who have severe disease, that is, those 

who are NYHA class 3 or 4, and for those with pulmonary 
hypertension, or for women with obstetric indication.

◆	 Invasive monitoring is essential for moderate or severe disease. 
IABP is very useful ± CVP.

◆	 If NA is used, low-dose spinal component CSE or slow incre-
mental epidural provide slow-onset titratable anaesthesia.

◆	 If the patient undergoes GA, TOE is useful if available.
◆	 For GA, cardiovascular response to induction should be 

obtunded with either alfentanil or remifentanil.
◆	 Syntocinon® bolus during the third stage should be avoided. An 

infusion of 2–5 units over 20–30 minutes will limit cardiovascu-
lar changes. Ergometrine and carboprost are contraindicated.

◆	 As with vaginal deliveries, women with significant MS after CD 
should be cared for in a level 2 or 3 area.

◆	 Haemodynamic goals are as listed earlier under ‘Labour’.

Aortic and mitral regurgitation
Both aortic and mitral regurgitation (AR and MR) are usually 
well-tolerated in pregnancy unless regurgitation is severe or of 
sudden onset. The reduction in SVR and tachycardia in pregnancy 
favour regurgitant lesions.

Aetiology
◆	 AR and MR may be both congenital and acquired.
◆	 AR may be due to bicuspid valves, dilated aortic root (e.g. MFS), 

IE, aortic dissection, and RHD.
◆	 MR may be due to mitral valve prolapse, RHD, after valvulo-

plasty, IE, and functional due to LV dilatation.

Presentation
Both conditions may present with dyspnoea, and signs and symp-
toms of heart failure. AR may present with angina due to reduc-
tion in coronary blood flow. MR may present with palpitations 
due to AF in association with dilatation of the LA.

Typical signs of AR are:
◆	 collapsing pulse
◆	 wide pulse pressure
◆	 high-pitched early diastolic murmur at upper left sternal edge 

especially in expiration with woman sitting forward.

A typical sign of MR is:
◆	 pan-systolic murmur radiating to apex.

Investigations
◆	 Both conditions should be investigated with ECG, CXR, and Echo.
◆	 ECG: may show LVH for both valve lesions. Ischaemia may be 

seen in AR, and AF in MR.
◆	 CXR: both conditions may lead to cardiomegaly and signs of 

cardiac failure. In MR, a dilated LA may be seen.
◆	 ECHO: Doppler will enable quantification of severity of valve 

regurgitation.

Management
Pregnancy
◆	 Regular monitoring of cardiac function should be undertaken.
◆	 Medical management is the mainstay of treatment in pregnancy:

•	 heart failure is treated with diuretics

•	 hydralazine and nitrates may be necessary to reduce  
afterload.

Labour
◆	 Assisted vaginal delivery with incremental epidural analgesia 

is planned for women with significant disease. Good epidural 
analgesia will limit increases in SVR due to pain and Valsalva 
manoeuvre.

◆	 Haemodynamic goals:

•	 Relative tachycardia and lowered SVR are the physiological 
goals to reduce valve regurgitation

•	 Aortocaval compression should be avoided

•	 SR should be maintained.

Operative delivery
◆	 If GA is needed, cardiac depression should be minimized.
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Prosthetic heart valves
Women with prosthetic heart valves should be referred for car-
diology assessment early in pregnancy. In general, women with 
well-functioning tissue valves do well in pregnancy. In contrast, 
the risk of mortality with mechanical valves is 1–4%.86 This risk of 
valve thrombosis is low for tissue valves and generally women are 
not anticoagulated. The risk of valve thrombosis is much higher 
with mechanical valves and lifelong anticoagulation is required. 
The risk of valve thrombosis is higher again in pregnancy due to 
hypercoagulability.87

Anticoagulation poses risks to both the mother and baby:
◆	 Risk of bleeding from the placental bed
◆	 Fetal loss (one-third with warfarin. Dose dependent)
◆	 Embryopathy in 5–6% fetuses with warfarin between 6 and 12 

weeks gestation. Dose dependent
◆	 Fetal bleeding in second and third trimester.9

Unlike warfarin, heparin does not cross over the placenta to 
the fetus:  therefore there are no fetal risks. However, the risk 
of mechanical valve thrombosis is 25% with unfractionated 
heparin compared with warfarin. Most women will therefore be 
maintained on LMWH anticoagulation during pregnancy, with 
monitoring of peak anti-factor Xa levels and also trough levels, 
as guided by expert haematology advice, in high-risk women. 
Unfractionated heparin is reserved for situations where rapid 
reversal of anticoagulation is needed. Consensus guidelines 
do not exist for optimal anticoagulation regimes in pregnancy. 
Each patient should therefore be referred for specialist advice 
early in pregnancy and an individual plan for optimal anticoag-
ulation made on a case-by-case basis.88 Multidisciplinary plan-
ning for labour and delivery will be required. Unless there are 
obstetric indications for CD, vaginal delivery will usually be the 
preferred option. To limit the risks of maternal haemorrhage 
at delivery, and haematomas associated with neuraxial block, 
induction of labour is often planned to enable step-down or 
rapid reversal of anticoagulation. UKOSS are currently inves-
tigating the outcomes of pregnancy in women with mechanical 
heart valves.

Infective endocarditis
In contrast to resource-limited countries where RHD is com-
mon, resource-rich countries have a very low incidence of IE in 
pregnancy:  1/100,000 pregnancies.9 The main at-risk group in 
resource-rich countries are intravenous drug misusers where IE 
may occur on normal heart valves. IE may be associated with dis-
eased or prosthetic heart valves, septal defects, shunts, baffles, and 
AVMs. The risk for these groups rises to 0.5%.9 The main causative 
organism in pregnancy is Streptococcus. Mortality rates are very 
high in pregnancy with up to 33% of mothers dying.9 The major 
complications are due to heart failure precipitated by acute valvu-
lar regurgitation, and embolic disease.

IE is diagnosed in the same way as in non-pregnant patients, 
and is treated with long-term antibiotics. Surgical treatment is 
reserved for patients whose medical treatment has failed.

Routine antibiotic prophylaxis for the prevention of IE, for 
women with valve disorders or other predisposing heart lesions, 
is not required for women undergoing obstetric procedures. These 

include urinary catheterization, amniocentesis, chorionic villus 
sampling, normal vaginal delivery, instrumental vaginal delivery, 
and CD.89

Conclusion
Heart disease is a leading cause of maternal death throughout 
the world. In many resource-rich countries it is the most com-
mon overall cause of maternal mortality: the vast majority of these 
deaths are due to AHD. AHD is also a significant cause of severe 
maternal and fetal morbidity. As risk factors for AHD become 
more prevalent in women of reproductive age, mortality and 
severe morbidity may increase. However, the majority of preg-
nant women even with the most severe types of AHD achieve safe 
deliveries. Assessment, treatment, and detailed peripartum plans 
agreed by a multidisciplinary team, consisting of cardiologists, 
obstetricians, and obstetric anaesthetists, are fundamental to a 
safe approach to pregnancy in women with AHD. Most women 
will undergo a vaginal delivery:  in this instance an early incre-
mental epidural will reduce the cardiorespiratory work of labour. 
Where operative delivery is undertaken, slow-onset NA is becom-
ing a more accepted approach even in severe cardiac disease.

In stark contrast to patterns of cardiac disease in the Western 
world, RHD is still highly prevalent in developing countries. 
Without the same available resources, many more women are 
dying in pregnancy as a result of their cardiac disease compared 
with women in developed countries.
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Respiratory disease
Wendy H. L. Teoh

Cystic fibrosis
Epidemiology and prevalence
Cystic fibrosis (CF) is a fatal autosomal recessive genetic dis-
ease involving chloride channels, affecting 1/2500–3200 live 
Caucasian births. CF was first distinguished from coeliac dis-
ease in 1938 when the autopsy studies of malnourished infants 
revealed ‘cystic fibrosis of the pancreas’. Previously regarded as a 
uniformly fatal childhood disease, it has transitioned to a chronic, 
progressive disease of adults.1 Since genetic identification in 1989 
and improvements in diagnosis and therapeutic advances, CF suf-
ferers have attained significant gains in quality of life, pregnancy, 
and longevity. The median survival age of patients with CF is now 
38 years and increasing.2 Declines in newborn CF incidence from 
1975 to 2009 have been reported consecutive to the availability of 
prenatal diagnosis in France3 and Australia.3,4

Genetics
The cause of CF is a mutation in a single gene on chromosome 7, 
that encodes the cystic fibrosis transmembrane conductance reg-
ulator (CFTR).5,6 CFTR functions as an adenosine triphosphate- 
and cyclic adenosine monophosphate (cAMP)-dependent chloride 
channel that is found at the apical border of epithelial cells lining 
most exocrine glands. Clinical CF is associated with mutations 
in the CFTR gene (of which the most common mutation among 
Caucasians, DeltaF508, was identified in 19897) where epithe-
lial cells are unable to alter chloride permeability in response to 
changes in cAMP, decreasing the water content of various secre-
tions, and resulting in increased viscosity and luminal obstruc-
tion. Organs that express CFTR in their epithelial cells are affected, 
notably the airways (including sinuses and lungs), gastrointestinal 
tract (including pancreas and biliary system), the sweat glands, 
and the genitourinary system.

Clinical manifestations
Pulmonary disease is responsible for more than 90% of the mor-
bidity and mortality in patients with CF8 stemming from the ina-
bility to clear thickened and inspissated mucus from the airways. 
Chronic airway obstruction with decreased forced expiratory 
volume in 1 second (FEV1) and peak expiratory flow (PEF), and 
increased residual volume is seen. Colonization with Pseudomonas 
aeruginosa, Staphylococcus aureus, Haemophilus inf luenza, 
Stenotrophomonas maltophilia, and other Gram-negative organ-
isms commonly occurs. Burkholderia cepacia and Aspergillus 
fumigatus are associated with high morbidity and mortality. 
Recurrent bacterial infections result in dilation of the conducting 

airways and bronchiectasis.9 With disease progression, there is 
destruction of parenchyma and loss of pulmonary arterial vascu-
lar cross-sectional area. Ventilation/perfusion inequality results in 
chronic hypoxaemia, an increase in pulmonary vascular resistance 
(PVR), pulmonary hypertension, and cor pulmonale. Spontaneous 
pneumothorax is prevalent in older patients and those with more 
severe pulmonary impairment (FEV1 of <40% predicted).10

Non-respiratory manifestations of CF include exocrine pan-
creatic deficiency, malabsorption, failure to thrive, fat-soluble 
vitamin deficiencies, recurrent pancreatitis, CF-related diabetes 
mellitus, hepatobiliary cirrhosis and portal hypertension, intes-
tinal obstruction, increased gastroesophageal reflux, infertility, 
obstructive azoospermia, and salt-losing syndromes.

Diagnosis
Diagnosis is based on sweat chloride measurements greater 
than 60 mEq/L plus the following characteristic clinical symp-
toms: presence of chronic obstructive lung disease (cough, chronic 
purulent sputum production, exertional dyspnoea) or a family 
history of CF. Chronic pansinusitis is universal. Malabsorption 
responsive to pancreatic enzyme treatment is evidence of exocrine 
insufficiency associated with CF. Obstructive azoospermia con-
firmed by testicular biopsy is also strong evidence of CF. Other 
laboratory findings include CFTR genotype with two known CF 
mutations, and nasal potential difference testing to detect CFTR 
dysfunction.2

Impact of pregnancy on cystic fibrosis
With improvement in clinical care and longer survival of patients 
with CF, pregnancy has become commonplace. Deterioration of pul-
monary function occurs as CF patients may be unable to meet the 
required increases in pregnancy-associated minute ventilation and 
oxygen uptake. Blood volume and cardiac output increments pre-
cipitate right heart strain, congestive heart failure, and pulmonary 
hypertension in those with moderate-to-severe pulmonary disease.

Of 20 pregnancies from 18 women with CF during the period 
1995–2009, all women delivered live births apart from one ther-
apeutic abortion. Three mothers either died or required lung 
transplantation after pregnancy (range 2.5–8.0 years).11 Factors 
associated with poor outcome in pregnant CF patients are weight 
gain less than 4.5 kg, forced vital capacity (FVC) less than 50% 
predicted, pulmonary colonization with B. cepacia, frequent pul-
monary infections, diabetes mellitus, malnutrition, and pancre-
atic insufficiency.12,13

Despite these negative effects, pregnancy can be managed with-
out a persisting decrement in lung function beyond what may be 
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expected in non-pregnant CF.14 Successful pregnancy outcome 
has even been reported in a CF patient following heart, lung, and 
renal transplant.15

With the increasingly positive outcomes for people with CF, it is 
likely that more couples will chose to pursue pregnancy, cognisant 
of the risks and longer-term issues for mother, child, and family. 
Successful outcomes for mother and child can be achieved with 
appropriate multidisciplinary care. The process begins prior to 
conception and requires frequent monitoring of the mother’s res-
piratory status, level of glycaemic control and obstetric well-being. 
Overall long-term survival appears unaffected16 but intensive 
health monitoring, more frequent use of intravenous (IV) antibi-
otics, and hospitalization17 is evident in pregnant CF patients (due 
to respiratory exacerbations, diabetic treatment, supplementary 
nutrition, etc.).18 A multidisciplinary team of providers is optimal 
to address the variety of issues that arise in such a pregnancy.

Impact of cystic fibrosis on pregnancy
The incidence of intrauterine growth retardation, low birth weight 
infants, and preterm labour and delivery is increased for women 
with CF, especially those with the worst pulmonary, nutritional, 
and pancreatic function.19,20 FEV1 less than 60% predicted and 
body mass index (BMI) less than 20 kg/m2 were significant pre-
dictors of fetal complications.11 A recent review of 523 pregnan-
cies in 401 women showed 83.1% of 516 pregnancies resulted in 
live births, of which 24% delivered preterm; miscarriage occurred 
in 6.3% and therapeutic abortion in 10% of pregnancies.21

Medical management
Comprehensive care at adult subspecialty centres decreases hos-
pitalization, and improves morbidity and mortality. Respiratory 
management includes chest physiotherapy with postural drain-
age: breathing exercises, high-frequency chest compression with 
an inflatable vest, and airway oscillation with a flutter valve are 
less time-consuming and do not require trained personnel. 
Adrenergic agonists (e.g. salbutamol) can be used for bronchial 
hyper-reactivity; bronchodilator therapy is considered if patients 
have an increase of 10% or more in FEV1 in response to an inhaled 
bronchodilator. Chronic suppressive antibiotic therapy with aero-
solized tobramycin22 and oral azithromycin23 decreases exacer-
bations of CF. The abnormal viscosity of airway secretions is due 
primarily to neutrophils and their degradation products. DNA 
released from neutrophils forms long fibrils that increase vis-
cosity. Recombinant human deoxyribonuclease 1 (dornase alfa 
(Pulmozyme®)) cleaves this DNA, and increases sputum clearance, 
reduces air trapping,24 improves FEV1, and decreases pulmonary 
exacerbation rate.25 Inhaled aztreonam lysine is also beneficial for 
chronic airway Pseudomonas aeruginosa.26,27 Hypertonic saline 
acutely increases mucociliary clearance and has emerged as a safe 
and inexpensive adjunct therapy.28 CF patients have a significant 
inflammatory component with asthma or asthma-like symptoms 
and benefit from oral or inhaled glucocorticoids. Continuous 
supplemental oxygen is the only medical therapy effective in 
treating pulmonary hypertension and improving right ventricle 
performance.29 After lung transplantation, 1- and 5-year sur-
vival rates of 89% and 71% respectively have been reported, with 
the presence of diabetes not associated with a worse outcome.30 
Antithymocyte globulin induction therapy confers a significant 
survival benefit in CF patients undergoing lung transplantation 

and reduces rejection.31 Nasal polyps, hypertrophy, and hyperpla-
sia of nasal/sinus mucosa may benefit from use of decongestants 
or topical glucocorticoids, saline irrigation, and surgical drainage 
of sinonasal passages.

Obstetric management
The primary issue is whether pregnancy is advisable, dependent on 
pregravid CF maternal health. CF is the first genetic disorder for 
which universal screening of preconceptional or prenatal patients 
became a component of standard prenatal care. Carrier screen-
ing facilitates risk assessment for prospective parents to have an 
affected offspring, although there remains a small residual risk for 
carrying a mutation even with a negative screening result.32 There 
has been a modest reduction in the live-birth prevalence of CF 
since the introduction of newborn screening.33

Anaesthetic management
CF sufferers have usually established long-term relationships with 
their respiratory physicians or CF specialists, are familiar with 
their disease, and have knowledge of healthcare systems. These 
strengths should be harnessed by the obstetric anaesthetist, and 
management decisions made in tandem with the CF parturient’s 
multidisciplinary care team throughout the delivery and periop-
erative period. Neuraxial anaesthetic techniques are promoted to 
avoid airway instrumentation and exacerbating risk of pulmonary 
complications.

Preoperative assessment and optimization
A thorough pulmonary evaluation is indicated. The interview 
should elicit the history of CF, disease progression, presence of 
cough, quality and quantity of mucus production, frequency 
of respiratory infections and airway reactivity, wheezing and 
response to bronchodilators, and functional exercise capacity. It is 
perfectly acceptable to order a chest radiograph, and a recent one 
is crucial to diagnose pneumothorax, pneumonic processes, or 
bullous disease. Lung hyperinflation is evidenced by diaphragm 
flattening, prominence of the retrosternal space, and kyphoscolio-
sis in late disease. Bronchovascular markings, initially present in 
upper lobes, progress to the lower lobes later in the disease process. 
Peribronchial cuffing and parallel-lined ‘tram tracks’ will be seen 
with bronchiectasis and cyst formation. Chest computed tomog-
raphy may be helpful to delineate the extent of bronchiectasis, but 
does not correlate with exercise tolerance, and may appear worse 
than the patient’s actual physical capabilities.34 Baseline arterial 
blood gas analysis should be performed looking for CO2 reten-
tion. Pulmonary function testing typically shows an obstructive 
pattern:  increased ratio of residual volume to total lung capac-
ity and decreased forced expiratory flow at 25–75% of lung vol-
ume. Greater reductions in FEV1 and FEV1/FVC ratio epitomize 
disease progression. Late findings of increased PVR, right ven-
tricular hypertrophy, and cor pulmonale indicate advanced and 
decompensated CF, with great mortality. The perioperative man-
agement of patients with CF also encompasses a pancreatic and 
hepatobiliary evaluation. Coagulopathy resulting from vitamin 
K deficiency or general malnutrition should be excluded with 
prothrombin time and partial thromboplastin time. Aspiration 
prophylaxis is imperative due to increased incidence of gastroe-
sophageal reflux disease (GORD) in CF patients. Glucose intoler-
ance is rife and may require escalating insulin therapy.
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Issues affecting labour and vaginal delivery
Labour pain relief from neuraxial anaesthesia should aim to pro-
vide adequate analgesia, prevent maternal hyperventilation to 
limit the increased work of breathing, avoid high thoracic motor 
blockade that will impair the CF parturient’s cough reflex and 
ability to expectorate thick secretions, and include avoidance 
of respiratory depression (e.g. parenteral opioids). Intrathecal 
opioids have been used successfully35 but should be monitored 
closely for respiratory depression. Continuous lumbar epidural 
analgesia (avoiding a high block) with dilute bupivacaine solu-
tions is ideal.36–38 Continuous pulse oximetry monitoring and 
supplemental oxygen therapy are advisable due to the high inci-
dence of hypoxaemia in CF patients.

Issues regarding caesarean delivery
Neuraxial anaesthesia techniques (e.g. single-shot spinal, com-
bined spinal–epidural (CSE), or epidural top-up) are ideal in 
minimizing postoperative pulmonary complications, with the 
same treatment goals as outlined above for labour and vaginal 
delivery. However, if general anaesthesia cannot be avoided, the 
increased risk of aspiration (from GORD) and bronchospasm 
need to be factored into the anaesthetic plan. The goal would be 
to have a parturient with minimal respiratory depression and full 
recovery of airway reflexes at the end of surgery and anaesthe-
sia. Nasopharyngeal airways should be avoided due to sinona-
sal disease including sinus polyps. A rapid sequence induction 
should be preceded by non-particulate antacids and H2 antago-
nists. CF is an obstructive process, and prolonged expiratory 
times may be necessary, as well as humidification of inspired 
gases and minimization of peak airway pressures to reduce the 
risk of barotrauma and pneumothorax. Nitrous oxide should 
be used with caution because of the increased risk of pneumo-
thorax formation with positive pressure ventilation, as well as 
the likely presence of multiple blebs. Volatile anaesthetic agents 
produce bronchodilation and may be preferable in CF patients 
to total IV anaesthesia techniques. Adjunctive pain medications 
should be administered for post-caesarean delivery (CD) analge-
sia (e.g. non-steroidal anti-inflammatory drugs, IV paracetamol 
to reduce opioid-related respiratory depression). Bilateral trans-
versus abdominis plane blocks are useful in reducing morphine 
consumption following CD under general anaesthesia.39 Before 
extubation, consider lung recruitment manoeuvres to avoid 
atelectasis and endotracheal suction to mobilize secretions. The 
patient should be extubated fully awake, and high dependency 
care for 24 hours to monitor respiratory function is necessary. 
Immediate postoperative chest physiotherapy may be beneficial 
to some patients.

Asthma
Definition
Asthma is derived from the Greek word aazein meaning ‘to pant’ 
and was first used in 450 BC by Hippocrates to describe a con-
dition characterized by spasms of breathlessness. The present 
Global Initiative for Asthma (GINA) definition of asthma covers 
a triad of airway pathology (chronic airway inflammation), disor-
dered airway function (reversible airway obstruction and airway 
hyper-responsiveness), and typical symptomatology.40

Epidemiology and prevalence
Asthma is the most common respiratory disorder to complicate 
pregnancy. The burden of asthma in pregnancy is increasing 
worldwide,41 with European estimates of at least 4% of women 
having asthma, and at least 8% of women in antenatal clinics in 
the United Kingdom having asthma.42 From 1976 to 2001,the 
prevalence of asthma in the United States has risen from 3% to 
8.8%43 and is 12% in Australia.44

Genetics
Genes and environmental exposures interact to influence the 
risk of asthma susceptibility and severity; implicated genes indi-
cate pathways for therapeutic intervention and provide insight 
into mechanisms of asthma severity progression.45 Two large 
meta-analyses of asthma susceptibility identified four chromo-
somal regions that were consistently associated with development 
of asthma in ethnically different individuals: loci in the ORMDL3 
gene region of 17q21, interleukin (IL)-1 receptor-like 1 isoform 
1 (IL-1RL/IL-18R) on chromosome 2q, thymic stromal lymphopoi-
etin (TSLP) on 5q22, and IL-33 on chromosome 9p24.46,47 Genetic 
variants in the major histocompatibility complex gene region 
(human leucocyte antigen region) on chromosome 6p21 indicated 
asthma susceptibility in Asian populations.48 Pharmacogenetic 
genome-wide screens also identified two correlated genetic vari-
ants in the glucocorticoid-induced transcript 1 (GLCCI1) gene 
that related to decreased response to inhaled glucocorticoids.49

Pathophysiology
The underlying mechanisms involve (a)  airway smooth mus-
cle (ASM)-related bronchial hyper-responsiveness, (b)  airway 
inflammation, and (c) remodelling changes in airway epithelium. 
This occurs against a backdrop of various genetic, environmen-
tal, biochemical, and immunological host characteristics affecting 
asthma phenotype and severity.

Changes in ASM contractile properties or impaired function 
of relaxant receptors play an important role in the development 
of bronchial hyper-responsiveness. G-protein coupled receptor 
(GPCR)-associated calcium responses in ASM can be modulated 
by a variety of inflammatory stimuli like tumour necrosis factor 
gamma, IL-13 (a T-helper type 2 (Th2) mediator in allergic asthma), 
or IL-1b.50 Vagal and sympathetic factors directly modulate air-
way tone. Asthmatic ASM is infiltrated by both mast cells (mast 
cell myositis) and T lymphocytes but apparently not eosinophils. 
Mast cell migration is further induced by the production of various 
chemotactic mediators secreted by the ASM itself, which is closely 
related to the ASM inflammatory microenvironment.50 This com-
plex relationship between ASM cells and inflammatory cells is pos-
tulated to be a possible way for ASM to organize inflammation.

Placental growth factor (PlGF) and its receptor vascular 
endothelial growth factor receptor 1 (VEGFR1) play an important 
role in pathological conditions related to angiogenesis, vascular 
leakage, and inflammation. PlGF and its receptor VEGFR1 were 
found to be up-regulated in allergic asthma, playing a proinflam-
matory role by inducing tissue oedema, increasing tissue neutro-
philia and the production of IL-17.51

Asthmatic bronchial remodelling is characterized by various 
structural changes, including abnormal epithelium, subepithelial 
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membrane thickening, alteration of the extracellular matrix depo-
sition, neoangiogenesis, mucus gland hypertrophy, and increased 
ASM mass.52 Inflammatory oedema and mucous plugging exac-
erbate airflow limitation and progressively impair the response 
to bronchodilator therapy. Recent evidence suggests that the 
increased ASM mass is the key feature of bronchial remodelling 
in asthma because of its association with a more severe asthma 
phenotype, and correlates with a decrease in lung function.50 
The airway remodelling, thickening, and aberrant communica-
tion between the injured airway epithelium and the pulmonary 
mesenchyme contributes to disease chronicity and refractoriness 
to corticosteroids.53 Genome-wide association studies of asthma 
provide strong evidence of the biological importance of pathways 
that communicate epithelial damage to the adaptive immune 
system, ultimately leading to airway inflammation. Moreover, 
cytokines derived from epithelial cells such as TSLP and IL-33 
are thought to promote the TH2 response through activation of 
receptors such as IL-1RL1 on cell types such as mast cells, TH2 
cells, and regulatory T cells.45

Diagnosis
Many patients with asthma during pregnancy will already be 
known asthmatics. A new diagnosis of asthma is usually suspected 
on the basis of characteristic symptoms (wheezing, chest tight-
ness, cough, shortness of breath), temporal relationships (fluctuat-
ing intensity, worse at night) and triggers (e.g. allergens, exercise, 
and infections). Chest auscultation may reveal wheezing (but its 
absence does not exclude it) and a prolonged expiration phase.

The most common differential diagnosis is dyspnoea of preg-
nancy, which can occur in early pregnancy in approximately 70% 
of women. This breathlessness is differentiated from asthma by its 
lack of association with cough, wheezing, or airway obstruction. 
Other differential diagnoses include GORD, allergic rhinitis with 
chronic cough from postnasal drip, bronchitis, pneumonia, pul-
monary oedema, and pulmonary embolism.54

Spirometry reliably demonstrates airflow obstruction, and is 
the diagnostic tool of choice.55 The diagnosis of asthma is con-
firmed by a reduced FEV1 with greater than 12% improvement 
after inhalation of a short-acting bronchodilator like salbutamol, 
or by an increase of greater than 10% of predicted FEV1 post sal-
butamol.55,56 The peak expiratory flow rate (PEFR) is another 
commonly used pulmonary function parameter. Peak flow meters 
are designed for monitoring asthma control and should not be 
used as diagnostic tools in the office because of significant vari-
ability in their reference values for predicted peak expiratory 
flow measurements. Current National Asthma Education and 
Prevention Program (NAEPP) guidelines suggest classifying 
degree of asthma severity in patients not on controller medication 
and degree of asthma control in patients on controller medication. 
Assessing severity or control involves determining the frequency 
of daytime symptoms, night-time symptoms, activity limitation, 
frequency of rescue therapy, and FEV1.57

In patients with normal pulmonary function, methacholine 
testing is often performed to confirm bronchial hyper-reactivity. 
However, methacholine testing is not recommended in preg-
nancy due to lack of available safety data. If reversibility of air-
way obstruction cannot be elicited after bronchodilator therapy, 
yet has a clinical picture consistent with asthma, the parturi-
ent should be empirically treated for presumed asthma until 

methacholine testing can be performed postpartum.58 Skin test-
ing for allergens is recommended for most non-pregnant patients 
with persistent asthma55 to help identify potential triggers such as 
mites, animal dander, mould, and cockroachs, for which specific 
environmental control instructions can be given; however, it is not 
recommended in pregnancy as it is associated with systemic reac-
tions and anaphylaxis. As an alternative, pregnant patients with 
persistent asthma may undergo blood testing for immunoglobulin 
E antibodies to specific allergens.58

Effects of pregnancy on asthma
The rule of thirds
Most women with asthma experience a change in their dis-
ease control while pregnant. One-third of women will improve, 
one-third will worsen, the remainder will remain unchanged. 
These changes are unpredictable from woman to woman and from 
pregnancy to pregnancy,59,60 necessitating careful regular review 
of asthma during pregnancy. While exacerbations may occur at 
any time during gestation, they appear to be more common in the 
late second trimester. This ‘one-third hypothesis’ of worsening 
asthma stemmed from a large prospective study of 330 parturients 
in the 1980s whose symptoms of wheeze and sleep and activity 
limitation due to asthma were significantly increased between 29 
and 36 weeks’ gestation.61 Exacerbations of asthma during labour 
and delivery can be predicted by severity:  Women with mild 
asthma had an exacerbation rate of 12.6% and hospitalization rate 
of 2.3%; those with moderate asthma had an exacerbation rate of 
25.7% and hospitalization rate of 6.8%; and severe asthmatics had 
exacerbation of 51.9% and hospitalization rate of 26.9%.62

Risk factors for asthma exacerbations during pregnancy
Atopy, sinusitis, and gastroesophageal reflux may also worsen 
in pregnancy, exacerbating asthma. Other risk factors for asth-
matic exacerbations include inadequate prenatal care, obesity, and 
inhaled corticosteroids nonadherence.63,64 The use of medication 
have profound effects on the course of asthma. One study found 
that asthma severity during pregnancy is similar to severity in the 
year before pregnancy, provided patients continue to use their pre-
scribed medication. If women discontinue medication, even mild 
asthma becomes significantly more severe.65 Respiratory tract 
viral infection is another culprit.64 Pregnant women and those 
with asthma are certainly two groups with significantly increased 
susceptibility to infection with influenza strains, including sea-
sonal and H1N1 influenza66,67 due to a reduced production of 
interferon gamma and IL-10 from peripheral blood mononuclear 
cells and attenuation of antiviral and regulatory immunity,68 
which can be significantly improved by vaccination.69 During the 
H1N1 pandemic in the United States, 7% of hospitalized patients 
were pregnant and 22% of these women had asthma. In total, 9% of 
all admissions to intensive care units (ICUs) and 16% of all deaths 
were among pregnant women, indicating that both the prevalence 
of illness and its severity is increased with pregnancy.66,70–74

Assessment of asthma severity
Different benchmarks have been used to assess asthma sever-
ity, be it clinical symptoms or pharmacological therapeutic 
requirements, therefore leading to variations in reported stud-
ies. Women with severe exacerbations in pregnancy have signifi-
cantly lower asthma-specific quality of life, which may be a more 
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sensitive measure of limitations due to asthma than symptoms 
alone.75 Teeter76 found that asthma symptoms correlated poorly 
with objective measures of airway obstruction FEV1 and PEF, as 
post-treatment improvement in those parameters were not seen 
despite a subjective improvement in asthma symptoms. This rein-
forces the recommendation to measure airway obstruction objec-
tively when assessing adult patients with chronic asthma.

Juniper and colleagues77 described an overall improvement in 
methacholine airway responsiveness (dose change required to 
lower FEV1 by 20%) in 16 parturients in the second trimester com-
pared with preconception or postpartum values, with an associ-
ated improvement in clinical asthma severity as indicated by a 
reduction in minimum medication requirements. However, this 
did not result from better asthmatic control, as both symptoms 
and spirometry remained unchanged during pregnancy. They 
found no relationship with serum progesterone or oestriol con-
centrations, suggesting that other non-hormonal factors may also 
contribute to the improvement during pregnancy.78

Mechanisms for changes in asthma during pregnancy
Hormonal involvement, altered immune function, and fetal-sex 
have been proposed as mechanisms in pregnancy-related changes 
in asthma.
Hormonal factors
Physiological factors that may improve asthma during preg-
nancy include higher levels of circulating cortisol, increased 
production of bronchodilating prostaglandins, and increased 
progesterone with advancing gestation that contributes to 
increased minute ventilation and cAMP-induced relaxa-
tion of ASM. Factors that may worsen asthma during preg-
nancy are decreased sensitivity to beta-adrenergic agonists, 
increased production of bronchoconstricting prostaglandins, 
and reduced sensitivity to circulating cortisol due to binding 
of steroid hormones (e.g. progesterone) to cortisol receptors. 
Juniper’s work showed that increasing levels of progesterone 
in pregnancy does not play a central role in attenuating air-
way hyper-responsiveness in asthmatics.77 Data has emerged 
that progesterone may actually worsen asthma by aggravating 
eosinophilic airway inflammation by enhancing systemic IL-5 
production, and increasing bronchial hyperreactivity.79 Thus, 
effects of pregnancy on asthma appear to involve factors other 
than direct hormonal effects on ASM.
Non-hormonal factors
Alterations in the maternal immune system during pregnancy 
such as a suppression of cell-mediated immunity may contribute 
to changes in asthma. Pregnancy-induced increases in regulatory 
T-cell prevalence was found to be absent in asthmatic pregnancies 
that interfere with physiological intrauterine growth.80 In a study 
of 208 pregnant women, asthmatic atopic women with pets in the 
home during pregnancy were found to have lower percentages of 
regulatory T cells than atopic women who did not have pets.81 
Others have also found that lymphocyte activation of CD4 and 
CD8 T cells and the number of natural killer T cells were found 
to be blunted in pregnancy.82 As lymphocyte activation charac-
terizes bronchial asthma, these pregnancy-associated immuno-
logical alterations may explain why some mothers experience an 
improvement in their asthma.

Heat shock protein (Hsp)-70 is a novel marker of the immu-
notolerance of pregnancy. It is decreased in the circulation of 

healthy pregnant women compared with non-pregnant adults83 
but asthmatic women exhibit higher levels of Hsp70 than their 
non-asthmatic counterparts.84 The role of this marker in the 
chronic inflammation of asthma and impact on perinatal out-
comes has not been fully elucidated yet.

IL-4 and gamma-interferon producing T-lymphocyte sub-
sets were found to be significantly increased in pregnant women 
with asthma, compared with healthy pregnant women and 
non-pregnant asthmatic women, but was not related to whether 
women perceived their asthma to have improved or worsened 
during pregnancy.85 Bronchial epithelial cells have demonstrated 
increased production of IL-8 and soluble intercellular adhesion 
molecule 1 in the presence of plasma from pregnant women with 
asthma, and results were suggestive of an increased chemotactic 
capacity86 which may be a mechanism contributing to worsening 
asthma in some pregnant women.

Progression of maternal asthma symptoms in pregnancy were 
thought to be influenced by the sex of the fetus,87–89 with female 
fetus having a higher incidence of hospitalization for asthma 
during pregnancy.90 However, other reports do not support this 
association.91,92 The largest study in this area of more than 10,000 
asthmatic pregnancies in Quebec found no differences between 
women pregnant with male and female fetuses with regard to the 
occurrence of severe exacerbations, or the use of inhaled corticos-
teroids or short-acting beta agonist.92

Effects of asthma on the parturient and fetus
A large meta-analysis of 40 publications between 1975 and March 
2009 involving 1,637,180 subjects confirmed the link between 
maternal asthma and increased risk of adverse perinatal out-
comes. Maternal asthma was associated with an increased risk of 
low birthweight (relative risk (RR) 1.46; 95% confidence interval 
(CI) 1.22–1.75), small for gestational age (SGA) (RR 1.22; 95% 
CI 1.14–1.31), preterm delivery (RR 1.41; 95% CI 1.22–1.61), and 
pre-eclampsia (RR 1.54; 95% CI 1.32–1.81). Encouragingly, the 
relative risk of preterm delivery and preterm labour were reduced 
to non-significant levels by active asthma management.93 The 
increased perinatal risks in pregnant asthmatic women have been 
postulated to be due to (a) hypoxia and other physiological sequelae 
of poorly controlled asthma, (b) medications used to treat asthma, 
and (c)  pathogenic or demographic factors (e.g. race, ethnicity, 
smoking, and obesity) associated with asthma but not actually 
caused by the disease or its treatment, such as abnormal placental 
function.94 Other publications confirm that mothers with asthma 
during pregnancy are also more likely to have CDs, diabetes mel-
litus,95 fertility treatments,58 membrane-related disorders and 
antepartum hemorrhage,95,96 pulmonary embolism and maternal 
ICU admissions,95 and SGA, low birth weight, or preterm birth 
infants than non-asthmatic women.97 A large Canadian cohort of 
41,637 pregnancies found an increased risk of congenital malfor-
mations (especially the nervous system (excluding spina bifida), 
respiratory, and digestive systems) in patients with maternal 
asthma compared to non-asthmatics, postulated to be due to fetal 
oxygen impairment from the disease itself, although the authors 
stated that further research would be needed to disentangle the 
relative effect of asthma and medications used to treat this dis-
ease.98 Lower maternal FEV1 has also been shown to be associated 
with increased gestational hypertension and prematurity in asth-
matic pregnancies.99 Racial disparity also exists. Asthma during 
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pregnancy was found to be a risk factor for low birth weight 
outcomes in black non-Hispanics but not white non-Hispanic 
women. Higher BMI and increased alcohol, tobacco, and illicit 
drug use were found in the black non-Hispanics. 100 Pregnant 
asthmatics with disease of mild-to-moderate severity can have 
excellent maternal and fetal outcomes. Conversely, mothers with 
severe or suboptimally controlled asthma during pregnancy have 
an increased maternal and fetal risk101,102 including increased 
perinatal mortality.103

New evidence suggests that circulating antioxidant pro-
files of pregnant women with asthma may impact fetal growth. 
Antioxidants are important during pregnancy due to their protec-
tive role against a state of high oxidative stress as gestation pro-
gresses. McLernon et al.104 characterized the circulating profile of 
tocopherols and carotenoids in pregnant women with asthma to 
determine whether asthma severity and dietary intake were associ-
ated with an altered antioxidant profile, to account for the increased 
incidence of intrauterine growth restriction in pregnant asthmat-
ics. They found that pregnant women with moderate/severe asthma 
had increased plasma concentrations of total carotenoids, lutein, 
and alpha-tocopherol late in gestation compared to those women 
with mild asthma and healthy pregnant controls. Moderate/severe 
asthmatics had higher erythrocyte alpha-tocopherol quinone lev-
els early in gestation relative to the controls but this marker of oxi-
dative stress decreased as gestation progressed. Tocopherols and 
carotenoids were positively associated with birth weight centile. 
These findings suggest that the maternal system adjusts antioxi-
dant pathways in response to the presence of a high oxidative load 
induced by asthma during pregnancy in an attempt to ensure con-
tinued fetal growth in an adverse environment.104

Medical management
The genetic predisposition to asthma and bronchial hyperactiv-
ity persists throughout life, and the adage that children outgrow 
their asthma is refuted.105 The ultimate goal of asthma therapy 
during pregnancy is to maintain adequate fetal oxygenation by 
prevention of maternal hypoxic episodes. Other goals include 
minimization or eradication of asthmatic exacerbations, daytime 
or nocturnal maternal symptoms, limitations of activities, main-
tenance of normal or near normal pulmonary function, minimal 
use of short-acting bronchodilators, and minimal or no adverse 
effects from medications.

A team approach is advised for the management of the asth-
matic parturient, involving the obstetrician, anaesthetist, and 
respiratory physician. Consultation with an asthma specialist is 
indicated for evaluation of the role of allergy and irritants, com-
plete pulmonary function studies, or evaluation of the medication 
plan if there are difficulties in achieving the goals of therapy, espe-
cially if the asthma is severe.

The effective management of asthma during pregnancy relies on 
four integral components: objective measures for assessment and 
monitoring, patient education, avoidance or control of asthma 
triggers, and stepwise titration of asthma pharmacotherapy. 
Asthma medications should be continued during pregnancy and 
while breastfeeding.106

Objective measures for assessment and monitoring
FEV1 after a maximal inspiration is the single best measure of 
pulmonary function. A mean FEV1 less than 80% predicted has 

been found to be significantly associated with increased preterm 
delivery between 32 and 37 weeks, and birth weight less than 
2500 g.99 However, measurement of FEV1 requires a spirometer. 
The PEFR correlates well with the FEV1, and can be reliably meas-
ured with inexpensive, disposable, portable peak flow meters by 
the parturient herself. This self-monitoring of PEFR can provide 
valuable insight to the course of asthma throughout the day, 
assess circadian variation in pulmonary function, and detect early 
signs of deterioration so that timely therapy can be instituted. 
Parturients with persistent asthma should be evaluated at least 
monthly and those with moderate-to-severe asthma should have 
daily home PEFR monitoring.57 The typical PEFR in pregnancy 
should be 380–550 L/min. The pregnant woman should establish 
her ‘personal best’ PEFR, then calculate her individualized PEFR 
zones: green zone greater than 80% of personal best, yellow zone 
50–80% of personal best, and red zone less than 50% of personal 
best PEFR as suggested by the American Lung Association.106

Management of asthma in pregnancy can also be guided by 
measurement of fraction of exhaled nitric oxide (FENO).107 
A  recent double-blind, randomized controlled trial involving 
220 parturients who had their treatment adjusted at monthly 
visits by an algorithm using clinical symptoms (control group) 
or FENO concentrations (active intervention group) to uptitrate 
(FENO > 29 ppb) or downtitrate (FENO <16 ppb) their inhaled 
corticosteroid dose, found that asthma exacerbations during 
pregnancy and neonatal hospitalizations could be significantly 
reduced with a validated FENO-based treatment algorithm.107

Patient education and smoking cessation
Proper asthma management should ideally be started in the pre-
conception period. Patients should be made aware that control-
ling asthma during pregnancy is especially important for the 
well-being of their fetus. Vital patient education should include 
a basic understanding of the medical management of asthma, 
adherence to controller medication, and early treatment of exac-
erbations. She should be instructed on the proper PEFR technique 
(performed standing, after maximal inspiration, and note the 
reading on the peak flow meter), monitoring of PEFRs, the correct 
use of inhalers, and strongly encouraged to quit smoking. Smoking 
is a well-recognized contributor to poor perinatal outcomes, and 
remains the most modifiable risk factor of asthma, so pregnant 
woman should avoid active and passive smoking. In pregnant 
women with asthma, current and former smokers had higher 
rates of severe exacerbation,108 and greater number of sympto-
matic days and nights of sleep disturbance were found among 
active smokers than in non-smokers with asthma.109 A  recent 
meta-analysis found a 20% increase in wheeze and asthma in chil-
dren exposed to passive smoking, therefore preventing parental 
smoking is crucial to the prevention of asthma.110

Avoidance or control of asthma triggers
75-80% of patients with asthma have positive skin tests to com-
mon allergens like animal dander, house dust mites, cockroach 
antigens, pollens, and moulds. Avoiding or controlling triggers 
can reduce asthma symptoms, airway hyper-responsiveness, 
and need for medication.57 Other non-immunological triggers 
include tobacco smoke, air pollutants, food additives such as sul-
phites, and certain drugs including aspirin and beta blockers. 
Exercise-induced asthma can be mitigated by inhalation of salbu-
tamol 10–30 minutes before starting.
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Pharmacological therapy
Medications used for asthma control in the non-pregnant popula-
tion are generally the same in pregnancy with a few exceptions. 
They are divided into two groups: the long-term controllers that 
prevent asthma manifestations (inhaled corticosteroids (ICS), 
long-acting beta-2-agonists (LABAs), leukotriene-receptor antago-
nists (LRTAs), cromoglicate, and theophylline) and rescue therapy 
such as salbutamol that provides quick relief of symptoms. Current 
pharmacological therapy emphasizes treatment of airway inflam-
mation to decrease airway hyper-responsiveness and prevent 
asthma symptoms. The ‘step-care’ therapeutic approach uses the 
least amount of drug intervention necessary to control a patient’s 
severity of asthma, and increases the number and frequency of 
medications with increasing asthma severity106 (Table 42.1).

Bronchodilators: inhaled short-acting beta-2 agonists (SABAs) 
salbutamol, levalbuterol, and pirbuterol are currently recom-
mended for all levels of asthma during pregnancy as quick reliev-
ers. Rapid onset of action by smooth muscle relaxation occurs 
within 5 minutes, peaking within 1 hour and lasts 4–6 hours. Side 
effects of tremor, tachycardia, and palpitations occur but are not 
common at standard doses. SABAs do not block the development 
of airway hyper-responsiveness. Increased frequency of SABA use 
would indicate the need for additional anti-inflammatory ther-
apy. In 2004, the NAEPP released an updated expert panel report 
on the management of asthma in pregnant women.57 Safety con-
cerns of asthma medications in pregnancy were addressed, and 
a significant amount of reassuring data on the safety of SABAs 
were found, particularly salbutamol. A prospective cohort study 
found no significant differences in perinatal mortality, con-
genital malformations, preterm delivery, and low birth weight 
in asthmatic women who used SABAs compared with women 
who did not use treatment for asthma during pregnancy.111,112 
In non-pregnant patients, a possible association between LABAs 
and increased risk of severe and fatal asthmatic exacerbations 

was observed. Limited data exist on the use of LABAs like salme-
terol and formoterol during pregnancy. An epidemiological study 
reported no adverse outcomes among 65 women who used salme-
terol while pregnant, out of a cohort exceeding 15,000 patients in 
the United Kingdom.113 Recent information suggest there is no 
such increased risk when LABAs are used in conjunction with 
inhaled corticosteroids114, as in pregnancy. Current guidelines 
recommend salmeterol as the preferred LABA used in pregnancy, 
as it has been available for longer in the United States.57 A recent 
study investigated the association between exposure to SABAs 
and LABAs in the first trimester of pregnancy and the risk of 
congenital malformations in 13,117 asthmatics115. It confirmed 
evidence of SABA safety during pregnancy, but found signifi-
cant increased risks of major congenital malformations observed 
with LABA use. The authors cautioned that more research was 
required to assess whether the increased risk of malformations 
among LABA users was due to the medication, bias by asthma 
severity, or chance alone.115

Theophylline is an alternative treatment for mild persistent 
asthma and an alternative add-on treatment for the step 3 or 4 
management of moderate persistent asthma during pregnancy 
(see Table 42.1). Theophylline is only indicated for chronic therapy 
and is not effective for the treatment of acute maternal exacerba-
tions. Theophylline’s long duration of action (10–12 hours with 
sustained-release preparations) makes it especially useful for noc-
turnal asthma. Inhaled corticosteroids are preferred over theo-
phylline because they lead to a greater improvement in FEV1, have 
fewer side effects, and do not require serum monitoring. Serum 
theophylline concentrations should be maintained at 5–12 mcg/
mL during pregnancy.57 Theophylline can have significant inter-
actions with other drugs, which can cause decreased clearance 
with resultant toxicity, for example, 70% increase in theophylline 
serum levels with cimetidine and 35% with erythromycin.

LRTAs (e.g. zafirlukast (Accolate®), montelukast (Singulair®), 
and modifier zileuton that inhibits the leukotriene pathway) are 
all pregnancy category B drugs. Their use originated from the 
observation that leukotrienes are released into the airways by 
immune cells, contributing to the inflammatory process. They 
are not useful for acute treatment of bronchospasm. Leukotriene 
modifiers are less effective as single agents than inhaled corti-
costeroids and less effective than LABA as add-on therapy.57 
Zileuton use has been associated with hepatic injury, and LRTA 
use with Churg–Strauss vasculitis, especially when steroid dosage 
is decreased. Human data are limited for their use in pregnancy. 
Investigators found that LRTA use in 96 pregnancies was not asso-
ciated with a specific pattern of major structural anomalies but 
cautioned interpretation of the results due to the limited sample 
size.116 A recent systematic review found that congenital malfor-
mations had been reported with LRTA exposure during preg-
nancy, but those women also had exposure to other medications, 
including oral corticosteroids.117

Corticosteroids: ICS (e.g. beclometasone, budesonide, flutica-
sone, and triamcinolone) are the preferred controller therapy for 
all levels of persistent asthma during pregnancy, of which bude-
sonide is the safest. However, if a woman is well-controlled by a 
different ICS before pregnancy (e.g. beclometasone dipropionate 
and fluticasone), it would be reasonable to continue that medica-
tion during pregnancy. No clinically important adrenal suppres-
sion has been found with their administration in low to moderate 

Table 42.1  Step therapy medical management of asthma  
during pregnancy

Step asthma severity and medications

Mild intermittent

1.  No daily medications, salbutamol as needed

Mild persistent

2. � Low-dose inhaled corticosteroid (alternative: Cromoglicate, LTRA, or 
theophylline

Moderate persistent

3. � Medium-dose inhaled corticosteroid (alternative: low-dose inhaled 
corticosteroid and LABA, LTRA, or theophylline)

4. � Medium-dose inhaled corticosteroid and LABA (alternative: medium-dose 
inhaled corticosteroid plus LTRA, or theophylline

Severe persistent

5.  High-dose inhaled corticosteroid and LABA

6.  High-dose inhaled corticosteroid and LABA and oral prednisone

LABA indicates long-acting β agonist; LTRA, leukotriene-receptor antagonist.

Reproduced from Dombrowski MP, Schatz M, Asthma in pregnancy, Clinical Obstetrics 
and Gynecology, Volume 53, Issue 2,  pp.301-10, Copyright © 2010 Wolters Kluwer Health, 
Inc.
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doses. LABAs are the preferred add-on therapy to medium to 
high-dose ICS.64 Their beneficial effect on airway mechanics can 
take 4–6 hours in acute bronchospasm. Maternal glucose levels 
should be monitored during pregnancy. Adrenal suppression, 
infection, delayed healing, hyperglycaemia, and fluid retention 
are common complications of prolonged therapy.

Cromoglicate sodium and nedocromil sodium are mast cell sta-
bilizers but of limited benefit, requiring several weeks for action, 
and have been replaced by ICS and leukotriene modifiers. Limited 
studies suggest cromolglicate’s safety during pregnancy,116 and 
greater clinical experience with its use for longer, hence its pre-
ferred use over nedocromil.

Anti-immunoglobulin E therapy, specifically omalizumab, is 
reserved for patients with moderate-to-severe persistent asthma 
who do not respond to standard treatment. It is costly and has no 
role in the acute management of bronchospasm.

Overall safety of asthmatic medications
Women with asthma tend to significantly decrease their asthma 
medication use from 5 to13 weeks of pregnancy due to concerns 
about safety of medications for the fetus.118 Prospective popula-
tion or birth cohort studies have shown that acute asthma medi-
cations, SABAs, and controller medications (ICS, cromones, 
theophylline, leukotriene inhibitors) have no or minimal effects 
on fetal growth, and perinatal complications are reduced when 
maternal asthma is adequately controlled.119 The NAEPP has 
found that the potential risks associated with asthma medications 
are lower than the risks associated with uncontrolled asthma, and 
it is imperative that women continue to use their asthma medica-
tions in pregnancy.57

A direct causal relationship is difficult to establish. When 
National Birth Defects Prevention Study data for 2853 infants with 
one or more selected birth defects (diaphragmatic hernia, oesoph-
ageal atresia, small intestinal atresia, anorectal atresia, neural tube 
defects, omphalocele, or limb deficiencies) were analysed, no sta-
tistically significant associations were observed for maternal peri-
conceptional asthma medication use and most defects studied. 
However, positive associations were observed for anorectal atre-
sia, oesophageal atresia, and omphalocele. These may be chance 
findings or may be a result of maternal asthma severity and related 
hypoxia rather than medication use.120 Munsie et al. observed a 
statistically significant association between maternal broncho-
dilator use and the risk of orofacial clefts. They too concluded 
uncertainty on whether the increased odds ratios they found were 
due to the bronchodilators, the severity of asthma, or both, or to 
chance alone. Further studies to disentangle the role of asthma 
or asthma medications would help clarify these findings.121 In 
a large retrospective insurance claims cohort study comprising 
approximately 12  million covered lives and more than 277,000 
pregnancies linked to a live-birth outcome, Nelsen et al. did not 
find any cases similar to the six postmarketing surveillance events 
of limb-reduction defects among the 1535 infants born to mothers 
taking montelukast. Other anomalies, confirmed by medical chart 
review with blinded adjudication, were reported at rates that were 
similar in the montelukast, ICS, and general population cohorts. 
The conclusion from this study, together with findings from other 
pregnancy databases, was that there was no epidemiological evi-
dence to support a causal relationship between montelukast and 
limb-reduction or other birth defects.122

Obstetric management
Women with poorly controlled asthma are at increased risk of 
pregnancy complications, and would benefit from increased fetal 
surveillance: monthly ultrasounds for growth, and antepartum 
testing beginning at 32 weeks. Pregnant asthmatics should con-
tinue their medication regimen as prescribed throughout labour 
and delivery. If systemic corticosteroids have been used in the 
previous 4 weeks, the American College of Obstetricians and 
Gynaecologists (ACOG) guidelines recommend administering 
stress-dose corticosteroids (hydrocortisone 100 mg every 8–12 
hours during labour and for 24 hours postpartum)56 although 
there is little information about the benefit of corticosteroid 
replacement during labour. A recent study found maternal asthma 
was associated with less fetal movements per hour, but comput-
erized cardiotocography did not demonstrate an association 
between the abnormal parameters of fetal heart rate and maternal 
asthma. The authors suggested further studies on the counting of 
fetal movements in pregnant women with asthma.123

The obstetric management of an asthmatic parturient may fur-
ther differ from that of non-asthmatics at induction of labour, 
management of postpartum haemorrhage and treatment of 
hypertension. For labour induction, prostaglandin E2 has a 
known risk of bronchospasm, and should be avoided. Misoprostol 
(a synthetic prostaglandin E1 analogue) can be used in pregnant 
asthmatics for cervical ripening, and the management of spon-
taneous or induced abortions, but respiratory status should still 
be monitored for bronchospasm.56 For management of postpar-
tum haemorrhage, ergot alkaloids (ergometrine, ergonovine, and 
methylergonovine) and 15-methyl prostaglandin F2α (carboprost, 
Hemabate®) should be used cautiously in asthmatics, as they 
have been associated with episodes of acute bronchospasm.124,125 
Oxytocin does not significantly affect airway tone and is the 
preferred uterotonic agent in asthmatics. Some hypertensive 
women are treated with beta-adrenergic receptor antagonists. In 
asthmatic women, these provoke bronchospasm, and should be 
avoided. There are no reports of bronchospasm associated with 
calcium channel blockers, hydralazine, and sodium nitroprusside, 
making them suitable alternatives. If tocolysis is needed, magne-
sium sulphate and terbutaline have bronchodilator effects and can 
be used safely; in contrast, indomethacin might induce bronchos-
pasm in aspirin-sensitive patients.56

Anaesthetic management
Preoperative assessment and optimization
Ideally the severe asthmatic (a patient with prior admissions to the 
high dependency/intensive therapy unit (HDU/ITU) with asthma 
or is on oral steroids) should be seen at the high-risk anaesthetic 
clinic. However, not infrequently, the time frame for anaesthetic 
preoperative intervention is too short, with problematic cases pre-
senting on the delivery suite. Additionally, the practitioner can be 
misled by the variable nature of the disease and symptoms may be 
completely absent before labour or delivery, with no less a potential 
for intraoperative bronchospasm. The anaesthetist should assess 
the severity of the disease, and whether an acute attack is occur-
ring. A  thorough history should elicit symptoms of wheezing, 
dyspnoea, and cough; the frequency and severity of acute asthma 
exacerbations, its course during pregnancy, past hospitalizations, 
history of intubation and mechanical ventilation; prior oral steroid 
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use; and known environmental asthma triggers. Physical exami-
nation is focused on the pulmonary system. Chest auscultation 
may reveal wheezing ± a prolonged expiratory phase. A  ‘silent’ 
chest devoid of wheezing can occur if air movement is markedly 
reduced. Tachypnoea, use of accessory muscles of respiration, and 
pulsus paradoxus of 20 mmHg or greater point to an acute asth-
matic exacerbation. A simple screening test for prolonged exhala-
tion is the forced expiratory time (FET), which can be assessed by 
listening over the trachea while the patient exhales forcibly and 
fully. An FET longer than 6 seconds correlates with a substantially 
lowered FEV1/FVC ratio and should initiate further investigation. 
Laboratory investigations in pregnant women with stable asthma 
have little yield in adding to management. A  chest radiograph 
may reveal hyperinflation and flattening of the diaphragm, and 
helps diagnose exacerbating conditions like pneumonia, pneumo-
thorax, and heart failure. Arterial blood gas analysis may show 
hypoxaemia and respiratory alkalosis during acute attacks, with 
hypercarbia secondary to fatigue. Blood eosinophil counts often 
parallel the degree of airway inflammation. If the patient is being 
evaluated in a pre-anaesthesia clinic with facilities for referral to 
respiratory physicians, then spirometry may be useful; however, 
PEFR measurements are perhaps a more useful bedside test. Chest 
physiotherapy, antibiotics, and bronchodilator therapy during the 
perioperative period can often improve reversible components of 
asthma. Ideally, the patients should be wheeze-free and have a PEF 
of more than 80% predicted or at the level of their personal best 
value before labour and CD.

Issues affecting labour and vaginal delivery
The goal of adequate labour pain relief does not differ for preg-
nant asthmatics in labour. It is even more important to reduce 
maternal stress and hyperventilation in asthmatics describing 
exercise or stress-induced triggers. Maternal paralysis of respira-
tory muscles, maternal sedation, and neonatal depression should 
be minimized in seeking out the optimal labour analgesia tech-
nique. In contemporary obstetric anaesthetic practice, this is often 
achieved by a CSE or an epidural infusion employing dilute local 
anaesthetic solutions with a modest dose of opioids (delivered 
as a continuous infusion, patient-controlled epidural analgesia 
(PCEA), computer-integrated-PCEA, or programmed intermit-
tent boluses).126 The advantage of lumbar epidurals include con-
tinuous pain relief and reduction in the stimulus to hyperventilate 
in pregnant asthmatics. High thoracic motor blocks should be 
avoided to avoid respiratory insufficiency. The epidural cath-
eter also allows extension of the sensory block for CD should the 
need arise, thereby avoiding the risk of general anaesthesia and 
endotracheal intubation in asthmatic parturients.

Other possible labour analgesic regimens include systemic 
opioids (e.g. fentanyl patient-controlled analgesia (PCA) and 
remifentanil PCA) but maternal respiratory depression, sedation, 
and neonatal depression remain real issues127 that would disad-
vantage the pregnant asthmatic. Alternative neuraxial anaesthe-
sia techniques of paracervical block and pudendal nerve block 
performed mostly by obstetricians, and the lumbar sympathetic 
block are rarely utilized these days in modern obstetric anaes-
thetic practice.

Issues regarding caesarean delivery
Neuraxial anaesthesia techniques are preferred for CD in stable 
asthmatic parturients as it obviates airway instrumentation, and 

minimizes risk of bronchospasm. General anaesthesia for CD tra-
ditionally mandates a rapid sequence induction and endotracheal 
intubation which markedly increases airway resistance due to sev-
eral pathophysiological mechanisms, for example, depression of 
the cough reflex, impairment of mucociliary function, reduction 
in palatopharyngeal musculature tone, depression of diaphrag-
matic function, and increased airway wall fluid.

A standard dose of spinal anaesthetic is appropriate in stable 
asthmatics, but high thoracic blocks that might impair accessory 
muscles of respiration required in a brittle asthmatic are undesir-
able. Thoracic adrenergic nerve blockade due to spinal anaesthe-
sia might trigger asthmatic attacks by influencing the cholinergic 
ganglia of the lung and/or pulmonary blood flow, as was postulated 
to be the cause of bronchospasm triggered by a spinal anaesthetic 
in two women with T2 sensory levels.128 Severe bronchospasm 
has also occurred during epidural anaesthesia for CD, postulated 
to be related to sympathetic nervous blockade allowing unop-
posed parasympathetically mediated bronchoconstriction.129 
Notwithstanding, many asthmatic patients have a subjective 
sensation of inability to breathe even with an appropriate level of 
neuraxial block as their intercostals are non-functioning and they 
need reassurance. Showing them their pulse oximetry often allays 
their fears.

When general anaesthesia cannot be avoided, rapid sequence 
induction and endotracheal intubation is indicated. Bronchospasm 
can be provoked by laryngoscopy, tracheal intubation, airway 
suctioning, cold inspired gases, and tracheal extubation. Airway 
tone is increased by vagal stimulation caused by endoscopy, peri-
toneal, or visceral stretch. Propofol or ketamine are the preferred 
IV induction agents in asthmatics.130 Propofol is superior to thio-
pental and etomidate in constraining increases in airway resist-
ance.131 Propofol formulations containing metabisulphite induce 
higher airway resistance than that preserved with calcium ede-
tate in heavy smokers undergoing anaesthesia,132 and should be 
taken into consideration in asthmatics as well. Ketamine is a sym-
pathomimetic agent which induces bronchodilation and inhibits 
neural reflexes, and should be administered with antisialogogue 
and benzodiazepine (post delivery of baby) due to its propensity to 
increase secretions and cause dysphoria. IV lidocaine can prevent 
bronchospasm by attenuating sensory responses to airway instru-
mentation or irritation.133,134 Warm, humidified gases should be 
provided at all times. Anaesthetic maintenance with a volatile 
agent such as isoflurane or sevoflurane confers protective bron-
chodilation. However, there is evidence that desflurane provokes 
bronchoconstriction in smokers.135 Histamine-releasing neuro-
muscular blocking drugs like atracurium should be avoided.136 
Rocuronium would be preferred in this setting. An adequately long 
expiratory time should be given during mechanical ventilation to 
avoid the build-up of intrinsic or auto-PEEP. This can be facili-
tated by using higher inspiratory flow rates or smaller tidal vol-
umes than usual.137 Patients should be kept adequately hydrated 
as usual, but fluid overload/pulmonary congestion should be 
avoided as it can precipitate ‘cardiac asthma’. Intraoperative bron-
chospasm can be managed by administering beta-2 agonists by 
aerosol or increasing concentration of volatile agents, the latter 
risks increasing blood loss due to haemorrhage from increased 
uterine relaxation. IV adrenaline or ketamine may be required 
to break the spasm, and hydrocortisone should be administered. 
Intraoperative analgesia with fentanyl is associated with less 
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histamine release than morphine138,139 and should be considered 
in brittle asthmatics, who would also benefit from PCA fentanyl 
over PCA morphine for postoperative analgesia, and a transversus 
abdominus plane block.39 Upon tracheal extubation, bronchodi-
lator therapy, incentive spirometry, deep breathing exercises, and 
early mobilization are beneficial. HDU care postoperatively could 
be considered. Severe asthmatics might benefit from a spell in ITU 
postoperatively if a general anaesthetic has been necessary.

Mask induction of general anaesthesia with sevoflurane in a 
parturient in status asthmaticus has been described.140 The com-
bination of non-invasive mechanical ventilation with neuraxial 
anaesthesia may be of value in selected parturients with acute or 
chronic respiratory insufficiency requiring surgery.141 In cases of 
life-threatening status asthmaticus refractory to standard medi-
cal and ventilatory therapies in the third trimester, CD should be 
considered as a final effort to increase tidal volumes and improve 
maternal gas exchange. In one such case, significant maternal res-
piratory acidosis and difficulty with ventilation necessitated CD 
at 33 weeks of gestation in the medical ICU.142 Cardiopulmonary 
resuscitative efforts are difficult in near-term parturients, and a 
promptly performed CD might have saved an infant and mother 
who suffered recurrent cardiopulmonary arrest due to status 
asthmaticus.143

Pneumonias
Epidemiology and prevalence
The reported incidence of antepartum pneumonia was 6/1000 
deliveries (pre-1970s) that then declined in the 1970s and 1980s 
to 0.4/1000, with studies published in 1990–2003 reporting an 
increase to 2.72/1000 deliveries.144 The latter reflects women with 
chronic illnesses now being able to conceive, prevalence of human 
immunodeficiency virus (HIV) infection, and rising illicit drug 
use in pregnant women. Rates tend to be higher in large urban 
hospitals than in community settings due to different risk popu-
lations, and also because the available data generally come from 
those hospitalized.

The odds of being admitted with pneumonia in the postpartum 
period are more than twice as high for patients who underwent 
CDs compared with vaginal deliveries,145 purportedly due to 
more abdominal discomfort and splinting after CD. Pre-existing 
comorbidities in these women (asthma, obesity, diabetes, 
advanced maternal age) which may have necessitated the CD in 
the first place, may predispose them to infections.

Pathophysiology
These alterations in pregnancy lead to an increased incidence and 
risk of complications from pneumonia:
◆	 Maternal physiological changes predispose pregnant women to a 

more severe pneumonia course. The diaphragm is elevated up to 
4 cm, a decrease in functional residual capacity, increase in oxy-
gen consumption and increase in lung water makes a parturient 
less tolerant to even brief hypoxic episodes.146 These alterations 
also decrease the ability of the pregnant woman to clear respira-
tory secretions and potentially aggravate airway obstruction 
associated with pulmonary infections.

◆	 Maternal immunological changes in the second and third tri-
mester are thought to occur generally to protect the fetus from 

rejection by the mother. Substances produced by the tropho-
blast block maternal recognition of major fetal histocompat-
ibility antigens, resulting in a reduced lymphokine response to 
alloantigens. Other alterations in maternal cellular immunity 
include a reduced lymphocyte proliferative response, dimin-
ished cell-mediated cytotoxicity, decreased natural killer cell 
activity and reduced number of circulating helper T cells.147,148 
Hormonal changes during pregnancy (increased progesterone, 
human gonadotropin, alphafetoprotein, and cortisol) may also 
inhibit cell-mediated immune function.147 These changes can 
predispose to infection with certain virus, fungi, and tuber-
culosis. Catanzaro showed the in vitro growth of Coccidioides 
immitis was enhanced by increased 17-oestradiols leading to 
increased pulmonary mycosis in pregnant women.149

◆	 Comorbidities: maternal risk factors associated with increased 
incidence of pneumonia development during pregnancy include 
a history of underlying pulmonary disease (e.g. asthma, CF, and 
recent viral respiratory infection), smoking, anaemia (haemo-
globin level < 10g/dL),150 illicit drug use, HIV infection, other 
immunosuppressive illness, and therapy.

◆	 Labour and delivery increases risk of aspiration pneumonia 
(although this is modifiable with antacids and H2 antagonists).

Aetiology
The bacterial, viral, and fungal pathogens causing pneumonia 
in pregnancy are similar to those in non-pregnant adults. The 
commonest is Streptococcus pneumoniae, which is identified in 
15–20% of community-acquired pneumonia cases in pregnancy, 
followed by Hemophilus influenzae.151 Atypical pathogens include 
Legionella species, Mycoplasma pneumoniae, and Chlamydia 
pneumoniae; whereas influenza A and varicella are common viral 
agents in pregnancy. Pseudomonas aeruginosa is common in par-
turients with bronchiectasis and CF. In a patient suffering from 
acquired immunodeficiency syndrome (AIDS), Pneumocystis 
jirovecii is the most frequent pathogen.

Clinical manifestations
A detailed history and high index of suspicion is needed in preg-
nant women presenting with cough and shortness of breath, 
as initial clinical symptoms of mild pneumonia may be subtle 
and mimic many other pathologies of pregnancy. Cough, fever, 
chills, rigors, pleuritic chest pain, sputum production, and dysp-
noea usually present later in the clinical course. Non-respiratory 
symptoms include nausea, headache, myalgias, and fever. Chest 
auscultation may reveal decreased or bronchial breath sounds 
or occasional wheezing. Dullness to percussion may be elicited 
if consolidation is present. The new American Thoracic Society/
Infectious Diseases Society of America (ATS/IDSA) guidelines 
have criteria for characterizing severe community-acquired 
pneumonia, but these are not specific to pregnant women: pres-
ence of at least one major criterion (e.g. mechanical ventilation 
requirement or septic shock requiring vasopressors) or the pres-
ence of three minor criteria (respiratory rate of at least 30 breaths 
per minute, PaO2/FiO2 ratio ≤250 mmHg, multilobar infiltrates, 
confusion or disorientation, blood urea nitrogen ≥ 20 mg/dL, 
white blood cell count < 400/mm3, platelet count < 100,000/ 
mm3, hypotension requiring aggressive fluid resuscitation, and 
hypothermia). The guideline also suggested that criteria such as 
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hypoglycaemia, hyponatraemia, asplenia (as in sickle cell disease), 
and unexplained acidosis be considered in deciding the need for 
ICU admission.152

Diagnosis
Pregnancy should not prevent the use of standard radiographic 
techniques153 and chest radiographs should be obtained to con-
firm the diagnosis. The most common site of pneumonia was the 
left lower lobe (53.4%), followed by the right lower lobe (26.3%) 
and right middle lobe (8.3%); 9.8% were complicated with pleu-
ral effusion.154 The differential diagnosis of pneumonia in preg-
nancy includes pulmonary embolism, infectious aetiologies with 
systemic inflammatory findings, pulmonary oedema consequent 
to tocolytic therapy, severe pre-eclampsia, and cardiomyopathy. 
With the increasing availability of portable ultrasound machines 
in perioperative anaesthesia settings to aid central venous cath-
eter insertions, peripheral nerve blockade, and ultrasound-guided 
neuraxial blocks, the use of ultrasonography has become increas-
ingly prevalent. Lung ultrasonography (LUS) has been described 
in the bedside detection of pneumonia.155 It enables diagnosis and 
treatment of interstitial syndrome, lung consolidation, atelectasis, 
pleural effusion, and differentiation of the causes of acute breath-
lessness.155 The use of LUS is ideal in parturients due to the lack 
of ionizing radiation and its non-invasiveness, allowing repeated 
scans to not only diagnose but guide and monitor therapy.156 All 
admitted patients should have an assessment of gas exchange 
(arterial blood gas or oximetry), routine blood chemistry, and 
blood counts. Sputum culture, Gram stain, and blood cultures are 
recommended in severe pneumonia, as are Legionella and pneu-
mococcal urinary antigen.

Management
Patients should be admitted for evaluation, empirical initiation 
of antimicrobial therapy, fetal evaluation, and maintenance of 
normal maternal respiratory function. For patients with mild 
symptoms, the ATS recommends an advanced generation mac-
rolide. For more severe disease, a macrolide and beta-lactam 
antibiotic should be initiated.152 Doxycycline, recommended 
as a second-line antibiotic therapy, should be avoided in preg-
nancy as administration of tetracycline in the second and third 
trimesters of pregnancy has been associated with staining and 
banding of teeth and depression of bone growth, especially the 
fetal fibula, and fulminant maternal hepatitis. Patients at-risk of 
hospital-acquired pneumonia or aspiration pneumonia should 
receive an aminoglycoside for the coverage of Pseudomonas and 
enteric Gram-negative organisms.152,157 IV aciclovir is indicated 
for varicella pneumonia. Trimethoprim/sulfamethoxazole is effec-
tive in prevention and treatment of pneumocystis pneumonia in 
immunocompromised individuals. Supplemental oxygen should 
be administered in patients with an increased alveolar–arterial 
gradient as reduction in maternal functional residual capac-
ity predisposes them to overt respiratory distress, and oxygen 
delivery to the fetus will decrease when maternal oxygen satu-
ration is less than 90%. The criteria for intubation in pregnancy 
are the same as in the non-pregnant state:  inadequate oxygena-
tion, inadequate ventilation, systemic sepsis, need for invasive 
haemodynamic monitoring, or persistent metabolic acidosis. The 
pneumococcal vaccine is recommended for pregnant women with 
underlying illnesses (e.g. immunocompromised states, asplenia, 

sickle cell disease, diabetes, or chronic cardiopulmonary diseases) 
to reduce the incidence of community-acquired pneumonia in 
these high-risk populations.

Maternal and perinatal outcomes
In two nationwide population-based datasets,158 1462 women 
with pneumonia during pregnancy were found to have a signifi-
cantly higher risk of low birth weight, preterm birth, SGA, low 
Apgar score infants, CD, and pre-eclampsia/eclampsia compared 
to 7310 unaffected women. Pneumonia was also significantly asso-
ciated with placental abruption and intrauterine growth restric-
tion but no significant differences were noted between the groups 
regarding labour induction, second stage non-progressive labour, 
and post-partum haemorrhage.154

H1N1 influenza
The H1N1 virus is the subtype of influenza A virus that was the 
most common cause of ‘swine flu’ in 2009. It is an orthomyxovirus 
that contains the glycoproteins haemagglutinin and neuramini-
dase, and thus is described as H1N1, H1N2, etc. depending on the 
type of H or N antigens it expresses. Haemagglutinin causes red 
blood cells to clump together and binds the virus to the infected 
cell. Neuraminidase is a glycoside hydrolase enzyme which helps 
to move the virus particles through the infected cell and assist in 
budding from the host cells.

Epidemiology and prevalence
Influenza A  H1N1 drew worldwide attention when identifica-
tion of this new viral strain in humans was found to be a ‘quad-
ruple reassortant’ virus containing gene segments from human, 
avian, and two swine lineages.159 It spread rapidly after the first 
outbreak in Mexico and the United States, and was declared a 
global pandemic by the WHO in June 2009. The rate of admis-
sion for pandemic H1N1 influenza virus infection in pregnant 
women during the first month of the outbreak was higher than 
it was in the general population (0.32/100,000 pregnant women 
vs 0.076/100,000 population at risk).73 When population-based 
data from the Emerging Infections Program in ten US states were 
examined, pregnant women represented 23.5% and 31.0% of all 
reproductive-aged women (15–44  years) hospitalized for sea-
sonal (2005/2006 through 2008/2009) and 2009 H1N1 pandemic 
influenza A (pH1N1) virus infection respectively.160 Worldwide, 
pregnancy was found to be a major risk factor for increased mor-
tality and morbidity. The US Centers for Disease Control and 
Prevention (CDC) reported a 13% mortality in pregnant women 
in the first 2 months of the outbreak.73 In a Brazilian series, the 
rate of maternal and perinatal mortality was 9.7%.161

Pathophysiology
Little is known about the biological reasons for pregnant women 
being at high risk for influenza virus infection, but it is postu-
lated to be due to the altered innate immunity and physiological 
changes of pregnancy. It was suggested that pregnant women had a 
greater likelihood of developing a Th2 response to H1N1 influenza 
which may be responsible for the systemic inflammatory response 
syndrome that causes pulmonary oedema and death.162 When 
peripheral blood mononuclear cells (PBMCs) were isolated from 
26 healthy non-pregnant women and 28 healthy pregnant women 
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and cultured with the 2009 pandemic influenza A (pH1N1) virus, 
PBMCs from pregnant women produced significantly less inter-
feron alpha and interferon lambda.69 Messenger RNA expression 
of protein kinase R (PKR) and toll-like receptors 3, 7, and 9 meas-
ured from cell lysates were also significantly reduced in PBMCs 
from pregnant women. This response improved with vaccina-
tion.69 These novel findings help in understanding the increased 
susceptibility and disease severity to influenza virus infection 
during pregnancy and the importance of influenza vaccination.

Clinical manifestations
Presenting features of the largest published cohort (N  =  211) of 
H1N1-infected pregnant women presenting to a single tertiary refer-
ral centre over 4 months, were cough (90.5%), fever (62.6%), rhinor-
rhoea (62.1%), sore throat (58.8%), breathlessness (13.3%), headache 
(18.0%), and myalgia (32.2%).163 Diarrhoea and vomiting were also 
a feature of the 2009 outbreak. Other parturients may have vary-
ing degrees of dyspnoea and tachypnoea, pneumonia, and increas-
ing hypoxia requiring intubation and mechanical ventilation in the 
ICU. Severe H1N1 pneumonia, acute respiratory distress syndrome, 
multiorgan failure, and maternal deaths have all been reported.73,164

Maternal age and the time interval between onset of symptoms 
and hospital admission were not found to be risk factors for hos-
pitalized pregnant women developing respiratory and multiple 
organ failure. The significant risk factor associated with critical 
illness was gestational age, with an odds ratio of 1.034 (95% CI 
0.968–1.106) during the first trimester, 9.667 (95% CI 0.750–124.59) 
during the second trimester, and 87 (95% CI 6.750–1121.39) during 
the third trimester.165 H1N1-infected pregnant women who went 
on to require mechanical ventilation tended to have more advanced 
gestational age, lower early oxygenation index, wider early-stage 
pneumonic lesions, and adverse pregnancy outcomes compared to 
those patients that did not require mechanical ventilation.166

Diagnosis
Detection of inf luenza-specific RNA by real-time 
reverse-transcriptase polymerase chain reaction (rRT-PCR) is the 
recommended test for confirmation of novel influenza A  H1N1 
cases.167 The H1N1 virus will test positive for influenza A and neg-
ative for H1 and H3. Samples can be obtained with a nasopharyn-
geal swab, nasal aspirate, or a combined nasopharyngeal and 
oropharyngeal swab. Duration of viral shedding is unknown but 
infected persons are assumed to be shedding virus and potentially 
infectious from the day prior to onset of symptoms up to resolution 
of fever. Viral culture does not yield timely results to guide clinical 
management, but serological tests on paired acute (within 1 week 
of illness onset) and convalescent (collected 2–3 weeks later) sera 
can help establish a retrospective diagnosis for epidemiological and 
research studies. Commercially available rapid influenza diagnos-
tic test kits (RIDTs) can provide results within 30 minutes or less, 
but were initially varied in their sensitivities from 10% to 70% in 
detecting H1N1 compared to RT-PCR. Therefore a negative RIDT 
did not rule out H1N1 infection.168,169 Newer assays have higher 
sensitivity and specificity for A(H1N1) virus of 76–95%.170,171

Management
Oseltamivir (trade name Tamiflu®) and zanamivir (Relenza®) 
are two antivirals (neuraminidase inhibitors) currently recom-
mended for H1N1 infection.73 Early treatment (<2  days from 

diagnosis)163,172,173 with oseltamivir prevents serious complica-
tions associated with H1N1 infection in pregnant women and 
does not affect perinatal outcome. The existing information on 
the safety of oseltamivir and zanamivir, the most used antivi-
rals is limited but reassuring.174 There is a significant association 
between late treatment with oseltamivir and increased hospitali-
zation173 and increased systemic complications in pregnancy.161

Anaesthetic technique for CD will depend on disease sever-
ity. Spinal or epidural anaesthesia for CD in mild H1N1 cases 
are acceptable. Most parturients in respiratory distress or failure 
would already be intubated and CD performed under general 
anaesthesia with postoperative ITU care.175

Pregnant women who come in close contact with a suspected 
or confirmed H1N1 infected person also need preventive anti-
viral therapy. Use of personal protective equipment (e.g. surgi-
cal masks) and isolation precautions to mitigate spread differ 
from country to country depending on whether the disease is 
in the containment or mitigation phase176 and existing national 
resources.177 Containment strategies include the triage of febrile 
patients at frontline healthcare settings, admission and isola-
tion of confirmed cases, mandatory Quarantine Orders (QO) for 
close contacts, and temperature screening at border entry points. 
After sustained community transmission becomes established, 
containment shifts to mitigation. Hospitals only need to admit 
H1N1-2009 cases based on clinical indications, not for isolation. 
Mild cases are managed in the community. Contact tracing and 
QOs are tapered off, and border temperature screening ended.

Maternal and perinatal outcomes
Pregnant women with mild clinical illness secondary to H1N1 
virus are not at a greater risk of adverse pregnancy outcomes. 
However, severely infected women were more likely to deliver 
SGA babies and CD may be required.178 There is a causal relation-
ship between early exposure and fetal demise, as the H1N1 virus 
can be identified in maternal and fetal tissue confirming transpla-
cental passage.179 Not all patients require hospitalization, or result 
in preterm delivery when vigilance in assessment, early presenta-
tion, diagnosis and prompt treatment is initiated.163,172,180 Indeed, 
complete recovery from H1N1 with no mortality was seen in all 
235 infected parturients in one series.172

Myocarditis has also been reported, where two pregnant 
Caucasian women (aged 29 and 30 years) presented with respira-
tory manifestations of H1N1 influenza virus infection in their 
third trimester and developed evidence of myocarditis (one woman 
developed acute respiratory distress syndrome, nearly requiring 
extracorporeal membrane oxygenation, and subsequently devel-
oped persistent cardiomyopathy; the other recovered without any 
long-term consequence).181 While it was not possible to ascertain 
retrospectively if myocarditis was caused by either infection with 
H1N1 virus or as a result of pregnancy (in the absence of endo-
myocardial biopsies), the significant association with myocardial 
involvement in both women demonstrates the increased risk of 
exposure to H1N1 influenza virus in pregnant women.

Efficacy of H1N1 vaccination
With the emergence of the pH1N1 influenza, the US CDC recom-
mended that pregnant women be one of five initial target groups 
to receive the 2009 monovalent H1N1 vaccine, regardless of prior 
infection with this influenza strain. Performance of haemagglu-
tination inhibition assays (HAIs) for pH1N1 and maternal and 
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umbilical venous cord blood sampling at delivery revealed that 
pH1N1 vaccination conferred a similar HAI antibody response as 
compared to pH1N1 infection during pregnancy, both in quan-
tity and quality. Illness or vaccination during pregnancy therefore 
confers passive immunity to the newborn.182

Safety of H1N1 vaccination
Vaccination is imperative for parturients as unvaccinated women 
fare worse. A  perinatal database of 55,570 mothers in Ontario, 
Canada reported that 23,340 (42.0%) mothers who had received 
H1N1 vaccination during the 2009–2010 H1N1 pandemic had 
improved fetal and neonatal outcomes (fewer SGA infants, preterm 
delivery, and fetal death) compared to unvaccinated women.183 In 
the United States, for the 2009–2012 combined influenza seasons, 
a prospective cohort of 841 pregnant women who received the 
H1N1 monovalent or trivalent influenza (pH1N1) vaccine were 
not found to have increased relative risks for major birth defects, 
spontaneous abortion, or SGA infants when compared to 191 
unexposed women.184 These conclusions were also echoed by a 
Swiss medical birth registry185 and a large French observational 
cohort study of 12,120 people in their French prescription data-
base that compared 1645 women who were administered A/H1N1 
vaccine during pregnancy to 3290 non-vaccinated women and 
found no increased risk of adverse pregnancy outcomes (all-cause 
pregnancy loss, preterm delivery, SGA, and neonatal pathology) 
in vaccinated pregnant women. The rate of SGA was also lower in 
the vaccinated group than in the non-vaccinated group.186 Data 
from four regional centres in the United States collected as part 
of the Slone Epidemiology Center’s Birth Defects Study found 
no meaningful evidence of increased risk for specific congenital 
malformations following pH1N1 influenza vaccinations in the 
2009–2010 and 2010–2011 seasons.187 Similarly, in a large Danish 
cohort, exposure to the adjuvanted influenza A(H1N1) pdm09 
vaccine during pregnancy was not associated with a significantly 
increased risk of major birth defects, preterm birth, or fetal 
growth restriction.188,189

Rare side effects of vaccination
A rare occurrence of Guillain–Barre syndrome was reported 
after immunization to influenza during the last trimester of 
pregnancy.190

Conclusion
Respiratory illness in pregnant women is not uncommon. A mul-
tidisciplinary approach to care of these women is essential and 
anaesthetists play a vital role in diagnosis and management of 
these patients. Asthma is very common and usually does not 
cause a problem during pregnancy or delivery. CF on the other 
hand can pose a challenge and patients with CF may deteriorate 
such that severe maternal morbidity and mortality can ensue. 
The pneumonias and H1N1 disease can affect previously healthy 
women but appropriate therapy instituted in a timely fashion will 
usually result in effective treatment. Vaccination against H1N1 is 
recommended for pregnant women.
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Liver disorders
Chris Verslype, David Cassiman, and Johan Verhaeghe

Introduction
Nearly 5% of pregnancies are complicated by liver disorders and 
this may result in considerable harm to mother and child. Early 
diagnosis and treatment of liver disease is challenging, given the 
wide spectrum of liver diseases that may be related or unrelated 
(either pre-existing or coincidental) to pregnancy. Before discuss-
ing liver disorders in detail, we focus on how to diagnose and 
assess liver disease in pregnant women. Special attention is also 
devoted to the management of clinically significant portal hyper-
tension and to the guidelines regarding pregnancy in patients who 
have undergone liver transplantation.

Diagnosis and assessment of liver disease 
in pregnant women
Clinical assessment of patients with suspected liver 
disease during pregnancy
The assessment of pregnant patients with liver disorders is chal-
lenging due to the physiological changes of pregnancy that can 
be mistaken for liver dysfunction. Cardiovascular changes (fall in 
systemic vascular resistance and blood pressure, rise in cardiac 
output) seen in normal pregnancy are similar to the hyperdy-
namic circulatory state in the context of advanced liver disease. 
Increased splanchnic blood flow and compression of the inferior 
vena cava in the supine position by the uterus may induce tran-
sient portal hypertension.1,2 The hyperoestrogenic state of preg-
nancy induces palmar erythema and spider naevi—considered as 
typical signs of chronic liver disease—that resolve by the seventh 
postpartum week in the majority of women.3 During pregnancy, 
microscopic liver architecture appears normal and liver blood 
flow remains constant.4

Cholestasis, portal hypertension, and liver failure represent 
three major clinical entities that should be recognized early 
because of the prognostic implications for mother and child. 
Cholestatic liver disease should be suspected in a patient with pru-
ritus and/or jaundice. The presence of ascites or enlarged porto-
systemic collateral veins (abdominal wall, gastrointestinal tract, 
and retroperitoneal space) or a history of gastrointestinal bleed-
ing may point to clinically significant portal hypertension. Hepatic 
encephalopathy, which may range from mild confusion to deep 
coma, often preceded or accompanied by jaundice, and clotting 
failure is indicative of liver failure. In some patients, a combina-
tion of these clinical entities may exist.

Of note, significant liver disease may present without symptoms 
or signs. In these patients, a history of risk factors for liver disease 

(e.g. alcohol or drug intake, familial history of liver failure, tat-
toos, or blood transfusions prior to the introduction of tests for 
hepatitis C (1989)) may influence the choice of additional bio-
chemical and/or imaging tests, which will be discussed below.

Biochemical tests to detect liver disease and assess 
liver function during pregnancy
Biochemical tests are commonly used to screen and confirm the 
presence of liver disease, to estimate severity, prognosis, and to eval-
uate therapy. The ‘liver function tests’ (LFTs) include aminotrans-
ferases, alkaline phosphatase (AP), gamma-glutamyltransferase 
(GGT) and serum bilirubin. Strictly speaking, these tests do not 
assess liver function but a rise in their serum levels or activity may 
point to the presence of liver cell necrosis, impairment of bile flow 
(cholestasis), and hyperbilirubinaemia. The prothrombin time 
(after vitamin K administration) and, to a lesser extent, serum 
albumin are more indicative of hepatic synthetic capacity.

The aminotransferases (aspartate transaminase (AST) and ala-
nine transaminase (ALT)) catalyse the reversible transformation 
of α-ketoacids into amino acids. Their serum level activity reflects 
the amount of liver cell injury and death on a day-by-day basis. 
The aminotransferases (predominantly AST) are not only found 
in hepatocytes but also in other tissues (muscles, kidney, brain, 
pancreas, lung, and red blood cells).

The liver contains 400 units of ALT/g protein (mainly cytoplas-
mic) and 500 units of AST/g protein (>80% contained in mito-
chondria and endoplasmic reticulum). Damage to 1 g of liver 
tissue results in a significant increase in the serum ALT and 
AST activity.5,6 Serum aminotransferase levels can rise to over 
ten times the upper limit of normal (ULN) in hepatic hypoxia, 
acute viral hepatitis, toxin-induced necrosis, and acute bile duct 
obstruction. In chronic hepatitis, the levels are generally less than 
five times the ULN. The sensitivity and specificity of ALT for the 
detection of liver disease is around 83%.5,6 The diagnostic sensi-
tivity of AST is significantly lower (70%) and less specific. Serial 
assessment of transaminases can be used to monitor progress in 
an individual patient but correlation is poor between absolute val-
ues and the extent of necrosis. Serum ALT activity, but not AST, 
is slightly higher during the second trimester of pregnancy com-
pared with non-pregnant women, but remains below the ULN.7 
Increased AST and ALT levels noted during labour may be sec-
ondary to uterine muscle contractions.8,9 In conclusion, serum 
AST and ALT activities remain normal during pregnancy prior to 
labour, and increased values should lead to further investigation.

AP is found in the biliary pole of hepatocytes, bile duct epi-
thelia, osteoblasts, kidney, lung, intestine, and placenta. Levels 
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of AP rise in cholestasis and to a lesser extent with hepatocyte 
injury. Serum AP levels increase significantly in late pregnancy 
due to placental and bone production. This limits the utility of 
AP as a test to diagnose cholestasis of pregnancy. Hepatic and 
non-hepatic causes of AP elevation can be differentiated by 
determination of AP isoenzymes or more easily by testing for 
GGT, which rises in liver but not in bone disease. GGT is found 
in hepatocytes, cholangiocytes, kidney, pancreas, epididymis, 
heart, lung, intestine, bone marrow, salivary glands, thymus, 
spleen, and brain, and therefore is not very specific for liver dis-
ease. Elevated values of GGT are caused by damage to cellular 
membranes, cellular regeneration, or by enhanced synthesis as 
a result of induction of the biotransformation enzyme system.6 
Known inducers are bile acids (cholestasis), prolonged regular 
abuse of alcohol, and especially antiepileptic drugs (phenytoin, 
carbamazepine). A decline in GGT can be observed during oes-
trogen administration or during the second and third trimester 
of pregnancy.7 Fasting total bile acid concentrations are unal-
tered in normal pregnancy, and are therefore a specific test for 
the diagnosis of cholestasis. Conjugated bilirubin can be elevated 
in cholestatic and hepatocellular disease and is associated with 
a rise in the above-mentioned serum enzymes. An isolated rise 
in serum bilirubin (without enzyme elevation) may be familial 
(Gilbert’s phenomenon) or due to haemolysis. Conjugated bili-
rubin concentrations are significantly lower during the second 
and third trimesters compared to non-pregnant women. This can 
be partially explained by haemodilution because albumin is the 
bilirubin transporting protein.7

The hepatocyte is the principal site of synthesis of coagulation 
proteins. The prothrombin time (after vitamin K administration) 
represents a good indicator of liver synthetic function, due to the 
short half-life of factor VII (100–300 minutes). Estimation of indi-
vidual clotting factors is rarely necessary, although the level of fac-
tor V (not vitamin K dependent) is related to outcome in acute liver 
failure. Serum albumin levels10 provide some indication of hepatic 
synthetic capacity. However, serum albumin levels may be normal 
with acute liver failure because the half-life of albumin is about 
22 days. Low levels can be caused by increased loss through the 
kidneys or gastrointestinal tract, increased catabolism and altered 
vascular permeability. Because of haemodilution, serum albumin 
levels are significantly lower during all trimesters of pregnancy 
compared with non-pregnant women.7 Alterations in the con-
centration of serum albumin must therefore be interpreted with 
caution.

Liver function scoring systems
Several scoring systems have been developed to assess and clas-
sify liver function (Table 43.1). The Child–Pugh score reflects the 
severity of chronic liver disease according to the degree of ascites, 
the prothrombin time, the plasma concentrations of bilirubin and 
albumin, and the stage of encephalopathy. A  total score of 5–6 
signifies a well-compensated state (grade A), 7–9 is grade B, and 
10–15 is grade C (decompensated disease). These grades correlate 
with 1- and 2-year patient survival.

More recently, the Model of End Stage Liver Disease (MELD) 
has been introduced in clinical practice to predict prognosis in 
patients with cirrhosis and to guide listing for liver transplanta-
tion. This score uses the prothrombin time, serum bilirubin, and 
creatinine as input values.11 Patients having a MELD score <9 face 

a 2% 3-month mortality, whereas patients having a MELD score of 
40 or higher have a mortality rate of 70% within 3 months.

Imaging of the liver during pregnancy
Real-time ultrasonography represents the most widely used imag-
ing modality in clinical hepatology and is used to evaluate biliary 
tract obstruction, to identify splenomegaly and collateral vessels in 
portal hypertension, and to examine tumour vascularity. It is also 
valuable in diagnostic assessment of portal or hepatic vein throm-
bosis. More recently, liver elastography is used by many hepatolo-
gists to evaluate liver stiffness. This non-invasive technique uses 
both ultrasound (US) (5 MHz) and low-frequency (50 Hz) elastic 
waves, whose propagation velocity is directly related to elasticity.12 
There is no published experience in pregnancy and unfortunately, 
pregnancy has been a contraindication in clinical studies.

Magnetic resonance imaging (MRI) is a popular modality in 
pregnancy because of the lack of ionizing radiation. The classi-
cal T1- and T2-weighted images of MRI can be distinguished by 
considering the signal intensity of water: water has a low signal 
intensity (‘black’) on T1-weighted images while it has a high signal 
intensity (‘white’) on T2-weighted images. No contrast injection 
is needed for blood vessel or bile duct visualization. Image qual-
ity has improved to such a degree that MRI-cholangiography has 
replaced diagnostic ERCP.13 Contrast agents (such as gadolinium) 
can be used to differentiate among focal liver lesions, but should 
be avoided during pregnancy because of transplacental transfer 
and unknown fetal effects.14 More recently, diffusion-weighted 
imaging has been introduced allowing characterization of liver 
lesions, without contrast administration.15

Table 43.1  Assessment of liver function

(A)  Child–Pugh classification

Factor Units 1 point 2 points 3 points

Serum bilirubin μmol/L

mg/dL

<34

<2.0

34–51

2.0–3.0

>51

>3.0

Serum albumin g/L

g/dL

>35

>3.5

30–35

3.0–3.5

<30

<3.0

Prothrombin time Seconds  
prolonged

INR

0–4

<1.7

4–6

1.7–2.3

>6

>2.3

Ascites None Moderate Severe

Hepatic 
encephalopathy

None Mild severe

The score is calculated by adding the scores of the five factors:

Child–Pugh A: 5–6; B: 7–9; C: > 9.

(B) Model of End-stage Liver Disease (MELD)
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MELD calculator available through http://www.esot.org/elita/meldcalculator.aspx

Reproduced with permission from Pugh RNH et al., Transection of the oesophagus 
for bleeding oesophageal varices, British Journal of Surgery, Volume 60, pp. 646–649, 
Copyright © 1973 John Wiley and Sons and from Wiesner RH et al., MELD and 
PELD: Application of survival models to liver allocation, Liver Transplantation, Volume 7, 
pp. 567–580, Copyright © John Wiley and Sons.
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Liver disorders during pregnancy
In this section we will review the most frequent liver diseases that 
can be encountered during pregnancy. Liver disease in pregnancy is 
generally separated into disorders that are unique to pregnancy and 
those that coincide with pregnancy. We recommend a systematic 
approach that focuses on the major differential diagnostic charac-
teristics of pregnancy-related liver diseases (Table 43.2) and a lim-
ited set of tests for pregnancy-unrelated liver diseases (Box 43.1).

Pregnancy-related liver diseases
Hyperemesis gravidarum
Hyperemesis gravidarum occurs in 0.3–2% of pregnancies and 
is characterized by intractable vomiting in the first half of preg-
nancy resulting in dehydration, electrolyte imbalance, weight 
loss, and ketosis.16–18 Thiamine deficiency may lead to a superim-
posed Wernicke’s encephalopathy. The aetiology is poorly under-
stood and likely involves a combination of hormonal, genetic, and 
immunological factors. Serum ALT and AST are usually mildly 
elevated, but levels up to 20 times the ULN have been reported. 
Jaundice is uncommon and there is no risk of liver failure. Liver 
biopsy is not indicated but when performed shows focal necrosis, 
steatosis, or bile-plugs. Therapy involves frequent small low-fat 
meals, intravenous fluids, thiamine and folate supplementa-
tion, and antiemetic medication. Liver test abnormalities usually 
return to normal levels within a few days of volume expansion 
and the cessation of vomiting. Persistently elevated transaminases 
are indicative of an alternative diagnosis such as acute viral hepa-
titis. Other pregnancy-related conditions such as acute fatty liver 
of pregnancy (AFLP) and the haemolysis, elevated liver enzymes, 

and low platelets (HELLP) syndrome typically present in the third 
trimester of pregnancy and are as such easily distinguished from 
hyperemesis gravidarum.

Intrahepatic cholestasis of pregnancy
Intrahepatic cholestasis of pregnancy (ICP) is characterized by 
generalized pruritus (particularly affecting soles and palms and 
worse at night) and high fasting serum bile acid levels (>10 μmol/L) 
in the late second or third trimester.17,18 Mild jaundice (serum 
bilirubin < 5 mg/dL) is present in 10–25% of women and appears 
1–4 weeks after the start of pruritus.16,17 Aminotransferase lev-
els may be normal to mildly elevated with levels 10–20 times the 
ULN in rare cases. There is no evolution to liver failure. Diagnosis 
is made based on these clinical and biochemical findings. Liver 
ultrasound shows no dilated bile ducts. A liver biopsy may show 
signs of cholestasis and inflammatory changes, but is not required 
for the diagnosis. The incidence of ICP varies among different geo-
graphic areas and populations: from less than 0.5% in the United 
States and Australia, to 10-16% in Chile and Scandinavia. The 
condition is associated with a relatively high rate of fetal morbid-
ity, due to premature birth and meconium-stained amniotic fluid 
and intrauterine fetal death (0.4–1.6%) from fetal anoxia.16 The 
risk of adverse fetal outcome appears to increase with increasing 
bile acid levels, especially once a level of greater than 40 μmol/L 
is reached.19

Prognosis for the mother is good, despite the pruritus and 
an increased risk for postpartum haemorrhage (because of 
cholestasis-induced vitamin K malabsorption). The rapid and 
complete recovery following delivery (within 2 weeks) is a typical 
feature. Risk factors include multiparity, advancing maternal age, 
and multiple gestation and recurrence rates are high. Women with 

Table 43.2  Major differential diagnostic characteristics of pregnancy-related liver diseases in the second half of pregnancy

Intrahepatic cholestasis of pregnancy Acute fatty liver of pregnancy HELLP syndrome

Trimester (2)–3 3 (2)–3

Symptoms Pruritus Malaise—fatigue—vomiting Abdominal pain

Jaundice (bilirubin) <5 mg/dL Variable,

>5 mg/day severe cases

Rare, and if present <5 mg/dL

Liver failure

Hypoglycaemia

Mental status

Cause ↑ PT

No

No

Normal

Low vitamin K

Yes

Yes

HE (NH3↑)

Liver dysfunction

No

No

Headache, seizures, 

DIC

Thrombocytopenia No No Per definition

↑ Transaminases Variable,

2–20 × ULN

Variable,

up to 10 × ULN

Per definition,

up to 10 × ULN

Haemolysis No No Per definition

Arterial hypertension No 25–50% 85%

Imaging Normal Fatty changes Hepatic infarction, haematoma

Liver histology Cholestasis, limited inflammation Microvesicular steatosis (zone 3) Patchy necrosis, sinusoidal thrombi  
and haemorrhage

DIC, disseminated intravascular coagulation; HE, hepatic encephalopathy; HELLP, haemolysis-elevated liver enzymes-low platelets; PT, prothrombin time; ULN, upper limit of normal.

Adapted with permission from Hay JE., Liver disease in pregnancy, Hepatology, Volume 47, pp. 1067–76, Copyright © 2008 John Wiley & Sons. Adapted from The Lancet, Volume 375, 
issue 9714, Deepak Joshi, Andra James, Alberto Quaglia, Rachel H Westbrook, Michael A Heneghan, Liver disease in pregnancy, pp. 594–605, Copyright (2010), with permission from 
Elsevier.
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a history of ICP have more gallstone-related disease (pancreatitis, 
cholecystitis) and cholestasis due to oral contraceptive use.

The pathogenesis of the disease is only partially understood. 
Hormonal changes in oestrogen and progesterone metabolites, 
together with genetically determined mutations in bile transporter 
proteins, such as multidrug resistance glycoprotein 3 (MDR3) and 
bile salt export pump (BSEP) play a role.20 The link between high bile 
salt concentrations and fetal morbidity is possibly related to induc-
tion of myometrial contractions and placental vasoconstriction.17

Intrahepatic cholestasis of pregnancy is associated with an 
approximately 1% risk of fetal death that occurs at a median 
gestational age of 38 weeks.16 Delivery at 37–38 weeks is there-
fore commonly performed to minimize perinatal morbidity and 
mortality.21 Fetal monitoring is recommended despite the inabil-
ity to prevent cases of sudden fetal death. Ursodeoxycholic acid 
(UDCA) is considered the drug of choice for the treatment of ICP. 
In a double-blind, placebo-controlled study, 130 Swedish women 
with ICP were randomized to UDCA (1 g/day, 3 weeks) or dexa-
methasone (12 mg/day, 1 week). The patients that were treated with 
UDCA had significant improvement of pruritus and biochemi-
cal parameters of cholestasis.22 There was no difference in fetal 
complications, but this may be due to the small group of patients 
(N = 34) with bile salt levels greater than 40 μmol/L. A manage-
ment proposal for women with ICP, as followed in the University 
Hospitals Leuven (Belgium), is given in Figure 43.1.

‘Haemolysis, elevated liver enzymes, low platelets’  
(HELLP syndrome)
HELLP syndrome occurs in 0.5–0.9% of pregnancies and in 
about 70% of the cases before delivery with a peak frequency 

between the 27th and 37th gestational weeks (see Chapter 36 and 
Chapter 48 for more detailed information).23 It is considered the 
hepatic manifestation of preeclampsia. However, in 20% of cases 
there are no signs of (pre-)eclampsia, and HELLP is more often 
seen in older Caucasian multiparous women.24 HELLP is thought 
to result from an acute rejection of the fetal allograft and the clini-
cal picture is a reflection of a microangiopathic haemolytic anae-
mia with platelet consumption and fibrin degradation. The liver 
damage resembles a sinusoidal obstruction syndrome (previously 
called veno-occlusive disease) with reduction of liver blood flow,25 
and liver ischaemia.

By definition, the transaminases are variably elevated (up to 
ten times ULN), platelets drop in severe cases below 50,000/μL 
and there are signs of haemolysis (abnormalities in blood 
smear with contracted or fragmented red blood cells, anaemia, 
rise in serum lactate dehydrogenase (LDH), low haptoglobin, 
increased reticulocytes, and moderately elevated indirect bili-
rubin (<5 mg/dL)).23 Two classifications for HELLP syndrome 
have been put forward. The Tennessee System classification is 
based on the following parameters: AST greater than 70 IU/L, 
LDH greater than 600 IU/L and platelets less than 100,000/μl. 
Accordingly, there are two forms: complete (all elements present) 
and partial HELLP syndrome (one or two elements present).24 
The Mississippi classification relies on the nadir of platelet 
counts:  class  I  (<50,000/μL), class  II (50,000–100,000/μL), and 
class III (100,000–150,000/μL).26

The combination of upper abdominal pain, ‘malaise’, nausea, 
and vomiting in the third trimester or postpartum (up to 8 days), 
should alert the physician. Approximately 80% of patients dem-
onstrate signs of (pre-)eclampsia (hypertension and proteinuria). 
Liver imaging may show intrahepatic haemorrhage, subcapsular 
haematoma, or haemoperitoneum due to hepatic rupture (occur-
ring in 1–2% of patients with HELLP).27 Other serious mater-
nal complications include placental abruption, disseminated 
intravascular coagulation (DIC), renal failure, and pulmonary 
oedema with variable maternal and especially fetal mortality 
ranging from 8% to 80%.28,29 Interestingly, in women with post-
partum HELLP syndrome, the risk of renal failure and pulmo-
nary oedema is significantly increased compared to those with 
an antenatal onset.30

Most neonates born from a woman with HELLP have a normal 
long-term development. Prematurity at delivery is the main prob-
lem rather than HELLP in itself.23

The management of the patient with HELLP is similar to 
that applied for severe pre-eclampsia (control of hypertension, 
fetal monitoring, and seizure prophylaxis) and urgent delivery 
is needed. Severe maternal complications are more frequent 
when the induction of pregnancy is delayed. At a gestational 
age between 24–34 weeks and a stable maternal condition, cor-
ticosteroids are advocated to accelerate fetal pulmonary matu-
rity. A  randomized, double-blind, placebo-controlled study of 
high-dose dexamethasone included 132 women with the HELLP 
syndrome (60 patients with HELLP occurring in pregnancy and 
72 after delivery).31 Dexamethasone treatment did not reduce 
maternal complications (such as acute kidney injury, pulmonary 
oedema, and oliguria). There was no statistically significant dif-
ference between dexamethasone-treated and placebo-treated 
patients with respect to the time that was required to achieve a 
platelet count of greater than 100,000/mm3. The rates of plate-
lets and fresh frozen plasma transfusions were not significantly 

Box 43.1  Non-invasive evaluation of patients with clinical or 
biochemical suspicion of liver disease

1.  Clinical history (medication!) and physical examination

2.  Liver disease

◆	 Hepatobiliary imaging: liver ultrasound (or if in doubt MRI)
◆	 Liver synthetic and excretory function:  prothrombin time, 

albumin, bilirubin
◆	 Specific tests:

a.	 Viral hepatitis A*, B, C, D, E* and CMV*, HSV*, EBV*

b.	Autoimmune disease: antinuclear antibody, antimitochon-
drial antibody, smooth muscle cell antibody; liver-kidney 
microsomal antibodies; immunoglobulins

c.	 α-1-antitrypsin deficiency: protein electrophoresis (genetic 
testing)

d.	Wilson’s disease:  serum ceruloplasmin, urinary copper 
excretion

3.  Excluding non-hepatic causes of elevated aminotransferases

◆	 Thyroid disorders: TSH
◆	 Coeliac disease: tissue transglutaminase antibodies
◆	 Muscle pathology: creatine kinase

*Only relevant to test in case of markedly elevated AST and ALT  
levels (>10 × ULN).
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reduced, nor was the time of recovery of laboratory test shortened, 
or the duration of hospital stay.31

The rupture of a subcapsular liver haematoma represents a sur-
gical emergency (packing with gauze is preferable to lobectomy). 
Other options include arterial ligation, selective arterial emboli-
zation, or even liver transplantation.23

Acute fatty liver of pregnancy
AFLP affects approximately 5/100,000 pregnancies and is associ-
ated with a 1–2% maternal and 10% perinatal mortality rate in 
the Western world.32 Mothers with twin pregnancies are at greater 
risk. AFLP is caused by a defect in mitochondrial beta-oxidation 
and in up to 20% of cases a deficiency of the long-chain 
3-hydroxyacyl-coenzyme A-dehydrogenase (L-CHAD syndrome) 
can be identified in the fetus which is usually male. The trans-
fer of non-oxidated long-chain fatty acids from the fetus is most 
likely the cause of toxic liver damage of the mother. The character-
istic microscopic alteration is microvesicular steatosis.33 Patients 
usually present in the third trimester and may exhibit acute liver 
failure with hepatic encephalopathy, jaundice, marked elevation 
of transaminases, prolonged prothrombin time, and hypogly-
caemia. The differential diagnosis includes acute viral hepatitis 
and HELLP syndrome (Table 43.2). The liver may have a bright 
appearance on ultrasound imaging, but this is not conclusive as 
nearly 20% of the general population has a fatty liver nowadays 
(see below). Management of AFLP involves intensive supportive 
care and prompt delivery. The clinical condition may deterio-
rate further within the first 48 hours following delivery and liver 
transplantation may be indicated in the absence of liver regenera-
tion.16 According to a retrospective evaluation of 54 admissions 
with pregnancy-related liver disease, the classical King’s College 
criteria of acute liver failure were not effective in predicting out-
come. Instead, a serum lactate of at least 2.8 mg/dL and the pres-
ence of encephalopathy had sensitivity of 90% and a specificity of 
86% to predict liver transplantation or death.34

Following delivery, a rapid reversal of the clinical condition is 
expected, with no long-term sequelae. The risk of recurrence in 
future pregnancies is difficult to predict and genetic counselling 
of the newborn and parents should be offered.

Liver diseases unrelated to pregnancy
Several viruses may induce hepatitis. The natural history of the 
disease is dependent upon the host’s immune response to the 
virus. Most cases of acute hepatitis are characterized by malaise, 
nausea, anorexia, and vomiting. Jaundice and marked elevation of 
transaminases may develop. The occurrence of hepatic encepha-
lopathy and prolongation of prothrombin time are indicative of 
acute liver failure. Several viruses (e.g. hepatitis A  (HAV) and 
E (HEV), herpes simplex, cytomegalovirus, and Epstein–Barr 
viruses) that usually cause an acute self-limited hepatitis may 
occasionally result in acute liver failure.

Infections with hepatitis B, C, or D (HBV, HCV or HDV) may 
run a chronic course and the viral genome can be detected in the 
serum more than 6 months after infection. Most of these patients 
are asymptomatic, and are only diagnosed after detection of liver 
tests abnormalities. A longstanding infection can induce cirrho-
sis, which includes marked fibrosis, nodular regeneration, vascu-
lar shunt formation, and clinically significant portal hypertension. 
In addition to viruses, the pregnant women may develop autoim-
mune, drug-induced (including toxins) or metabolic liver disease.

Hepatitis A
HAV is transmitted via the faecal–oral route and complicates 
1/1000 pregnancies. Diagnosis is made by detection of anti-HAV 
immunoglobulin M. The clinical presentation and disease course 
are similar to non-pregnant patients. Acute hepatitis A  in the 
third trimester of pregnancy is associated with preterm labour in 
approximately 60% of patients.18,35 In case of acute liver failure, 
liver transplantation may be indicated. Perinatal HAV transmis-
sion is uncommon and most cases remain subclinical. A safe and 

Pruritus during pregnancy

Bile salts < 10 μmol/L Mild cholestasis
Bile salts 11–39 μmol/L

Severe cholestasis
Bile salts ≥ 40 μmol/L

Wait and see
UDCA** 15 mg/kg/day;

Weekly check of serum bile salts;
Fetal monitoring (1–2/week);

Induction of labour before 38 weeks

UDCA** 15 mg/kg/day;
Weekly check of serum bile salts;

Daily fetal monitoring,
<34 weeks: antenatal steroids;

≥34 weeks: induction if acceptable fetal
maturity

Fasting serum bile salt levels
Liver tests and ultrasound (exclude other liver and bile duct

disorders)*

Figure 43.1  Management algorithm for women with intrahepatic cholestasis of pregnancy, used at the University Hospital Leuven, Belgium.
*See Box 43.1; **UCDA: ursodeoxycholic acid.
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effective vaccine against HAV is available. After birth, children 
of mothers with hepatitis A  in the last trimester should receive 
the vaccine and some experts also recommend administration of 
immunoglobulin.

Hepatitis B and delta
HBV is highly infectious and transmitted parenterally by percuta-
neous or mucosal exposure, sexually, and from mother to infant. 
The clinical presentation and course of the disease are similar to 
non-pregnant infected individuals. Diagnosis of HBV infection is 
made by detection of hepatitis B surface antigen (HbsAg) in the 
serum. It is difficult to determine, in the absence of previous serol-
ogy, if a patient acquired a new infection or has a flare of chronic 
hepatitis B. Although intrauterine infection has been reported, 
the intrapartum period is the time of greatest risk. Women with 
a high HBV viral load or those positive for the hepatitis B e anti-
gen have an 80–90% chance of transmitting the virus to their 
infant.17,18 Perinatal infection commonly progresses to chronic 
infection in the offspring, which is associated with an increased 
risk of cirrhosis and liver cancer. Because of the risk of vertical 
transmission, HbsAg status should be assessed early in pregnancy 
and unimmunized high-risk patients should be vaccinated, even 
during pregnancy. Administration of HBV human immune glob-
ulin and the HBV vaccine within 12 hours of birth to all neonates 
born to HbsAg positive women reduces the vertical transmission 
rate by 85–95%.36 The use of antiviral drugs such as lamivudine 
or tenofovir during the third trimester in women with a high viral 
load appears to be safe during pregnancy and may further reduce 
the risk of vertical transmission.16,36,37 There is no consensus con-
cerning the cut-off of high viral load in this setting, but the risk of 
transmission seems very high if more than 108 copies/mL are pre-
sent. The vertical transmission rate does not appear to be affected 
by mode of delivery or breastfeeding.

Hepatitis delta is dependent upon the presence of HBV for rep-
lication. The diagnosis of HDV is established by serological test-
ing. Vertical transmission is possible but preventable by using the 
measures to prevent HBV infection.

Hepatitis C
HCV is transmitted through the parenteral route and is nowadays 
mainly a disease of intravenous drug users and men who have sex 
with men. Following a mostly asymptomatic acute infection, more 
than 80% of patients will develop chronic hepatitis and are at risk 
for developing cirrhosis or primary liver cancer over the following 
two to three decades. The incidence of chronic HCV infection in 
pregnant women is similar to that of the general population and 
ranges from less than 1% to 2.4%.16,37 Screening for HCV expo-
sure is performed by screening for HCV antibodies. Diagnosis 
of HCV infection is confirmed by the detection of HCV-RNA 
in the serum. The antibodies that are detectable are not protec-
tive and no effective vaccine is available. Transaminase activity 
levels may fall in the second half of pregnancy with a concurrent 
rise in serum HCV-RNA levels, but this is not clinically signifi-
cant. Women with chronic HCV infection usually experience an 
uneventful pregnancy except when advanced fibrosis and portal 
hypertension are present.

Unlike HBV infection, vertical transmission of HCV is gener-
ally below 10%. Factors that increase this risk include co-infection 
with HIV, high viral load (>106 copies/mL) and membrane rupture 
greater than 6 hours.16 Risk of transmission is unaffected by mode 

of delivery or breastfeeding. The presence of serum HCV-RNA at 6 
months of age is indicative of congenital HCV infection. Vertically 
acquired neonatal HCV infection usually manifests as mild liver 
disease though spontaneous clearance later on is possible. Antiviral 
therapy is generally postponed until young adulthood. Current 
antiviral therapy for HCV includes interferon and ribavirin, which 
are contraindicated during pregnancy (Table 43.3). There are no 
new data yet on the newer direct acting antiviral agents.

Hepatitis E
HEV is endemic to large areas of Africa, Asia, and Central 
America and shares the same faecal–oral transmission route as 
HAV. Sporadic cases are increasingly diagnosed in developed 
countries. Pregnant women are especially susceptible to this 
viral infection and HEV infection during the last two trimesters 
of pregnancy is associated with a 60% risk of fulminant hepatic 
failure, resulting in high maternal (41–54%) and fetal (69%) mor-
tality rates.18,38 Delivery does not affect maternal outcome and 
there is no therapy to prevent transmission. HEV vaccines are 
under development.

Herpes simplex virus hepatitis
Pregnancy increases susceptibility to herpes simplex virus (HSV) 
hepatitis, which is otherwise rarely seen in adults. Maternal and 
neonatal mortality rates may be as high as 40%. Mucocutaneous 
lesions are not always present. High transaminase values and 
coagulopathy in the absence of jaundice (‘anicteric’ hepatitis) 
should raise suspicion of HSV hepatitis, for which intravenous 
therapy with aciclovir is effective.39

Autoimmune hepatitis
Autoimmune hepatitis (AIH) has a prevalence of 0.1–1.2 
cases/100,000 in the Caucasian population. The clinical manifes-
tations of this condition vary widely and include asymptomatic 
patients, those with acute fulminant hepatitis and those with 
chronic hepatitis and cirrhosis. Although AIH is typically asso-
ciated with infertility, a patient with well-controlled disease and 
even cirrhosis can become pregnant. AIH is classically treated 
with corticosteroids as induction therapy and azathioprine in 
maintenance. More recently, budesonide was shown to control 
the disease with less systemic side effects than dexamethasone. 
Autoimmune hepatitis tends to run a highly variable course 
in pregnancy. Postpartum flares are common (in at least 30% 
of patients), which is similar to other autoimmune conditions. 
The risk of fetal loss, preterm birth, and fetal growth restriction 
appears to be increased in women with AIH. However, successful 
pregnancy outcome is anticipated in women with well-controlled 
disease.40–42 Treatment commonly consists of corticosteroids 
and/or azathioprine. Corticosteroids are considered safe during 
pregnancy. Azathioprine (US Food and Drug Administration 
(FDA) pregnancy category D) may be associated with fetal growth 
restriction and preterm birth, but teratogenic effects have not been 
documented.43 In a recent series of 53 women with 81 pregnancies, 
flares in AIH were more likely in patients who were not on therapy 
or who had a disease flare in the year prior to conception.44

In patients with cholestatic autoimmune liver diseases, such as 
primary sclerosing cholangitis (PSC) or primary biliary cirrhosis, 
limited data are available concerning pregnancy outcome.45 In 
patients with PSC, concomitant inflammatory bowel disease may 
pose specific problems that are out of the scope of this review. For 
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both diseases, UDCA is a standard treatment and is safe during 
pregnancy.

Non-alcoholic fatty liver disease
Non-alcoholic fatty liver disease (NAFLD) is becoming the most 
frequent liver disease in the Western world, with a prevalence of 
at least 20% in unselected populations.46,47 NAFLD is a spectrum 
of liver disease, ranging from steatosis to steatohepatitis, with 
advanced fibrosis and eventually cirrhosis. NAFLD is the hepatic 
manifestation of the metabolic syndrome that includes obesity, 
arterial hypertension, hyperlipidaemia, and type 2 diabetes melli-
tus. The influx of free fatty acids together with insulin resistance on 
a susceptible genetic background is a possible mechanism, but the 
pathogenesis remains poorly understood.48 Patients may remain 
asymptomatic for decades. The diagnosis is made by the combi-
nation of abnormal liver tests (typically with the ALT:AST ratio 
> 2:1), the suggestion of liver steatosis on imaging, and (rarely) a 
liver biopsy. The histological findings are similar to alcoholic liver 
disease, and therefore the differential diagnosis can only be made 
in patients who abstain from alcohol. Therapy includes control of 
the components of the metabolic syndrome and lifestyle changes. 
Despite the supposed high prevalence of NAFLD in the general 
population, there are virtually no data in the literature concerning 
NAFLD and pregnancy.49 Despite the lack of data, an increased 
risk of pre-eclampsia is expected in women with NAFLD due to 
the associated comorbidities such as obesity and hypertension.

Hepatic vein thrombosis (Budd–Chiari syndrome)
Pregnancy, along with other hypercoagulable states (i.e. myelo-
proliferative disorders and inherited thrombophilia), are risk 

factors for the rare condition of hepatic vein thrombosis.50 The 
clinical picture is dependent upon the number of veins involved. 
Prognosis is poor in patients with painful hepatomegaly, jaundice, 
and marked ascites. Therapy consists of low molecular weight 
heparin and the timely placement of a transjugular portosystemic 
shunt to decompress the liver. Liver transplantation may be indi-
cated in case of overt liver failure.

Treatment in pregnancy involves anticoagulation (low molecu-
lar weight heparins in the therapeutic dose as given outside preg-
nancy), though thrombosis may occur despite therapy. Maternal 
outcome is generally favourable but an increased rate of miscar-
riage and preterm delivery has been reported.51

Wilson’s disease
Wilson’s disease is a rare autosomal recessive disorder of cop-
per metabolism characterized by deposition of excess copper in 
the liver, brain, and kidney. Patients may present with jaundice, 
elevated transaminases, and haemolytic anaemia, which may be 
mistaken for HELLP syndrome.

Pregnant patients should continue anticopper therapy through-
out pregnancy to prevent disease flare and acute liver failure. The 
dose of penicillamine, an FDA category D medication, should be 
decreased by 25–50% in pregnancy.52 The authors demonstrated 
an excellent outcome of 12 pregnancies in patients with Wilson’s 
disease who received D-penicillamine.53 Zinc appears to be a safe 
and effective alternative.54

Drug-induced liver disease, including alcohol
The liver is susceptible to damage by drugs and toxins as it has 
an important role in metabolizing xenobiotics. The degree of 

Table 43.3  Indication and safety of drugs for liver disease during pregnancy

Medication FDA category Indication Remarks Breastfeeding

Prednisone C Autoimmune hepatitis,

post-liver transplantation

Safe No, except low dose

Azathioprine D Safe No

Ciclosporin C Safe No

Tacrolimus C Safe No

Mycophenolate mofetil D Not recommended, limited data

Everolimus

Ursodeoxycholic acid B Intrahepatic cholestasis  
of pregnancy (ICP)

Indicated for ICP and safe Yes

Lamivudine C HBV Safe No

Entecavir C HBV Not recommended No

Tenofovir B HBV Safe No

Interferon C HBV, HCV Not recommended, high dose may induce abortion No

Ribavirin X HCV Contraindicated, fetal toxicity Unknown

Penicillamine D Wilson’s disease Embryopathy, but need to continue therapy No

Zinc C Safe Yes

Beta blockade C/D

Depending on 
agent

Oesophageal varices Risk of fetal bradycardia and intrauterine growth 
retardation, but necessary to prevent variceal bleeding

Yes

Terlipressin X Variceal bleeding Contraindicated, uterine ischaemia No data

Adapted with permission from Hay JE., Liver disease in pregnancy, Hepatology, Volume 47, pp. 1067–76, Copyright © 2008 John Wiley & Sons.
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drug-induced liver injury (DILI) can vary from mild tran-
sient elevation of liver tests to severe injury and acute failure. 
Hepatotoxicity is a result of multiple factors and is difficult to pre-
dict. Few drugs that cause DILI have a predictable, dose-dependent 
toxic mechanism of action, the most widely recognized being 
acetaminophen/paracetamol. When acetaminophen/paracetamol 
overdose is excluded, most cases of DILI are due to rare, unpre-
dictable reactions to commonly used drugs.55 The drug itself or 
its metabolite may be inherently hepatotoxic. The level of expo-
sure, environmental factors, and genetic factors play a role in 
hepatotoxicity. During pregnancy, the liver remains vulnerable to 
these toxic drug reactions. Catastrophic cases of DILI have been 
reported in pregnancy, even with drugs that were presumed ‘safe’ 
in pregnancy.56

Ethanol ingestion in pregnancy may be associated with danger-
ous consequences for mother and child. In non-pregnant women, 
the intake of more than 2 units a day and especially binge drink-
ing, is associated with many health risks, including but not lim-
ited to liver disease. The histologic liver changes caused by alcohol 
are similar to those seen with NAFLD. In contrast with NAFLD, 
patients with acute alcoholic hepatitis (without cirrhosis) may 
present with the clinical picture of acute liver failure (marked 
jaundice, prolonged prothrombin time, encephalopathy, portal 
hypertension, and moderately elevated serum transaminases), 
with a high risk of death (up to 50%). The pathogenesis of liver 
disease relates to ethanol metabolism with generation of acetalde-
hyde that is highly toxic because of the formation of protein and 
DNA adducts that promote glutathione depletion, lipid peroxida-
tion, and mitochondrial damage.57

Alcohol ingestion may have several negative effects on preg-
nancy. The age-adjusted relative risk of second-trimester spon-
taneous abortions (15–27 weeks) was 1.03 (non-significant), 1.98  
(P < 0.01), and 3.53 (P < 0.01) for women taking less than 1, 1–2, and 
more than 3 units daily, compared with non-drinkers.58 Alcohol 
exposure in pregnancy may lead to fetal alcohol spectrum disor-
der that includes craniofacial, cardiac, growth, and behavioural 
abnormalities. Fetal injury may occur with alcohol exposure at 
any time in pregnancy, though the risk of birth defects is highest 
with first trimester consumption. Abstinence from alcohol is rec-
ommended during pregnancy because a safe level of consumption 
has not been determined.59

Clinically significant portal hypertension 
during pregnancy
Portal hypertension may arise in the context of liver disease 
(most often cirrhosis due to various causes discussed earlier) or 
in non-cirrhotic cases (most often due to portal vein thrombosis). 
Fertility is unaffected in women with non-cirrhotic portal hyper-
tension. Cirrhosis is associated with a high incidence of amenor-
rhea, making pregnancy less likely to occur.60 The spontaneous 
abortion rate can be as high as 40% of pregnancies in women with 
cirrhosis.

Clinically significant portal hypertension is defined by the 
presence of oesophagogastric varices and/or ascites that corre-
late with an invasively measured hepatic venous pressure gradi-
ent of greater than 10 mmHg. The increased blood volume that 
occurs during pregnancy may worsen portal hypertension and 
increase the risk of variceal bleeding, which develops in 20–25% 

of patients.16 Pregnancy outcome in women with cirrhosis and 
portal hypertension is variable. Fetal and maternal mortality rates 
up to 50% were reported in older studies. In a 2011 retrospective 
series of 62 pregnancies in 29 women with cirrhosis, maternal 
complications (ascites, encephalopathy, or variceal haemorrhage) 
occurred in 10% of patients and one mother died.34 The reduction 
in complications in recent studies is likely due to the implementa-
tion of evidence-based treatments, such as the use of non-selective 
beta blockers propranolol and/or endoscopic band ligation of the 
varices. Mortality rates are higher in cirrhotic (10–50%) than 
non-cirrhotic patients (<10%).61

The existing prognostic models of cirrhosis severity are useful in 
determining outcomes in pregnant women with cirrhosis. Higher 
MELD and Child–Pugh scores (discussed in ‘Liver Function 
Scoring Systems’) are associated with poorer outcomes for mother 
and newborn. In the study of Westbrook,34 a MELD score at the 
time of conception of 10 or higher predicted, with 83% sensitivity 
and 83% specificity, which patients were likely to have significant, 
liver-related complications. No patient who had a MELD score of 
6 or below at the time of conception developed significant hepato-
logical complications. Women with a MELD score of 10 or more 
should be advised against pregnancy.

Every patient with suspicion of cirrhotic or non-cirrhotic portal 
hypertension (history of liver disease and upper gastrointestinal 
bleeding, imaging suggestive of cirrhosis, and low platelets) who 
considers pregnancy should undergo upper endoscopy to identify 
varices. During pregnancy, the best timing of gastroscopy would 
be the second trimester. Primary prophylaxis with a non-selective 
beta blocker may be indicated. In case of intolerance to beta 
blockers or if gastrointestinal bleeding does occur during preg-
nancy, urgent endoscopic ligation of the varices is indicated.62 The 
administration of vasoactive drugs like terlipressin is contraindi-
cated because of uterine ischaemia and ischaemia of fetal digits 
(see Table 43.3).

In patients with known varices on a stable regimen of beta 
blockers before pregnancy, the role of repeated endoscopy dur-
ing pregnancy is unknown. Interruption of beta blockers may be 
associated with rebound portal hypertension, so continuation of 
beta blockers during pregnancy (including labour) is mandatory.

Patients with portal hypertension may have significant vari-
cose veins on the abdominal wall and in the epidural space.63 
Visualization of these collaterals by MRI may minimize the risk 
of neuraxial anaesthesia or caesarean delivery (Figure 43.2). An 
additional reason to perform an MRI in pregnant patients with 
portal hypertension is to look for splenic artery aneurysms. 
These vascular abnormalities are prone to rupture during the 
third trimester resulting in high fetal and maternal mortality 
rates.64 Preconceptional screening and treatment (coiling) of 
splenic aneurysms in patients with known portal hypertension is 
recommended.65

Operative vaginal delivery following passive fetal descent is 
suggested to avoid Valsalva and minimize the risk of variceal 
bleeding.

Special situations
Pregnancy in women after liver transplantation
Nearly 90% of women of child-bearing age return to a fertile state 
by 7  months after liver transplantation. Women are generally 

 

 

 



Part 9  systemic disease in pregnancy684

advised to delay conception for at least 1 year to stabilize graft 
function and immunosuppressant dose and optimize control of 
comorbid conditions.18 A 2012 meta-analysis that included 450 
pregnancies in 306 liver transplant recipients revealed a live birth 
rate of nearly 77% and a miscarriage rate of 15.6%. The risk of 
pre-eclampsia (21.9%), preterm delivery (39.4%), and caesar-
ean delivery (44.6%) were increased compared to the general US 

population.66 The risk of gestational diabetes and low birth weight 
is also increased in the liver transplant recipient.18 Variable rates 
of rejection during pregnancy (2–10%) and graft loss directly 
attributable to pregnancy (0–10%) have been reported.66

The safety of the immunosuppressive drugs is given in Table 43.3. 
Most data are available for corticosteroids, azathioprine, ciclo-
sporin, and tacrolimus-based regimens. Mycophenolate mofetil 

(A)

       

(B)

(C)

Figure 43.2  MRI of a 37-year-old patient with cirrhosis (alfa-1-antitrypsin deficiency) at 32 weeks of gestation. Delivery 2 weeks later by uneventful caesarean section 
because of intrauterine growth retardation. (A) Coronal image showing small cirrhotic liver, ascites, and collateral veins (arrow) in the splenic hilum, perigastric, and 
pericolic area. (B) Pregnant uterus and venous collaterals in the anterior abdominal wall (arrow). (C) Normal epidural space, no venous collaterals.   
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and everolimus should be avoided in pregnancy. Breastfeeding is 
contraindicated in women taking immunosuppressant drugs.

Hepatocellular adenomas and bleeding risk
Hepatocellular adenomas (HCAs) are a rare but important prob-
lem. Some HCAs have a tendency for malignant transformation, 
but during pregnancy life-threatening bleeding is the major con-
cern. The lesion typically develops in women and most often in 
long-term oral contraceptive users. The yearly incidence has been 
estimated in (older) case–control studies to be less than 5/100,000 
long-term (>5 years) oral contraceptive users.

HCAs arise in a normal liver while a similar lesion in a cirrhotic 
liver is called a regenerative or dysplastic nodule.67 Studies that 
correlate lesional genotype with phenotype form the basis of a 
new histological/molecular classification of hepatocellular adeno-
mas. Based on molecular criteria (hepatocyte nuclear factor-1α 
and β-catenin mutations) and histological criteria (the presence/
absence of inflammation, cytological and architectural atypia, 
steatosis, sinusoidal congestion, and mild ductular reaction), sub-
groups of hepatocellular adenoma can be defined with variable 
risks of bleeding and malignant transformation.

The occurrence of haemorrhage seems to cluster with the 
inflammatory HCA.68 There are two types of haemorrhage: inter-
nal bleeding usually admixed with necrotic changes (this type is 
mostly observed in adenomas > 4 cm) and spontaneous rupture 
that causes subcapsular haematoma and possible haemoperito-
neum. The diameter of bleeding adenomas in the literature varies 
between 6.5 and 19 cm. These tumours are prone to bleed in the 
third trimester, but one-third rupture in the postpartum period. 
Mortality rates of 44% and 38% respectively for mother and fetus 
have been described, when rupture occurred during pregnancy.69 
Other benign lesions, such as focal nodular hyperplasia or hae-
mangiomas have no bleeding risk.

Preconceptional detection of an HCA by ultrasound, 
contrast-enhanced CT, and especially MRI allow for a specific 
diagnosis. Resection of an HCA before pregnancy is necessary 
with large (≥4–5 cm) tumours or when there are factors that sug-
gest malignant transformation such as rapid growth, change in 
radiological characteristics or elevated serum alpha-fetoprotein. 
HCAs that are discovered during pregnancy should be followed by 
ultrasound at monthly intervals and should be treated according 
to the criteria above after multidisciplinary discussion.

Conclusion
The management of liver disease during pregnancy requires a 
multidisciplinary collaboration between obstetrician, hepatolo-
gist, anaesthetist, and neonatologist in order to optimize out-
come for mother and child. Interpretation of abnormal liver tests 
in pregnancy may be difficult, given the normal physiological 
changes that occur in this condition. The timely recognition of 
cholestasis, clinically significant portal hypertension, and liver 
failure is essential to minimize fetal and maternal morbidity and 
mortality. The differentiation of diseases related or unrelated to 
pregnancy is important and determines management.
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CHAPTER 44

Kidney disease
Kate Wiles, Kate Bramham and Catherine Nelson-Piercy

Renal physiology in pregnancy
Critical renal physiological adaptations occur early in pregnancy, 
including increased erythropoietin production and vitamin D 
hydroxylation1 which appear to be fundamental to successful 
maternal and fetal outcomes.

Glomerular filtration
Glomerular filtration rate (GFR) increases from the first day of 
menstruation and rises by approximately 10–20% until day 21 
before returning to baseline levels.2 Relaxin is a circulating pep-
tide hormone released by the corpus luteum which increases in 
the luteal phase of the menstrual cycle, correlating with this tran-
sient rise in GFR.3 Following conception, relaxin appears to be 
an important mediator of pregnancy-associated change in renal 
physiology. When the ovum is fertilized, the corpus luteum is 
maintained and relaxin production increases dramatically, stim-
ulated by human chorionic gonadotropin (hCG).4 At the same 
time, effective renal plasma flow increases by 80% over the next 16 
weeks with a rise in glomerular filtration of 50%.

Relaxin has been shown to be essential for mediating increased 
renal blood flow in pregnant and non-pregnant rats.5 Women 
with in vitro fertilization and embryo transfer, with undetect-
able relaxin levels, have a blunted gestational increase in GFR.6 
In addition, administration of intravenous recombinant human 
relaxin to non-pregnant volunteers leads to a 47% increase in 
renal blood flow. However, this increased blood flow does not 
lead to a parallel increase in glomerular filtration, suggesting 
that there are also additional unknown mechanisms mediating 
pregnancy-associated changes in GFR.

An increase in GFR is noted in both renal transplants and 
women with single kidneys.7,8 Furthermore, healthy pregnant 
women given amino acid infusions have a further increase in 
GFR suggesting that the kidneys have a remarkable capacity 
for increased filtration on top of pregnancy-associated change.9 
Outside of pregnancy, hyperfiltration has been shown to be a 
precursor to progressive renal damage.10 However, despite a sus-
tained period of increased GFR in pregnancy there are no renal 
consequences. The preservation of renal function in normal preg-
nancy is proposed to be due to a lack of increase in transglomeru-
lar hydrostatic pressure demonstrated by single-nephron GFR 
studies in rat models.11

Increased renal blood flow results in up to a 70% rise in renal 
volume, and an approximately 1 cm increase in kidney length.12 
Hydronephrosis is a common finding in pregnancy due to pro-
gesterone mediated dilatation of the whole renal tract, and 

compression of the ureters by the enlarging uterus or iliac ves-
sels. The right renal pelvicalyceal system dilates by a maximum 
of 0.5  mm each week from 6 to 32 weeks, reaching a maximal 
diameter of about 20 mm which is maintained until term. The left 
pelvicalyceal system reaches a maximal diameter of 8 mm at 20 
weeks’ gestation.13

Proteinuria
Proteinuria increases in normal pregnancy and it is widely accepted 
that the upper limit of normal is 300 mg/24 h.14 Women with 
pre-existing proteinuria usually have an approximate doubling 
of protein excretion in normal pregnancy. This increase in pro-
teinuria is due to increased renal blood flow and alterations in the 
selectivity and charge of the glomerular basement membrane.15 
Albumin accounts for approximately 30% of urine protein excretion. 
Albuminuria increases two- to threefold during pregnancy and may 
not return to normal until 12 weeks postpartum.16 There are also 
increases in urinary excretion of low-molecular-weight proteins, 
glucose, amino acids, calcium, and uric acid suggesting physiologi-
cal compromise of proximal tubular reabsorption during pregnancy.

Acute kidney injury in pregnancy
Epidemiology
Acute kidney injury (AKI) is characterized by a rapid reduction 
in kidney function resulting in a failure to maintain fluid, elec-
trolyte, and acid–base homoeostasis. AKI is a common clinical 
problem. Data from the United Kingdom estimate the incidence 
of AKI to be 486–630/million population/year17 and between 5% 
and 20% of critically ill patients experience an episode of AKI 
during the course of their illness.18

The incidence of AKI in pregnancy varies depending upon the 
socioeconomic conditions of the population studied. The incidence 
of AKI in developed countries is estimated to be 1/15,000–20,000 
pregnancies.19 However, in developing nations, obstetric AKI 
remains a serious problem, complicating up to 1/2000 pregnan-
cies20 and resulting in as many as 25% of referrals to dialysis cen-
tres.21 Improved prenatal care and the liberalization of abortion 
laws with consequent reduction in septic abortion are significant 
factors in explaining this variance.6

The presence of AKI is associated with an increased mortality 
regardless of the underlying aetiology.22 The estimated maternal mor-
tality from pregnancy-related AKI, although rare in the developed 
world, is up to 20% in developing countries.23 Despite its decreasing 
incidence, AKI remains a serious complication in pregnancy.
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Definitions of acute kidney injury: difficulties 
in pregnancy
In the past, studies of AKI were limited by the way AKI was 
defined and classified. Collaborative groups therefore worked to 
produce consensus definitions of AKI based on changes in serum 
creatinine and urine output (see Table 44.1 and Table 44.2).

However, the physiology of pregnancy includes an increase in 
renal blood flow and an associated 50% increase in GFR. In addi-
tion, there is an expansion in plasma volume causing haemodi-
lution. Consequently, such consensus definitions of AKI are not 
valid in the pregnant woman.

In the United Kingdom, laboratories calculate an estimated 
GFR (eGFR) on all samples sent for creatinine measurement 
using the Modification of Diet in Renal Disease (MDRD) equa-
tion. When assessing for kidney injury it needs to be remembered 
that not only does this formula require plasma creatinine levels to 
be in steady state thereby precluding accurate assessment of acute 

changes in renal function, it also underestimates a gestational 
GFR calculated by inulin clearance by more than 40 mL/min.26

Clinicians are therefore limited to the interpretation of creati-
nine as a surrogate marker for renal function. Even then, the phys-
iological changes of pregnancy mean that serum creatinine falls 
by an average of 35 μmol/L (0.4 mg/dL) in pregnancy.27 Although 
a ‘normal’ laboratory value for creatinine can therefore still mask 
kidney injury in the pregnant patient, a creatinine of higher than 
90 μmol/L is indicative of renal impairment in pregnancy.28 In 
the context of the limitations of biochemical parameters to assess 
for AKI, the value of urine output criteria should be remembered, 
although oliguria is very common intra- and postpartum espe-
cially in the context of pre-eclampsia (see ‘Pre-Eclampsia’ section).

Aetiology of acute kidney injury
AKI is a common medical problem affecting 5% of hospital 
in-patients and 30% of critically ill patients.25 It is less common 
in the pregnant population ranging from 1/2000 to 1/20,000 preg-
nancies depending on the socioeconomic status of the popula-
tion.29 As in the non-pregnant patient, the aetiology of AKI can 
be considered as ‘pre-renal’ due to pathology of renal perfusion, 
‘renal’ with intrinsic renal damage, or ‘post-renal’ caused by inter-
ruption to the normal outflow of the kidney. The pregnancy-related 
causes of AKI are listed in Table 44.3.

Acute kidney injury in pregnancy: general principles
Supportive measures in the management of AKI apply to the preg-
nant population as in the non-pregnant population. Renal perfu-
sion needs to be maintained. Fluid requirements need to be assessed 
in the context of a careful clinical examination of the pregnant 
patient remembering the physiological reduction in both blood 
pressure and oncotic pressure that occur in pregnancy. Doses of 
antibiotics, anticoagulants, insulin, and opiates may need to be 
adjusted when there is a decrease in GFR. Erythropoietin require-
ments can increase with AKI. Nephrotoxic drugs including ami-
noglycosides, postpartum non-steroidal anti-inflammatory drugs 
(NSAIDs), and radiocontrast agents should be avoided. Treatment 
of hyperkalaemia with ion-exchange resin, insulin, and glucose 

Table 44.3  Causes of acute kidney injury in pregnancy

Pre renal Renal Post renal

Vomiting/hyperemesis Pre-eclampsia Gravid uterus

Postpartum haemorrhage HELLP Papillary necrosis

Placental abruption AFLP Urinary retention

Sepsis TTP and HUS Damaged ureters

Heart failure Acute tubular necrosis

Interstitial nephritis

Glomerulonephritis

AFLP, acute fatty liver of pregnancy; HELLP, haemolysis, elevated liver enzymes, and low 
platelet count; HUS, haemolytic uraemic syndrome; TTP, thrombotic thrombocytopenic 
purpura.

Adapted from Alsuwaida AO., Challenges in diagnosis and treatment of acute kidney 
injury during pregnancy. Nepro-Urology Monthly, volume 4, issue 1, pp. 340–344.  
Copyright © 2012, Kowsar M.P.Co. All rights reserved. Adapted from: Handbook of 
Obstetric Medicine. 4th Edition. Nelson-Piercy C, Copyright © 2010 Informa Healthcare, 
2010, reproduced by permission of Taylor & Francis Books UK.

Table 44.1  RIFLE classification scheme for acute kidney injury

RIFLE 
category

Creatinine (Cr), glomerular 
filtration rate (GFR)

Urine output

Risk Cr ≥ 1.5 × baseline or decrease  
in GFR ≥ 25%

<0.5 mL/kg/h for ≥6 hours

Injury Cr ≥ 2 × baseline or decrease in  
GFR ≥ 50%

<0.5 mL/kg/h for ≥12 hours

Failure Cr ≥ 3 × baseline or Cr ≥ 354 μM 
with a rise of at least 44 μM or 
decrease in GFR ≥ 75%

<0.3 mL/kg/h for ≥24 hours or 
anuria ≥ 12 hours

Loss Loss of kidney function for >4 weeks

End-Stage Loss of kidney function for >3 months

Reproduced from Bellomo R, Ronco C, Kellum JA et al., Acute renal failure–definition, 
outcome measures, animal models, fluid therapy and information technology 
needs: the Second International Consensus Conference of the Acute Dialysis Quality 
Initiative (ADQI) Group, Critical Care, volume 8, issue 4, R204–12. http://ccforum.com/
content/8/4/R204. © 2004 Bellomo et al.; This is an Open Access article: verbatim copying 
and redistribution of this article are permitted in all media for any purpose, provided this 
notice is preserved along with the article’s original URL.

Table 44.2  Acute Kidney Injury Network (AKIN) staging system 
for acute kidney injury

AKIN stage Serum creatinine (Cr) Urine output

1 Cr ≥ 1.5–1.9 × baseline or Cr 
increase by ≥26.2 μM

<0.5 mL/kg/h for ≥6 hours

2 Cr ≥ 2–2.9 × baseline <0.5 mL/kg/h for ≥12 hours

3 Cr ≥ 3 × baseline or Cr ≥ 
354 μM with a rise of at least 
44 μM or initiation of renal 
replacement therapy

<0.3 mL/kg/h for ≥24 hours or 
anuria ≥ 12 hours

Reproduced from Mehta RL, Kellum JA, Shah SV et al. Acute Kidney Injury Network. 
Acute Kidney Injury Network: report of an initiative to improve outcomes in acute kidney 
injury, Critical Care, volume 11, issue 2, R31. http://www.ccforum.com/content/11/2/
R31. © 2007 Mehta et al.; This is an open access article distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited.
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can, and should, be given if required in pregnancy. Maternal and 
fetal indications for renal replacement therapy are considered 
below (see ‘Dialysis’ section).

Acute kidney injury in pregnancy:  
specific conditions
Pre-Eclampsia
Pre-eclampsia is a pregnancy-specific disorder characterized by 
new-onset hypertension and proteinuria after 20 weeks’ gestation. 
Hypertension is defined as a blood pressure above 140/90 mmHg. 
Proteinuria is an excretion of greater than 300 mg/24 h. A 24-hour 
urine collection is considered the gold standard for quantification 
of proteinuria but a spot urinary protein:creatinine ratio greater 
than 50 mg/mmol may also be used for diagnosis.27 Pre-eclampsia 
is a multisystem disorder which can affect any maternal organ 
including the kidney. Pre-eclampsia is the most common cause of 
AKI in pregnancy. In addition, as pre-eclampsia affects approxi-
mately 5% of pregnancies it is also the commonest glomerular dis-
ease in the world.32

The primary locus for kidney injury in pre-eclampsia is the 
glomerular endothelium. This substantiates the epidemiology of 
pre-eclampsia whereby diseases that are associated with endothe-
lial dysfunction such as diabetes and antiphospholipid syndrome 
carry an increased risk for the development of pre-eclampsia. 
Endothelial cell swelling leads to capillary occlusion and endothe-
liosis (a swelling of the glomerulus, the degree of which correlates 
with disease severity).33 Electron microscopy confirms the loss of 
renal fenestrae. Antiangiogenic factors are hypothesized to play 
a role in the interruption of normal endothelial health leading to 
a diffuse endotheliosis that is pathognomonic for pre-eclamptic 
renal injury. Impaired hydraulic permeability of glomerular cap-
illary wall leads to a reduced plasma flow and a fall in GFR.34 In 
pre-eclampsia, GFR and renal plasma flow decrease by 24–40% 
compared with normal pregnancy of the same gestation.35,36 Of 
note, milder glomerular endotheliosis is seen in up to 50% of 
pregnancies complicated by hypertension without coexisting pro-
teinuria suggesting that pregnancy-induced hypertension is part 
of the spectrum of pre-eclamptic renal disease.33

Although oedema is not a criterion for the diagnosis of 
pre-eclampsia it remains a common presenting symptom. The 
oedema in pre-eclampsia is not due to vascular underfilling driv-
ing the renin axis and causing renal sodium retention. It is better 
comparable to the ‘overflow’ state of acute nephritic syndromes 
in which GFR decreases disproportionately to renal plasma flow 
and glomerular–tubular imbalance is hypothesized to cause salt 
retention.37 Decreased GFR, increased capillary permeability, 
and hypoalbuminaemia may all contribute to the oedematous 
clinical state.

The treatment of pre-eclampsia aims to maintain blood pres-
sure at less than 140/90 mmHg to reduce the risk of hypertension 
in the mother whilst maintaining adequate uteroplacental perfu-
sion. Treatment is mandatory for a blood pressure greater than 
160/110 mmHg due to the risk of both maternal cerebral haemor-
rhage and placental abruption. Common agents used in the treat-
ment of hypertension are outlined in Table 44.4.

Fluid management is important in pre-eclampsia. Aggressive 
hydration in women with pre-eclampsia is associated with 
increased maternal mortality and it is advised that women are ‘kept 
dry’ to avoid these risks.39 Oliguria is common in pre-eclampsia 

and does not imply volume depletion.40 There is no evidence of 
benefit of fluid expansion in pre-eclampsia41 and a fluid challenge 
with either crystalloid or colloid does not ensure improved utero-
placental perfusion.42 Equally, from an anaesthetic perspective it 
should be remembered that women with pre-eclampsia firstly, are 
vasoconstricted and not at increased risk of hypotension either 
during or after regional anaesthesia and secondly, that there 
is no evidence that a bolus of crystalloid as a preload prevents 
hypotension.39,43

There is a natural diuresis at 36–48 hours postpartum. Judicious 
fluid management is needed until this occurs. A fluid restriction 
of 80 mL/h is suggested.39,44 Before the postpartum diuresis, olig-
uria is common and does not require further management. It is 
suggested that a urine output greater than 40 mL in 4 hours is 
sufficient in the immediate postpartum period39 but there is no 
evidence that maintenance of a specific urine output prevents the 
rare development of overt renal failure. Urine output is, however, 
used to guide magnesium treatment in severe pre-eclampsia and 
eclampsia. The kidney is the key player in magnesium homeostasis 
and a fall in GFR increases the potential for developing hyperma-
gnesaemia. When urine output falls to less than 20 mL/h, dose 
adjustment of magnesium sulphate is required. However in the 
event of eclampsia, the usual loading bolus dose of 4 g should 
be given.

The reversible glomerular endothelial pathology in 
pre-eclampsia that temporarily compromises renal function 
may be complicated both by hypovolaemia and overzealous fluid 
restriction. Permanent renal damage in pre-eclampsia is unu-
sual suggesting that restriction of fluid in pre-eclampsia is either 
not clinically significant or that permanent clinical sequelae are 
rare.44 Renal function is, however, vulnerable in patients with 
pre-eclampsia and a nephrotoxic hit from NSAIDs should be 
avoided with alternative postpartum analgesia prescribed.

The glomerular swelling and renal endothelial changes in 
pre-eclampsia usually resolve by 8 weeks postpartum coinciding 
with the clinical regression of hypertension and proteinuria.37 
However, research has demonstrated a longer regression trajec-
tory in those with higher blood pressures and greater quantities 
of gestational proteinuria. It has been found that 14% of women 
have persistent proteinuria at 3 months, falling to 2% at 2 years 
postpartum with an estimate of 16% longer to remission for every 
1 g/day increase in proteinuria during pregnancy.45 However, it is 
advised that patients who continue to demonstrate proteinuria at 
6–8 week postpartum are reviewed again at 3 months postpartum 
and a referral to a nephrologist is considered to exclude underly-
ing renal disease.

Pre-eclampsia is known to increase the risk of vascular disease 
in later life including chronic hypertension, ischaemic heart dis-
ease, cerebrovascular disease, and venous thromboembolism.46 
For this reason, women who have developed pre-eclampsia are 
advised to undergo annual assessment of their vascular risk, 
appropriate modification of lifestyle factors, and treatment when 
risk thresholds are reached. In addition, pre-eclampsia is an inde-
pendent risk factor for both renal biopsy and subsequent end-stage 
renal disease (ESRD). Women with pre-eclampsia whose babies 
weigh less than 1.5 kg have a 17-fold increase risk of proceeding 
to renal biopsy.47 In addition, although the absolute risk of ESRD 
is low, pre-eclampsia increases that risk by 3–15 times depending 
on the number of pregnancies in which pre-eclampsia develops. 
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These data include correction for pre-existing renal disease, rheu-
matic disease, essential hypertension, and diabetes mellitus.48

Haemolysis, elevated liver enzymes, and low platelets  
(HELLP syndrome)
Severe pre-eclampsia is complicated by a consumptive coagulopa-
thy and microangiopathy in 10–20% of cases.33 HELLP syndrome 
is the constellation of haemolysis, elevated liver enzymes, and low 
platelets and is an important variant of severe pre-eclampsia. AKI 
may complicate any pre-eclampsia but the incidence of renal fail-
ure is much higher in HELLP syndrome. HELLP affects 10–20% of 
patients with severe pre-eclampsia and the largest study estimates 
that AKI complicates 3% of HELLP.49 Abruption, disseminated 
intravascular coagulation, sepsis, haemorrhage, and intrauterine 
death all increase the risk of AKI in HELLP. A rise in serum cre-
atinine in association with HELLP worsens prognosis.50

Although AKI in HELLP can be severe enough to require 
renal replacement therapy, it is observed that most patients will 
recover renal function. In addition, successful cadaveric renal 
transplantation from patients with HELLP and renal involve-
ment are described.51 This potential for renal recovery means 
that there are limited biopsy data on the nature of the renal insult 
in HELLP. Limited case reports describe the glomerulosis of 
pre-eclampsia with additional thrombotic microangiopathy. It 
is therefore hypothesized that the endothelial pathology which 

triggers kidney injury in pre-eclampsia, can extend to produce a 
thrombotic microangiopathy in HELLP. The resulting renal tis-
sue ischaemia is more severe, producing both tubular and cortical 
necrosis.52,53

The management of HELLP is supportive and mirrors that 
of pre-eclampsia. A  double-blind randomized controlled trial 
showed that the use of steroids did not alter hospital stay, recov-
ery of laboratory parameters, or complication rates.54 Although 
the renal pathology is that of a thrombotic microangiopathy, there 
are no prospective trial data to either support or refute the use of 
plasmapheresis.

Thrombotic microangiopathy
Thrombotic thrombocytopenic purpura
Thrombotic thrombocytopenic purpura (TTP) is characterized by 
thrombocytopenia, microangiopathic haemolytic anaemia, and 
organ dysfunction which can include AKI. Pregnancy-associated 
TTP usually occurs in the second or third trimesters or in the 
postpartum period.55 The average gestational age at diagnosis is 
26 weeks. Pregnancy is both a trigger factor for new disease and 
for disease flare in those with a history of TTP. (See Chapter 48 for 
more haematological details of TTP.)

The pathogenesis of TTP is characterized by the deposition of 
platelet-rich thrombi in the microcirculation of multiple organs, 
including the kidneys. Von Willebrand factor (vWF) plays a 

Table 44.4  Common pharmacological agent used to treat hypertension in pregnancy and the postpartum period

Agent Dose Side effects Comments

Antenatal

Methyldopa 250 mg bd–1 g tds Lethargy

Depression

Documented safety profile

7-year follow-up of offspring

Labetalol 200 mg bd–500 mg tds

or intravenous infusion

Avoid in asthma

Nifedipine slow release 10 mg–40 mg bd Headache

Flushing

Swollen lower limbs

Tocolytic

Synergistic interaction with 
magnesium sulphate

Hydralazine Intravenous infusion or 25 mg bd–75 mg tds Headache

Flushing

Tachycardia

Amlodipine 5–10 mg od Swollen lower limbs

Doxazosin 1 mg od–8 mg bd

Angiotensin-converting enzyme 
inhibitors

Angiotensin receptor blockers

CONTRAINDICATED Congenital cardiac and CNS anomalies

Fetopathy

Oligohydramnios

Fetal growth restriction

Neonatal renal failure

Postnatal

Enalapril 5–20 mg bd Safe in breastfeeding

Nifedipine slow release 10–40 mg bd Safe in breastfeeding

Amlodipine 5–10 mg od Safe in breastfeeding

Atenolol 25–50 mg od Safe in breastfeeding

Data from Hypertension in pregnancy: The management of hypertensive disorders in pregnancy, National Institute for Health and Clinical Excellence, 2011.
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haemostatic role by inducing the formation of platelet plugs. In 
TTP, von Willebrand proteins do not undergo their normal rapid 
breakdown due to either a quantitative or functional deficiency 
of the vWF cleaving protein, ADAMTS13. This leads to platelet 
aggregation, red cell fragmentation, and the clinical picture of 
TTP. Pregnancy is a procoagulant state with increased levels of 
factor VIIa, factor VIII, vWF, and fibrinogen as well as increased 
amounts of fibrin degradation products. This suggests that mild 
intravascular coagulation is a phenomenon of normal preg-
nancy.53 In addition, levels of ADAMTS13 decrease in normal 
pregnancy during the second and third trimesters. A severe defi-
ciency of ADAMTS13 has been recorded in pregnancy-associated 
TTP with 20% of patients having levels of less than 5%.56

TTP can be difficult to diagnose in pregnancy as thrombocy-
topenia, haemolysis, renal dysfunction, and neurological symp-
toms exist in both TTP and HELLP. Twenty per cent of woman 
with pregnancy-associated TTP are diagnosed with coexisting 
pre-eclampsia/HELLP.53 Clotting abnormalities are, however, 
more common (20%) in HELLP and so elevated antithrombin 
and fibrinogen levels may increase the clinical suspicion of TTP.53 
ADAMTS13 levels may not be diagnostically helpful as a reduced 
level has been described in HELLP without evidence of concurrent 
TTP.57 Levels below 5% are diagnostic of TTP. The presence of anti-
bodies against ADAMTS13 suggest the more common acquired 
form  as opposed to congenital TTP.

Renal disease in TTP is due to thrombotic microangiopathy 
within the kidney and is common in pregnancy-associated TTP; 
30–80% of pregnant women with TTP will demonstrate renal dys-
function which is a higher rate than in TTP outside of pregnancy.53 
Treatment is with fresh frozen plasma infusion and/or plasma 
exchange which will replace the deficiency of normal anticoagu-
lant factors and/or neutralize circulating antibodies against them. 
Plasma exchange has improved maternal mortality from over 50% 
to less than 10%.55 Fetal outcome, however, remains poor with a 
perinatal mortality rate of 30–80% attributed to microangiopathy 
of the placental arterioles.58 Reports of long-term renal outcome 
are variable. The literature describes renal recovery as ‘typical’ in 
some cohorts.53 In patients with a known history of TTP who sub-
sequently become pregnant, serial monitoring of ADAMTS13 lev-
els is advised where a quantitative deficiency is measurable, with 
prophylactic plasma exchange instituted to prevent disease flare.

Haemolytic uraemic syndrome
Haemolytic uraemic syndrome (HUS) and TTP are clinically 
similar disorders, traditionally segregated on the basis of clini-
cal presentation. Those with microangiopathic haemolytic anae-
mia causing neurological deficit were traditionally classified as 
TTP, whereas microangiopathy without neurological symptoms 
but predominant renal impairment was labelled HUS. The same 
patient might have been labelled as HUS by a nephrologist and 
TTP by a haematologist.59 The term TTP/HUS was therefore 
coined to avoided uncertainty of diagnosis.

However, a more detailed understanding of the molecular basis 
of both TTP and HUS has facilitated clinical distinction once 
more. An acquired or constitutional deficiency of ADAMTS13 
is associated with the clinical picture of TTP, whereas mutations 
to proteins involved in the complement pathway are described in 
HUS. Patients with microangiopathy in association with comple-
ment dysregulation have significant renal disease and 76% pro-
gress to ESRD.60

In the same way that pregnancy can trigger the onset and/or 
relapse of ADAMTS13-deficient TTP, it can also initiate comple-
ment dysregulation-associated HUS. Interestingly, complement 
dysfunction is also described in HELLP61 which, as discussed, 
can be difficult to distinguish from isolated microangiopathy (see 
‘Thrombotic thrombocytopenic purpura’ section).

Pregnancy-associated HUS accounts for up 21% of 
non-diarrhoea-associated HUS in women of whom 86% have a 
detectable complement gene mutation.60 In contrast to TTP, most 
cases (>75%) of pregnancy-associated HUS occur in the postpar-
tum period. It is theorized that placental expression of comple-
ment regulatory proteins is protective in pregnancy and when this 
control is lost at delivery HUS can present.60

As for TTP, treatment of HUS includes plasma infusion and 
exchange. In addition, eculizumab is now licensed for the treat-
ment of non-diarrhoea-associated HUS. Eculizumab inhib-
its activation of the alternative complement pathway in HUS 
via anti-C5 blocking antibody. Small prospective studies show 
an improvement in GFR including dialysis-requiring patients 
becoming independent of renal replacement for the duration of 
treatment.62 Data on eculizumab are limited in pregnancy but 
use at a lower dose for paroxysmal nocturnal haemoglobinuria 
is reported.63,64

Pre-pregnancy counselling of women with known complement 
dysregulation is difficult as there is incomplete penetrance at a 
molecular level and pregnancy may, or may not, be a sufficient 
trigger for clinical disease. A 20% risk of pregnancy-associated 
disease is quoted.60

Acute fatty liver of pregnancy
Acute fatty liver of pregnancy (AFLP) is a rare obstetric emergency, 
which has the potential to progress to fulminant liver failure. This 
disorder has been linked to genetic mutations in maternal and 
fetal mitochondrial fatty acid oxidation genes leading to an exces-
sive hepatotoxic fatty acid load and impaired liver function.

AKI is a common complication occurring in 20–100% of 
patients.53 The underlying renal pathology is variable and 
includes acute tubular necrosis and the endotheliosis of coexisting 
pre-eclampsia. Tubular free fatty acid deposition has also been seen 
which links directly with current theories of liver pathogenesis.65

Treatment requires early diagnosis, supportive care, and prompt 
delivery. Maternal and perinatal mortality is between 10–20% but 
in most women there is complete liver and renal recovery after 
delivery.66

Systemic lupus erythematosus
Systemic lupus erythematosus (SLE) is primarily a disease of 
young women. It therefore has the potential to present for the 
first time in pregnancy with AKI. The diagnostic difficulty and 
management of lupus in pregnancy plus the indications for renal 
biopsy in pregnancy are considered below in the sections on lupus 
nephritis and renal biopsy in pregnancy.

Urinary tract infection
Physiological changes to the urinary tract increase the risk of 
bacterial colonization. These include increased bladder volume, 
decreased detrusor muscle tone, progesterone-driven ureteric 
dilatation, and glycosuria. The incidence of urinary tract infection
(UTI) in pregnancy is approximately 2%67 with a 0.07% incidence 
of pyelonephritis.68 However, pyelonephritis carries a high (23%) 
risk of recurrence in the same pregnancy.69
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Any infection of the urinary tract is associated with increased 
risk of adverse outcomes for both mother and child. Pyelonephritis 
represents the most serious type of infection which if untreated 
leads to pyonephrosis, abscess formation, septicaemia, and organ 
failure. Antepartum pyelonephritis is associated with adverse 
perinatal outcomes and is an independent risk factor for preterm 
delivery.68

Screening and effective treatment of asymptomatic bacteriu-
ria and cystitis will reduce the risk of pyelonephritis. Treatment 
of asymptomatic bacteriuria should be directed by urine culture 
and continued for a minimum of 7 days.70 Cystitis and pyelone-
phritis should be treated empirically with broad-spectrum agents 
until culture and sensitivity results are available. A 10-day course 
of antimicrobial therapy is advocated for symptomatic infection 
with up to 21 days recommended for pyelonephritis.71 It is impor-
tant to exclude renal tract anomaly with persistent, recurrent, or 
clinically significant infection. Recurrent infection carries the 
same risks as primary infection and low-dose antibiotic prophy-
laxis may be required for the remainder of the pregnancy.72

Women with vesicoureteric reflux have a higher incidence of 
UTI in pregnancy but this is not associated with excess mater-
nal or fetal morbidity provided there is no renal scarring. It is the 
existence of renal scarring, rather than the presence or absence of 
reflux, which increases the risk of hypertension and pre-eclampsia 
in pregnancy 73 (see ‘Reflux Nephropathy’ section).

Obstructive nephropathy
AKI secondary to an obstructive nephropathy is rare although 
patients with a single kidney, multiple pregnancy, or polyhydram-
nios have an increased risk.74 Bladder neuropathy in those with 
transplant-treated diabetic renal disease or neurological disorders 
(e.g. spina bifida) needs to be remembered.

Evaluation of renal tract obstruction is made difficult in preg-
nancy as the pelvicalyceal system and ureter dilate from as early as 
6–10 weeks’ gestation, particularly on the right. Certain radiologi-
cal features are, however, useful in the distinction between physi-
ological and pathological renal obstruction in pregnancy. Firstly, a 
dilated ureter distal to the pelvic brim suggests a cause other than 
pregnancy for the dilatation. Secondly, resistance indices (Doppler 
sonography of arcuate or interlobar renal arteries) are normal in 
physiological hydronephrosis and an increased index, particularly 
where there is an inter-renal difference, is suggestive of an alter-
native pathology. Finally, an absence of ureteric jets can suggest 
obstruction, but the pregnant patient should be examined both 
supine and in the contralateral decubitus position in order to negate 
the effect of the gravid uterus before conclusions can be made.75

Chronic kidney disease
Prevalence
Chronic kidney disease (CKD) is estimated to affect 3% of women 
of childbearing age.76 A  2012 population cohort study in the 
United States demonstrated a significant increase in chronic 
hypertension due to renal disease from 1995 to 2008.77 Both 
increasing age and body mass index are associated with CKD.78 
Therefore, the trend of women delaying pregnancy and increas-
ing obesity in women of childbearing age are likely to result in a 
greater number of pregnancies complicated by CKD. Table 44.5 

and Table 44.6 offer practical guidance in the prepregnancy and 
antenatal management of women with CKD.

In 1975, a review of renal disease in pregnancy reported that 
‘Children of women with renal disease used to be born danger-
ously or not at all—not at all if their doctors had their way’.79 
Dramatic improvements in pregnancy outcomes have occurred 
over recent decades, such that the majority of women with CKD 
have successful pregnancies. However, a meta-analysis of studies, 
including 2682 women with CKD, confirmed a high incidence of 
both maternal and neonatal adverse outcomes.80

Influence of pregnancy on renal disease
Despite the increasing demands of pregnancy on renal func-
tion, pregnancy has no detrimental effect on renal function for 
the majority of women with CKD. However, in some individuals 
pregnancy may precipitate a rapid decline in renal function, which 
may result in ESRD. The complexities of life as a new mother com-
bined with the practical and psychological issues of commencing 
dialysis needs to be considered and explained carefully to women 
at risk.

There are few studies exploring the incidence of pregnancy-
associated decline in renal function. Renal outcomes from 908 
pregnancies which reached 24 weeks’ gestation reported in the 
literature between 1985 and 2007, are shown in Table 44.7.

An earlier study of 89 pregnancies in 62 women with initial 
serum creatinine greater than 125 μmol/L reported 20% of women 
experiencing a decline in renal function during pregnancy and 
23% having a decline in renal function postpartum.81 A prepreg-
nancy GFR of less than 40 mL/min/1.73 m2 and proteinuria 
greater than 1 g/24 hours were risk factors for a 50% decline in 
renal function and requirement for renal replacement therapy.82

Temporary deterioration in renal function in women with CKD 
is common and frequently this can be difficult to distinguish from 
the normal physiological rise in creatinine towards the end of 
pregnancy. A study of 105 pregnancies in renal transplant recipi-
ents reported that 38% of women had a greater than 20% rise in 
creatinine during their pregnancy.83 Causes for AKI should be 
explored, before pregnancy-associated decline in renal function 
is assumed.

Influence of renal disease on pregnancy
Hypertension in pregnancy
Women with CKD and associated prepregnancy hypertension 
may have an initial fall in blood pressure due to the physiological 
changes during pregnancy, and may be able to discontinue anti-
hypertensive treatment. However, many women have an increase 
in blood pressure towards term. Normotensive women with CKD 
are also more likely to develop gestational hypertension than 
healthy controls.80

Pre-eclampsia is more common in women with CKD, and the 
likelihood of occurrence is related to both severity of underlying 
renal disease,1 and the aetiology of renal disease. Women with 
lupus nephritis, reflux nephropathy, and renal transplants are 
more susceptible to pre-eclampsia than women with other causes 
of renal impairment with the same level of renal function.84 
Presence and severity of pre-existing hypertension and proteinu-
ria have also been identified as risk factors for the development of 
pre-eclampsia in women with CKD.85
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The diagnosis of pre-eclampsia that is superimposed on 
pre-existing hypertension may be difficult. Research definitions 
of superimposed pre-eclampsia specify that additional features 
are required in order to confirm the diagnosis including clinical 
symptoms or changes in other parameters such as liver function 
tests or platelet count.86 In practice, additional features may be 
absent but women with CKD may have a rapid rise in blood pres-
sure or dramatic increase in proteinuria, coupled with non-specific 
clinical features such as oedema or headache. Frequently women 
with suspected superimposed pre-eclampsia may require inpa-
tient admission for maternal and fetal assessment. A decision to 
deliver is made by a multidisciplinary team evaluating the risk of 
deterioration of renal disease in the mother versus the complica-
tions of preterm delivery.

There is limited evidence for the role of novel markers for 
the diagnosis of pre-eclampsia in women with CKD. However, 
soluble FMS-like tyrosine kinase-1 and placental growth factor 
ratios have been found to be significantly higher in women with 
pre-eclampsia compared to women with CKD87 suggesting they 
may be useful discriminators.

Uterine artery Doppler has not been formally evaluated in 
women with CKD although one study of women with CKD due 
to lupus nephritis has calculated a mid-trimester negative pre-
dictive value of only 47%.88 Despite this, most clinicians would 

measure uterine artery Doppler indices in women with CKD and 
plan ongoing fetal assessment according to estimated risk. There 
is some evidence that normal flow velocity waveforms distinguish 
women with CKD from those with pre-eclampsia, but the role of 
Doppler for diagnosing superimposed pre-eclampsia is unclear.89

Aspirin has been shown to be of benefit in reducing the risk of 
pre-eclampsia by 17%.90 The absolute risk reduction is greater in 
higher-risk populations including women with CKD.

Fetal loss
The majority of women with CKD have successful pregnancies. 
Data on rates of early fetal loss and termination of pregnancy for 
medical reasons are limited due to under-reporting, but both early 
and late miscarriage are more common in women with CKD, par-
ticularly in those with severe renal impairment.1

Preterm delivery and fetal growth restriction
Preterm delivery is more common in women with CKD than the 
general population.80 The majority of preterm deliveries are iat-
rogenic, predominantly for maternal reasons including progres-
sion of hypertension, proteinuria, or renal dysfunction.91 Women 
should be counselled carefully about the short- and long-term 
consequence of a preterm delivery prior to conception, par-
ticularly those with severe renal impairment, as the challenges 
of managing deteriorating maternal health, and the emotional 

Table 44.5  Prepregnancy counselling strategy for women with renal disease

Gynaecological and  
obstetric history

Review current menstrual cycle, previous pregnancies, current contraceptive use

Discuss effects of age, weight, and renal function on fertility

Consider investigations for infertility if necessary

Pregnancy and renal 
outcomes

Discuss effects of renal disease on pregnancy, e.g. pre-eclampsia

Discuss effects of pregnancy on renal disease

Discuss implications of loss of renal function if relevant, e.g. symptoms of chronic kidney disease, lifestyle of renal replacement 
therapy

Inform of necessity of hospital-based antenatal care

Advise that vaginal delivery is achievable and desired, but that caesarean delivery may be required

Medication Start folic acid 5 mg daily

Advise to start aspirin 75 mg daily at conception

Review medication and switch to non-teratogenic alternatives

Discuss drug safety in pregnancy and breastfeeding

Optimize haemoglobin and iron stores

Treat vitamin D deficiency

Disease activity and/or 
stability

Advise not to conceive if disease flare or episode of transplant rejection within 6 months

Consider delaying conception if renal function rapidly deteriorating

Consider renal biopsy if underlying disease unknown

Disease-specific issues Discuss inheritance and screening for adult polycystic kidney disease and reflux nephropathy

Inform of risk of neonatal lupus if anti-Ro/La positive

Discuss importance of glycaemic control in type 1 and type 2 diabetes prior to conception and during pregnancy

Other medical history Assess for other concurrent medical disorders which may impact on pregnancy outcome, e.g. pulmonary hypertension,  
cardiac disease, respiratory disease

Advice for when conceives Do not stop all medications other than those discussed

If problems taking medication due to nausea or vomiting to seek medical advice

Give contact details in order to inform relevant health professionals when conceives to allow early pregnancy assessment  
and viability scan
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demands of having a very preterm infant in intensive care may be 
underestimated.92 The rate of preterm delivery is higher in women 
with more severe renal impairment and reaches more than 90% in 
women with serum creatinine greater than 180 μmol/L.1

Fetal growth restriction is estimated to be up to five times 
more common in women with CKD,93 with risks increasing with 

severity of renal disease.1,80 Serial growth scans are recommended 
from 24 weeks’ gestation in women with a reduced GFR, hyper-
tension, or significant proteinuria.

Chronic kidney disease: specific conditions
Transplantation
Women with renal transplants frequently have successful preg-
nancies;83 however, their pregnancies are associated with more 
complications than women with matched levels of kidney func-
tion.84 This is likely to reflect irreversible endothelial damage from 
previous ESRD. Pre-eclampsia is increased sixfold and low-dose 
aspirin should be offered to all these women after conception to 
try and reduce this. A  prospective study of 105 pregnancies in 
renal transplant recipients in the United Kingdom demonstrated 
a higher risk of pregnancy complications compared to healthy 
controls with 20% of women requiring high dependency care at 
some point during their pregnancy.83 An additional finding of 
this study was that 45% of women with a second or subsequent 
graft had poor pregnancy outcomes possibly reflecting the vascu-
lar damage of reaching ESRD on two or more occasions.

Transplant recipients are seen frequently by medical profession-
als and are a population who should be able to plan pregnancies 
and receive appropriate prepregnancy counselling. A 2013 study 
in the United Kingdom of pregnancies in renal transplant recipi-
ents found that only 64% were taking folic acid at conception, sug-
gesting that a third of women had unplanned pregnancies.83

The timing of conception following renal transplantation is 
controversial. The first year post transplantation is associated 
with most episodes of acute rejection, and therefore it is felt that 
pregnancy should be avoided during this time. A transplant-to-
pregnancy interval of 12–24 months is suggested by the European 
Best Practice Guidelines for renal transplantation.94 The American 
Society of Transplantation Guidelines recommended that preg-
nancy may be considered after 1 year in women who are at low 
risk of complications95 on the basis of favourable outcomes.96,97 
However, a meta-analysis of 50 studies of pregnancy following 
renal transplantation did not identify an association between time 
from transplant and pregnancy outcome.98

Remarkably, physiological changes seen in native kidneys are 
also reported in renal transplants.8 An increase in GFR is expected 
in women with a preserved GFR prepregnancy. Hydronephrosis 
may be identified and positional scanning is recommended to 

Table 44.7  Pregnancy and renal outcomes

Effects on pregnancy outcome Loss of >25% renal function

Mean prepregnancy 
creatinine (μmol/L)

Fetal growth 
restriction

Preterm 
delivery

Pre-eclampsia Perinatal 
deaths

During 
pregnancy

Persists 
postpartum

ESRF after 1 year

<125 25% 30% 22% 1% 2% 0% 0%

125–180 40% 60% 40% 5% 40% 20% 2%

>180 65% >90% 60% 10% 70% 50% 35%

On dialysis >90% >90% 75% 50% N/A N/A N/A

ESRF, end stage renal failure; N/A, not applicable.

Reproduced from The BMJ, Chronic kidney disease in pregnancy, David Williams, John Davison, volume 336, p. 211, Copyright 2008 with permission from BMJ Publishing 
Group Ltd.

Table 44.6  Antenatal and postnatal care of women with chronic 
kidney disease

Antenatal 
care

Target blood pressure < 140/90 mmHg

Monitor serum creatinine and proteinuria

Thromboprophylaxis if albumin < 20 g/dL or proteinuria 
> 2 g/24 h or protein:creatinine ratio > 200 mg/mmol

Low-molecular-weight heparin if serum creatinine < 200 μmol/L

Unfractionated heparin if serum creatinine > 200 μmol/L

Regular urine culture, and start antibiotic prophylaxis after one 
infection

Aim to keep haemoglobin 10–11 g/dL—use oral or intravenous 
iron and erythropoietin as necessary

Monitor tacrolimus or ciclosporin levels every 4 weeks—aim for 
non-pregnant therapeutic range

Treat vitamin D deficiency—cholecalciferol and/or 
1-alpha-calcidol depending on level of renal impairment

Consider haemodialysis if urea > 20 mmol/L, or problems with 
hyperkalaemia or acidosis

Uterine artery Dopplers at 20–22 weeks’ gestation, and repeat if 
notching at 24 weeks

Serial growth scans in women with CKD stage 3–5 or CKD 1–5 
with hypertension

Postnatal 
care

Review blood pressure and fluid balance—target blood pressure 
<140/90 mmHg

Reduce tacrolimus or ciclosporin to prepregnancy dose and 
monitor levels

Continue thromboprophylaxis for 6 weeks postpartum

Stop aspirin if not required for long-term cardiovascular disease 
prophylaxis

Assess for proteinuria at 6 weeks and revise target blood pressure 
accordingly:

<130/80 mg/mmol if protein creatinine ratio > 150 mg/mmol

<140/90 mg/mmol if protein creatinine ratio < 150 mg/mmol

Discuss future contraception
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assess whether or not this is pregnancy associated. Causes for a 
decline in transplant renal function are listed in Table 44.8.

Most studies report no significant effects of pregnancy on 
graft function,96,99–102 although a single study of 48 pregnancies 
reported a 20% decline in function at 6 months postpartum.103 
Women at risk of pregnancy-associated accelerated decline in 
function are those with impaired GFR, hypertension, and one or 
more previous transplants.104 There is no evidence of increased 
rates of acute rejection in the postpartum period with the restora-
tion of cellular immunity.

Kidney–pancreas transplantation
There are now several successful pregnancies reported in 
women with simultaneous kidney–pancreas transplants (SPK). 
Unfortunately these pregnancies appear to be more complicated 
than those of women with single-organ transplants. The intraperi-
toneal position of the graft makes obstructive nephropathy more 
common.105 The United States National Transplant Pregnancy 
Register records high rate of fetal loss (29%), hypertension (66%), 
infection (48%), pre-eclampsia (34%), preterm delivery (77%), and 
low birthweight (62%).106 Graft loss of one or both organs post-
partum is reported to be up to 19% in one series of 43 women.106 
Prepregnancy creatinine does not appear to be a predictor of graft 
loss.107 There is no evidence for an adjustment in immunosuppres-
sive regimens other than switching to non-teratogenic medication 
prior to pregnancy and maintaining calcineurin inhibitor levels in 
the desired non-pregnant range for that individual.

Pre-existing complications of diabetes need to be considered, 
including the risk of deterioration in diabetic retinopathy associ-
ated with pregnancy and chronic urinary retention due to bladder 
neuropathy.105

Dialysis
Women on dialysis (stage 5 CKD) are frequently amenorrhoeic 
due to suppression of the hypothalamic–pituitary–gonadal axis 
associated with severe renal impairment.108 This coupled with a 
reduced libido makes conception on dialysis uncommon. Rates of 
pregnancy in women of child-bearing age on dialysis are as low 
as 1–1.5%.109 Fetal loss is probably under-reported but up to 25% 
miscarry in the first trimester.109

With the advent of improved dialysis regimens and treatment of 
erythropoietin deficient anaemia, pregnancy on dialysis is becom-
ing more frequent,110 and contraception should be discussed with 
women of child-bearing age. The majority of women with stage 
5 CKD are hypertensive and oestrogen-containing contraception 
should be avoided, but progesterone preparations can be consid-
ered. Pregnancy may be difficult to identify early in women with 
oligo- or amenorrhoea and increased erythropoietin require-
ments may be the only clinical feature.

Live birth rates have dramatically increased over recent decades 
for women on dialysis. Recent series have reported 100% success-
ful pregnancy outcomes111,112 compared with 23% in 1980.113 
These improvements are likely to be a consequence of advances in 
neonatal care, and the introduction of intensive dialysis regimens 
as soon as conception is confirmed, with some women receiving 
up to 48 hours/week of nocturnal haemodialysis. A small study 
has suggested that women receiving greater than 20 hours of dial-
ysis per week have better pregnancy outcomes when established 
on dialysis with a viable pregnancy in the second trimester.114

A systematic review of 222 pregnancy outcomes of women on 
renal replacement therapy found a mean delivery gestation of 32 
± 6.7 weeks, mean birth weight of 1810 ± 1193 g, and high rates 
of neonatal (11.9%) and perinatal deaths (17.9%).115 Women who 
conceive on dialysis compared with women who start dialysis 
during pregnancy tend to have worse pregnancy outcomes. Years 
of dialysis prior to conception is also a negative confounder.115

Urea is fetotoxic and it is recommended that dialysis should 
be commenced when maternal urea levels are 15–20 mmol/L.110 
Polyhydramnios is a consequence of placental transfer of raised 
maternal urea, but has been shown to be associated with better 
pregnancy outcomes, possibly reflecting adequacy of function of 
the fetoplacental unit.116 Ideally fluid shifts during dialysis should 
be minimized in order to maintain placental perfusion, and this 
should be achieved by restricting ultrafiltration during dialysis to 
1–1.5 L per session.110 This needs to be titrated to the woman’s fluid 
intake and hours of dialysis. Volume status should be assessed 
regularly during pregnancy to allow for dry weight increases due 
to fetal and placental growth. Increased dialysis frequency allows 
a relaxation of potassium and phosphate restriction, and dialysate 
may need to be supplemented with potassium and phosphate in 
order to maintain serum levels.110 Water-soluble vitamins should 
be prescribed including folic acid 5 mg daily.

Anaemia in women with CKD should be treated promptly and 
aggressively. Those already requiring intravenous iron and/or 
subcutaneous erythropoietin usually need up to a 50% increase 
in dose.117 Women on haemodialysis with higher third-trimester 

Table 44.8  Causes of rise in serum creatinine in pregnant transplant 
recipients

Cause Features

Normal physiological 
return to prepregnancy 
levels in third trimester

No concerning features identified

Urinary tract infection Positive MSU, clinical features may be absent due 
to denervated kidney

Pre-eclampsia Worsening pre-existing or new onset 
hypertension, worsening pre-existing or new 
onset proteinuria, possibly abnormal liver  
function tests, low platelets

Obstruction Improved renal function after bed rest with 
patient lying on opposite side to transplanted 
kidney. Hydronephrosis on ultrasound with no 
other cause found. Exclude urinary retention.

Calcineurin inhibitor 
(tacrolimus/ciclosporin) 
toxicity

High trough drug levels

Hypovolaemia Hyperemesis, antepartum haemorrhage, sepsis

Viral infections Polyoma virus (decoy cells in urine), 
cytomegalovirus (CMV PCR)

Acute rejection Diagnosis confirmed on renal biopsy.

Consider pulsed steroids, or intravenous 
immunoglobulin

Avoid monoclonal antibodies or antithymocyte 
globulin95

MSU, midstream specimen of urine; PCR, polymerase chain reaction.

 

 



Part 9  systemic disease in pregnancy696

haematocrits have been shown to have better pregnancy out-
comes.116 There have been no reports of teratogenicity in women 
taking recombinant human erythropoietin and there does not 
appear to be significant placental transfer.118,119 Whilst there 
have been no reports of thrombosis associated with recombinant 
erythropoietin use, this is a possibility due to the hypercoagulable 
state during pregnancy and it is advisable to reduce or temporar-
ily withhold treatment in women with haemoglobin levels higher 
than 11 g/dL. Anticoagulation doses should be increased in preg-
nant women on dialysis due to hypercoagulability.120

Lupus nephritis
Women with lupus nephritis have more complex pregnancies than 
those matched for renal function,84 and even those with treated 
renal disease and preserved renal function have worse pregnancy 
outcomes than women with SLE without renal involvement.88 
Risk factors for pregnancy complications include black ethnicity, 
low complement at conception, pre-existing hypertension, positive 
antiphospholipid antibodies, and severity of renal impairment.121 
Fetal loss is higher particularly in those with hypertension, pro-
teinuria and antiphospholipid antibodies. It is recommended that 
women conceive after their disease is quiescent for 6 months as 
active disease at conception is also associated with worse preg-
nancy outcomes.122 Class of lupus nephritis does not appear to be 
a risk factor for complications.121

Disease flare during pregnancy has been variably reported 
including both renal and extrarenal disease. A meta-analysis of 37 
studies published between 1984 and 2009, including 1842 women 
with lupus nephritis with varying baseline renal function and 2751 
pregnancies, showed lupus flare rates of 26% with 16% renal dis-
ease.121 Diagnosis of new or a flare of pre-existing lupus nephritis 
during pregnancy can be challenging as many features are pre-
sent in normal pregnancy or with the onset of pre-eclampsia. 
Table 44.9 shows common and distinguishing features between 
the conditions.

A renal biopsy may be required to confirm the diagnosis of 
lupus nephritis flare. Indications and risks of biopsy in pregnancy 
are discussed later (see ‘Renal Biopsy in Pregnancy’ section). 
Treatment for active lupus nephritis during pregnancy includes 
methylprednisolone. Cyclophosphamide and mycophenolate 
mofetil are contraindicated in the first trimester due to terato-
genicity, but can be considered in the second or third trimesters, 
although pregnancy outcomes reported are variable123 and fetal 
bone marrow toxicity is possible. Rituximab may be given but 
if used later in pregnancy has been shown to be associated with 
absent B cells in infants for up to 6 months, and the long-term 
effects are unknown.124

All women with SLE should be assessed for the presence of 
anti-Ro or anti-La antibodies. Offspring of women with anti-Ro/
anti-La antibodies are at risk of congenital heart block due to 
the placental transfer of the antibody resulting in fibrosis of the 
fetal cardiac conducting system. Fetal cardiac scans should be 
performed at 18–25 weeks’ gestation and assessment of the fetal 
heart rate during obstetric examination is mandatory. The risk 
of congenital heart block is 2%, but if a previous child has been 
affected the risk increases to 15–20%, and if two children have 
been affected the risk may be as high as 50%.125 Treatment options 
are limited although hydroxychloroquine may confer some ben-
efit.126 High-dose steroids, plasma exchange, and intravenous 

immunoglobulin have not shown any significant beneficial 
effect.125,127 Fetal mortality is up to 30% and a neonatologist 
should be present at the delivery of an affected infant.

Approximately 5% of infants of women with anti-Ro/anti-La 
antibodies may develop neonatal cutaneous lupus.128 This is a 
benign condition which resolves spontaneously after 6 months, 
when maternal antibody levels fall. It does not usually require any 
specific treatment.

Immunoglobulin A nephropathy
Women with immunoglobulin A (IgA) nephropathy tend to have 
successful pregnancies and there is no evidence that disease pro-
gression is affected by pregnancy, other than in women with more 
severe disease. Women with prepregnancy creatinine higher than 
120 μmol/L, eGFR less than 50 mL/min/1.73m2, heavy proteinu-
ria, or severe histological lesions on renal biopsy are most likely 
to have pregnancies complicated by pre-eclampsia, fetal growth 
restriction, preterm labour, and a pregnancy-associated decline in 
renal function.129,130 A multicentre case–control study has shown 
that pregnancy does not affect long-term renal function in women 

Table 44.9  Features of systemic lupus erythematosus (SLE) compared 
to problems in normal pregnancy and pre-eclampsia

Features SLE Pregnancy

General Fatigue and malaise Fatigue

Hair Loss Loss or gain

Skin Malar rash Melasma/chloasma

Facial flushing

Joint pain and swelling Inflammatory synovitis Mechanical 
arthralgia

Bland knee effusion

Anaemia Haemolytic anaemia

Anaemia of chronic disease

Haemodilution

Thrombocytopenia Immune  
thrombocytopenia

Pre-eclampsia

HELLP syndrome

Deranged liver function 
tests

Lupus hepatitis

(usually transaminases)

Pre-eclampsia

HELLP syndrome

Obstetric cholestasis

Erythrocyte  
sedimentation rate

Elevated Elevated

Features Lupus nephritis Pre-eclampsia

Haematuria/red cell casts Present Absent

Anti-DNA antibodies Raised Normal

Complement C3 and C4 Low Normal or raised

Liver function tests Normal Normal or raised

Hypertension Present Present and rising

Proteinuria Present Present

Oedema Present Present

Low platelets Present Present

Rising creatinine Present Present
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with IgA nephropathy with prepregnancy creatinine less than 110 
μmol/L over a median follow-up period of 10 years.131

Polycystic kidney disease
Adult polycystic kidney disease (APKD) in women of childbear-
ing age is usually associated with normal or mild renal impair-
ment. Hypertension and renal impairment are associated with 
worse pregnancy outcomes.132 Cyst growth has not been found 
to progress with pregnancy and uterine expansion is not compro-
mised by the presence of enlarged kidneys. Urinary tract and cyst 
infection are more common in pregnancy, and should be treated 
promptly and aggressively.132

Genetic defects for APKD have been identified and whilst pre-
natal screening is possible many women choose not to have genetic 
testing. Cysts are not usually present until an individual is in their 
teens or early twenties and therefore the absence of cysts in the 
fetus or baby does not provide any reassurance about inheritance.

Reflux nephropathy
Reflux nephropathy is a common cause of renal impairment in 
women of childbearing age and may be associated with worse 
renal and pregnancy outcomes. High rates of superimposed 
pre-eclampsia (up to 75%), recurrent UTIs (28–65%), decline in 
renal function (13%), and ureteral obstruction requiring drainage 
(5%) are reported.133 Reflux nephropathy is diagnosed after the 
identification of cortical scarring, usually in an individual with 
a history of childhood urinary tract infections. Antenatal care 
should include vigilance for UTIs and prophylaxis after infection. 
Offspring should be screened for the presence of reflux, as inherit-
ance can be autosomal dominant.

Diabetic nephropathy
Women with diabetic nephropathy have complicated pregnancies. 
Women with prepregnancy microalbuminuria may develop mac-
roalbuminuria when pregnant, although one study has suggested 
that urinary albumin excretion in women with type 1 diabetes is 
unchanged in early pregnancy.134 Proteinuria, including micro-
albuminuria, at conception has been shown to be associated with 
worse pregnancy outcomes in women with type I diabetes.134 In 
a review of nine studies of pregnancies in women with diabetic 
nephropathy, proteinuria increased from 1–3 g/24 h at baseline to 
4–8 g/24 h in the third trimester135 but proteinuria usually returns 
to baseline levels after delivery, even in women with nephrotic 
range excretion.136 Associated problems with nephrotic range 
proteinuria include severe oedema that may require judicious use 
of diuretics, and increased thrombotic risk that should be man-
aged with thromboprophylaxis. Although women with diabetes 
are at risk for macrosomia, the presence of renal impairment 
appears to outweigh the effects of hyperglycaemia and nearly 50% 
of infants of mothers with diabetic nephropathy are small for ges-
tational age.134

Glycaemic control and blood pressure treatment have been 
shown to be associated with better pregnancy outcomes.137 
A small study of intensive angiotensin-converting enzyme inhi-
bition for 6 months preconception together with improved gly-
caemic management in women with diabetic nephropathy, 
showed a reduction in proteinuria that was maintained during 
and after pregnancy, compared to women with no treatment.138 
Angiotensin-converting enzyme inhibitors and/or angiotensin II 

receptor blockers should probably be continued until conception 
if possible in women with significant proteinuria prepregnancy.

Chronic kidney disease: drugs in pregnancy
Preconception counselling should include a review of a woman’s 
medication. All women with CKD who are considering concep-
tion within 3 months should start folic acid 5 mg daily. Aspirin 
should be continued or commenced with confirmation of preg-
nancy. Statins and bisphosphonates should be discontinued. 
Specific considerations of commonly used drugs in women with 
CKD are outlined in Table 44.10.

Renal biopsy in pregnancy
The indications to perform a renal biopsy in pregnancy include 
rapidly deteriorating renal function and severe nephrotic syn-
drome. A  biopsy should only be performed if the findings are 
likely to change management and renal biopsy should not be used 
to diagnose pre-eclampsia. After 28 weeks, delivery should be 
considered with biopsy performed postpartum. Complexities of 
performing a renal biopsy in a pregnant woman include difficul-
ties in positioning due to the gravid uterus. In addition, vasopres-
sin to reduce biopsy-associated bleeding is not usually given due 
to the increased thrombotic risk of pregnancy. A recent systematic 
review including 243 renal biopsies performed during pregnancy 
suggested that the risks of major or minor bleeding, haematoma, 
or loin pain were 7% when performed antenatally compared with 
1% postpartum.139

Mode of delivery and anaesthesia
The mode of delivery depends on many factors including the pro-
gression of renal disease, the development of pregnancy-related 
complications (e.g. pre-eclampsia), and the well-being of the fetus.

Unless renal function is severely impaired and hypertension is 
present, non-invasive monitoring should suffice for both labour 
and caesarean delivery. If arteriovenous fistulae are present, care 
should be taken to avoid that arm for blood pressure cuffs or 
arterial lines.

There is hyperacidity in renal patients and these patients will 
require a histamine H2-receptor antagonist, for example, raniti-
dine, during labour. Women with renal disease attempting vagi-
nal birth can be offered an early epidural providing there are no 
contraindications to neuraxial anaesthesia. Patients with CKD 
may be anticoagulated due to their thrombotic risk in the context 
of antenatal proteinuria or for vascular indications, but labour 
and delivery can usually be timed to allow neuraxial anaesthesia, 
for example, 4 hours since the last dose of unfractionated heparin 
or 12 hours post prophylactic low-molecular-weight heparin. The 
patient must also be euvolaemic following dialysis or else hypo-
tension may follow neuraxial blockade. An early epidural would 
not only provide analgesia but eliminate the catecholamine surges 
with pain which increase the risk of hypertension, particularly if 
pre-eclampsia is also present. Further, there will be a lower thresh-
old for operative delivery in a patient with CKD, and an epidural 
can be topped-up to facilitate this. Ropivacaine is the local anaes-
thetic of choice for epidural top-up as its pharmacokinetics are not 
affected by renal failure.140
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The rate of caesarean delivery is high in women with CKD even 
in those with a preserved GFR.91 Neuraxial anaesthesia is the tech-
nique of choice and either topped-up epidurals, single-shot spinals, 
or combined spinal–epidurals can be used. Provided the patient 
has a normal volume status before surgery, hypotension associated 
with neuraxial block is best treated with phenylephrine rather than 
fluid to avoid overloading and possible pulmonary oedema.

General anaesthesia should be avoided if at all possible. But if 
this is the only possible option, measures should be taken to obtund 
the hypertensive response to laryngoscopy, using a short-acting 
opiate like remifentanil or alfentanil. The conventional rapid 

sequence induction with suxamethonium may result in a rise of 
potassium and should not be given if the starting potassium is 
over 5.5 mEq/L. Atracurium is the non-depolarizing relaxant of 
choice due to its Hoffman degradation which is independent of 
renal function. Renal blood flow is maintained with desflurane 
and isoflurane but reduced with sevoflurane.141 Morphine can 
accumulate in renal patients as can fentanyl.142

Patients with significant renal dysfunction should have their 
postpartum care in the high dependency unit. Thromboprophylaxis 
post caesarean delivery is important in women with heavy pro-
teinuria and should be continued for 6 weeks postpartum.143 

Table 44.10  Commonly used drugs in chronic kidney disease

Drug Trans-placental 
passage

Teratogenicity Fetal/neonatal effects Safe in pregnancy Safe in breastfeeding FDA 
classification

Angiotensin-  
converting enzyme 
inhibitor (ACEI), 
angiotensin receptor 
blocker (ARB)

✓ ✓ Cardiovascular, central 
nervous system defects 
in 1st trimester and 
oligohydramnios, 
intrauterine growth 
restriction, and neonatal 
anuria in 2nd and 3rd 
trimesters

× Stop at conception ✓ Enalapril is 
recommended treatment 
of hypertension during 
breastfeeding by NICE

× Other ACEI/ARB 
breastfeeding safety 
unknown

D

Prednisolone Limited Possible increase 
in oral clefts

Rare—except at large 
doses. (cataract, adrenal 
insufficiency and infection)

✓ ✓ (Breastfeeding is not 
encouraged if > 60 mg 
prednisolone daily)

C

Hydroxychloroquine ✓ × × ✓ ✓ C

Azathioprine ✓ × Sporadic congenital 
abnormalities, transient 
immune alterations in 
neonates

✓ ✓ D

Mycophenolate mofetil ✓ ✓ × Stop 3/12 
preconception

× D

Tacrolimus ✓ × Hyperkalaemia and renal 
impairment

✓ Usually increased 
doses required to 
achieve prepregnancy 
target levels

✓ C

Cyclophosphamide ✓ Animal data ✓ Chromosomal 
abnormalities and 
cytopenia

✓ (Only after the 
1st trimester in 
life-threatening 
maternal disease.)

× D

Ciclosporin ✓ × Transient immune 
alterations

✓ Usually increased 
doses required to 
achieve prepregnancy 
target levels

Probably possible D

Intravenous 
immunoglobulin

✓ × None reported ✓ ✓ C

Recombinant 
erythropoietin

× × ✓ Increased doses 
usually required

Possible risk of 
hypertension

No reports, but neonates 
frequently treated with 
erythropoietin safely

Protein likely to be 
broken down in infants’ 
gastrointestinal tract

C

Reproduced with permission from Bramham K, Lightstone L., Pre-pregnancy counseling for women with chronic kidney disease, Journal of Nephrology, Volume 25, Issue 4, pp. 450–459, 
Copyright © 2012 courtesy of the Italian Society of Nephrology-SIN.
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A reduced dose of low-molecular-weight heparin should be con-
sidered in women with impaired renal function (serum creatinine 
> 200 umol/l), or alternatively, a switch to twice-daily unfrac-
tionated heparin. Women with CKD should not be prescribed 
non-steroidal analgesia due to the risk of deterioration in renal 
function and exacerbation of hypertension.

Conclusion
AKI can develop during pregnancy but may be masked by a 
normal serum creatinine due to a physiological increase in glo-
merular filtration. The prevalence of pre-eclampsia makes it the 
most common cause of AKI in pregnancy and the most common 
glomerular disease worldwide. Other pregnancy-related diseases 
can also result in AKI and non-pregnant aetiologies should not be 
missed. The management of AKI in pregnancy is supportive and 
aims to maintain renal perfusion and avoid nephrotoxicity whilst 
treating the underlying cause.

Women with pre-existing CKD are likely to have success-
ful pregnancies, but require heightened antenatal surveillance. 
Monitoring of haemoglobin, renal function, vitamin D, albu-
min, proteinuria, and bacteriuria throughout pregnancy is rec-
ommended. Prepregnancy counselling is important to optimize 
maternal health and medication, inform women of possible preg-
nancy outcomes, and in a minority, to explain the potential risk of 
accelerated progression of renal impairment.
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CHAPTER 45

Neurological disease
James Griffiths and Kate Drummond

Introduction
Neurological disease is an important cause of maternal morbidity 
and mortality,1 and presents a significant challenge to the obstet-
ric anaesthetist. The eighth Confidential Enquiries into Maternal 
Deaths (CEMD) reported 36 women who died from neurological 
causes. These women died from such conditions as subarachnoid 
haemorrhage, intracerebral haemorrhage, thrombosis, and epi-
lepsy. Overall, the rate of maternal mortality related to neurologi-
cal disease (1.57/100,000 maternities) has remained little changed 
over the past several decades, despite significant improvements in 
overall maternal morbidity and mortality. Eleven of the 36 deaths 
in the reported triennium had major elements of substandard 
care ‘where different treatment might have altered the outcome’.2 
It is critical that any anaesthetist involved in the care of pregnant 
women is aware of the implications of neurological disease for the 
safe provision of both neuroanaesthesia and obstetric anaesthesia, 
sometimes in combination.3,4

This chapter will predominantly focus on the provision of 
obstetric anaesthesia and analgesia for the parturient with neu-
rological disease. However, there are some important principles 
and considerations when undertaking neurosurgical procedures 
in pregnant women and these will also be outlined briefly.3,5,6

Anaesthetists may be asked to care for the parturient with neu-
rological disease in several clinical settings. Firstly, women may 
present at any stage of pregnancy requiring urgent surgical inter-
vention for neurosurgical disease, such as space-occupying lesions 
or subarachnoid haemorrhage. Secondly, women with pre-existing 
neurological disease may present requesting analgesia for labour 
and delivery or anaesthesia for caesarean delivery. Also, anaesthe-
tists are often requested to assist in the evaluation and management 
of women who present whilst pregnant or immediately postpartum 
with a new onset of neurological symptoms, such as headache or 
peripheral numbness.7 It is important that the anaesthetist is aware 
that pregnant women may present with neurological symptoms 
associated with obstetric disease, such as pre-eclampsia, those 
indirectly related to or exacerbated by pregnancy, such as cerebral 
venous thrombosis or subarachnoid haemorrhage, and also those 
conditions related to anaesthesia, such as postdural puncture head-
ache and neuropraxia following obstetric neuraxial blockade.8,9

Although a pregnant woman is, in general, no more likely to 
suffer from a serious neurological or neurosurgical condition than 
a non-pregnant woman, the physiological and anatomical changes 
associated with pregnancy and the concern for both maternal and 
fetal welfare, which may be conflicting, add to the complexity of 
management. This is hampered by the lack of class I or II evidence 
for these complex decisions in the majority of instances. Case 

reports and case series provide some important guidance but the 
majority of management is based on general principles. Care of 
the pregnant woman with a neurological condition thus requires 
a coordinated approach involving a multidisciplinary team, 
including neurosurgeon, neurologist, obstetrician, anaesthetist, 
midwife, neonatologist, and potentially, interventional radiolo-
gist. Surgery is generally avoided in pregnancy, occurring in less 
than 2% of parturient women,10 with neurosurgical procedures 
being rare. However, recent studies suggest the safety of planned 
neurosurgical procedures during pregnancy when warranted, and 
undue delay may result in neurological deterioration with poor 
outcomes for mother and child.5,6,11,12 Care is likely to be optimal 
in a tertiary setting, particularly if neurosurgical, obstetric, and 
neonatal management can occur on the same site.

Care for the fetus involves consideration of the timing of deliv-
ery (which may be before, after, or coincidental with a neurosurgi-
cal procedure), fetal monitoring, and maternal positioning during 
procedures to minimize the impact on placental perfusion. Fetal 
welfare may be compromised by any derangement of maternal 
physiology, including hypotension, hypoxaemia, and hypocarbia, 
and by many drugs commonly used in neurological disorders and 
neuroanaesthesia. Intraoperative fetal monitoring is only of benefit 
if sufficiently experienced staff are available to interpret the data, 
and clinical facilities are available to expedite delivery should this 
be indicated. Careful planning with specialist radiologists should 
be undertaken to optimize the diagnostic utility of neuroimaging, 
with due consideration to the use of contrast and radiation shield-
ing to optimize fetal outcomes.13

General considerations
Many of the principles of anaesthesia for neurosurgery in the 
pregnant women are identical to those when undertaking any 
non-obstetric procedure.14 These include planning for a potentially 
difficult airway, appropriate aspiration prophylaxis and airway 
protection, maternal positioning to avoid aortocaval compression 
and optimize placental perfusion, fetal monitoring, suppression of 
preterm labour, and the risk of postpartum haemorrhage if caesar-
ean delivery is combined with a non-obstetric procedure.

The great majority of procedures will be undertaken under gen-
eral anaesthesia, although spinal surgery under epidural anaes-
thesia has been reported.15 There is no evidence that any specific 
anaesthetic technique is contraindicated in pregnancy. Early stud-
ies suggested prolonged occupational exposure to nitrous oxide 
may be associated with increased risk of fetal loss; however, more 
recent studies have refuted this.16–20 When propofol is used for 
maintenance of anaesthesia during caesarean delivery, it has been 
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shown to result in reduced neurobehavioural performance in the 
neonate.21 It is unlikely this would be clinically significant in a 
neurosurgical setting. Potent opioids (such as remifentanil and 
alfentanil) are useful to ablate the haemodynamic responses to 
laryngoscopy and intubation, but, however, may result in neonatal 
chest wall rigidity and respiratory depression.22,23 Intra-arterial 
monitoring of blood pressure should be used for all but the most 
minor procedure in a pregnant patient with neurosurgical disease.

Positioning
Depending on the nature of the procedure, neurosurgery may 
be undertaken in a variety of positions including supine, lateral, 
prone, and sitting. Great care must be undertaken when position-
ing pregnant patients for surgery. The prone position may add to 
difficulties with fetal heart rate monitoring, emergency caesarean 
delivery, and potentially increases epidural venous bleeding.3 It 
has been proposed that surgery in the prone position should be 
avoided altogether in pregnancy.24

Raised intracranial pressure
Strategies for maintaining stable intracranial pressure are criti-
cal in any intracranial surgical procedure. A number of common 
approaches need to be modified in the pregnant patient. The phys-
iological increase in ventilation in later pregnancy results in a res-
piratory alkalosis, with arterial carbon dioxide tension (PACO2) 
falling to around 4–4.2 kPa. Excessive hyperventilation has been 
associated with worsening of neurosurgical outcomes due to cer-
ebral ischaemia from intense vasoconstriction, but also may result 
in uterine artery vasoconstriction and decreased placental blood 
flow.3 Animal studies have demonstrated that the administration 
of mannitol may result in a number of adverse fetal effects includ-
ing hyperosmolarity, hypernatraemia, and reduced lung fluid 
production.25,26 However, published cases report the use of small 
doses of mannitol (0.25–0.5 mg/kg) and it appears to be safe.3,14

Oxytocics
There is limited data available regarding the use of oxytocics in the 
setting of neurological and neurosurgical disease. Syntocinon® 
causes a brief but significant decrease in systemic blood pressure 
with a corresponding increase in heart rate and cardiac output.27 
Ergometrine causes significant systemic hypertension which may 
be associated with a corresponding increase in intracranial pres-
sure, and should be used with caution in patients with raised 
intracranial pressure. There is limited data to support the use of 
prostaglandins such as E1 and F2α in a neurosurgical/obstetric set-
ting, although it has been proposed.28

Steroids
Glucocorticoids are frequently used in neurosurgical disease 
(such as to reduce oedema surrounding brain tumours) but also in 
neurological disease (e.g. to treat acute exacerbations of multiple 
sclerosis (MS)). Single doses or short courses of dexamethasone 
or methylprednisolone have not been shown to be harmful to the 
fetus, and will actually contribute to fetal lung maturity.29

Epilepsy
Aetiology
Epilepsy is a common neurological disorder in pregnancy, with an 
incidence in the order of 0.3–0.7%.30 The condition is characterized 

by repeated paroxysmal seizures in the absence of another cause 
(such as drug withdrawal or hypoglycaemia). A variety of types of 
seizures and patterns of epilepsy have been classified, based on the 
clinical description of the seizure event.31 Clinically observed sei-
zures are triggered as a result of excessive neuronal firing, which 
can either be localized or generalized. Seizures from a localized 
source reflect the abnormal activity related neuroanatomically to 
that site. Seizures are considered simple or complex, depending on 
whether consciousness is affected, and focal (partial) or general-
ized depending on whether a localized area or the entire cerebral 
cortex is involved.

Obstetric considerations
Epilepsy remains a major cause of morbidity and mortality in 
pregnancy, with 14 deaths reported in the 2006–2008 CEMD 
report published in 2011.2 The hypoxia and respiratory acidosis 
associated with maternal seizures may also increase the risk of 
fetal loss. In a case series of 154 pregnancies in women with epi-
lepsy, only 31% were seizure free throughout pregnancy. Seizure 
frequency increased in 32%, decreased in 14%, and remained 
unchanged in 23% of cases.32

Women with epilepsy require carefully coordinated care 
between their neurologist and obstetrician, preferably commenc-
ing prior to conception. In most patients, effective seizure prophy-
laxis must continue through pregnancy, as the adverse effects 
of seizures during pregnancy outweigh the risk to the fetus of 
antiepileptic medication. However, choice of agent remains con-
troversial.33 There is evidence that the risk of fetal abnormalities 
increases with the use of multiple agents, so in general, the aim 
should be monotherapy, at the lowest possible effective dose.33 
Many antiepileptic drugs (AEDs) are known to increase the risk 
of fetal abnormalities.34 Older AEDs, including phenytoin, val-
proate, carbamazepine, and barbiturates, are all known to cause 
abnormalities in humans, whereas data is lacking for newer agents 
(such as lamotrigine, gabapentin, and levetiracetam).35 It appears 
that valproate is the least acceptable agent for use in pregnancy. 
Common abnormalities for all AEDs include neural tube defects, 
orofacial abnormalities, alimentary tract atresia, diaphragmatic 
hernia, and congenital heart disease.35

Low maternal plasma levels of folate have been shown to be 
associated with major fetal malformations particularly neural 
tube defects.36 Folate supplementation appears to decrease this 
risk and all pregnant women should take low-dose (0.4 mg/day) 
supplemental folate. Animal studies have shown that carbamaz-
epine and valproate both act to decrease maternal folate plasma 
concentrations and high-dose supplementation (4 mg/day) may be 
of benefit.37

In addition to folate supplementation, consideration should be 
given to prescribing vitamin K supplementation to women tak-
ing AEDs in late pregnancy. AEDs (particularly phenytoin and 
carbamazepine) cross the placenta and induce hepatic microen-
zymes, resulting in degradation of neonatal vitamin K. There are 
published data to both support and refute the possibility that this 
increases the risk of neonatal haemorrhage.38,39 Whilst neonatal 
vitamin K should be administered routinely, many practitioners 
recommend the additional administration of maternal vitamin K 
as a cheap and low-risk intervention.40

There are many reasons why seizure frequency may increase 
during pregnancy, including non-compliance with medication, 
altered metabolism of drugs, fluid and electrolyte retention, 
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hyperventilation leading to respiratory alkalosis, stress, sleep 
deprivation, and hormonal changes. If available, drug levels 
should be monitored during pregnancy and dosage adjusted 
accordingly especially phenytoin, carbamazepine, and lamo-
trigine. Consideration should be given to parenteral admin-
istration of AED if gastric absorption in labour is uncertain. 
Many antiepileptic drugs are unavailable parenterally, so an 
alternative agent may be needed in labour (such as phenytoin 
or levetiracetam).

While most pregnancies proceed uneventfully, it is possi-
ble that pregnant women with epilepsy taking AEDs may be at 
increased risk of a number of obstetric complications, including 
pre-eclampsia, preterm labour, and peripartum bleeding.

In addition to the risk of major malformations, associated with 
AEDs, women with epilepsy appear to be at higher risk of low 
birth weight babies (<2500g). Infants of epileptic mothers also 
may be at higher risk of developmental delay.

Anaesthetic implications
A patient presenting with a seizure during pregnancy is a medical 
emergency. Whilst standard resuscitation measures are instituted, 
a broad differential diagnosis must be considered (Box 45.1), even 
in a known epileptic.32 If eclampsia is likely, then seizures should 
be treated with magnesium sulphate and delivery should be 
expedited once the patient is stabilized. Magnesium sulphate is, 
however, not appropriate treatment for epileptic seizures, which 
should be treated with a benzodiazepine. In the setting of emer-
gency caesarean delivery, general anaesthesia is indicated if the 
airway is compromised by the postictal conscious state.

Many AEDs have the potential to cause important but com-
plex pharmacokinetic interactions with a wide variety of other 
classes of medication.41 Some (including carbamazepine, phe-
nytoin, and phenobarbitone) can induce hepatic microenzymes 
of the cytochrome P450 subtype, leading to the accelerated 
metabolism—and hence lower plasma levels—of many other 
medications. Medications which may be affected include anti-
bacterials, immunosuppressants, and cardiovascular medications 
such as amiodarone and beta blockers.42 Conversely, other AEDs, 
such as valproate, can inhibit enzyme activity leading to delayed 
metabolism and hence higher plasma levels of other drugs. 
Benzodiazepines, valproate, and phenytoin are highly protein 
bound and may compete for protein binding sites, increasing the 
free concentrations of other drugs.

Many anaesthetic agents have the potential to either increase 
or decrease the seizure threshold.41 Benzodiazepines and barbi-
turates are all anticonvulsant. Opioids, particularly pethidine 
(meperidine), may cause seizures, as may etomidate. Somewhat 
confusingly, propofol has been associated with excitatory activ-
ity including seizures and seizure-like phenomena; however, it 
also has a role in status epilepticus.43 Neuraxial analgesia and 
anaesthesia is safe, although high doses of local anaesthetic may 
also reduce the seizure threshold and thus, these agents should be 
titrated judiciously.

Cerebrovascular disease
Introduction
Cerebrovascular disorders are the neurological diseases most 
commonly seen during pregnancy and include cerebral aneu-
rysm, arteriovenous malformation (AVM), cavernous haeman-
gioma, intracerebral haematoma, ischaemic stroke, and cerebral 
venous sinus thrombosis (CVT), as well as a number of newly 
defined cerebral vasoconstriction entities, including revers-
ible cerebral vasoconstriction syndrome (RCVS), and posterior 
reversible encephalopathy syndrome (PRES).7 Overall, these 
lesions are uncommon in pregnancy, but the risk is increased 
compared to the general population44 and there is some evidence 
that the rate is increasing.45 The reported rates for ischaemic 
stroke are 4–11/100,000 live births, for intracerebral haema-
toma 3.7–9/100,000 live births, and for subarachnoid haemor-
rhage 2.4–11/100,000 live births.44–51 The risk may be increased 
in Asian patients.52 Despite their rarity, cerebrovascular disor-
ders account for more than 10% of all non-obstetric maternal 
deaths.47,53–55 Anaesthetic considerations are twofold; firstly 
there is the patient presenting with an acute event, such as a sub-
arachnoid haemorrhage or intracerebral haemorrhage from an 
aneurysm or AVM, who needs treatment during pregnancy and 
the second is management of delivery in the patient with a known 
lesion at risk for rupture. The natural history of many of these 
lesions in pregnancy is unknown due to their rarity. Guidelines 
that exist for management of the non-pregnant patient56,57 may 
not apply due to the physiological changes associated with preg-
nancy, which may change the risk profile of the lesion, and the 
paucity of pregnant patients included in most large trials. Most 
studies are case series or case reports.11,58–60 However, from 
these limited reports it would appear that neurosurgical treat-
ment of these lesions, as dictated by standard neurosurgical care, 
may result in good maternal and fetal outcomes, with minimal 
additional morbidity and mortality associated with the surgical 
procedure.

It should be remembered that the differential diagnosis 
between these uncommon lesions and the much more common 
pre-eclampsia and eclampsia (which occur in up to 8% of preg-
nancies)61 can be difficult. Acute neurological symptoms in preg-
nancy are more likely to be due to these latter conditions, but there 
is a significant overlap, and symptoms such as hypertension and 
proteinuria can also be present in neurological disorders such 
as aneurysmal subarachnoid haemorrhage.62 Pre-eclampsia can 
result in ischaemic stroke, intracerebral hypertensive haematoma, 
subarachnoid haemorrhage, and CVT.7 Severe vasoconstriction 
can also occur in pre-eclampsia, resulting in cerebral infarc-
tion or haemorrhage, and is associated with RCVS and PRES.63 

Box 45.1  Differential diagnosis of seizures in pregnancy

◆	 (Pre-) Eclampsia
◆	 Epilepsy
◆	 Local anaesthetic toxicity
◆	 Amniotic fluid embolism
◆	 Cerebral venous thrombosis
◆	 Space-occupying lesion (e.g. tumour, haemorrhage)
◆	 Drug withdrawal (e.g. alcohol)
◆	 Electrolyte abnormality (e.g. hyponatraemia, hypoglycaemia)
◆	 Pseudo-seizure
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Pre-eclampsia and eclampsia are the cause of up to 50% of strokes 
in pregnancy.47,48,64

The clinical presentation of these lesions is with the sud-
den onset of a severe headache (thunderclap headache), often 
described as ‘the worst headache of my life’, which is the result of 
haemorrhage into the subarachnoid space from a ruptured aneu-
rysm or AVM, CVT, or severe hypertension in pre-eclampsia. 
Cerebral vasospasm, arterial dissection or pituitary apoplexy 
can result in a similar headache.65 Intracerebral bleeding may 
present with a more gradual onset headache with evolving neu-
rological deficit and decreased level of consciousness and ischae-
mic stroke with the sudden onset of a neurological deficit. Each 
of these presentations requires immediate expert review66 and 
thorough investigation, initially with computed tomography 
(CT) scan, but if negative, with lumbar puncture and, if neces-
sary, advanced imaging such as magnetic resonance imaging 
(MRI) or angiography. The risk of a missed serious diagnosis far 
outweighs the negligible risk of a brain CT scan with lead shield-
ing of the fetus.67–69

The association of pregnancy with intracranial haemorrhage, 
particularly from an aneurysm or AVM, has been suggested to be 
due to hormonal and physiological effects on the cerebral blood 
vessels, but often with scanty evidence. These effects include vas-
cular wall weakening due to hyperplasia of arterial smooth muscle 
and loss of normal elastic fibre alignment.70 Pregnancy-induced 
hypertension, increased plasma volume, and increased cardiac 
output are also thought to play a role.47,62,71 However, the lit-
erature is inconclusive as to whether the incidence of bleeding is 
actually higher in pregnancy and depends on the methodology 
and population used to determine incidence.46,53,54,58,62,64,72,73

Many of the cerebrovascular disorders discussed above are 
important causes of neurological presentations in pregnancy, but 
are unlikely to require neuroanaesthesia for surgical intervention 
or to have serious implications for mode of delivery. These include 
arterial dissection,74–76 CVT,77,78 RCVS,63,79 and PRES.80–82 Thus, 
they will not be considered further and the reader is directed to 
the relevant reviews cited. Those most relevant to obstetric anaes-
thesia are cerebral aneurysm, AVM, cavernous haemangioma, 
and ischaemic stroke and these are discussed in further detail.

Cerebral aneurysms and arteriovenous malformation
Ruptured aneurysms and AVM
Spontaneous subarachnoid haemorrhage occurs in 0.01–0.05% of 
pregnancies and is due to ruptured aneurysm in 77% of cases and 
ruptured AVM in 23%, with a reported maternal mortality vary-
ing widely between 10% and 83%, but probably closest to 10–20% 
with aggressive modern multimodality management. The fetal 
mortality is 17–26%.47,53,55 The incidence of rupture rises with 
advancing trimester, being 6% in the first trimester and 55% in 
the third for cerebral aneurysms.6,83 Once ruptured, the risk of 
recurrent haemorrhage from an untreated aneurysm or AVM is 
25–50%, with an associated maternal mortality of 50–70%. For 
AVM, the calculated 26% rebleeding rate in the same pregnancy 
is higher than the 6–7.3% re-bleed rate in the first year in the 
general population.73,84,85 Due to this risk of devastating recur-
rent haemorrhage, aggressive management is particularly war-
ranted. Thus, standard neurosurgical management of ruptured 
lesions is advocated, with immediate securing of the ruptured 
aneurysm or resection or other treatment of the AVM. Standard 

medical management of symptomatic vasospasm, which com-
plicates approximately one-third of aneurysmal subarachnoid 
haemorrhages, should also be as for non-pregnant patients. The 
mainstay of this treatment, ‘triple H therapy’, that is, intravenous 
fluid with or without pressors to achieve ‘hypertension, hyper-
volaemia, and haemodilution’ may not need to be as aggressively 
pursued due to the hypervolaemia of pregnancy. Nimodipine, a 
calcium channel antagonist, is widely used for vasospasm prophy-
laxis and treatment in both aneurysmal subarachnoid haemor-
rhage and pre-eclampsia and eclampsia, but is of unproven safety 
for the fetus and may cause maternal and fetal hypotension.6,62,86

Management of ruptured lesions along reported neurosurgical 
principles, results in the most favourable maternal and fetal out-
comes and is almost universally recommended.11,53,58–60,71,73,85,87 
In pregnant patients with a pre-viable fetus, neurosurgical or end-
ovascular treatment of the lesion should occur during pregnancy 
with later delivery. For a viable fetus, delivery by caesarean deliv-
ery under general anaesthesia followed immediately by definitive 
treatment is recommended.

Aneurysm rupture usually results in subarachnoid haemor-
rhage (Figure 45.1A), with thunderclap headache, vomiting, 
photophobia, focal neurological signs, and decreased level of 
consciousness. However, AVM may present with either haemor-
rhage or seizures. Rupture is more commonly into the cerebral 
parenchyma, rather than the subarachnoid space, with more 
gradual headache and focal neurological deficit. Initial imag-
ing is with CT scan, as described above, but definitive imaging 
of the lesion requires either CT angiography or digital subtrac-
tion angiography (Figure 45.1B).13 In general, imaging involving 
ionizing radiation is avoided in pregnancy, however, the gravity 
of an aneurysm or AVM diagnosis warrants their judicious use. 
Most reports would suggest minimal or no risk to the fetus with 
properly planned imaging68,69,88 and consideration of the risks of 
hypothyroidism in the neonate after administration of iodinated 
contrast agents.89–92 MRI is also useful to determine the position 
and characteristics of an AVM. MRI is safe in pregnancy and is 
further discussed in the section on intracranial tumours.90,93–96

The choice of treatment modality, either surgical or endovascu-
lar (Figure 45.1C), of ruptured aneurysms in the pregnant patient 
is controversial. In the non-pregnant population, the International 
Subarachnoid Aneurysm Trial (ISAT) study56 reported improved 
outcomes with coiling over clipping and has resulted in an expo-
nential increase in endovascular coiling of aneurysms if techni-
cally feasible. However, in the pregnant patient, concerns for 
ionizing radiation with a prolonged neuro-interventional proce-
dure, iodinated contrast load, the risk of only partial obliteration 
of the aneurysm, and the possible need for short- and long-term 
anticoagulation are pertinent.6 The literature would suggest 
that clipping, with definitive occlusion of the aneurysm, con-
tinues to be favoured by neurosurgeons for pregnant patients.54 
However, safe and successful endovascular coil embolization 
has been described in pregnancy with phantom calculations of 
radiation dose to the fetus being within acceptable limits.88,97 
For AVM, treatment options include surgery, endovascular oblit-
eration, and stereotactic radiosurgery, or combinations thereof. 
Treatment decisions are complex, particularly in pregnancy, and 
largely based on incomplete and retrospective data, with no level 
1 evidence.98 Thus, decisions should be made in the context of a 
multidisciplinary discussion including the cerebrovascular team, 
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obstetrician, neonatologist, and anaesthetist. Facilities offering 
both neurosurgical and obstetric care are optimal.99

During routine surgery for clipping of a cerebral aneurysm, 
induced hypotension is commonly used to facilitate clipping of 
the aneurysm; however, this should be avoided in pregnancy due 
to the risk of uterine hypoperfusion, as uterine blood flow is not 
autoregulated. Similarly, vigorous osmotic diuresis should be 
avoided to avoid hypotension and fetal hyperosmolarity, although 
small doses of mannitol (0.5–1 g/kg) can probably be used safely.62 

As for all neurosurgical procedures, hypertension during induc-
tion of anaesthesia, endotracheal intubation, or application of 
skull clamp pins should be avoided.

Unruptured aneurysms and AVM
The risk of rupture of an unruptured aneurysm during pregnancy 
and delivery is unknown and it has been suggested that pregnancy 
and labour confers increased risk,46,53,58 although not all authors 
agree.72 A recent, large, 20-year population-based study suggested 

(A)

     

(B)

(C)

       

(D)

Figure 45.1  (A) Axial CT scan brain showing subarachnoid haemorrhage with hyperdense blood in the interhemispheric region and cortical sulci (arrows). (B) Oblique 
projection of a left internal carotid angiogram showing a posterior communicating artery aneurysm (arrow). (C) Left internal carotid angiogram during endovascular 
coiling of the posterior communicating artery aneurysm in (B) showing the loosely packed coil mass (arrow). (D) Axial CT angiogram showing a left temporal 
arteriovenous malformation.
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the risk of rupture during pregnancy to be 1.4% and during deliv-
ery to be 0.05%, which is similar to that of the general popula-
tion. Interestingly, the caesarean delivery rate amongst patients 
with a known unruptured aneurysm was over 70%, almost triple 
that of the general population, and the authors suggested that this 
may be unwarranted based on their estimates.54 Neurosurgical 
or endovascular management of an unruptured aneurysm diag-
nosed in or before pregnancy should be along standard neuro-
surgical practice, with no evidence to suggest benefit of treatment 
during or before pregnancy of an aneurysm that would otherwise 
be observed based on guidelines from large international trials.57 
Enlarging, symptomatic, or high-risk aneurysms can be consid-
ered for treatment, with decisions regarding the timing and mode 
of therapy being made by a multidisciplinary team considering 
the characteristics of the aneurysm and the risk to maternal and 
fetal welfare.54

For AVM (Figure 45.1D), the risk of rupture is probably higher 
in the pregnant patient compared to that in the non-pregnant 
female population, although, as for aneurysms, the data is con-
flicting. The risk of a primary haemorrhage from an unrup-
tured AVM in a pregnant patient is reported to be between 
3.5% and 9.3%.58,59,73,85,100–102 An increased haemorrhage rate 
is attributed to, as for cerebral aneurysms, pregnancy-related 
hormonal and physiological effects on the vessel wall, plasma 
volume, blood pressure, and cardiac output, and is highest in 
the second trimester.53,85,100 Thus, treatment of the unruptured 
AVM, if feasible, is often recommended prior to conception. If 
discovered during pregnancy, a caesarean delivery under gen-
eral anaesthesia is usually recommended, although, as for cer-
ebral aneurysms, there is scant evidence on which to base this 
recommendation.73,84,103

Overall, the most appropriate mode of delivery for women with 
treated, untreated or partially treated aneurysms and AVM is 
unknown, although commonly caesarean delivery under general 
anaesthetic is recommended unless the aneurysm or AVM has 
been definitively treated with clipping or complete excision. Only 
2% of aneurysms actually rupture during labour, with 90% of rup-
tures occurring during pregnancy and 8% postpartum53,54 but if 
the rupture rate is corrected for the time spent in each of the stages 
of pregnancy, labour and the postpartum period carry the highest 
risk.44,47,50,62,71 However, the literature is inconclusive, and there 
is no evidence to suggest improved outcomes or a reduced rupture 
rate with caesarean delivery over closely supervised vaginal deliv-
ery, particularly under epidural anaesthesia.53,58,60,85 Broadly, 
the mode of delivery of ruptured aneurysms and AVM should 
be based on neurosurgical considerations and the management 
of unruptured or definitively treated lesions should be based on 
obstetric considerations. Generally, the use of epidural anaesthe-
sia and an assisted second stage of labour to avoid hypertension 
and the Valsalva manoeuver are advised, unless the lesion is con-
fidently obliterated.6,105 Less certain methods of treatment with 
respect to completeness of exclusion from the circulation, such as 
partial endovascular coiling or embolization should be consid-
ered with caution. It has been suggested that spinal anaesthesia, 
and also inadvertent dural puncture during epidural anaesthe-
sia, should be avoided in unruptured or incompletely obliterated 
aneurysms and AVM, due to the risk of rupture with cerebrospi-
nal fluid (CSF) drainage and reduction in the lesion transmural 
pressure.106

Cavernous haemangioma
Cavernous haemangiomas (‘cavernomas’) are common vascular 
malformations consisting of sinusoidal venous channels within 
the cerebral parenchyma. They are present in 0.4% of the popu-
lation and are frequently asymptomatic.107 Symptomatic presen-
tation is with seizure or bleeding with intracerebral haematoma, 
although catastrophic haemorrhage is uncommon unless located 
in the brainstem or other eloquent area. Similar to other vascu-
lar malformations, an increased propensity to bleed during preg-
nancy is reported or assumed.50,53,108 However, two large recent 
studies would suggest no increased risk from pregnancy and 
found no contraindication to normal vaginal delivery.109,110

Ischaemic stroke
Ischaemic stroke is uncommon in pregnant and postpar-
tum women but the incidence is three times higher than in 
the age-matched non-pregnant female population.44,46,47 This 
increased incidence is likely to be related to the hypercoagula-
bility of pregnancy and the risk is increased by hypertension 
(including pre-eclampsia), dehydration, anaemia, electrolyte 
and acid–base disturbance, haemorrhage, transfusion, infection, 
and caesarean delivery.111 There is some evidence that women 
with pre-eclampsia undergoing caesarean delivery under general 
anaesthesia may have more than double the incidence of stroke 
compared to women receiving neuraxial anaesthesia112.

Most strokes occur in the days before or after delivery and the 
mortality can approach 13%.44,46 Management is as for ischaemic 
stroke in the non-pregnant population, including the use of intra-
venous or intra-arterial tissue plasminogen activator, although 
the safety profile in pregnancy is not yet clear.113,114 Increasingly, 
ischaemic strokes are managed using chemical thrombolysis or 
mechanical thrombectomy or embolectomy in the interventional 
neuroradiology suite, with similar concerns to those outlined 
for endovascular coil embolization of cerebral aneurysms. These 
interventions are generally performed under general anaesthesia. 
Considerations are of raised intracranial pressure due to the mass 
effect of the stroke, similar to that for an intracranial tumour, 
and meticulous blood pressure control to avoid hypertensive 
bleeding into the ischaemic brain or hypotension with uterine 
hypoperfusion.

Multiple sclerosis
Introduction
MS is a chronic immune-mediated disease resulting in demyeli-
nated plaques within the central nervous system. The disease is 
more common in women than men, and commonly presents in 
women of reproductive age.115 Estimates of the prevalence vary 
widely but typically range between 66 and 168/100,000.116 There 
is evidence that the incidence of the disease may be increasing in 
some parts of the world, particularly in females.102,117

Pathology
MS is thought to be fundamentally an organ-specific autoimmune 
disease. The initial pathology is thought to be inflammation, 
demyelination, and axonal degeneration secondary to autoreac-
tive lymphocytes. This is followed, in more chronic stages, by 
microglial activation and chronic neurodegeneration.118
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Aetiology
Whilst the disease is primarily autoimmune in nature, a wide 
variety of genetic, environmental, and immunological factors 
have been implicated in the aetiology. Current theories suggest 
that susceptible individuals are more likely to develop the dis-
ease if they are exposed to certain environmental triggers, such as 
smoking. Susceptible individuals include those with a family his-
tory, certain ethnic groups, and particular human leucocyte anti-
gen subtypes. Epidemiological studies in Australia and Canada 
suggest an association with exposure to ultraviolet light (and/or 
vitamin D levels). Previous infection with a viral illness such as 
Epstein–Barr virus may also be implicated,119,120 and this raises 
the controversy as to whether previous viral immunization may 
be associated with MS.119

Clinical course
MS is characterized by episodic relapses and remissions of discrete 
neurological deficits. There may be complete recovery between 
episodes (‘relapsing remitting MS’) or a gradual progression of 
underlying disability (‘chronic progressive MS’). Many patients 
over time with relapsing remitting MS will gradually develop 
chronic progressive symptoms. Relapses tend to evolve over sev-
eral days. Common presentations include optic neuritis (with 
decreased vision and pain in one eye), limb ataxia, limb weakness 
and paraesthesia, bladder dysfunction, and progressive symptoms 
of respiratory weakness and fatigue.

Diagnosis is based on a characteristic clinical course and the 
presence of diagnostic lesions on T2-weighted and fluid-attenuated 
inversion recovery (FLAIR) MRI images of the brain, optic nerve, 
or spinal cord.121 There may also be characteristic abnormalities 
in CSF or changes in visual or somatosensory evoked potentials.

Treatment of MS aims to accelerate resolution of symptomatic 
episodes, prevent recurrent episodes, and slow the progression of 
the disease. Treatment of acute episodes may include high-dose 
methylprednisolone or plasma exchange transfusion. Interferon 
and glatiramer are both used to prevent recurrence of attacks.122 
Interferon slows progression of the disease by immune modu-
lation, reducing T cell proliferation and tumour necrosis factor 
alpha production. Side effects include flu-like symptoms, liver 
enzyme elevation, and leucopenia. Glatiramer is structurally 
similar to myelin and hence may act as an alternative target for 
T-helper cells in the inflammatory pathway. Glatiramer may 
reduce relapse by as much as 29%.123 Other features of progres-
sive disease such as spasticity and depression may be treated with 
baclofen and standard antidepressants. Patients may develop 
bladder spasticity requiring anticholinergics or intermittent cath-
eterization. Depression and epilepsy are both more common in 
patients with MS,119 and may be treated with routine medications.

Obstetric considerations
A meta-analysis of several large studies demonstrated a reduction 
in the likelihood of relapse during pregnancy (particularly during 
the third trimester), but then an increase in the 3 months post-
partum.124–126 This postpartum increase may be due to fatigue, 
intercurrent infection, or the removal of antepartum immu-
nosuppression. Consideration between patient and neurologist 
should be given to the choice of disease modifying therapy dur-
ing pregnancy. There is limited data to support the safety of either 

interferon or glatiramer in pregnant women.127 Some patients 
with severe progressive disease may be treated with immunosup-
pressant medication, such as cyclophosphamide or methotrexate. 
These medications are associated with congenital malformations 
and should be avoided in pregnancy.128

There is no evidence that mode of delivery, breastfeeding, or the 
use of epidural labour analgesia influence the rate of relapse. There 
is no evidence that pregnancy has any impact on the long-term 
progression of the disease.129,130 However, it is important for these 
women to have careful specialist follow-up as minor postpartum 
symptoms such as bladder dysfunction and paraesthesia may be 
misinterpreted as MS relapse.

There is inconclusive evidence to suggest that women with MS 
may be at some increased risk of a variety of obstetric complica-
tions. Several large studies have suggested women with MS had an 
increased risk of giving birth to babies of low birth weight, and a 
higher rate of requiring induction of labour and operative inter-
ventions for delivery.131,163

Anaesthetic issues
Neuraxial anaesthesia
It has previously been proposed that areas of demyelinated neurons 
within the spinal cord may be damaged by the direct application of 
concentrated local anaesthetic, such as during spinal anaesthesia. 
There was concern that this may either result in direct toxicity, or 
increase the risk of MS relapse. This concern led initially to a reluc-
tance to perform neuraxial anaesthesia at all, and later, a prefer-
ence to perform epidural rather than spinal anaesthesia, in order 
to reduce the concentration of local anaesthetic directly reaching 
the spinal cord.132 In fact, there is little evidence to support these 
contentions, and neuraxial anaesthesia (both spinal and epidural) 
appears safe.133 Recent surveys suggest that most anaesthetists are 
now happy to proceed with neuraxial anaesthesia in the setting of 
MS.134 Patients with autonomic dysfunction may be at increased 
risk of hypotension following neuraxial anaesthesia.

General anaesthesia
Many of the potential issues associated with administering gen-
eral anaesthesia in the setting of MS are more likely to be relevant 
in severe advanced disease, which is unlikely to be seen in an 
obstetric setting. A brief overview is provided, and more detail is 
available elsewhere.120

A thorough preoperative assessment is critical for planning 
intraoperative and postoperative management. A careful docu-
mentation of the current neurological state is valuable if there 
are concerns later about postoperative relapse. An assessment of 
bulbar symptoms and respiratory weakness is important as this 
can increase the risk of aspiration and atelectasis postoperatively. 
Demyelinating lesions in the thoracic cord can lead to autonomic 
dysfunction, leading to intraoperative haemodynamic instabil-
ity, particularly hypotension that can be resistant to treatment. 
This may also be relevant in the setting of neuraxial anaesthe-
sia. Consideration should be given to the patient’s current medi-
cations, and their potential relevance to anaesthesia. Recent 
high-dose steroid use may require perioperative supplementation 
to avoid adrenal insufficiency. Use of baclofen may increase sensi-
tivity to non-depolarizing neuromuscular blocking drugs.

Patients with advanced MS and an element of limb spasticity 
are potentially at risk of exaggerated hyperkalaemia in response 
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to suxamethonium. It is possible that high-dose rocuronium may 
be more appropriate in this setting; however, there are several 
reasons why patients with MS may have unpredictable responses 
to non-depolarizing muscle relaxants. Denervation may result 
in upregulation of postsynaptic acetylcholine receptors and 
increased resistance to non-depolarizing neuromuscular block-
ing drugs. Conversely, pre-existing weakness and reduced mus-
cle mass may result in increased sensitivity. As previously stated, 
baclofen treatment for limb spasticity may also contribute to sen-
sitivity to non-depolarizing neuromuscular blocking drugs.

Hyperthermia has been implicated in recurrence of MS. 
Temperature should be monitored and excessive warming should 
be avoided.

Brain tumours
Incidence and presentation
Central nervous tumours are uncommon neoplasms, with an 
annual incidence of 5.1–7 cases/100,000 population, but only 
1.8–3.2 cases/100,000 women between the ages of 20 and 39.135 
The incidence is not increased in pregnant women compared 
to the non-pregnant female population,136,137 but an increased 
growth rate during pregnancy may occur in some tumour types. 
Studies in various Western countries estimate that this trans-
lates to peripartum diagnosis of malignant brain tumour of 
3.6–32/100,000 live births.136,138 These studies excluded common 
benign tumours such as meningiomas and pituitary adenomas. 
The relative frequencies of common brain tumour types in the 
normal population are shown in Table 45.1; however, these vary 
between reports and populations. In particular, meningiomas are 
three times more common in women than men. Brain metastases 
are often not included when tumour incidence is considered, but 
with the increasingly aggressive treatment of common cancers 
such as breast, lung, renal, and bowel cancer and melanoma, these 
are most commonly seen and treated. In practice, the tumours 
most likely to present as a clinical dilemma in pregnancy are low- 
and high-grade gliomas (Figure 45.2A), meningiomas (Figure 
45.2B, C), acoustic neuromas, pituitary tumours, and the multi-
ple lesions associated with the phacomatoses (neurofibromatosis 
(NF)-1, NF-2, and von Hippel–Lindau disease) (Figure 45.2D). 
One large population-based study of pregnant women with brain 
tumours found an increased risk of maternal mortality, preterm 
labour, and intrauterine growth retardation associated with 
malignant brain tumours and of preterm labour associated with 
benign brain tumours. Both were associated with an increase 

in caesarean delivery rates,139 and similar outcomes have been 
reported in smaller studies.140,141 Although uncommon, brain 
tumours can precipitate catastrophic neurological deterioration 
with devastating fetal and maternal outcomes.138

Brain tumours generally present in one of three ways: symp-
toms of raised intracranial pressure, seizures, or focal neurological 
deficit related to the location of the tumour. Other presentations, 
such as with catastrophic haemorrhage, are uncommon. Dramatic 
presentation with a seizure, which occurs in 30–50% of patients,142 
presents no diagnostic challenge unless eclampsia is suspected—
seizures occurring in late pregnancy are more likely to be due to 
eclampsia.143 The clinical features of raised intracranial pressure, 
including headache, nausea, vomiting, and lethargy are frequent 
in normal pregnancy, making diagnosis more difficult. New, 
constant, progressive, or morning headache, nausea or vomiting 
occurring in, or persisting into, the second or third trimester, 
drowsiness, confusion, or new neurological deficit should always 
be investigated. Headaches that are worse with bending, lying 
down, coughing, and other manoeuvers that increase intracranial 
pressure are particularly suspicious.

A small percentage of brain tumours grow significantly dur-
ing pregnancy, although the exact incidence of this is difficult to 
assess, and some reports show no relationship of tumour growth 
to pregnancy.144 Tumour growth usually presents in the second 
and third trimesters.145 For malignant tumours growth would be 
expected over the time period of a normal pregnancy, but there 
have also been reports of unusual growth of benign tumours dur-
ing pregnancy. This has classically been attributed to hormonal 
effects on cell proliferation, which is probably true for pituitary 
tumours. The normal pituitary gland increases in size during 
pregnancy146 and pituitary adenomas may undergo significant 
enlargement due to hormonal stimulatory effects. This is particu-
larly the case for prolactin-secreting macroadenomas (>1 cm in 
diameter), 24% of which may appreciably enlarge during preg-
nancy.147 More than 80% of meningiomas also express recep-
tors for progesterone or oestrogen;67 however, their significance 
is unclear as many meningiomas do not grow during pregnancy, 
the receptors are equally present in meningiomas in children and 
men, and treatment directed against these receptors has been 
fruitless. Additionally, the increased mass effect with neurological 
deficit occurring in pregnancy may improve after delivery, which 
should not occur if the effect is due to enhanced cell prolifera-
tion. Therefore, it has also been suggested that the hypervolaemic 
state of pregnancy may exacerbate the mass effect of the tumour. 
One study of meningiomas requiring resection for mass effect 
during pregnancy showed no particular change in proliferation 
rate but features of hypervascularity, intracellular and stromal 
oedema, and haemorrhage when compared to meningiomas in 
non-pregnant women.145 This may also occur in other benign 
tumours, such as acoustic neuromas,148 and low-grade gliomas, 
and the risk of deterioration due to mass effect continues into 
the immediate postpartum period.149 Immunological tolerance 
has also been suggested as an aetiological factor in brain tumour 
growth in pregnancy.

Diagnosis and investigation
In a patient suspected to harbour a brain tumour, imaging should 
not be delayed due to pregnancy. If possible, a CT scan should be 
avoided to limit exposure to ionizing radiation; however, if MRI 

Table 45.1  Relative frequencies of common brain tumours in the 
general population

Histological type Percentage

Glioma High-grade (malignant) glioma 25

Low-grade glioma 20

Meningioma 25

Acoustic neuroma 8

Pituitary tumour 8
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is not readily available and clinical presentation warrants urgent 
imaging, then CT scan should be performed with lead shielding of 
the fetus, which results in a negligible radiation exposure.68,69 MRI 
does not involve ionizing radiation, is not known to have harmful 
effects on humans90,94 and is frequently used safely for imaging of 
the fetus.96 Thus, it is the preferred maternal brain imaging modal-
ity in pregnancy, and indeed in the non-pregnant patient suspected 
to suffer from a brain tumour as it provides more detailed and sen-
sitive brain tumour imaging than CT scan. Intravenous contrast 
agents improve the diagnostic yield of cranial imaging and have not 
been specifically shown to have mutagenic or teratogenic effects89 
but are generally avoided in pregnancy based on the general prin-
ciple of drug avoidance. Iodinated contrast used for CT scan may 
cause anaphylaxis and is nephrotoxic and has been reported to 
cause hypothyroidism in the fetus.90–92 Gadolinium-based con-
trast used for MRI is less likely to cause allergic reactions and is 
not nephrotoxic and has no known adverse effects for the fetus.92 
Nonetheless, a non-contrast MRI scan is usually sufficient for 
diagnosis of the majority of lesions and can be performed in the 
first instance. Consultation with the radiologist to ensure maximal 
benefit from limited imaging is essential.13

Anaesthetic and obstetric considerations
The management of a brain tumour is complex in the non-pregnant 
patient, requiring the expertise of a multidisciplinary team 
including neurosurgeons, radiation oncologists, medical oncolo-
gists, and epilepsy specialists. The complexity of management in 
the pregnant patient is amplified and the team expands to include 
obstetricians, neonatologists, and anaesthetists. Decisions relat-
ing to both maternal and fetal welfare need to be balanced, with 
many routine therapies such as radiotherapy or chemotherapy 
used with caution, or contraindicated. A detailed outline of brain 
tumour management in pregnancy is not warranted here, but is 
found elsewhere.149,150 Anaesthetic considerations are twofold; the 
first is the pregnant patient with a non-viable fetus who requires 
urgent surgery to remove a brain tumour, usually for mass effect 
or suspected malignancy. The second is delivery of the child in a 
patient with a brain tumour, which may be followed by immediate 
surgical resection.

In the patient with raised intracranial pressure, steroids can be 
used to reduce cerebral oedema, which is usually a component of 
the mass effect, and may delay surgery. These are generally con-
sidered safe in pregnancy and have the additional advantage of 
promoting fetal lung maturity but the benefit needs to be weighed 
against the possibility of growth retardation and adrenal insuf-
ficiency in the fetus. Increased maternal cortisol secretion in 
the second trimester may be somewhat protective against brain 
tumour associated oedema.151 Management of seizures is con-
sidered in the epilepsy section. Many AEDs are teratogens or of 
unknown risk,68 therefore choice of agent is limited. However, the 
risk of uncontrolled seizures outweighs the potential side effects 
of many medications. Prophylactic AEDs would commonly be 
used for the patient with a brain tumour but no seizures, at least 
perioperatively, but should be avoided in pregnancy. Surgery can 
be avoided for pituitary tumours in some cases using medications 
with an acceptable safety profile including bromocriptine and 
other dopamine analogues for prolactin-secreting tumours.152

In pregnant patients who are known to have a brain tumour, 
frequent clinical review is necessary to monitor signs of raised 

intracranial pressure and neurological deficit as appropriate to 
the location of the lesion. Thus, catastrophic deterioration can be 
avoided and semi-elective, rather than emergency, surgery can be 
undertaken. This would include a careful history, examination of 
the fundi for papilloedema, neurological examination, and imag-
ing as indicated. For pituitary tumours, regular visual field exami-
nation is necessary.

Surgery during pregnancy is usually required when the mass 
effect of the tumour threatens life or function. Up to 48% of hospi-
tal admissions of pregnant patients with malignant brain tumours 
will result in a neurosurgical procedure, and 19% of those for 
benign tumours.139 The histological type of tumours detected dur-
ing pregnancy, such as after a seizure, can be accurately predicted 
with advanced imaging, therefore tissue diagnosis and treatment 
of many tumours can be safely delayed until after delivery.11,143 
However, a large tumour, or that in a critical location, can be safely 
removed during pregnancy if necessary, without an increase in 
adverse outcomes.5,11,139 Thus, delay of an indicated procedure is 
not warranted and most studies suggest that delayed surgery after 
neurological deterioration results in worse outcomes.5,12 Small 
tumours, such as pituitary microadenomas or meningiomas that 
have not grown during pregnancy (Figure 45.2B), are unlikely 
to result in significantly raised intracranial pressure and normal 
vaginal delivery can be planned.

There are a number of considerations for the pregnant patient 
who is to undergo surgery for removal of a brain tumour. The 
prone or supine position may not be possible, therefore the sitting, 
semi-lateral, or lateral position is often preferred to avoid aor-
tocaval or fetal compression.153 Fluid shifts and haemodynamic 
changes that are tolerated by the normal pregnant patient may 
exacerbate cerebral oedema, hypotension may result in inade-
quate cerebral perfusion pressure, and hypertension may result in 
intracranial haemorrhage and worsening of cerebral oedema, thus 
hypotension, hypertension, hypotonic fluids, and fluid overload 
should be avoided. Intubation should occur without hypertension 
or raised intracranial pressure. Emergence and extubation should 
avoid haemodynamic instability, coughing, and the Valsalva 
manoeuver.

If delivery prior to surgery or other therapy for a brain tumour 
with significant mass effect is planned, the mode of delivery will 
need to be considered. The decision should involve the neurosur-
gical, obstetric, and anaesthetic teams. Intracranial pressure may 
rise to over 70 cmH2O with the Valsalva manoeuvre in labour,154 
normal being less than 20 cmH2O. Thus, in the patient with even 
mildly elevated intracranial pressure due to an intracranial mass, 
the risk of cerebral herniation is high and vaginal delivery may 
be contraindicated. Inhaled nitrous oxide and systemic narcot-
ics may result in drowsiness and hypoventilation and are con-
traindicated. Epidural anaesthesia is potentially contraindicated 
due to the risk of inadvertent dural puncture, increasing the risk 
of herniation,155 and of raised intracranial pressure with bolus 
injection into the epidural space.156 Therefore, caesarean delivery 
under general anaesthesia is most commonly recommended,11,27 
particularly if surgery is to immediately follow delivery. However, 
others have advocated careful epidural anaesthesia with caesar-
ean delivery or instrumental vaginal delivery to avoid pushing 
with a pain-free second-stage labour.157 Neuraxial anaesthesia 
has the advantage of allowing neurological assessment during 
delivery.
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Hydrocephalus, idiopathic intracranial 
hypertension, and cerebrospinal fluid shunts
Hydrocephalus
Hydrocephalus is a condition in which there is an abnormal accu-
mulation of CSF in the cerebral ventricles. It may be obstructive 

(non-communicating) hydrocephalus, where there is a mechani-
cal obstruction to CSF flow within the ventricular system, or 
communicating hydrocephalus, where there is an abnormality 
of CSF absorption from the ventricles into the venous system. 
In obstructive hydrocephalus, the enlarged ventricles act as an 
intracranial mass, with the resulting risk of tonsillar herniation.  

(A)

      

(B)

(C)

      

(D)

Figure 45.2  (A) Axial fluid-attenuated inversion recovery (FLAIR) brain MRI showing a left parietal low grade glioma. This tumour was diagnosed during pregnancy 
when the patient suffered sensory seizures. In retrospect she had suffered similar episode during a previous pregnancy that she had ignored. (B) Axial T1-weighted 
contrast-enhanced brain MRI showing a small right frontal meningioma (arrow). Small benign tumours can be observed during pregnancy with a low risk of significant 
enlargement. This tumour did not grow during pregnancy and the patient had a normal vaginal delivery. (C) Coronal T1-weighted contrast-enhanced brain MRI 
showing a large frontal falcine meningioma with significant mass effect. This tumour was not diagnosed during pregnancy and the patient had a normal vaginal delivery 
before suffering seizures in the postpartum period. (D) Coronal T1-weighted contrast-enhanced brain MRI showing typical lesions of neurofibromatosis-2 including 
bilateral acoustic neuromas (black arrows) with brainstem compression on the left, and a small convexity meningioma (white arrows). Decisions regarding pregnancy 
and delivery in the patients with an autosomal dominant inherited disorder and multiple intracranial and spinal lesions of varying size and severity are complex and 
should be made in a multidisciplinary setting.
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In communicating hydrocephalus, the raised pressure is distributed 
evenly throughout the neuraxis, with no risk of herniation. There 
are many causes of hydrocephalus, both congenital and acquired, 
particularly after intracranial infection, haemorrhage, or tumour.

The mainstay of treatment of hydrocephalus is insertion of a CSF 
shunt. This is a CSF diversion system that comprises three parts. 
The first is a catheter in the CSF space, usually the lateral ventri-
cles, but less commonly in the lumbar theca. The second is a valve 
system to regulate the pressure or flow of CSF, of which there are 
many types, and the third is a drainage catheter that diverts CSF 
into a body cavity, most commonly the peritoneal cavity, but the 
pleural cavity or right atrium are also utilized. Thus, the most 
common types of CSF shunt are ventriculoperitoneal and lumbo-
peritoneal; however, ventriculopleural and ventriculoatrial shunts 
are also used for various indications, including an unsuitable peri-
toneal cavity due to adhesions, infection, or peritoneal dialysis. 
Increasingly, endoscopic third ventriculostomy is used to treat 
hydrocephalus in suitable patients. An opening is made in the floor 
of the third ventricle to allow ventricular outflow into the basal cis-
terns, but is dependent on normal CSF absorption capacity.158

Women with a shunt report increased headache and abdominal 
pain, and have an increased incidence of shunt complications, dur-
ing pregnancy. In one study, 76% of patients had a shunt complica-
tion during pregnancy, including 59% with worsening symptoms 
of raised intracranial pressure. Symptoms generally resolve after 
delivery. The risk of shunt obstruction is probably increased, with 
a reported 23% of patients requiring surgical shunt revision during 
pregnancy.159,160 Patients with hydrocephalus who have not required 
a shunt prior to pregnancy may decompensate during pregnancy 
and require shunt insertion.160 Differential diagnosis from the head-
ache of pre-eclampsia, CVT, and other causes of headache due to 
raised intracranial pressure in pregnancy may be difficult.

The reasons for worsening of hydrocephalus and shunt mal-
function in pregnancy include physiological changes such as 
increased plasma volume and increased intra-abdominal pres-
sure. Anatomical changes associated with the enlarging uterus 
may also be relevant.161,162 Premature uterine contractions have 
been attributed to irritation from a shunt peritoneal catheter.5

Idiopathic intracranial hypertension
Idiopathic intracranial hypertension (IIH), previously known 
as pseudotumour cerebri or benign intracranial hypertension, 
is raised intracranial pressure with normal CSF composition 
and in the absence of hydrocephalus, a mass lesion, or impaired 
consciousness. It is likely a disorder of CSF absorption, being 
associated with cerebral venous sinus outflow obstruction.164 It 
is common in obese women of child-bearing age and the chief 
symptoms are severe headache and visual loss due to chronic pap-
illoedema. If medical treatment of the headache or visual failure is 
inadequate, a lumboperitoneal, or less commonly, ventriculoperi-
toneal shunt may be inserted.162

The symptoms of IIH worsen with pregnancy and exogenous 
oestrogens. The onset of the disease may also occur during preg-
nancy, particularly the first and second trimesters, although the 
incidence is probably not increased in pregnancy.165,166 Generally, 
maternal and fetal outcomes are good and visual outcomes are 
similar to non-pregnant patients.165–168 If there is severe papil-
loedema, caesarean delivery to minimize raise intracranial pres-
sure during delivery can be considered to avoid irreversible visual 

loss, but generally vaginal delivery is appropriate. Neuraxial anaes-
thesia is not contraindicated if the patient does not have a lumbo-
peritoneal shunt. Lumbar puncture is often used therapeutically 
and does not result in herniation due to the even distribution of 
pressure throughout the neuraxis.167,177

Anaesthetic concerns
Parturients with raised intracranial pressure present a major chal-
lenge to the obstetric anaesthetist. Dural puncture in the setting 
of obstructive hydrocephalus may allow a rapid decrease in CSF 
pressure, potentially leading to tonsillar herniation or intracra-
nial haemorrhage. Intracranial subdural haematoma and suba-
rachnoid haemorrhage have been described following epidural 
and spinal anaesthesia.170,171 As mentioned previously, intracra-
nial pressure increases significantly during labour contractions, 
particularly during the second stage.172 A planned assisted instru-
mented delivery will reduce the increase in intracranial pres-
sure associated with pushing and the Valsalva manoeuver. This 
is advisable even for those patients with IIH or communicating 
hydrocephalus, who are not at risk of herniation, or those with 
obstructive hydrocephalus and a functioning ventriculoperito-
neal shunt or ventriculostomy.174

Patients with a functioning ventriculoperitoneal shunt or com-
municating hydrocephalus can safely receive neuraxial analgesia 
or anaesthesia and a vaginal delivery is not contraindicated.174,176 
It would seem reasonable to administer prophylactic antibiotics to 
shunt patients, although this is not universally recommended.176 
Patients with a lumboperitoneal shunt for IIH should not receive 
neuraxial blockade. Firstly, there is the potential for unpredict-
able spread of local anaesthetic, and secondly, the risk of damag-
ing the catheter itself with the spinal or epidural needle.177 There 
have, however, been reports of successful epidural anaesthesia in 
patients with lumboperitoneal shunts.41

Overall, treatment of hydrocephalus, IIH and shunt malfunc-
tion in pregnancy using standard neurosurgical guidelines and in 
consultation with the obstetric and anaesthetic team is associated 
with good maternal and fetal outcomes. 5,11,165,166,174,176

Spina bifida
Introduction
Spina bifida is one of a spectrum of congenital disorders relating 
to failure of closure of the neural tube. Subtypes of spina bifida 
describe the anatomical extent of the abnormality. The mildest 
form of the disease is known as spina bifida occulta, implying 
that there is no external defect visible, although there is frequently 
a patch of hair or dimpling of the skin overlying the abnormal-
ity. In the more severe forms, collectively known as spina bifida 
cystica, the neuraxis is exposed along the dorsal aspect of the 
body to a variable degree by defects in the formation of covering 
structures.178 The incidence is falling due to maternal folate sup-
plementation and a rise in prenatal diagnosis with termination of 
significantly affected pregnancies.179 The current incidence is in 
the order of 0.1–0.3% of the population, although it is much higher 
in the offspring of sufferers, and may be as high as 3–4%.180,181

Obstetric considerations
Survivors of spina bifida who reach reproductive age frequently 
suffer kyphoscoliosis, abnormal pelvic shape, and neuropathic 

 

 

 

 

 



Part 9  systemic disease in pregnancy714

bladder, and may have undergone multiple corrective procedures 
for musculoskeletal, neurological, or urological abnormalities.182 
Recurrent urinary tract infections and latex allergy are com-
mon.181 Whilst normal vaginal delivery of women with spina 
bifida has been reported, the combination of abnormal pelvic 
shape and lower body muscular weakness means instrumental 
and operative delivery is frequently required. Great care needs to 
be taken at caesarean delivery to avoid ureteric trauma in the set-
ting of previous urological procedures.181

Anaesthetic considerations
Neuraxial anaesthesia may be challenging (or impossible) in the 
parturient with spina bifida for several reasons, and many anaes-
thetists would consider spina bifida to be a contraindication for 
neuraxial techniques. Firstly, the procedure may be technically 
difficult to perform due to abnormal anatomy such as kyphosco-
liosis or scarring from previous corrective surgery. Secondly, local 
anaesthetic spread is unpredictable due to abnormalities in CSF 
flow and the abnormal structure and integrity of the epidural 
space. This may lead to a variety of problems, including inade-
quate caudal spread of local anaesthetic beyond the level of the 
defect, excessive cephalad spread of anaesthetic, possibly related 
to decreased epidural space volume and increased dural perme-
ability, or unilateral block.178 Thirdly and most significantly, 
abnormal anatomy may increase the risk of trauma to the spinal 
cord, spinal nerves, or dura. A significant proportion of patients 
with spina bifida have a ‘tethered’ spinal cord, where the spinal 
cord ends below the normal level due to a shortened filum ter-
minale, or other spinal dysraphism (a congenital abnormality of 
the spine). The incidence of tethered spinal cord may be as high 
as 60%.1,183 Hydrocephalus and CSF shunts are also common in 
these patients. Thus, close liaison with the treating neurosurgeon 
to define the anatomical abnormalities and the potential for com-
plications is essential. It is wise to have imaging available before 
embarking on the route of a neuraxial anaesthetic technique.

Arnold–Chiari malformation and 
syringomyelia
The Arnold–Chiari malformations are a spectrum of disorders of 
varying severity resulting from the descent of hindbrain struc-
tures through the foramen magnum.184 They may be associated 
with obstruction to CSF flow and hydrocephalus, syringomyelia, 
and spina bifida.185 Syringomyelia is the formation of a longitu-
dinal cystic cavity within the spinal cord.186 Arnold–Chiari mal-
formations are divided into four subtypes, associated with greater 
degrees of hindbrain displacement and worsening clinical sever-
ity. In type 1, the mildest form, only the cerebellar tonsils extend 
beyond the foramen magnum (Figure 45.3). This malformation is 
often asymptomatic and diagnosed incidentally, but may become 
symptomatic in adolescence and young adulthood.185 Type 2 is 
more severe, with displacement of the cerebellar vermis, brain-
stem, and fourth ventricle, and is more likely to be associated with 
hydrocephalus and a lumbar myelomeningocoele and diagnosed 
in the pre-natal period or at birth. Types 3 and 4 are rare, and 
describe more severe descent of hindbrain structures. The most 
common clinical manifestations include headache (particularly 
‘cough’ headache), neck and upper limb pain, ataxia, and nystag-
mus, which may worsen with the Valsalva manoeuver. Surgical 

correction most commonly involves suboccipital craniectomy 
and upper cervical laminectomy, which provides bony and dural 
decompression of the structures crowded within the foramen 
magnum and upper cervical canal. Treatment is only required in 
symptomatic patients or those developing syringomyelia. Insertion 
of a CSF shunt is commonly necessary to treat hydrocephalus.185

The uneventful use of both neuraxial analgesia and anaesthe-
sia has been described in parturients with Arnold–Chiari type 1 
malformation184,186–189 and syringomyelia.190,191 However, there 
are also reports of exacerbation of neurological symptoms post-
partum (specifically headache and nystagmus) following the use 
of neuraxial anaesthesia.192,193 Some authors propose that dural 
puncture should be avoided, due to abnormalities in CSF cir-
culation and the potential for a differential pressure gradient to 
develop between the brain and spinal cord, particularly during 
straining.194–196 Chantigian and colleagues reported on 50 years’ 
experience at the Mayo Clinic, during which only 12 women 
with known Arnold–Chiari malformations delivered a total of 
30 babies. A variety of techniques were used including general, 
epidural, and spinal anaesthesia. None of the patients undergoing 
neuraxial anaesthesia experienced exacerbation of their neurolog-
ical symptoms (although one required an epidural blood patch for 
a postdural puncture headache).189 In patients with asymptomatic 
or adequately treated Arnold–Chiari malformations, delivery 
based on obstetric considerations would seem reasonable, with 
additional caution for symptomatic, untreated patients.

Spinal trauma, paraplegia, and quadriplegia
Incidence
It is estimated that in the United States approximately 52,000 
women are affected by spinal injury and approximately 2400 new 
spinal injuries are reported each year.197 Causes include motor 
vehicle accidents, gunshot wounds, horse-riding accidents, and 
diving accidents.198 Lesions below T1 result in paraplegia whereas 
lesions above T1 result in quadriplegia. There may be complete 
loss of neurological control (motor, sensory, and autonomic) 
below the lesion or varying degrees of incomplete loss. There may 
be associated bony deformity.

Obstetric considerations
Fertility is not generally affected in women with spinal cord injury 
(SCI).198 Complications of SCI relevant to obstetrics include iron 
deficiency anaemia, folate deficiency, urinary tract infection, and 
decubitus ulcers. Asymptomatic bacteriuria and urinary tract 
infection are extremely common in women with SCI, and rou-
tine urinary culture at each antenatal visit is recommended.199 
Antibiotic prophylaxis should be considered. Thromboprophylaxis 
may be warranted, but is not universally recommended.198

Ability to detect labour pain depends on the level of the injury. 
Women with injuries above T10 may experience painless labour 
and delivery. Preterm labour appears to be no more common 
than in the general population; however, consideration should 
be given to how these women will diagnose the onset of labour, 
in order to avoid unattended delivery from undetected contrac-
tions. Possible options include home uterine activity monitoring, 
teaching women to palpate their own uterine contractions, and 
recognition of sympathetic nervous system activity such as leg or 
abdominal wall spasms or increased lower limb spasticity. Some 
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authors recommend frequent assessment of cervical dilatation 
after 28 weeks and inpatient management of women with cervical 
dilatation.200,201

Published case series suggest that whilst vaginal delivery is pos-
sible in women with SCI, the likelihood of instrumental or opera-
tive delivery is increased, especially in women with higher cord 
lesions.

Anaesthetic considerations
Women with high thoracic or cervical SCI should have an assess-
ment of respiratory function either prior to conception or early 
in pregnancy.202 Baseline spirometry should be performed with 
subsequent serial assessment of vital capacity, due to the increased 
respiratory requirements in late pregnancy. Careful attention to 
pulmonary care is important, and non-invasive ventilatory sup-
port may be required in labour.202 Hypo- or hyperthermia may 
occur as a result of impaired thermoregulation.

Autonomic dysreflexia is very common in labour, and may be 
seen in 75% of women with higher SCI (above T6).199 Precipitants 
may include cervical dilatation, bladder or bowel distention, vagi-
nal examination, urinary catheterization, and temperature change 
in the lower limbs (e.g. placing the legs into cold or hot water).202 
The syndrome results from sympathetic hyperactivity below the 
level of the lesion. Symptoms include severe hypertension (may be 
confused with pre-eclampsia), bradycardia, tachycardia, or other 
arrhythmias. Uterine vasoconstriction may result in fetal distress. 
Reported complications of autonomic dysreflexia include intrac-
erebral haemorrhage and myocardial infarction. Invasive moni-
toring of blood pressure should be considered.198

Epidural analgesia should be used early in labour to prevent 
these complications, even if the patient is insensate to labour 
pain.198 If epidural analgesia has not yet been administered, or is 
contraindicated, other agents such as labetalol and nifedipine can 
be used. Sodium nitroprusside may be required. The use of mag-
nesium sulphate has also been described.203 Epidural anaesthesia 
has also been successfully used for caesarean delivery in a quad-
riplegic patient.204

Acute spinal cord injury during pregnancy
Acute SCI has been reported during pregnancy via mechanisms 
such as motor vehicle accident, gunshot wounds, or traumatic 
falls.198 Management is complex, and requires input from a spe-
cialized multidisciplinary team with experience in both high-risk 
obstetrics and spinal trauma. Care must be taken with immobili-
zation of the entire spine to prevent worsening of injury. Pelvic tilt 
must be achieved in pregnant women beyond 24 weeks’ gestation, 
where aortocaval compression may contribute to hypotension.

Acute SCI may also be associated with haemodynamic instabil-
ity. Neurogenic shock is a syndrome of hypotension, bradycardia, 
and hypothermia resulting from loss of sympathetic tone below 
the level of the lesion (and resulting unopposed parasympathetic 
tone). Adequate volume resuscitation and pressor support should 
be instituted. Bradycardia resulting from neurogenic shock may 
complicate assessment of volume status. In addition to this, the 
gravid uterus may make examination of the abdomen more diffi-
cult. There should be a high index of suspicion for internal bleed-
ing. Deep venous thrombosis is very common following acute SCI, 
and routine thromboprophylaxis should be considered.198

Peripheral neuropathy
This section will briefly consider several conditions associated 
with peripheral neuropathy in the obstetric population, includ-
ing Guillain–Barré syndrome (GBS) and poliomyelitis. In clini-
cal practice, obstetric anaesthetists will far more commonly be 
asked to assess patients presenting with new peripheral neurologi-
cal symptoms, especially postpartum. A thorough knowledge of 
the aetiology, pathology, and relevant anatomy of the peripheral 
nervous system are important for developing a framework for 
adequately assessing these patients.

Guillain–Barré syndrome
GBS is an acute post-infectious inflammatory polyneuropathy. 
It typically develops within a few weeks of an infectious illness 
such as an upper respiratory tract infection or gastroenteritis, 
and presents with a syndrome of ascending motor weakness and 
numbness, with loss of deep tendon reflexes.118 Campylobacter 
jejuni has been implicated as a common causative pathogen.205 
Symptoms may develop over 1–2 weeks, reaching peak severity 
after 4 weeks, but in severe cases may deteriorate over a few hours. 
Patients with severe disease may develop respiratory weakness 
requiring mechanical ventilation (up to 30% of patients) and 
autonomic dysfunction (up to 70% of patients). Symptoms of 
autonomic dysfunction may include tachycardia, urinary reten-
tion, and hypo- or hypertension. Other supportive care includes 
physiotherapy, thromboprophylaxis, and antibiotics, which may 
be required as nosocomial infection such as pneumonia and 
urinary tract infection are common. Disease-modifying treat-
ment may include plasma exchange transfusion or intravenous 
gammaglobulin.206

GBS does not appear to occur with increased frequency in preg-
nancy.205 The successful use of plasma exchange transfusion 
and intravenous gammaglobulin are both well established.205 
Uncomplicated GBS does not appear to influence the rates of 
assisted or operative delivery, which should be undertaken on 
obstetric grounds.207 The occurrence of GBS in the neonate 
of a parturient with GBS has been described in a single case 
report.165

Whilst it has been proposed that the use of neuraxial analgesia 
and anaesthesia may have the potential to exacerbate the severity 
of GBS,161 this has largely been discredited.205 Parturients may, 
however, be sensitive to the effects of local anaesthetic medica-
tions, requiring reduced doses to achieve adequate anaesthe-
sia. Also, patients may be at risk of exaggerated haemodynamic 
instability during establishment of neuraxial anaesthesia. Careful 
titration of epidural anaesthesia has been recommended in favour 
of single-shot spinal anaesthesia.207

Suxamethonium should be used with caution due to the poten-
tial for exaggerated release of potassium due to postsynaptic 
receptor proliferation. Succinylcholine-induced cardiac arrest 
has been reported in a patient recovering from GBS.167 However, 
patients can also be highly sensitive to non-depolarizing muscle 
relaxants,207 which should be titrated in small doses, with appro-
priate monitoring. Facilities for postoperative ventilation should 
be available.

Autonomic instability may also be prominent during general 
anaesthesia and should be treated aggressively.
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Charcot–Marie–Tooth disease (hereditary motor 
sensory neuropathy)
Charcot–Marie–Tooth disease is a rare inherited defect in myelin 
structure and function, also known as hereditary motor sensory 
neuropathy. It has an incidence of approximately 36/100,000. It 
results in a progressive distal limb weakness and muscle atrophy, 
leading to gait disturbance and deformity.118 Parturients with 

Charcot–Marie–Tooth disease appear to have higher rates of mal-
presentation, higher rates of operative delivery, and an increased 
incidence of postpartum haemorrhage.166 Symptoms of the 
disease may be temporarily or permanently worsened by preg-
nancy.169 Neuraxial analgesia and anaesthesia are not contraindi-
cated in these patients, although it may be challenging if there is 
kyphoscoliosis.208

(A)

      

(B)

(C)

     

(D)

Figure 45.3  (A) Sagittal T2-weighted MRI of the craniocervical junction showing a Chiari 1 malformation with displacement of the cerebellar tonsils into the 
foramen magnum (upper arrow) and an extensive cervical syrinx (lower arrow). (B) Axial T2-weighted MRI at the level of C1/2 showing the medulla/spinal cord 
(asterisk) compressed by the cerebellar tonsils (same patient as Figure 45.3A). (C) Sagittal T2-weighted MRI of the patient in Figure 45.3A,B after surgical posterior fossa 
decompression with a capacious foramen magnum region (upper arrow) and resolution of the cervical syrinx (lower arrow). (D) Axial T2-weighted MRI of the patient in 
Figure 45.3 A,B showing the decompressed medulla/spinal cord.
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Polio (and post-polio syndrome)
Infective poliomyelitis (‘polio’) is a highly infectious viral illness 
predominantly affecting children under the age of 5. The entero-
virus replicates in the gut and is spread rapidly by faecal–oral con-
tamination. Most sufferers only experience a mild influenza-like 
illness. However, one in 200 sufferers develops an acute flaccid 
paralysis as a result of spread to the motor neurones in the anterior 
horn of the spinal cord. Five to ten per cent of these patients die 
from respiratory failure. It is not known why such a small propor-
tion of sufferers develop paralysis, although risk factors are known 
to include pregnancy, previous tonsillectomy, strenuous physical 
activity, and minor trauma such as intramuscular injections.158 
Survivors of spinal paralysis may have lifelong sequelae, includ-
ing deformity and physical disability such as limb contractures, 
kyphoscoliosis, and chest wall deformity, which may contribute to 
respiratory insufficiency.

Around 40% of patients who survive paralytic polio will go on 
to develop additional worsening symptoms 15–40 years following 
the illness. This worsening of symptoms is known as post-polio 
syndrome (PPS). These symptoms include muscle weakness, 
chronic pain, fatigue, and impaired activities of daily living.209 
The number of worldwide cases of polio has dropped by 99% due 
to highly successful vaccination programmes, from an estimated 
350,000 cases in 1998 to 650 reported cases in 2011.173 Polio is 
now endemic in only three countries—Pakistan, Afghanistan, 
and Nigeria.

There is a paucity of data in the recent literature examin-
ing obstetric outcomes in female survivors of polio. One study 
searched the Medical Birth Register of Norway and reported 
on 2495 births between 1967 and 1998. The authors found that 
women with a past history of polio were significantly more likely 
to develop pre-eclampsia (3.4% vs 2.8%), urinary tract infection 
(3.5% vs 2.4%), and antepartum haemorrhage (3.8% vs 2.4%).175 
Labours were more likely to become obstructed (6.1% vs 2.0%) and 
caesarean delivery was more common (13.2% vs 8.3%). Infants of 
mothers with polio were significantly smaller (3383 vs 3483 g) and 
had a higher risk of perinatal death (2.1% vs 1.1%).

The patient with post-polio sequelae may present a number 
of significant challenges to the anaesthetist, in the performance 
of either neuraxial anaesthesia or general anaesthesia. Issues of 
general anaesthesia include concern over using both depolarizing 
and non-depolarizing muscle relaxants, sensitivity to analgesic 
and sedative medication, and the risk of postoperative respiratory 
depression and aspiration.133

Issues requiring preoperative assessment include the degree of 
respiratory compromise, which may be due to anatomical deform-
ity, particularly kyphoscoliosis, but also due to obstructive or 
central sleep apnoea. Patients may also have bulbar dysfunction, 
increasing the risk of aspiration.210 Other issues include manage-
ment of chronic pain, which is a common feature of PPS, and cold 
intolerance. As with many other conditions associated with den-
ervation of peripheral muscle, the use of suxamethonium carries 
the risk of exaggerated release of potassium and cardiac arrest. 
However, the safe use of suxamethonium has been described 
for caesarean delivery in the post-polio patient.211 Patients may 
also be sensitive to normal doses of non-depolarizing muscle 
relaxants.212

Whilst neuraxial anaesthesia represents an attractive option, 
there are still several areas of concern. These include the potential 

for neuraxial anaesthesia to temporarily affect accessory muscles 
required for respiration, potential to exacerbate the underlying 
disease process, and also the difficulty in adequately assessing for 
complications of neuraxial anaesthesia in the setting of pre-existing 
neurological pathology. Achieving successful neuraxial anaes-
thesia may also be technically challenging in the patient with 
abnormal neuraxial anatomy.133 The use of ultrasound-guidance 
has been proposed as a technique for improving success rate in 
patients with complex kyphoscoliosis.172

There is no convincing evidence in the literature that neurax-
ial anaesthesia worsens neurological disability in patients with 
post-polio sequelae or PPS 133. However, it has been proposed 
that spinal neurons in these patients may be both damaged and 
reduced in number, and therefore these patients may be at risk of 
direct local anaesthetic neurotoxicity.

Bell’s palsy
Bell’s palsy is the paralysis of the facial nerve resulting in asym-
metrical facial expression and unilateral weakness of eye closure. 
Bell’s palsy is idiopathic and a wide variety of immunological 
and viral mechanisms have been considered.213 The condition is 
two- to fourfold more common during pregnancy.118 Treatment 
options are identical during pregnancy and in the non-pregnant 
population, and consist of supportive care, particularly to avoid 
trauma to the non-closing eye, and early treatment with oral glu-
cocorticoids, for which there is limited evidence of benefit. Oral 
glucocorticoids are not recommended in the first trimester in 
pregnancy due to a risk of increased cleft palate.214 The prognosis 
of Bell’s palsy depends on the severity of the paralysis. Incomplete 
lesions are more likely to resolve than complete lesions. Whilst 
overall, 85% of patients will regain normal or near normal func-
tion, this may be significantly less in pregnancy.4,215 Possible 
explanations for this are that pregnant patients may be less likely 
to receive treatment, or may be more likely to develop complete 
lesions.

Carpal tunnel syndrome
Carpal tunnel syndrome is an extremely common condition 
resulting from compression of the median nerve as it passes under 
the flexor retinaculum at the wrist. This results in pain, paraes-
thesia and/or numbness of the thumb, index and middle fingers, 
as well as the radial half of the ring finger, which may wake the 
patient from sleep. The condition is thought to be more com-
mon in pregnancy as a result of fluid retention and peripheral 
oedema.118 Symptoms commonly occur in the third trimester 
and may last for several weeks or months postpartum. The condi-
tion has a good prognosis for resolution after delivery and should 
rarely be treated surgically during pregnancy, unless there is the 
threat of permanent neurological disability.

Postpartum peripheral neuropathy
The process of labour and delivery, either vaginally or at caesarean 
delivery, can potentially damage peripheral nerves by excessive 
compression or traction. Several case series have been published 
suggesting that the incidence of postpartum compression neu-
ropathy is in the order of 0.5% of pregnancies.216–218 Risk fac-
tors include nulliparity and a prolonged second stage of labour. 
Neuraxial anaesthesia may contribute either directly or indi-
rectly to peripheral neuropathy. Indirectly, it may allow women 
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to push for longer periods without changing position, unaware of 
impending nerve injury.216 The incidence of neuropraxia directly 
related to obstetric analgesia (spinal or epidural) is probably in 
the order of 1–2/10,000 parturients.217,220,221 Although rare, the 
consequences of neuraxial abscess or haematoma can be devas-
tating. Careful consideration should be given to this possibility 
and urgent radiological imaging (preferably MRI) and neurosur-
gical opinion should be sought in a patient with motor or sensory 
dysfunction after delivery.8,222 Further details of the presentation, 
investigation, and treatment of neuraxial abscesses and haemato-
mas are to be found in Chapter 28.

The most commonly affected peripheral nerve is the lateral 
femoral cutaneous nerve of the thigh, which can be stretched 
by retraction during caesarean delivery, or compressed beneath 
the inguinal ligament, especially with prolonged hip flexion. 
This results in the condition known as ‘meralgia paraesthetica’. 
Associated risk factors include obesity, exaggerated lumbar lordo-
sis, and an anatomical variant where the lateral femoral cutane-
ous nerve bisects the inguinal ligament. Other commonly injured 
peripheral nerves include the femoral nerve, the lumbar compo-
nent of the sacral nerve (compressed as the fetal head enters the 
pelvis, especially during mid-cavity forceps deliveries), and the 
common peroneal nerve (compressed against the head of the fib-
ula in the lithotomy position).

Assessment of new neurological symptoms in the postpar-
tum period requires a careful history and thorough exami-
nation, including detailed documentation of the findings. In 
patients who have received neuraxial anaesthesia, consideration 
should always be given to the potential diagnosis of a neurax-
ial space-occupying collection (such as abscess or haematoma). 
If this possibility exists, then urgent imaging (preferably MRI) 
and early neurosurgical intervention is required to optimize neu-
rological recovery. Otherwise, assessment should focus on the 
likely causative peripheral nerves. The lateral femoral cutaneous 
nerve is sensory only, and causes pain and noxious paraesthesia 
and numbness over the anterolateral part of the thigh, without 
motor deficit. Femoral nerve injury results in quadriceps weak-
ness and numbness or paraesthesia over the lower anterior thigh. 
Peroneal nerve compression at the fibular head may result in 
foot drop and numbness over the lateral lower leg and dorsum 
of the foot. Compression of the obturator nerve is less common, 
but results in numbness and paraesthesia of the medial thigh and 
weakness of hip adduction.

The natural history of postpartum neuropraxia is one of grad-
ual improvement to normal (or near-normal) function. In most 
patients, complete recovery occurs over 2–3 months, although in 
some this may take up to 2 years.218

Myasthenia gravis
Aetiology and presentation
Myasthenia gravis (MG) is an autoimmune disease resulting in 
fatigable weakness of skeletal muscle. The disorder is caused by 
T-cell dysfunction which results in the production of antibodies 
against the nicotinic acetylcholine receptor on the neuromuscu-
lar end-plate of skeletal muscle.223 The disease commonly affects 
young women (male:female ratio 1:3), frequently in the third or 
fourth decade of life. The incidence is approximately 1/10,000224 
and may present for the first time in pregnancy.225 Patients present 

with symptoms of skeletal muscle weakness, which worsens after a 
period of activity. MG may be isolated to ocular muscles (present-
ing with diplopia or ptosis), or more generalized, affecting a vari-
able combination of ocular, bulbar, peripheral, and respiratory 
muscles. Weakness may fluctuate throughout the day, but tends to 
be worse in the evening. Approximately 10–15% of patients with 
MG have an underlying thymoma.

Treatment
Treatment priorities are similar to non-pregnant patients and 
should include exclusion of coexisting autoimmune disease (such 
as thyroid disease), evaluation of respiratory muscle dysfunc-
tion, and aggressive treatment of infections (such as endometri-
tis and mastitis), which may precipitate MG exacerbation. Acute 
worsening of MG, particularly of respiratory function, is known 
as myasthenic crisis, and may require intubation and mechanical 
ventilation. Increased dosage of cholinesterase inhibitors is indi-
cated and immunoglobulin or plasmapheresis may be required 
in this setting. Excessive treatment with cholinesterase inhibi-
tors may also lead to a clinical syndrome of weakness, known as 
cholinergic crisis. The two crises may be difficult to distinguish, 
although cholinergic crisis may be accompanied by excessive 
sweating, salivation, and bradycardia. A single dose of edropho-
nium can also be given—symptoms will improve in the setting of 
myasthenic crisis and worsen or remain unchanged in cholinergic 
crisis.226

Obstetric considerations
The disease has a variable progression in pregnancy.227,228 In a 
published case series, symptoms improved during pregnancy in 
39% of patients, worsened in 19%, and remained unchanged in 
42%.229 If exacerbation occurs it is likely to be in the first trimester 
or in the immediate postpartum period.

Acetylcholinesterase inhibitors (such as pyridostigmine) are 
the first-line treatment for MG, and may require dose adjust-
ment in pregnancy. They should be given parenterally during 
labour, due to variable gastric absorption. Other treatments may 
include glucocorticoids, and immunosuppressive therapy such 
as ciclosporin and azathioprine. Ciclosporin and azathioprine 
have been associated with spontaneous abortion, preterm labour, 
and low birth weight infants.223 They should also be avoided in 
breastfeeding.

Magnesium sulphate must be avoided as it may precipitate 
myasthenic crisis. Hypertension should be treated with methyl-
dopa or hydralazine. Beta blockers and calcium channel block-
ers should also be avoided if possible. If seizure prophylaxis is 
required in the setting of pre-eclampisa, levetiracetam or val-
proate should be used. Phenytoin may also exacerbate skeletal 
muscle weakness.

Uterine smooth muscle is not affected by MG and therefore the 
first stage of labour usually progresses uneventfully. However, the 
second stage of labour may be slowed by the weakening of skeletal 
muscle, and an assisted instrumental or operative delivery may be 
required. Stress and excessive exertion may also precipitate res-
piratory weakness and myasthenic crisis and should be avoided. 
Epidural analgesia should be strongly considered in this setting.

All infants born to mothers with MG should be observed in a 
special care nursery. Up to 10–20% of infants may develop neo-
natal MG as a result of passive transfer of maternal antibodies.227
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Anaesthetic considerations
MG presents a number of challenges for the anaesthetist mainly 
due to the risk of respiratory weakness, and the difficulty of man-
aging neuromuscular blockade if required.226 Patients are also at 
risk of perioperative myasthenic (or cholinergic) crisis. Because 
patients with MG have a reduced number of normally functioning 
acetylcholine receptors, they may display abnormal responses to 
both depolarizing and non-depolarizing neuromuscular block-
ing agents. If the patient is treated with cholinesterase inhibitors, 
these medications also inhibit plasma cholinesterase, and there-
fore may result in a prolonged effect of suxamethonium. However, 
if untreated, due to the reduced number of normally functioning 
receptors, they may be relatively resistant to suxamethonium, but 
for the same reason, highly sensitive to non-depolarizing neuro-
muscular blockers. Neostigmine may be ineffective at reversing 
neuromuscular blockade as the cholinesterase may be already 
maximally inhibited. If rapid sequence induction is required, 
muscle relaxation with rocuronium followed by reversal with sug-
ammadex may provide an attractive alternative to reversal with 
cholinesterase inhibitors.225,230

Neuraxial anaesthesia is both safe and recommended both for 
labour analgesia and caesarean delivery.225,226 The potential for 
respiratory weakness resulting from a high block should be con-
sidered, and a carefully titrated epidural may be more prudent 
than single-shot spinal anaesthesia. Alternatively a combined 
spinal–epidural may be suitable with a small dose of spinal and 
then a titrated epidural dose to bring the block up. Acute respira-
tory muscle weakness requiring intubation and mechanical venti-
lation has been described following single-shot spinal anaesthesia 
for caesarean delivery.225

Conclusion
Although most neurological conditions are relatively rare, many 
can occur in women of child-bearing age. A number of impor-
tant issues may need to be considered during the pregnancy, par-
ticularly with regard to planning for labour and delivery. Some 
patients may need to modify ongoing treatments (e.g. antiepileptic 
medications) due to potential adverse effects for the fetus. Patients 
with peripheral muscle weakness (such as MG and MS) may 
be at risk of respiratory failure in the later stages of pregnancy. 
Many neurological conditions also have important implications 
for the safe conduct of neuraxial anaesthesia and analgesia, such 
as spina bifida, hydrocephalus, and raised intracranial pressure. 
Parturients with neurological disease will benefit from coordi-
nated care by a multidisciplinary team including an obstetrician, 
neurologist, neurosurgeon, and anaesthetist.
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CHAPTER 46

Musculoskeletal disorders
James P. R. Brown and M. Joanne Douglas

Introduction
Musculoskeletal diseases present challenges for obstetricians and 
anaesthetists. The physiological changes of pregnancy and labour 
may exacerbate existing symptoms and stress cardiorespiratory 
reserve; this may also result in the first presentation of previously 
undiagnosed musculoskeletal disorders.

Many musculoskeletal conditions are rare. Anaesthetic man-
agement is based mainly on case reports that are subject to report-
ing and publication bias and may represent worst-case scenarios. 
Musculoskeletal diseases have a spectrum of phenotypic expres-
sion, associations, and functional consequences. Anaesthetic 
management needs to be tailored to the individual parturient and 
should, where possible, be planned in advance by the multidisci-
plinary team with the mother.

Malignant hyperthermia
Malignant hyperthermia (MH) is a pharmacogenetic disease of 
muscle with an autosomal dominant (AD) inheritance.1 Mutations 
for MH have been found in genes encoding the ryanodine (RYR1) 
and dihydropyridine (DHPR) receptors, but not all mutations 
have been identified.2,3

The volatile anaesthetic agents may trigger a MH episode, either 
alone or in combination with suxamethonium. There is debate as 
to whether suxamethonium alone can trigger MH.4 In MH sus-
ceptible (MHS) individuals, volatile agents can lead to prolonged 
excitation–contraction coupling (ECC) due to excessive release of 
calcium from the sarcoplasmic reticulum.5,6 This ECC results in 
muscle rigidity and a hypermetabolic syndrome that presents as 
an increase in carbon dioxide, lactate, and eventually tempera-
ture with a decrease in bicarbonate, pH, and oxygen. If untreated, 
rhabdomyolysis will occur with myoglobinaemia, myoglobinuria, 
hyperkalaemia and an increase in creatine kinase (CK).1 MH may 
not be triggered with every anaesthetic exposure;1 rarely it occurs 
in the absence of triggering agents.7

Following suxamethonium, masseter muscle rigidity can be 
the first sign1 and may prevent endotracheal intubation. When 
suxamethonium is not used, an increase in end-tidal carbon 
dioxide, unrelated to ventilation, may be the initial presenta-
tion. Spontaneously breathing patients will become tachypnoeic. 
Sympathetic stimulation leads to tachycardia, arrhythmias, and 
hypotension. Generalized muscle rigidity, rhabdomyolysis, and 
hyperthermia may occur if the episode is not treated early.

Treatment of MH consists of calling for help, stopping 
volatile agents, administering 100% oxygen (provides addi-
tional oxygen, purges anaesthetic machine), administration of 

dantrolene, and supportive treatment of acidosis, hyperthermia, 
and hyperkalaemia.8

Dantrolene sodium is the specific treatment for MH9 and has 
been used successfully in parturients. Dantrolene crosses the pla-
centa10 and may be found in breast milk after its use.11 A report of 
uterine atony following use12 may have been related to mannitol in 
the formulation, rather than dantrolene itself.13

Confirmatory evidence of a MH episode is by a positive in vitro 
contracture test,8 unless the individual has one of the known 
genetic mutations. If the genetic mutation is known it may be pos-
sible to diagnose MHS in a newborn using umbilical cord blood.14

Case reports of MH occurring in parturients during anaes-
thesia for obstetric surgery are rare, possibly because neuraxial 
anaesthesia (NA) is commonly used. There are multiple reports 
of anaesthesia for MHS parturients.15 Ideally, NA will be used for 
obstetric surgery in MHS parturients, but when contraindicated, 
general anaesthesia (GA) can be safe, providing trigger agents are 
avoided and the parturient fully monitored.16 Some recommend 
avoidance of triggers in non-MHS parturients who may be carry-
ing a MHS fetus (father MHS). Most medications used in obstet-
rics are safe in MHS parturients, although the prostaglandins may 
cause maternal fever; as may prolonged epidural analgesia and 
sepsis. Fever may lead to erroneous diagnosis of MH in a MHS 
parturient. Prior to use the anaesthetic machine should be purged 
of volatile agents.17 Many anaesthetic agents may be safely used in 
patients with MH (Box 46.1).

Backache
Pregnancy-related backache
Backache has a background population prevalence of approxi-
mately 25%.18 At term, pregnancy-related backache (PRB) is pre-
sent in up to 50% of parturients. Proposed aetiologies include 
weight gain, altered posture and mechanical loading of the spine 
(especially posterior elements e.g. facet joints), increased lumbar 
lordosis, and forward tilting of the pelvis with a gravid uterus 
(Figure 46.1), ligament laxity secondary to oestrogen, and relaxin. 
PRB is a significant cause of sick leave and can impair activities of 
daily living.19

PRB can be divided into lumbar pain or pelvic girdle pain, which 
commonly involves the symphysis pubis or the sacroiliac joints and 
radiates into the thighs. There is no radicular or neurological com-
ponent to PRB. Pelvic pain is linked to greater levels of dysfunction 
and increased sick leave compared with lumbar backache.18

In one survey, 50% of parturients had backache 12–15 months 
post delivery. For many, backache at this stage is not a direct 
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result of labour and delivery; 21% of those with postpartum 
backache did not have backache during pregnancy.20 The most 
significant predictor of postpartum backache is an antenatal 
history of backache.21 Prospective studies suggest labour epi-
durals may be associated with an increase in acute backache 
in the first 24 hours postpartum, but do not increase chronic 
backache.22–24 Physical fitness is protective against PRB and 
physiotherapy aimed at strengthening core muscles, providing 
increased stability to the pelvis and lumbar region, is first-line 
treatment.

Prolapsed intervertebral disc
Acute disc herniation causing radiculopathy is rare in pregnancy, 
1/10,000,25 although there are case reports of cauda equina syn-
drome requiring urgent back surgery.26 Symptoms in parturients 
with pre-existing disc disease commonly deteriorate during preg-
nancy. A study investigating parturients who have had previous 

microdiscectomy, demonstrated worsening radiculopathy in 24% 
of patients; 6% developing a motor deficit.25

Stable pre-existing neurology from a prolapsed intervertebral 
disc is not necessarily an absolute contraindication to NA (epidur-
als are commonly used in treatment). A pragmatic approach can 
be taken, clinically evaluating existing neurological deficit, dis-
cussing the risks and benefits of epidural versus alternative labour 
analgesia, or NA versus GA for operative delivery. These patients 
need to be actively followed up; including doing a postpartum 
neurological exam. If the level of disc herniation is known, risk 
may be reduced by avoiding this level when inserting NA.26

Spondylolisthesis
This is a misalignment of the lumbar vertebrae, most commonly 
an anterior displacement of L5 relative to L4 as a result of degen-
erative change. Pregnancy does not appear to worsen symptoms 
associated with pre-existing spondylolisthesis.27

Anaesthetic considerations
Antenatal

◆	 Confirm diagnosis/cause of backache:

•	 PRB

•	 Other cause (e.g. prolapsed disc, spondylolisthesis)
◆	 Prolapsed intervertebral disc:

•	 Full neurological assessment of lower limbs

•	 Evidence of cauda equina:

•	 Magnetic resonance imaging (MRI)

•	 Neurosurgical consultation

Box 46.1  Anaesthetic drugs that may be used safely in parturients 
susceptible to malignant hyperthermia

Induction agents

◆	 Propofol
◆	 Thiopentone
◆	 Ketamine
◆	 Benzodiazepines
◆	 Etomidate

Analgesics

◆	 Remifentanil
◆	 Alfentanil
◆	 Fentanyl
◆	 Sufentanil
◆	 Morphine
◆	 Oxycodone
◆	 Pethidine

Muscle relaxants

◆	 Atracurium
◆	 Rocuronium
◆	 Vecuronium

Anaesthetic gases

◆	 Nitrous oxide

Local anaesthetics

◆	 Lidocaine
◆	 Prilocaine
◆	 Bupivacaine
◆	 Ropivacaine
◆	 2-Chloroprocaine

Figure 46.1  Sagittal MRI of lumbar spine, demonstrating increased lumbar 
lordosis and forward tilting of pelvis at 25 weeks of gestation.
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◆	 Consider physiotherapy referral
◆	 Anaesthetic review:

•	 Any previous spinal imaging

•	 Review, discuss, and agree anaesthetic plan

•	 PRB:

•	 No evidence epidurals increase chronic backache

•	 Prolapsed disc:

•	 Discuss rare possibility of worsening neurological symp-
toms (exact risk unknown)

•	 Risk/benefit of alternative labour analgesia or GA for oper-
ative delivery.

Peripartum
◆	 Confirm no acute deterioration or development of new neuro-

logical signs or symptoms
◆	 Assess pain-free range of movement of legs prior to NA
◆	 Ensure passive positioning does not exceed pain-free active 

range of movement:

•	 Lithotomy may not be possible
◆	 Ensure symmetrical movement of legs when positioning
◆	 Consider passive second stage if prolapsed disc.

Postpartum
◆	 Neurological exam to rule out deterioration.

Scoliosis
Scoliosis is defined as a lateral curvature of the spine of greater 
than 10°. It is commonly accompanied by vertebral rotation and rib 
deformity. There is a female to male preponderance of 3.5:1;28 the 
majority of cases are idiopathic. Table 46.1 lists other causes with 
their specific anaesthetic considerations. Changing aetiology (e.g. 
lower rates of polio and tuberculous osteomyelitis) and modern 
management with evolving surgical techniques have improved out-
comes. Management is guided by severity of scoliosis Figure 46.2. 
Traditional scoliosis surgery involves fusing the spine posteriorly.29

Obstetric considerations
◆	 Generally tolerate pregnancy, labour, and delivery well; compli-

cations similar to normal population35

◆	 Abnormal pelvic weight-bearing alters anatomy, possible labour 
dystocia, fetal malpresentation

◆	 Increased labour induction (odds ratio (OR) 1.6)28

◆	 Increased caesarean delivery (CD) (OR 1.8):28

•	 Uterine forward displacement increases fetal malpresentation
◆	 Possible classical uterine incision for surgical access:36

•	 Risk of uterine rupture/dehiscence with subsequent pregnancies.

Anaesthetic considerations
General anaesthesia
There are 34 cases in the literature describing GA for CD in partu-
rients with idiopathic scoliosis,36–40 including 13 cases with severe 

restrictive respiratory disease.36,37 Most were uncomplicated, but 
one required prolonged ventilation following CD.40

Reduced neck flexion and spinal hump may make positioning 
for intubation challenging. Difficult intubation41 and respiratory 
dysfunction30 are more likely in patients with scoliosis secondary 
to another disorder.

Respiratory problems are rare if respiratory volumes are greater 
than 50% of predicted:  mortality and morbidity increase with 
vital capacities less than 1 L.42 Several respiratory defects may 
occur (Box 46.2).

Neuraxial anaesthesia
An early labour epidural reduces the stress response and ensures 
time to achieve adequate function if operative delivery required. 
However, NA can be difficult due to:
◆	 Failure to locate epidural or intrathecal space:

•	 Rotation of vertebrae makes identification of midline difficult

•	 If surgically corrected, anatomy is distorted causing risk of 
subdural or intrathecal placement43,44 (> 5% epidurals follow-
ing surgical correction)

◆	 Unpredictable anaesthetic block:

•	 Short stature and decreased volume of cerebrospinal fluid:45

•	 Risk high block

•	 Abnormal intrathecal spread of hyperbaric local anaesthetic:

•	 Although the intrathecal space is usually not affected 
by surgery,46 abnormal curvature and rotation affect 
gravitational spread

• Positioning or mixing iso- and hyperbaric anaesthetic may 
overcome47 48

•	 If surgically corrected:

•	 Possible adhesions in epidural space or indentation by 
instrumentation (20% inadequate subarachnoid block 
despite locating space).38,49,50

In 89 labour epidurals reported in parturients with scolio-
sis, 96% were successful in non-operated compared to 60% in 
operated.

Methods to improve success:
◆	 Angle of approach (Figure 46.3)42,58

◆	 Level of approach:

•	 L5/S1 interspace:

•	 20% of fixations extend to L3/4—potentially more 
problematic51

•	 Fusion unlikely to involve L5/S146

•	 Caudal epidural52

◆	 Guided approach—prepuncture ultrasound53 (see Chapter 54):

•	 Assess vertebral rotation (asymmetry of transverse pro-
cesses), guiding needle direction54

•	 If surgically corrected:

•	 Identify lower extent of fixation; may not correspond to scar55

•	 Spinal instrumentation: lateral marker of midline56

 

 

 

 

 

 

 

 



Table 46.1  Aetiology of scoliosis with summary of anaesthetic considerations

Aetiology Considerations

Vertebral anomalies Congenital defects,

e.g. hemivertebrae

Ensure isolated defect rather than part of 
syndrome

Velocardiofacial30 Facial dysmorphism, difficult airway

Cardiac defects 75%

Thymic dysplasia, immune defects

VACTERL syndrome31 Difficult airway

Cardiac defects

Spina bifida32 Pelvic abnormalities, CD likely

Risk inadvertent dural puncture with 
epidural

Tethered cord, risk trauma with spinal

Previous spinal surgery common

Possible shunt for hydrocephalus

Osteochondrodystrophies Achondroplasia See ‘Achondroplasia’ and ‘Osteogenesis 
Imperfecta’ in main textOsteogenesis imperfecta

Neurological UMN Cerebral palsy Scoliosis

LMN Postpolio syndrome32 Respiratory impairment, sensitivity to opioids and 
anaesthetic agents

Bulbar dysfunction, aspiration risk

Spinal muscular atrophy32 Respiratory muscle weakness, sensitivity to NDMR

Hyperkalaemia with suxamethonium

Other Syringomyelia33 Hyperkalaemia with suxamethonium

Prolonged neuromuscular block with NDMR

Aspiration risk if syringobulbia

Deterioration with increased ICP, e.g. pressor response to 
intubation

Neurofibromatosis34 Spinal cord neuromas; relative contraindication to NA

Raised ICP

Respiratory impairment

Associated phaeochromocytoma

Friedreich (spinocerebellar) ataxia34 Hyperkalaemia with suxamethonium

Unpredictable response to NDMR

Respiratory muscle weakness

Associated cardiomyopathy, arrhythmias, diabetes 
mellitus

Aspiration risk

Muscular Muscular dystrophy See ‘Muscular Dystrophy’ in main text

Infection Tuberculosis

(Pott disease)

Respiratory impairment

Connective tissue disease Marfan syndrome See Chapter 41

See ‘Ehler-Danlos syndrome’ in main textEhlers–Danlos syndrome

CD, caesarean delivery; ICP, intracranial pressure; LMN, lower motor neuron; NA, neuraxial anaesthesia; NDMR, non-depolarizing muscle relaxants; UMN, upper motor neuron; 
VACTERL, Vertebral, Anal, Cardiac, Tracheo-oEsophageal fistula, Renal, Limb.

Data from various sources (see references).
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◆	 Continuous spinal anaesthesia (CSA):49

•	 Ability to titrate:

•	 Reduces cardiovascular and respiratory compromise

•	 Control block height

◆	 Dural puncture epidurals:57

•	 Puncture dura (25 G needle through epidural needle), 
without injecting intrathecal anaesthetic. Improves qual-
ity and adequacy of epidural block in parturients without 
scoliosis, probably by direct spread of local anaesthetic to 
subarachnoid space.

Summary of anaesthetic considerations
Antenatal

◆	 Assess specific co-morbidities (secondary scoliosis (Table 46.1))
◆	 Cardiology:

•	 Electrocardiogram (ECG):

• Right atrial dilatation or ventricular hypertrophy

•	 Echocardiography:

• Right ventricular hypertrophy or pulmonary hypertension

◆	 Respiratory:

•	 Pulmonary function tests
◆	 Anaesthetics:

•	 Spinal anatomy:

•	 Previous radiological imaging

•	 Operative report from spinal surgery

•	 Ultrasound assessment: lower extent of scoliosis or opera-
tive correction

•	 Discuss labour and delivery analgesia and anaesthesia:

Figure 46.2  Severity of scoliosis can be described by Cobb angle. This X-ray 
demonstrates a severe thoracolumbar scoliosis (Cobb angle of 50°) with an apex 
at L2, with marked rotation and convexity to the left.

Box 46.2  Respiratory defects associated with scoliosis

◆	 Reduced lung volumes
◆	 Reduced compliance
◆	 Restrictive defect
◆	 Hypoxaemia
◆	 Increased pulmonary vascular resistance
◆	 Pulmonary hypertension
◆	 Cor pulmonale

Approach 1 Approach 2

Parturient’s Back

Apparent midline

Figure 46.3  Suggested approach to epidural space in parturients with scoliosis. 
Lumbar vertebra in a parturient with scoliosis, convexity is to the right of 
apparent midline. The vertebra is rotated, with a wider angle between the 
transverse and distorted spinous process on the convex (right) side.

Approach 1: aim towards the convexity of the scoliosis, in-line with spinous 
processes. Advantage: starting in the apparent midline and approaching through 
familiar tissue planes.

Approach 2: approach via the paramedian route, away from the midline on the 
side of convexity; advance needle onto lamina, prior to ‘walking off ’. Advantages: a 
familiar perpendicular approach and aiming for larger interlaminar space.
Adapted with permission from Jeffrey Huang, Paramedian Approach for Neuroaxial 
Anesthesia in Parturients with Scoliosis, Anesthesia & Analgesia, Volume 111, Issue 3, 
pp. 821–22, Copyright © 2010 Wolters Kluwer Health, Inc., and from Gambling D, Douglas 
M, McKay R, Obstetric Anesthesia and Uncommon Disorders, Cambridge University Press, 
Cambridge, UK, Copyright © 2008.
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•	 Potential technical difficulties with insertion, increased 
risk of failure and complications with NA (especially fol-
lowing operative repair)

•	 Explore patient concerns and wishes.
Peripartum
◆	 Establish early labour epidural:

•	 Assess effectiveness

•	 Actively manage

•	 Titrate anaesthetic, use low-dose local anaesthetic with opi-
oid—high blocks may precipitate cardiovascular/respiratory 
deterioration if no functional reserve

◆	 If GA:

•	 Exclude associated MH risks with secondary scoliosis

•	 Anticipate difficult intubation and ventilation.
Postpartum
◆	 Severe cardiorespiratory compromise:

•	 Invasive arterial monitoring

•	 Manage in high dependency unit.

If secondary scoliosis, please see Table 46.1 for additional specific 
anaesthetic considerations.

Myopathies
A myopathy is a primary disease of muscle. Causes of myopathy 
are:
◆	 Inherited:

•	 Muscular dystrophies

•	 Myotonia

•	 Congenital:

•	 Central core

•	 Nemaline

•	 Centronuclear

•	 Familial periodic paralysis

•	 Metabolic:

•	 Glycogen storage

•	 Lipid metabolism

•	 Mitochondrial

•	 Myoadenylate deaminase (MADA) deficiency
◆	 Acquired:

•	 Inflammatory:

•	 Dermatomyositis, polymyositis, inclusion body myositis

•	 Endocrine:

•	 Thyroid, adrenal

•	 Metabolic:

•	 Hypokalaemia, hypocalcaemia, hypercalcaemia

•	 Drug induced:

•	 Glucocorticoid, alcohol

•	 Infectious:

• Human immunodeficiency virus (HIV)

•	 Paraneoplastic

•	 Critical illness.

Anaesthetic implications
Antenatal

◆	 Multidisciplinary input:

•	 Cardiology

•	 Electrocardiography, 24-hour tape, echocardiography

•	 Implantable pacemaker or defibrillator

•	 Reduced exercise tolerance:

•	 Skeletal muscle weakness

•	 Respiratory insufficiency

•	 Cardiomyopathy

•	 Respiratory:

•	 Restrictive respiratory defect:

•	 Pulmonary function tests

•	 Associated sleep apnoea:

•	 Screening questionnaire (e.g. STOP BANG59)

•	 Sleep studies

•	 Presence of pulmonary hypertension:

•	 Echocardiography

•	 Anaesthetic:

•	 Consider and discuss implications of myopathy

•	 Agree anaesthetic plan for delivery.

Peripartum
◆	 Assess progression of symptoms with pregnancy
◆	 Increased incidence of assisted delivery or CD:

•	 Early senior anaesthetic review

•	 Consider early labour epidural
◆	 CD:

•	 Titratable NA where possible:

•	 Avoid high block; may precipitate respiratory compromise

•	 Reduce risk of rhabdomyolysis with GA:

•	 Avoid suxamethonium, caution with volatile agents

•	 Consider non-depolarizing muscle relaxants (NDMRs) and 
total intravenous anaesthesia

•	 Purge anaesthetic machine

•	 Measure serum potassium and CK perioperatively, con-
tinue cardiac monitoring into recovery period

•	 Dantrolene immediately available

•	 Prepare for difficult intubation.
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Postpartum

◆	 Anticipate respiratory compromise:

•	 Multimodal analgesia for operative delivery:

•	 Opioid sparing

•	 Consider postoperative epidural analgesia

•	 Consider tranversus abdominis plane block

•	 High dependency

•	 Invasive arterial line, monitoring adequacy of ventilation

•	 Respiratory physiotherapy.

Despite different underlying causes, all myopathies have similar 
anaesthetic considerations (Table 46.2). Specific considerations 
for different causes of myopathy are discussed in their respective 
sections below.

Risk of malignant hyperthermia with myopathies
The pathophysiology of rhabdomyolysis in myopathies differs 
to MH;60 the two do not appear to be linked. In myopathies, 
the muscle membrane integrity is unstable and even in the rest-
ing state can lead to increased serum potassium and CK release. 
Depolarizing muscle relaxants and halogenated agents can further 
stress the membrane causing rhabdomyolysis and hyperkalae-
mia. The exceptions are myopathies involving the RYR1 receptor, 
which are associated with MH: central core disease (CCD) and 
King–Denborough syndrome.61,62

Consensus is that suxamethonium should be avoided in all 
myopathies.63,64 There is limited evidence to quantify risk of vola-
tile agents; use an alternative technique where possible to avoid 
MH risk, that is, NA or total intravenous anaesthesia.

Muscular dystrophies
This is a collection of inherited degenerative muscle disorders 
which, depending on the specific genetic defect, lead to progres-
sive weakness of variable distribution and severity. The progres-
sive nature and age of onset mean that they may first present 
peripartum. Molecular genetics are refining the traditional clini-
cal classification (Box 46.3)65 and each has different anaesthetic 
considerations (Table 46.3).

Other myopathies
Congenital myopathies
This heterogeneous group63,71,80–82 of over 40 different disorders 
(autosomal recessive (AR), AD, or X-linked80) present with neonatal 
hypotonia and muscle weakness.64 Cardiac involvement is rare but 
reported.63 Nemaline myopathies are associated with dysmorphic 
features that may cause difficult intubation (e.g. high-arched pal-
ate, mandibular abnormalities).82,83 Central core disease is a result 
of AD or AR abnormality of RYR1 and is associated with MH.61,84

Metabolic myopathies
Metabolic myopathies are inborn errors of metabolism that affect 
myocyte adenosine triphosphate (ATP) production (Figure 46.4). 
Metabolic myopathies are caused by inherited enzyme abnormali-
ties: either defects in the conversion of glycogen to pyruvate, fatty 
acids to acetyl CoA, or in the respiratory chain.

Glycogen storage disorders
There are 11 enzyme disorders of glucose (glucose-6-phosphate) 
metabolism (type I—XI),85 leading to abnormal deposition of 
glycogen. Collectively known as glycogen storage disorders 
(Table 46.4) they present with exercise intolerance; resting energy 
production is usually sufficient.

Lipid metabolism disorders
Lipid metabolism disorders (Table 46.5) are a result of failure in 
processing fatty acids. They present during periods of starvation 
or physiological stress, as a result of defects in the following:96

Table 46.2  Anaesthetic implications of myopathy, in general

System Manifestation Implication

Airway Dysmorphia Difficult intubation

Bulbar involvement Aspiration risk

Respiratory Muscle weakness Respiratory failure

Associated scoliosis See ‘Scoliosis’ in main 
text

Cardiovascular Cardiomyopathy or conduction 
defects

Arrhythmias

Cardiac failure

Musculoskeletal Unpredictable rhabdomyolysis 
with suxamethonium or volatile 
agents

Hyperkalaemia

Myoglobulinuria

Box 46.3  Classification of muscular dystrophies

◆	 X-Linked:*

•	 Duchenne

•	 Becker

•	 Emery–Dreifuss (also AD form, chromosome (Chr) 1)66

◆	 Limb-girdle:66

•	 6 AD subtypes

•	 9 AR subtypes

◆	 Distal:

•	 Late onset (AD), e.g. Welander, Markesbery

•	 Early onset (mostly AR), e.g. Miyoshi, Nonaka, Laing (AD)
◆	 Congenital (mostly AR), e.g. Fukuyama, muscle–eye–brain 

disease, Walker–Warburg, merosin-deficient, merosin posi-
tive, integrin deficient

◆	 Other:

•	 Fascioscapulohumeral (AD), Chr 4

•	 Oculopharyngeal (AD), Chr 14

•	 Myotonic dystrophy:

•	 Type 1, Chr 19
•	 Type 2, Chr 3

*Parturients who are carriers may suffer mild disease.64

Data from various sources (see references).

 

 

 

 

 

 

 

 



Table 46.3  Muscular dystrophies and anaesthetic implications

Dystrophy Characteristics Implications

Duchenne or

Becker67

X-linked, 12% carriers have skeletal muscle weakness; 18% cardiac 
abnormalities, e.g. dilated cardiomyopathy (7%), arrhythmias

Phenotypically similar to limb-girdle66

Consider screening ECG, Holter monitoring, 
echocardiography

Limb-girdle68–70

prevalence 8/million66

Pelvis and shoulder, wasting and weakness

Restrictive respiratory impairment

Cardiomyopathy (some subtypes only)66

Conduction defects

Risk of deterioration peripartum (>50%)71

Likely require assisted VD or CD because of pelvic 
involvement (>50%)71

Fascioscapulo-

humeral72,73

prevalence 8/million66

Usually presents in childhood >90% affected by age 20

Asymmetrical facial weakness, especially orbicularis oris and oculi. Shoulder 
girdle weakness

Legs affected later (10% wheelchair bound)

Relatively less cardiomyopathy and conduction 
defects,74 although described66,73

Bulbar and respiratory muscles relatively spared73

Emery–Dreifuss75–77 Childhood onset

Tendon contractures of:

Achilles, elbow, posterior cervical; predates weakness66

Humeral and peroneal weakness and wasting

Cardiomyopathy (age < 30)76

Arrhythmias (97%) including conduction blocks, VT, VF, sudden death

Contractures limit neck movement:  
difficult intubation

Risk of intracardiac thromboembolic disease, may 
require anticoagulation77

Often need implantable cardiac defibrillator

Consider echocardiography

Oculopharyngeal66,78 Extraocular muscles

Ptosis

Weakness neck, proximal arms

Dysphagia

No case reports

Typical onset after child-bearing age78

Aspiration risk

Congenital79

prevalence 25/million66

Heterogeneous group

Hypotonia, weakness at birth

Weakness non-progressive

Cardiac involvement unusual

May affect intelligence

Respiratory muscle weakness

Aspiration risk

CD, caesarean delivery; ECG, electrocardiogram; VD, vaginal delivery; VF, ventricular fibrillation; VT, ventricular tachycardia.

Data from various sources (see references).
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◆	 Transport of long chain fatty acids across mitochondrial mem-
brane (e.g. carnitine-palmitoyl-transferase deficiency—types 
1 and 2)

◆	 Transport of carnitine into the cell (e.g. carnitine transporter 
deficiency)

◆	 Enzymes responsible for β-oxidation (e.g. acetyl-CoA 
dehydrogenase).

Mitochondrial myopathies
This is a heterogeneous group96,110–115 of over 100 different defects 
in the respiratory chain.113 Parturients may not be able to meet the 
increased energy demands of pregnancy (20% increased oxygen 
consumption) or labour (63% increase) leading to lactic acidosis.112

Depending on severity of the defect it may cause multiorgan 
dysfunction, especially in organs with higher energy require-
ments; brain, muscle, and heart, for example, MELAS syndrome 

(mitochondrial encephalopathy, lactic acidosis, and stroke-like 
episodes).112

Anaesthetic Considerations
◆	 Antenatal:

•	 Baseline: renal, liver function, clotting studies, glucose, lactate
◆	 Peripartum:

•	 Monitor serum lactate

•	 Supplementary oxygen

•	 Early labour epidural (25% reduction oxygen consumption)

•	 Elective CD avoids increased labour oxygen consumption
•	 Prevent hypothermia:

•	 Shivering increases oxygen consumption
•	 Avoid lactate-containing crystalloid solutions

Table 46.4  Adult presentations of glycogen storage disorders and anaesthetic implications, all AR

Glycogen storage disease Features Implications Case reports

II Pompe86

(acid maltase deficiency)

Incidence 1/40,00086

Glycogen abnormally deposited in all cells

Dysphagia

Macroglossia

Obstructive sleep apnoea

Cardiac impairment

Progressive muscular weakness

Scoliosis

Aspiration

Difficult intubation

Opioid sensitivity

Arrhythmias

Cardiac failure

Slowly progressive respiratory failure

See section ‘Scoliosis’ in main text

1 parturient

2 pregnancies

1st pre-eclampsia and IUGR,

CD at 27 weeks: neonatal death

2nd uncomplicated CD with CSE86

III Cori–Forbes85,87–90

(debranching enzyme 
deficiency)

Incidence 1/100,00087

Onset 3rd–4th decade

Hepatic, myocardial, erythrocyte, leucocyte, 
skeletal muscle involvement

Risk of hypoglycaemia with starvation

Ketosis and lactic acidosis with physiological 
stress, including pregnancy

Risk intrauterine death

Associated with hepatic adenomas

Screen: echocardiography,

liver function tests

Prevent hypoglycaemia: cornstarch,

IV dextrose,

nocturnal NG feed

Labour or CD:

Consider invasive arterial pressure 
monitoring

Monitor serum lactate

6 parturients with 9 deliveries

4 CD85,87,89,90

1 stillbirth 28 weeks90

1 emergency CD for fetal distress at 34 
weeks, following maternal hypoglycaemia 
associated with coma and seizures89

IV Anderson

(branching enzyme 
deficiency)

Most commonly an isolated myopathy No reports

V McArdle

(phosphorylase 
deficiency91–94)

Exercise intolerance

Muscle cramps

Myoglobinuria with exercise (50%)95

Rhabdomyolysis, associated renal 
impairment (27%)95

‘Second-wind’ effect as muscle switches to 
alternate substrate94

Pregnancy and delivery  
usually well tolerated

16 parturients with 24 pregnancies91–94

2 assisted deliveries

5 CD

2 worsening muscle cramps

1 mild myoglobinuria post delivery

VII Tarui

(phospho-fructokinase 
deficiency)

(Also X, XI)

Presentation similar to McArdles96

Tarui is associated with haemolysis

No reports

I and VI have no associated myopathy.

VIII and IX are X-linked.

AR, autosomal recessive; CD, caesarean delivery; CSE, combined spinal–epidural; IUGR, intrauterine growth restriction; IV, intravenous; ng, nasogastric.

Data from various sources (see references).
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◆	 Postpartum:

•	 Ensure good postoperative analgesia.

Both local and general anaesthetic agents have been used successfully 
in mitochondrial myopathies,113 but theoretically some could adver
sely affect the respiratory chain (e.g. propofol infusion syndrome).112

Myoadenylate deaminase deficiency
Myoadenylate deaminase (MADA)96,116 is unique to skeletal 
muscle and catalyses conversion of adenosine monophosphate 
to inosine monophosphate. A defect in this enzyme is present in 
up to 2% of the population96 and affects muscle ATP availability. 
Although often asymptomatic, MADA may present with exercise 
intolerance, cramps, progressive weakness, exertional myoglobi-
nuria, and rhabdomyolysis.116 There is a report of two uncompli-
cated vaginal deliveries (VDs) in one parturient.116

Idiopathic inflammatory myopathies
Polymyositis and dermatomyositis are autoimmune-mediated dis-
eases, characterized by inflammatory muscular infiltrates, proxi-
mal muscle weakness, abnormal electromyography, and increased 
serum CK. They can occur in isolation or in combination with 
other autoimmune diseases such as rheumatoid arthritis, sys-
temic lupus erythematosus, or systemic sclerosis.117 Myositis has a 

bimodal age distribution peaking at 10–25 and 30–60 years, with 
a prevalence of 2.5–10/100,000.118 A heliotrope (purple) perioribi-
tal, butterfly rash is typical of dermatomyositis, 20% are associated 
with malignancy.

Obstetric implications
Fetal outcome is related to maternal disease activity and is worst 
in parturients presenting with myositis for the first time in early 
pregnancy.117

◆	 Outcome is better when in remission (72% healthy)117

◆	 Active disease:117

•	 Fetal loss, 43%117

•	 Intrauterine growth restriction (IUGR), 33%117

•	 Premature delivery.

Theoretically proximal muscle weakness may increase assisted or 
CD rates, but this is not reported in the limited case literature. 
Uterine muscle is not involved.64

Management of acute disease is challenging as many drugs used 
for treatment are contraindicated in pregnancy. Corticosteroids 
appear relatively safe and immunoglobulin therapy has been used 
successfully.119

Table 46.5  Lipid metabolism disorders and anaesthetic implications

Presentation Cases Implications

Carnitine-palmitoyl-  
transferase (CPT)  
deficiency

Two enzyme complexes CPT 
1 on outer and CPT 2 on inner 
mitochondrial membrane

Commonly presents in childhood 
with hypoketotic hypoglycaemia, 
hepatomegaly, seizures and 
cardiomyopathy

Adult presentation: most commonly 
myopathy after prolonged exercise

May be associated with 
rhabdomyolysis, myoglobinuria96

8 parturients, 10 pregnancies:

2 with CPT 197,98, 4 with CPT 299–101,102

2 unknown103,104

2 first presented in pregnancy97,98

6 term VD97,99,100,102–104, 1 induction 34 weeks

Labour analgesia and VD:
1 spinal104

1 CSE,102 2 epidurals,99,100

All: IV glucose during labour

4: increased CK,

1: hypoglycaemia,

1: myoglobinuria

3 CD:98,101,103

1 spinal, 2 anaesthetic not described

1 abruption, preterm labour 26 weeks,101

1 massive haemorrhage, hysterectomy, renal 
replacement therapy to treat metabolic 
acidosis98

Prevent hypoglycaemia, 
hypothermia

Early labour epidural or 
elective CD

Hydration reduces risk of renal 
impairment if myoglobinuria

Monitor CK

Check liver function and clotting

(HELLP syndrome from associated 
fatty liver)98

Carnitine transporter 
deficiency

Systemic (hepatic, cardiac) or 
isolated skeletal disease105

AR inherited carnitine 
transporter defect

OCTN 1 and 2 genes106

50% present as infants with 
hypoketotic hypoglycaemia, 
hepatomegaly, hepatic 
encephalopathy

50% present ages 1–7 with 
cardiomyopathy ± progressive  
muscle weakness

Can present as sudden death or 
remain asymptomatic107

Serum carnitine decreases with pregnancy, 
symptoms may progress intrapartum with 
significant deterioration105,107–109

1 uncomplicated CD: OCTN 2 deficiency, 
anaesthetic technique not described106

Treat: carnitine supplementation

Screen: liver, cardiac involvement

Prevent: hypoglycaemia, 
hypothermia

Early labour epidural or elective 
CD

AR, autosomal recessive; CD, caesarean delivery; CK, creatine kinase; CSE, combined spinal–epidural; HELLP, Haemolysis, Elevated Liver enzymes, Low Platelets; IV, intravenous;  
VD, vaginal delivery.

Data from various sources (see references).
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Anaesthetic implications
There is only one report discussing the anaesthetic management 
of a parturient with myositis.120 There is no evidence that one 
anaesthetic technique is superior.

Myotonic dystrophy
Myotonic dystrophy (type 1) is the commonest cause of myoto-
nia (delayed muscular relaxation). The incidence in Europe is 
3–5/100,000.121 Also known as myotonia dystrophica, myotonia 
atrophica, or Steinert disease, there is an inherited defect of the 
myosin kinase gene in skeletal, smooth, and cardiac muscle. The 
condition is caused by an unstable trinucleotide code (CTG) on 
chromosome 19,121 the defect is amplified by meiosis; offspring 
have a greater number of repeated CTG sequences. Because of 
this, myotonic dystrophy demonstrates anticipation: subsequent 
generations are affected at an earlier age by more severe disease.

Subtypes of myotonic dystrophy are classified by age of 
onset: congenital, childhood, adult, or late.121 Adult onset (classi-
cal disease) is most relevant to obstetrics (Box 46.4).

There are 27 reports of anaesthesia for myotonic parturients 
(Box 46.5).122–138 Maternal diagnosis is frequently made only 
after the congenital form is found in offspring.129,130,133,137 These 
are high-risk patients. There was a 24% incidence of postpartum 
haemorrhage (PPH), abnormal placentation, and postopera-
tive respiratory complications, as well as a parturient suffering 
arrhythmia with cardiogenic shock.127 Table 46.6 presents meth-
ods of mitigating risks.

The disease process is distal to the neuromuscular junction 
therefore NA and NDMR will not improve myotonia. Treatment 
of a crisis (generalized myotonia, masseter spasm, chest rigidity, 
arching of spine) is with quinine, procainamide, or phenytoin.139 
Localized myotonia may be treated with local anaesthetic infiltra-
tion, for example, abdominal muscles stimulated with diathermy 
or uterine myotonia.122,132

Anaesthetic considerations are similar for parturients with 
non-dystrophic myotonias (Table 46.7), although cardiac risks 
and uterine myotonia are not seen.

Connective tissue disease
Ehlers–Danlos syndrome
Ehlers–Danlos is a group of genetically inherited collagen dis-
eases. Collagen is a product of 19 proteins, coded for on 15 dif-
ferent chromosomes: disease severity, organ involvement, and 
clinical manifestations depend on the specific genetic defect.149 
Shared characteristics include joint hypermobility, tissue fra-
gility with poor wound healing, and easy bruising and bleed-
ing. There are two classifications based on clinical and genetic 
findings.
◆	 Berlin classification:

•	 Types I—XI

◆	 Villefranche classification:150

•	 Common subtypes, prevalence:149

•	 Classical (formerly type I and II), 1/20,000–40,000

•	 Hypermobility (formerly type III), 1/10,000–15,000 (some 
authorities suggest this is a spectrum of joint hypermobility 
syndrome)

Box 46.4  Features of myotonic dystrophy (adult onset)

First diagnosis 20–50 years

◆	 Skeletal muscle:

•	 Progressive weakness and wasting:

•	 Facial:

•	 Ptosis

•	 Masseter and temporalis

•	 Accessory respiratory muscles, e.g. sternocleidomastoid

•	 Distal limbs

•	 Myotonia, e.g. inability to relax grip

•	 Stiffness improving with repetitive movement:

•	 ‘Warm-up phenomenon’

•	 Raised serum creatine kinase
◆	 Smooth muscle:

•	 Dysphagia

•	 Uterine myotonia
◆	 Cardiac:

•	 Arrhythmias, can be exercise induced

•	 Cardiomyopathy

•	 Sudden death
◆	 Respiratory:

•	 Progressive restrictive defect

•	 Aspiration risk
◆	 Cataracts
◆	 Frontal balding
◆	 Endocrine:

•	 Gonadal hypotrophy

•	 Hypothyroidism

•	 Diabetes mellitus
◆	 Low intelligence quotient
◆	 Premature death, aged 48—60

Obstetric implications
Increased risk

◆	 Spontaneous abortion (uterine myotonia)
◆	 Genetic inheritance with anticipation:

•	 Neonatal myotonic dystrophy

•	 Consider:

•	 Preconception counselling

•	 Genetic screening of fetus

•	 Medical termination
◆	 Weakness and myotonia:122

•	 Possible first presentation123

•	 Progressive disease, possible previous uncomplicated 
delivery122
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•	 Vascular (formerly type IV), 1/100,000—200,000

•	 Rare subtypes (<100 cases worldwide). Few reports, but avail-
able information suggests these are high risk and to manage 
as vascular subtype:150

•	 Kyphoscoliotic

•	 Arthrochalasia

•	 Dermatosparaxis

Common subtypes are inherited in an AD manner and share sim-
ilar obstetric and anaesthetic implications. The vascular subtype 
has additional risks.

Obstetric implications

◆	 PPH 20%
◆	 Poor wound healing, abnormal scar formation (episiotomy or 

caesarean) 46%
◆	 Uterine (15%) or rectal (11%) prolapse
◆	 50% neonatal disease.151

Anaesthetic implications
◆	 General considerations:

•	 Bleeding or easy bruising, no specific associated coagulation 
defect:

•	 Anticipate PPH

•	 Friable skin, care with pressure points

•	 Deep venous thrombosis risk (4.2%)151

•	 Chronic joint pain—complex pain management

•	 Resistance to local anaesthetic agents149

•	 Arrhythmias (autonomic dysfunction, conduction defects)

•	 Valvular heart disease
◆	 Neuraxial anaesthesia—consider:

•	 Reducing risk of epidural haematoma:  spinal (smaller nee-
dle), epidural (flexible catheter)

•	 Combined spinal–epidural (CSE)

◆	 Polyhydramnios
◆	 Preterm labour

Peripartum

◆	 Labour exacerbates weakness and myotonia
◆	 Risk fetal malpresentation

First stage:

◆	 Slow progress; abnormal uterine contractions, slow cervical 
dilatation:

•	 Likely require oxytocin augmentation
◆	 May be rapid: uterine functional incompetence

Second stage:

◆	 Ineffective uterine contractions
◆	 Maternal muscular weakness and fatigue
◆	 Muscular stiffness may make vaginal delivery (VD) difficult
◆	 Often require assisted delivery

Third stage:

◆	 Retained placenta
◆	 Abnormal placentation, e.g. accreta
◆	 Uterine atony and postpartum haemorrhage (PPH) risk

Anaesthetic implications
Antenatal

◆	 Cardiology:

•	 Electrocardiography, 24-hour tape, echocardiography
◆	 Respiratory:

•	 Pulmonary function tests
◆	 Endocrine:

•	 Thyroid function

•	 Diabetic screening
◆	 Obstetric:

•	 Assess for abnormal placentation (ultrasound/MRI)

•	 Consider neonatal involvement and availability of care 
required

◆	 Anaesthetic:

•	 Consider and discuss implications of myotonia, agree anaes-
thetic plan for delivery—consider early labour epidural

Peripartum

◆	 Temperature (prevent hypothermia, monitor for MH):

•	 Monitor continually

•	 Active warming

◆	 Be prepared for PPH
◆	 If requires GA:

•	 Avoid suxamethonium—consider rapid sequence intuba-
tion with rocuronium

•	 Monitor peripheral nerve stimulator

•	 Avoid anticholinestereases—consider sugammadex for 
reversal of rocuronium

Postpartum

◆	 Postoperative respiratory failure:

•	 Postoperative analgesia:

•	 Multimodal, opioids sparing

•	 Consider continuing epidural postoperatively

•	 Consider tranversus abdominis plane block

•	 High dependency:

•	 Consider invasive arterial monitoring

•	 Respiratory physiotherapy

Data from various sources (see references).
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•	 Possible prolonged surgery, difficult closure (tissue friabil-
ity, bleeding)

•	 Low-dose spinal component improves cardiovascular sta-
bility in presence of autonomic dysfunction

•	 Stringent testing of sensory block:

•	 Possible reduced effectiveness of local anaesthetics149

•	 Monitor lower limb neurological recovery postpartum:

•	 Proactively investigate abnormal or persisting neurology 
suggesting epidural haematoma, MRI

◆	 General anaesthesia—consider:

•	 Consent:

•	 Risk dental and airway trauma (periodontal disease, friable 
tissue upper airway)

•	 Careful cricoid pressure:

•	 Potentially makes intubation more difficult142

•	 Use airway adjuncts or awake fibreoptic intubation:

•	 Reduce manipulation of hypermobile cervical spine, avoids 
cord trauma

•	 Avoid high airway pressures:

•	 Risk of pneumothorax

•	 Attention to positioning and padding on operating table:

•	 Skin friability

Box 46.5  Anaesthetic management for 27 parturients 
with myotonic dystrophy

◆	 Two VDs:124,133

•	 Uncomplicated with epidural124

•	 Forceps delivery133

◆	 25 CD:

•	 Five elective126,130,136,137

•	 Nine emergency123,125,129,131,132,134,135,138

•	 Rest undisclosed
◆	 Anaesthetic technique:

•	 Seven GA123,132,135,137,138

•	 Three spinal122,132 (one converted to GA for haemorrhage)132

•	 Three epidural129,131,136

•	 Three CSE126,128,134

◆	 Complications (N = 25) (some > 1):

•	 Four uncomplicated128,129,131,134

•	 Six haemorrhage122,123,130,132

•	 Six abnormal placentation122,123,125,130,132

•	 Three hysterectomy123,130,132

•	 Four uterine atony122,123,129,132

•	 Four postoperative pneumonia123,126,133,137

•	 Two postoperative ventilatory failure requiring 
reintubation133,135

•	 One required supplementary oxygen postoperatively138

•	 One masseter spasm, vigorous shivering following epidural 
top-up, intravenous fentanyl for inadequate block—no 
complications136

•	 One paroxysmal atrial fibrillation, ventricular tachycardia, 
cardiogenic shock127

Data from various sources (see references).

Table 46.6  Type 1 myotonic dystrophy, anaesthetic implications, and 
methods of mitigating risk

Manifestations Implications Mitigate risk

Myotonia 
precipitated by:

Cold

Depolarizing muscle

relaxants

Anticholinesterases140

Shivering

Avoid hypothermia Temperature 
monitoring

Warm fluids

Forced air warmer

Suxamethonium may cause 
masseter spasm or respiratory 
muscle myotonia

Difficult intubation and 
ventilation

Avoid GA if possible

Avoid suxamethonium

Risk prolonged 
blockade with NDMR

Avoid reversal Use sugammadex for 
rocuronium141

NA-induced125 Risk epidural>spinal

Respiratory muscle 
weakness and 
myotonia

Postoperative respiratory 
failure

Poor secretion clearance

Use sedatives with 
caution

Physiotherapy

Obstructive 
sleep apnoea

Abnormal central 
response to hypoxia, 
hypercarbia

Sensitivity to opioids, 
barbiturates140

Postoperative 
monitoring in high 
dependency

Monitor PaCO2

Dysphagia Aspiration pneumonitis, 
postoperative respiratory 
failure

Adequate fasting

Antacid prophylaxis

Cardiac involvement Arrhythmias127

Cardiac failure127

Sudden death140

Monitor ECG 
postoperatively

Arrhythmia risk with 
sympathetic response to 
labour/delivery

Reduce stress 
response: early labour 
epidural, elective CD

Uterine involvement Abnormal placentation130

APH123/PPH122

Increased risk 
hysterectomy123,130,132

Prepare for PPH

APH, antepartum haemorrhage; CD, caesarean delivery; ECG, electrocardiogram; 
GA, general anaesthesia; NA, neuraxial anaesthesia; NDMR, non-depolarizing muscle 
relaxants; PaCO2, arterial partial pressure carbon dioxide; PPH, postpartum haemorrhage.

Data from various sources (see references).
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Vascular (type IV) Ehlers–Danlos
Parturients with vascular subtype have a defect in type III col-
lagen increasing the risk of vascular (aorta, vena cava) or visceral 
(bowel or uterine) rupture, with a peripartum mortality of up to 
25%.152 Identify this subgroup through genetic screening.

Preconception counselling is advised including discussing the 
option of medical termination in unplanned pregnancies. There 
is debate concerning optimum mode and timing of delivery. Both 
VD and CD have been described successfully.152,153

Reduce maternal risk by:
◆	 Delivering in specialist centre
◆	 Screening for existing major vessel disease (e.g. carotid dop-

plers, echocardiography, MRI)154

◆	 Giving desmopressin (DDAVP)153

◆	 Early labour epidural
◆	 Extreme caution with labour induction or augmentation155

◆	 Invasive blood pressure monitoring
◆	 GA, obtund pressor response at intubation:

•	 Use rapid-onset, short-acting opioids (e.g. remifentanil or 
alfentanil)

◆	 Monitoring postpartum in high dependency area.

Marfan syndrome
See Chapter 41.

Autoimmune-associated musculoskeletal 
disease
Autoimmune function is affected by pregnancy:
◆	 Maternal exposure to fetal antigens
◆	 Proinflammatory effect of oestrogen, stimulating tumour 

necrosis factor alpha (TNF-α) production119

◆	 Susceptibility to viral illnesses: possible trigger for autoimmune 
disease.

Rheumatoid arthritis
Rheumatoid arthritis is a multisystem autoimmune disease, 
characterized by a distal, symmetrical deforming polyarthropa-
thy. Disease-modifying antirheumatic drugs (DMARDs) reduce 
disease progression and side effects of long-term or high-dose 
corticosteroid therapy. Many DMARDs are teratogenic: concep-
tion should be planned when disease is stable on a low-risk drug. 
Biological agents (e.g. anti-TNF-α) are being used to treat severe 
disease; their effects on pregnancy and fetus are unknown.

Symptoms usually improve in 70–80% of rheumatoid patients 
by the second trimester.156 Unfortunately nearly all experience a 
disease flare in the year following delivery.

Obstetric implications
◆	 Teratogenic risk, especially unplanned pregnancies
◆	 Balance risk from drug therapy and disease activity
◆	 Hip involvement may require CD.

Anaesthetic implications
See Table 46.8 and Table 46.9.
Antenatal
◆	 Assess:

•	 Airway:

•	 Predictors of difficult intubation—temporomandibular 
joint involvement

•	 Presence of atlantoaxial subluxation

•	 Respiratory:

•	 Presence of fibrotic lung disease

•	 Any functional deterioration with progression of 
pregnancy—consider lung function tests

•	 Cardiovascular:

•	 ECG—exclude conduction blocks

•	 Echocardiogram—if functional limitation; exclude peri-
cardial effusion

•	 Haematology and biochemistry:

•	 Anaemia:

•	 Multiple causes—ensure haematinics optimised

•	 Thrombocytopaenia—associated splenomegaly and plate-
let sequestration (Felty syndrome)

Table 46.7  Other causes of myotonia

Diagnosis Inheritance Features of note142

Myotonic dystrophy 
type 2 (proximal 
myotonic myopathy)

AD

ZNF9

Chr 3

Proximal weakness. Milder 
than type 1

Similar multisystem 
involvement and 
anaesthetic implications

Non-dystrophic myotonias

Myotonia congenita

Thomson 
disease143,144

AD

CLCN1 mutation Chr 7

Defect chloride channel

Muscular hypertrophy

Not progressive or periodic

Myotonia congenita

Becker disease145

AR

CLCN1 mutation

Myotonia predominantly 
affects lower limbs; 
weakness upper limbs

Progressive, periodic

Paramyotonia 
congenita146,147

AD

Sodium channel 
defect SCN4A

Possible spectrum 
of disease with 
hyperkalaemic periodic 
paralysis148

Generalized myotonia, 
presents in childhood

Stiffness worsens with 
exercise

Hyperkalaemic 
periodic paralysis148

(adynamia episodica 
heredita)

AD

Sodium channel 
defect Chr 17

SCN4A

Flaccid paralysis with 
increased serum potassium, 
cold or emotional stress

Reduce extracellular 
potassium with diuretics, 
β-agonists

AD, autosomal dominant; AR, autosomal recessive; Chr, chromosome.

Data from various sources (see references).
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•	 Disease-modifying medication—ensure no associated neu-
tropaenia or abnormal liver function

•	 Thyroid function—common associated autoimmune 
disease

◆	 Discuss labour and delivery analgesia and anaesthesia:

•	 Discuss anaesthetic options, risks and benefits

•	 Explore patient concerns and wishes.

Peripartum

◆	 Assess for any deterioration in cardiorespiratory function with 
advancing pregnancy

◆	 Careful positioning and pressure point care:

•	 Reduced joint mobility

•	 Assess range of movement prior to NA, do not exceed

•	 Increased risk of pressure sores
◆	 If hip involvement, increased likelihood of CD
◆	 May need steroid supplementation
◆	 NA:

•	 Technically challenging
◆	 GA:

•	 Potential difficult intubation

•	 Reduce manipulation and movement of cervical spine

•	 Use intubation aids

•	 Consider fibreoptic intubation

•	 Consider protective eye lubrication (Sjögren syndrome).

Table 46.8  Complications of rheumatoid arthritis and anaesthetic 
implications

System Manifestation Implications

Airway Temporomandibular 
involvement

Avoid GA when possible
Difficult intubation, reduced 
mouth opening, mandibular 
protrusion

Cricoarytenoid 
involvement

Difficulty passing endotracheal 
tube
Use smaller tube

Atlantoaxial 
subluxation

Risk spinal cord injury
Consider intubation adjuncts

Respiratory Interstitial lung disease 
(fibrosis)

Respiratory impairment
May decompensate with 
pregnancy or anaesthesiaPleural effusions

Cardiac Nodules in cardiac 
conduction system

Heart block
Ventricular dysfunction
May decompensate with 
pregnancy, delivery, or anaesthesia

Pericarditis

Pericardial effusions

Musculoskeletal Hip/lumbar spine 
involvement

Difficult positioning for VD
Consider CD
NA difficult

Skin at risk from 
long-term steroid 
therapy and joint 
deformity

Skin breakdown and neuropraxias 
at pressure points

Haematological Anaemia Reduced reserve if peripartum 
haemorrhage

Associated Felty 
syndrome

Rheumatoid with splenomegaly, 
thrombocytopaenia
Risk: epidural haematoma

Other Associated Sjögren 
syndrome (10%)157

Risk: corneal abrasion with GA
Consider eye lubrication

Drug therapy See Table 46.9

CD, caesarean delivery; GA, general anaesthesia; NA, neuraxial anaesthesia; VD, vaginal 
delivery.

Data from various sources (see references).

Table 46.9  Drugs for autoimmune disease and fetal concerns

Drug Fetal and neonatal implications

Corticosteroids Increased rates of:
◆	 Gestational diabetes
◆	 Pregnancy induced hypertension
◆	 Infection
◆	 Premature rupture of membranes
◆	 IUGR

Risks increase with prednisolone dose > 20 mg

Non-steroidal 
anti-inflammatory drugs

Considered safe to 32 weeks’ gestation156

Risk premature closure ductus arteriosus

Potential increased bleeding in neonates

COX-2 inhibitors Avoid: affects neonatal cardiac and renal genesis

Hydroxychloroquine Theoretical risk: oculo- and ototoxicity

Appears safe

Safe in breastfeeding (2% transferred)156

Sulfasalazine Possible increased teratogenicity

Considered safe with folate supplementation156

Azathioprine Appear safe in pregnancy, but not 
breastfeeding.156 Possible IUGR

Both can cause leucopenia, thrombocytopaenia.Ciclosporin

Methotrexate Not safe in pregnancy or breastfeeding

Teratogenic

Teratogenicity seen in animal studies, no 
human cases

Current recommendations to avoid for 
2 years prior to conception (enterohepatic 
recirculation)156

Cyclophosphamide

Leflunomide

Immunoglobulins

(pooled donor IgG)

Safely used to manage various autoimmune 
conditions in pregnancy

Increased thromboembolic risk

Biological agents:

anti-TNF-α e.g. infliximab, 
etanercept or B-cell 
depletion, e.g. rituximab

Limited clinical experience in pregnancy or 
breastfeeding

Current recommendation to avoid156

COX 2, cyclooxygenase 2; IUGR, intrauterine growth restriction; TNF, tumour necrosis 
factor.

Data from various sources (see references).
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Postpartum
◆	 Impaired cardiovascular reserve:

•	 Recovery in high dependency area
◆	 Relatively immunosuppressed:

•	 Monitor for postoperative infection:

•	 Wound

•	 Epidural abscess
◆	 Increased thromboembolic risk
◆	 May suffer flare of rheumatoid disease postpartum:

•	 Involve rheumatologist in management of immunosuppres-
sive therapy.

Ankylosing spondylitis
Ankylosing spondylitis is a human leucocyte antigen-B27 asso-
ciated seronegative spondyloarthropathy, characterized by sacro-
iliac joint arthritis progressing to spinal fusion, ‘bamboo spine’. 
It is typically a slowly progressing disease, therefore few suffer 
severe symptoms at child-bearing age.158 The effect of pregnancy 
on symptoms is variable: 38% improve, 62% worsen.158

Obstetric implications
Pelvic or hip (30%)159 involvement may affect VD. Biological 
agents (i.e. anti-TNF-α) may increase susceptibility to infection.160

Anaesthetic implications
Both GA and NA may be challenging (Table 46.10). There are a few 
case reports describing different methods of anaesthesia in partu-
rients, all were successful.
◆	 Spinal for emergency CD161

◆	 Labour epidural analgesia, fifth attempt162

◆	 Labour epidural, easy insertion, topped-up for emergency CD158

◆	 Planned CSE (failed to feed epidural catheter)163

◆	 Two awake fibreoptic intubations for elective CD164,165

◆	 CSA for labour (two failed epidurals, abnormal spread of local 
anaesthetic).166

Although epidurals are possible,158 one should anticipate difficulty 
as evidenced by larger studies of anaesthesia for non-obstetric 
patients.159 The risk of epidural haematoma167 and total spinal168 
appears to be greater.

Spinals are probably more reliable than epidurals in patients 
with ankylosing spondylitis. One retrospective study reported a 
77% (10/13) success rate with spinals for lower limb surgery, com-
pared to 0% (0/3) for epidurals.159

Considerations
◆	 Labour:

•	 Progress may be affected by pelvic or hip disease

•	 Epidural analgesia may be difficult or impossible to establish 
and relatively high risk

•	 In emergency, NA and GA may be challenging, placing fetus 
at risk

◆	 Elective CD:

•	 Spinal anaesthesia: approximately 75% success; risk of requir-
ing emergency GA if complication

•	 Elective awake fibreoptic intubation allows controlled, safe 
induction, with minimal cervical manipulation; requires 
compliant parturient.

◆	 For all cases:

•	 Difficult intubation equipment should be immediately 
available.

Achondroplasia
Achondroplasia is the commonest of over 100 causes of dwarfism 
with an incidence of approximately 1.5/10,000 live births with 
an AD inheritance, although 80% are de novo mutations.170 The 
typical short tubular bones and other features (Table 46.11) are the 

Table 46.10  Ankylosing spondylitis and anaesthetic implications

System Manifestation Implications

Airway Temporomandibular 
dysfunction (10–30%)160

Potential difficult intubation. 
Consider awake fibreoptic

Difficult airway equipment 
immediately available

Reduced cervical spine 
mobility

Cricoarytenoid involvement

Atlantoaxial subluxation  
(up to 21%)160

Potential cervical cord injury 
with intubation

Respiratory Restrictive defect May decompensate with 
pregnancy or anaesthesia

Consider screening pulmonary 
function tests

Fibrosis (especially apical)

Cardiac Aortic regurgitation  
(up to 43%)158

May decompensate 
with pregnancy, 
labour, or anaesthesia. 
Consider screening ECG, 
echocardiogram

Conduction defects

Neuraxial Vertebral fractures:

47% have associated sensory 
or motor neurological 
disease, e.g. cauda equina 
syndrome, nerve root 
compression160

Relative 
contraindication to NA

Document existing 
neurological findings

Restricted spinal flexion Difficult NA

Paramedian approach may be 
more successful169

Increased risk epidural 
haematoma160

Careful neurological follow-up 
postpartum

Calcification of ligaments

Other Peripheral disease Care with positioning patient, 
reduced range of movement

ECG, electrocardiogram; NA, neuraxial anaesthesia.

Data from various sources (see references).
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result of a mutation in fibroblast growth factor receptor 3, causing 
failure in endochondral ossification at growth plates.171

General versus neuraxial anaesthetic
Some suggest achondroplastic patients should have a GA for CD, 
due to concerns over the safety of spinal anaesthesia.175 There are, 
however, reports of safe administration of intrathecal anaesthesia, 

although there is debate about appropriate dosing: in three reported 
cases, 5 mg bupivacaine produced adequate anaesthesia.171,182,183 
Using a titratable technique (epidural, CSE, or CSA) is an 
alternative.182

The spinal cord appears to terminate at a similar level to the 
normal population, therefore spinal injection below L3 should not 
result in cord or conus injury.184

Table 46.11  Features of achondroplasia, anaesthetic implications, and methods to mitigate

Features Implications Suggestions to mitigate

Cranial abnormalities:

Macrocephaly

Frontal bossing

Mid-face hypoplasia

Flattened nose

Large mandible

Large tongue

Short neck172

Difficult ventilation

(poor seal with mask)

Difficult intubation

Risk of obstructive sleep apnoea172

Reduced neck extension

Prepare for difficult airway

Choose endotracheal tube on weight rather 
than age173

Consider awake fibreoptic174

ENT surgeon available for urgent tracheostomy

Attention to extubation and recovery

Foramen magnum stenosis Extreme cases, hydrocephalus Avoid increased ICP

Avoid spinal anaesthesia

Atlantoaxial subluxation Risk cervical cord injury with hyperextension173 Care at intubation

Short stature Dose of NA unpredictable,

risk high block

Use titratable NA, e.g. epidural, CSE, or CSA

Pelvis broad and flat with 
wide iliac wings.

Pelvic inlet narrow.175

Uterus displaced  
from pelvis

Head will not engage in pelvis Cephalopelvic disproportion, likely CD (especially if 
fetus achondroplastic with macrocephaly)172

Greater encroachment on diaphragm  
decreasing FRC (exacerbated by short stature)

Elective CD: anaesthetic provided by experienced 
obstetric anaesthetist

Maximal preoxygenation

Marked lumbar lordosis 
and osteophytes

Displaces uterus 
further into 
abdominal cavity

Greater aortocaval compression, supine 
hypotension

Attention to positioning

Alpha agonist for hypotension

Ensure antacid prophylaxis, adequate fastingIncreased abdominal pressure, risk  
of regurgitation and aspiration

Increased epidural vein engorgement,  
risk of IV cannulation with epidural

Use flexible epidural catheter

Bony landmarks indistinct

Reduced lumbar intervertebral spaces

NA difficult

Use prepuncture ultrasound

Insert low thoracic, rather than lumbar epidural176

Thoracic scoliosis See ‘Scoliosis’ in main text

Pectus carinatum and rib hypoplasia170 Risk of respiratory compromise Use titratable NA

May require early delivery

Short pedicles

Thickened laminae

Spinal stenosis

Difficulty threading epidural catheter177 Consider paramedian approach178

Increased risk of dural puncture179

Appropriate dose NA unknown

Risk of high block173

Use titratable NA, e.g. epidural,176 CSE, CSA.

Possible lower limb neurological deterioration post 
NA26

Possible lumbar laminectomy for spinal stenosis180 Difficult NA, may be inadequate

Normal size spinal cord in small vertebral canal181 CSF may not flow freely Failure to identify intrathecal space, despite being in it

Affects local anaesthetic spread, inadequate block179

CD, caesarean delivery; CSA, continuous spinal anaesthetic; CSE, combined spinal–epidural; CSF, cerebrospinal fluid; ENT, ear nose throat; FRC, functional residual capacity;  
ICP, intracranial pressure; IV, intravenous; NA, neuraxial anaesthesia.

Data from various sources (see references).
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There are nine reports describing GA for CD in achondro-
plastic parturients:41,174,179,185–189 two after failed NA,174,185 one 
awake fibreoptic for predicted difficult intubation,174 one where 
intubation was not attempted (spontaneous ventilation with face 
mask),185 and one intubation was described as difficult.188 A retro-
spective study reported 35 cases without complication.175

Antenatal
◆	 Confirm diagnosis of achondroplasia; ensure not an alternative 

cause of dwarfism, for example, syndrome or metabolic disorder
◆	 Consider investigating those with history of associated 

complications:

•	 Obstructive sleep apnoea—polysomnography

•	 Spinal stenosis—MRI spine

•	 Raised intracranial pressure—MRI head
◆	 Airway:

•	 Examine for predictors of difficult airway

•	 Cervical spine mobility—symptoms of cervical cord 
compression

◆	 Spinal anatomy:

•	 Examine lumbar spine

•	 Ultrasound assessment
◆	 Perform neurological examination of lower limbs:

•	 Abnormal, consider MRI spine
◆	 Discuss labour and delivery analgesia and anaesthesia:

•	 Discuss anaesthetic options, risks and benefits:

•	 Potential technical difficulties with insertion:  increased 
risk of high block

•	 Increased risk of dural puncture

•	 Potential advantages of controlled setting and elective CD

•	 Agree on technique if presents as an emergency:

•	 If not enough time to establish epidural, are the risks of sin-
gle shot spinal acceptable?

•	 Explore patient concerns and wishes.

Peripartum
◆	 Increased likelihood of CD
◆	 Non-invasive blood pressure may be difficult because of limb 

proportions:

•	 Consider invasive arterial monitoring
◆	 Care with supine positioning: cardiorespiratory compromise:

•	 Relative increased uterine size:

•	 Pronounced aortocaval compression

•	 Increased respiratory compromise
◆	 If no evidence of lower limb neurology or spinal stenosis, titrat-

able NA technique ideal:

•	 Increased risk of difficult or failed insertion

•	 Low-thoracic or paramedian approaches may be easier

◆	 Reduce dose of single-shot spinal:

•	 Risk of high block
◆	 Anticipate difficult airway:

•	 Fibreoptic equipment

•	 Ear nose and throat (ENT) surgeon available.

Postpartum
◆	 If obstructive sleep apnoea:

•	 Consider high dependency care

•	 Multimodal analgesia to reduce opioids requirements—
consider epidural for post CD analgesia.

Osteogenesis imperfecta
Osteogenesis imperfecta (OI) is the result of a defect in type I colla-
gen, the main provider of tensile strength in bone, ligaments, sclera, 
and dentine. OI results in a disease spectrum, characterised by mul-
tiple fractures, often from trivial injury. It occurs in approximately 
1/25,000 pregnancies190 and is classified into four subtypes on the 
basis of clinical presentation and inheritance (Table 46.12).172,190,191

Obstetric implications
Pelvic fractures and deformity lead to cephalopelvic dispropor-
tion or malpresentation, increasing risk of CD.172

Anaesthetic implications
Most anaesthetic techniques have been successfully reported 
without complication:  general,193–198 epidural,191,192,199–201 spi-
nal,190,191 CSE,202 and local infiltration (Table 46.13).192

Table 46.12  Subtypes of osteogenesis imperfect

Type I
Mild

Most prevalent

AD inheritance, with incomplete penetrance

Normal stature

Blue sclera (choroid pigment seen through sclera)192

Several fractures a year, starting in childhood, decreasing 
after puberty193

Type II
Severe

AR

Multiple in utero fractures, deformity

Early fetal or neonatal demise

Type III 

Severe

AD and AR

Some suffer fractures in utero

Dentinogenesis imperfecta

Type IV

Mild to moderate

AD

Multiple fractures

Short stature

Normal sclera

Multiple fractures, resulting in deformity

Dentinogenesis imperfecta

AD, autosomal dominant; AR, autosomal recessive.

The classification system for subtypes of OI was originally proposed by DO Sillence: 
Adapted by permission from BMJ Publishing Group Limited. Journal of Medical Genetics, 
DO Sillence, A Senn, DM Dank, volume 16, issue 2, pp. 101–116, Copyright © 1979.
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Antenatal
◆	 History:

•	 Previous fractures:

•	 Site, mechanism, and frequency—indication of severity of 
disease

•	 Platelet function:

•	 Easy bleeding/bruising
◆	 Physical examination:

•	 Presence of blue sclera; suggestive of type I  and milder 
disease

•	 Petechiae around pressure points, for example, non-invasive 
blood pressure

◆	 Investigation:

•	 Thyroid function
◆	 Discussion:

•	 Discuss benefits of the controlled setting of an elective CD in 
severe disease

•	 Risks/benefits of GA versus NA

•	 Explore patient concerns and wishes.

Peripartum
◆	 GA:

•	 Prepare for difficult intubation

•	 Avoid suxamethonium
◆	 NA:

•	 Caution if history of platelet dysfunction

•	 Spinal less risk than epidural
◆	 Anticipate and prepare for PPH
◆	 History of platelet dysfunction:

•	 Caution with NSAIDs
◆	 Consider:

•	 Extra padding for operating table

•	 Invasive arterial monitoring
•	 Temperature monitoring.

Table 46.13  Osteogenesis imperfect: anaesthetic implications and methods of mitigating risks

Manifestation Consequences Method of reducing risk

Bone fractures with minimal force Fractures with normal VD (e.g. pubic rami)192 or assisted VD172 Consider elective CD in severe disease

Extra padding for positioning200

Brittle teeth, may dislodge (dentinogenesis imperfecta)

Mandible fractures with minimal force197

Avoid GA where possible

Consider intubation aids, awake fibreoptic intubation

Potential for fracture with high inflation pressures with non-invasive 
BP cuff203

Consider invasive arterial monitoring199

Possible fracture from suxamethonium fasciculations197 Avoid GA

Use rocuronium for intubation

Vertebral collapse, scoliosis191 See ‘Scoliosis’ in main text

Joint hypermobility

Odontoid peg hypoplasia191

Cervical cord damage with neck hyperextension Care with intubation

Consider intubation aids

Blood vessel involvement191 Risk: haemorrhage Prepare for blood loss

Uterine muscle involvement Risk: rupture, tearing, uterine atony190,192

Platelet function abnormalities 
(adhesion and aggregation)191

Risk: haemorrhage History/examination looking for platelet function

Avoid NSAIDs

Risk: epidural haematoma Risk/benefit of NA:

Spinal < epidural204

Use flexible epidural catheter204

Endocrine and metabolic 
abnormalities

Thyroid activity increased by 50%197

Hyperthermia (non-MH)196

Increased oxygen utilization

Monitor temperature, EtCO2 with GA (exclude MH)

Active cooling199

Supplemental oxygen

Check thyroid function

Hereditary Risk in utero fractures

May influence delivery method

Some evidence delivery mode does not affect fetal 
outcome172,202

Otosclerosis and hearing impairment 
(25–50%)193

Challenge with communication Counsel preoperatively

Ensure has hearing aid, as appropriate

Alternate communication, e.g. written

BP, blood pressure; CD, caesarean delivery; EtCO2, end-tidal carbon dioxide; GA, general anaesthesia; MH, malignant hyperthermia; NA, neuraxial anaesthesia; NSAIDs, non-steroidal 
anti-inflammatory drugs; VD, vaginal delivery.

Data from various sources (see references).
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Postpartum

◆	 NA:

•	 Postoperative neurological monitoring of lower limbs

•	 Exclude epidural haematoma formation.

Conclusion
Women with musculoskeletal disease may have their first presen-
tation around delivery, but as most know their diagnosis antenally 
they generally have the opportunity to be reviewed in an obstet-
ric anaesthetic high-risk clinic. A multidisciplinary approach is 
essential, along with detailed examination and appropriate inves-
tigations. Formal obstetric delivery and anaesthetic plans should 
be made, discussed, and documented in this challenging group of 
patients.
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CHAPTER 47

Endocrine and autoimmune 
disorders
Mirjana Kendrisic and Borislava Pujic

Diabetes mellitus
Definition
Diabetes mellitus (DM) is defined as a clinical and metabolic dis-
order of the pancreas and characterized by hyperglycaemia.

Epidemiology
DM is one of the most common chronic diseases worldwide and 
continues to increase both in numbers and severity. Changing 
lifestyles of the world population lead to reduced physical activity 
and increased obesity. According to World Health Organization 
(WHO) published estimates, the number of people with diabetes 
in the world is expected to approximately double between 2000 
and 2030, based solely upon demographic changes.1 Prevalence 
of diabetes in Europe will continue to rise from 8.6% to 10% 
between 2010 and 2030. Although the highest incidence is reg-
istered in developed countries, the largest increase in num-
ber of people with diabetes is expected to occur in developing 
countries.

The main types of DM are type 1 (T1D, insulin-dependent), 
type 2 (T2D, insulin-independent) and gestational diabetes. All 
of them may be present during pregnancy. Approximately 87.5% 
of pregnancies complicated by diabetes are due to gestational dia-
betes. Prevalence of gestational diabetes in European countries 
varies from 2.0% to 6.0%. Data from Northern Europe showed 
less than 4% of gestational diabetes in that region comparing to 
Southern Europe where more than 6% was estimated. Another 
7.5% of pregnant women with diabetes have T1D and the remain-
ing 5% are due to T2D. The prevalence of T1D and T2D continues 
to rise in pregnant women worldwide.2

Type 1 diabetes
T1D (previously known as insulin-dependent diabetes) is a chronic 
inflammatory disease in which destruction of the beta-cells in the 
islets of Langerhans results in insulin deficiency and hyperglycae-
mia. This type of diabetes, also known as juvenile-onset diabetes, 
accounts for 10–15% of all people with the disease. It can appear 
at any age, although commonly under the age of 40, so women of 
childbearing age may be affected. It is important to know that it is 
now possible to identify people at risk of future disease accurately, 
by using islet cell autoantibody assays.

Disease can be triggered by environmental factors such as viruses, 
diet, or chemicals in people who are genetically predisposed. 

This type of diabetes is divided into three groups, according to 
aetiology—autoimmune, idiopathic, and mixed (double):

1.	 Autoimmune DM is associated with appearance of islet 
autoantibodies.

2.	 Idiopathic DM has the clinical features of T1D, but the autoim-
mune component is not detected.

3.	 Mixed or double DM is a combination of autoimmunity and 
characteristics of T2D such as obesity, insulin resistance, and 
dyslipidaemia.

Pathophysiology of T1D
Genetic predisposition for T1D
T1D is considered to be a heterogeneous disease. To date, several 
loci at different chromosomes have been linked to T1D suscepti-
bility in humans.3,4 Population studies confirmed that children 
with a first-degree relative withT1D have higher risk for the devel-
opment of T1D and this risk increases further if both parents are 
affected.5,6 The risk for offspring of a mother with T1D is 1.3–4%, 
while the risk for offspring of a father with T1D is 6–9%. It has 
been suggested that pregnancy may protect the infant from T1D. 
A possible explanation is that autoantibodies transmitted from 
the mother with T1D may protect the child from the develop-
ment of autoantibodies and T1D later in life.7,8 Such protection 
could be due to fetal and neonatal exposure to antibody-mediated 
presentation of autoantigen. The exposure provides a state of 
immune ignorance against autoantigen or a more efficient elimi-
nation of autoreactive T-cell clones, especially in offspring with-
out a high-risk human leucocyte antigen (HLA) genotype.9 The 
concordance of T1D between monozygotic twins is high (up to 
50%), while between dizygotic twins it is only 10%.10 However, the 
lack of 100% concordance shows that some environmental factors 
increase the risk of developing T1D.

Islet autoimmunity
The selective destruction of beta cells of pancreatic islets in T1D is 
the result of the interaction among beta cells, the immune system, 
and environmental factors in genetically susceptible individuals. 
However, the mechanisms which start the changes in this interac-
tion and lead to the development of T1D have not been fully clari-
fied yet. In the beginning of the autoimmune process against beta 
cells, patients produce several different antigens.11 After presenta-
tion of the antigen by the macrophages to T lymphocytes, cellular 
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and humoral immune responses are induced. The most impor-
tant mechanism of cellular response is a decrease in number and 
function of regulatory T cells. Regulatory T cells are essential for 
many aspects of immune tolerance, including the suppression of 
autoimmune responses.

Humoral immune response is represented by islet autoanti-
bodies. Islet cell autoantibodies are strongly associated with the 
development of T1D. The autoimmune process may persist sub-
clinically in the majority of patients. Pancreatic autoantibodies are 
commonly present years before the diagnosis of T1D. Childhood 
onset of T1D is associated with the first signs of islet autoimmun-
ity by the age of 2 years.12 Risk of progressing to T1D is increased 
by the number of antibody types, so it rises from 60% to 100% 
in individuals with three to four antibody types. Clinical symp-
toms do not appear until up to 80% of cells have been destroyed. 
Therefore, detection of autoantibodies in the pre-diabetes phase 
has been most useful.13–15

Environmental factors
Environmental factors play an important role in the pathogen-
esis of T1D. The most important factors are infectious, dietary, 
perinatal, and psychosocial ones. Viral infections, breastfeeding, 
the early presence or lack of certain foods, birth weight, child-
hood over-nutrition, and negative stressful events are related to 
the prevalence of T1D.16

Viruses may trigger islet autoimmunity by molecular mimicry 
with islet antigens. Some viral infections including enteroviruses 
(especially Coxsackie B virus), rubella, mumps, rotavirus, parvo-
virus, and cytomegalovirus have long been suggested as potential 
environmental triggers for the disease.17

Cows’ milk-based infant formulas and consumption of cows’ 
milk within the first 3 months of life are associated with increased 
risk of T1D. The gut-associated immune system plays a major role 
in disease development, probably because of disturbed oral toler-
ance mechanisms and normal maturation of the gut.18

The concept of dietary regulation of autoimmunity cannot 
be applied only to cows’ milk protein, but also to other dietary 
proteins. Early introduction of gluten-containing foods has been 
found to be a risk factor for the development of T1D-associated 
autoimmunity in children with certain genotype of parents 
with T1D.19

Type 2 diabetes
T2D (previously known as non-insulin dependent diabetes) is the 
most common form of diabetes, affecting 85–90% of all diabetic 
cases. This type of diabetes, also known as late-onset diabetes, is 
characterized by insulin resistance and relative insulin deficiency. 
T2D is increasingly common throughout the world in younger 
people and children. Lifestyle factors, such as excess weight, inac-
tivity, high blood pressure, and poor diet, are major risk factors.20

Genetic Predisposition for T2D
T2D is a heterogeneous disorder caused by a combination of 
genetic and acquired abnormalities that affect insulin sensitivity 
and insulin secretion. At least 36 genes are identified to be asso-
ciated with a risk of T2D. However, only about 10% of the herit-
ability of T2D can be explained. The concordance of T2D between 
monozygotic twins is high (34–58%), while the rate of impaired 
glucose tolerance is up to 100%.21,22 Despite the statistical signifi-
cance of genetic data, it is not clinically possible to predict the risk 

of T2D. To date, most of the discovered gene variants have been 
linked to beta-cell dysfunction. There is no evidence that genetic 
variations may cause insulin resistance.
Pathogenesis of T2D
The metabolic changes underlying T2D are insulin resistance, 
beta-cell dysfunction, and impaired hepatic glucose produc-
tion. Insulin resistance is defined as the inability of exogenous or 
endogenous insulin to increase glucose uptake and utilization in 
an individual compared to the normal population. Possible causes 
underlying the development of insulin resistance include genetic 
abnormalities of proteins of the insulin action cascade, fetal mal-
nutrition, and increase in visceral adiposity.23 T2D is character-
ized by impaired insulin secretion. Some evidence suggests that a 
decrease in beta-cell mass contributes to this. Progression of the 
disease is associated with decline in beta-cell function.24

Gestational diabetes mellitus
Gestational diabetes mellitus (GDM) is defined as glucose intol-
erance with an onset or first recognition during pregnancy. 
Pregnant women with GDM are a heterogeneous group. Some of 
the patients have unrecognized pre-existing T2D and a minority 
of them has T1D with first onset during pregnancy. This condi-
tion may persist after pregnancy leading to a significant risk of 
developing permanent diabetes.25 The risk factors for GDM are 
found in Box 47.1.

About 40–60% of women with GDM do not have any of these 
risk factors. According to the recent guidelines from areas with 
significant prevalence, screening of all pregnant women should be 
done to diagnose patients at risk for GDM.26

Genetic predisposition and pathophysiology of GDM
Genetic susceptibility for GDM has not been proven despite 
the higher risk of hyperglycaemia during pregnancy in patients 
from families with either T1D or T2D.27,28 During normal preg-
nancy, particularly in the third trimester, there is a physiological 
increase in insulin resistance. Normally, the mother’s beta cells 
can produce additional insulin to overcome the insulin resist-
ance. Patients with GDM are more insulin resistant than pregnant 
non-diabetic women because their insulin resistance precedes 
pregnancy and continues to increase in pregnancy.

Box 47.1  Risk factors for gestational diabetes mellitus

◆	 Family history of T2D
◆	 Maternal age (>35 years)
◆	 Maternal obesity (BMI > 30)
◆	 Ethnicity (African, black Caribbean, South Asian, Hispanic, 

Middle Eastern origin)
◆	 Polycystic ovarian syndrome
◆	 Past history of GDM or glucose intolerance
◆	 Previous poor obstetric history
◆	 Fetal macrosomia (body weight > 4000 g at term) in previous 

pregnancy

Data from Working group on gestational diabetes. National guidelines for 
gestational diabetes. Duodecim 2008; 124:1556–1569.
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Placental products, such as human placental growth hormone 
(GH) and tumour necrosis factor alpha (TNF-α), have been sug-
gested to be the mediators of insulin resistance. This effect of pla-
cental hormones usually begins 20–24 weeks into the pregnancy. 
The growing placenta in the third trimester has a greater effect 
on insulin resistance in patients with GDM. Excessive secretion 
of proinsulin, is often observed in women with GDM. Persistent 
insulin resistance leads to beta-cell dysfunction. The precise 
mechanism still remains unknown because the deficit in beta-cell 
function is multifactorial and polygenetic.29

Preconceptual care of patients with diabetes
T1D and T2D are associated with a greater risk of congenital mal-
formations and poor pregnancy outcome. Women with diabetes 
who are planning pregnancy should be informed about the impor-
tance of strict glycaemic control, diet, and exercise in the precon-
ception period and the level of haemoglobin (HbA1C) should 
be maintained below 6.1%. If possible, HbA1C values should be 
targeted towards normal (3.5–5.5%), although this runs the risk 
of hypoglycaemia. Pregnancy is not recommended for diabetic 
patients with HbA1C above 8.6%. Women with diabetes who are 
hyperglycaemic should be tested for ketones in blood and urine.30 
Guidelines advocate blood glucose self-monitoring and prescrip-
tion of insulin for better glycaemic control. Metformin has been a 
safe alternative in patients resistant to insulin or in cases of insu-
lin refusal.31

Retinal and renal assessment should be performed preconcep-
tually in diabetic patients. Pregnancy is not recommended for 
women undergoing islet transplantation. There are insufficient 
data showing potential adverse effects of immunosuppressive 
drugs (daclizumab and rapamycin) on pregnancy.

Clinical presentation of diabetes in pregnancy
Gestational diabetes is usually asymptomatic or the symptoms are 
mild and not life-threatening to the pregnant woman. Many of the 
signs of T1D and T2D are similar (Box 47.2).

Type 1 diabetes and pregnancy
Pregnancy is considered to be a diabetogenic state due to 
increases in cytokines (TNF-α) and hormones such as cortisol, 
progesterone, oestrogen, prolactin, and human placental lacto-
gen. Activities of these factors and hormones result in elevation 
of postprandial glucose levels and decreased insulin sensitivity. 
Pregnancy in women with T1D is associated with an increased 
risk of poor maternal and fetal outcome. Complications during 
pregnancy related to a mother with T1D are hypoglycaemia, dia-
betic ketoacidosis (DKA), retinopathy, and nephropathy.
Hypoglycaemia
Avoidance of hyperglycaemia and tight glycaemic control increase 
the likelihood of insulin overdose and hypoglycaemia. It is rec-
ommended that blood glucose levels are maintained higher than 
3.9  mmol/L. Nocturnal hypoglycaemia is a relatively common 
complication of T1D during the first and third trimester. The most 
severe complication of hypoglycaemia is hypoglycaemic coma, 
where urgent management is needed.32

Diabetic ketoacidosis (DKA)
DKA is a potentially life-threatening complication in patients 
with DM. In pregnancy, DKA is usually precipitated by stressful 
events, such as vomiting, infections of urinary and respiratory 

tracts, insulin delivery system failure, and poor management of 
DM. It usually occurs in the later stages of pregnancy.

Relative or absolute lack of circulating insulin and an excess 
of counter-regulatory hormones (e.g. glucagon) result in DKA. 
Hyperglycaemia and ketosis develop, leading to polyuria, polydipsia, 
and dehydration. Although DKA is less frequent in diabetic patients 
compared to hypoglycaemia, it can result in fatal complications—death 
(rarely) and fetal demise (reported in up to 35% of cases).

Patients with DKA need aggressive intravenous (IV) isotonic 
fluid replacement with 15–20 mL/kg/h of normal saline in the 
first 2 hours.

The average fluid deficit in these patients is around 100 mL/kg 
and it should be replaced within 24 hours. If possible, 50% of the 
fluid deficit should be given in the first 12 hours. A fixed rate IV 
insulin infusion (0.1 unit/kg/h based on estimate of weight) of 50 
units human soluble insulin (Actrapid® or Humulin S®) made up to 
50 mL with 0.9% sodium chloride solution should be commenced.33 
Total body potassium is decreased, but serum potassium levels are 
unreliable in DKA. Replacement is commenced if serum potassium 
is lower than 5 mmol/L. Use of bicarbonate is recommended in 
DKA at admission only if pH is lower than 6.9. Administration of 
bicarbonate can increase blood lactate and ketone bodies.34

Retinopathy
The progression of diabetic retinopathy in pregnancy is often 
associated with poor glycaemic control, hypertension, and dura-
tion of diabetes for longer than 15 years. Laser photocoagulation 
is a proven effective treatment and may protect patients against 
rapid progressive diabetic retinopathy (PDR). Vaginal delivery is 
debatable in cases of severe PDR. A multidisciplinary approach is 
needed for a decision with respect to mode of delivery.35

Box 47.2  Signs and symptoms of diabetes in pregnancy

Common symptoms 

◆	 Excessive thirst
◆	 Increased hunger
◆	 Frequent urination
◆	 Unusual fatigue

Less common signs and symptoms

◆	 Blurred vision
◆	 Dry itchy skin and skin infections
◆	 Impaired healing of cuts or sores
◆	 Tingling or numbness in hands or feet
◆	 Urinary tract infections
◆	 Vaginal infection (usually fungal)
◆	 Psychological symptoms (irritability, lethargy, agitation)

Data from The Expert Committee on the Diagnosis and Classification of 
Diabetes Mellitus: Report of the Expert Committee on the Diagnosis and 
Classification of Diabetes Mellitus. Diabetes Care 1997; 20:1183–1197.
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Nephropathy
Diabetes nephropathy is not a common complication of pregnancy 
and renal function remains preserved in patients with a normal 
serum creatinine level and normoalbuminuria. Hypertension is 
likely to be an aggravating factor in patients with microalbumi-
nuria (albumin excretion is between 30 and 300 mg/day (20–200 
mcg/min)). Therefore, intensive antihypertensive therapy is 
strongly recommended in combination with low-dose aspirin. In 
patients with macroalbuminuria (albumin excretion above 300 
mg/day (200 mcg/min)), risk of pre-eclampsia and preterm deliv-
ery is significantly higher.36

Pre-eclampsia
Pregnancies affected by T1D are at increased risk of pre-eclampsia, 
which might lead to serious complications for both mother and 
baby. Appropriate metabolic control and antihypertensive therapy 
are essential for preventing eclampsia.37

Impact of T1D on fetal and neonatal outcome
Strict glycaemic control is needed in early pregnancy during 
organogenesis, because of a higher risk of miscarriage and fetal 
abnormalities. Diabetic nephropathy is associated with fetal 
growth restriction. In late pregnancy, poor glycaemic control 
increases the risk of macrosomia and birth trauma.38

Type 2 diabetes and pregnancy
Patients with T2D are older compared with other groups of dia-
betic patients and usually multiparous. There is a higher incidence 
of T2D in certain ethnic groups such as people of African, black 
Caribbean, South Asian, Middle Eastern, or Chinese family ori-
gin. Language and cultural barriers may result in poor preconcep-
tion care. Cessation of oral hypoglycaemic therapy is important 
before conception due to its possible teratogenic effects.

Risk of perinatal mortality is similar to that of patients with T1D, 
but significantly higher compared to healthy patients (2.5–6.7% 
cf 0.7%). The incidence of caesarean and preterm delivery is sig-
nificantly higher. Risk of congenital malformations, macrosomia, 
and neonatal hypoglycaemia, hypocalcaemia, and hyperbilirubi-
naemia is also significant.39

Gestational diabetes mellitus and pregnancy
Pregnant women with GDM are mostly overweight and have an 
increased risk of developing T2D after pregnancy. Children of 
mothers with GDM are also at higher risk of obesity and T2D later 
in life.40

Blood glucose levels are mostly in the normal range in GDM 
patients during the first trimester. Therefore, the risk of congeni-
tal birth defects is lower compared to patients with T1D. GDM is 
associated with perinatal complications—macrosomia, stillbirth, 
shoulder dystocia, and birth injuries. Rates of hypoglycaemia and 
hyperbilirubinaemia in the babies are higher immediately after 
delivery.41

Diagnosis of GDM
Diabetes screening for gestational diabetes is divided into three 
phases:
Phase 1: Risk assessment
Risk of developing GDM should be assessed in all pregnant 
women. If any of the risk factors are present, testing for GDM is 
strongly recommended. However, if only these women are tested, 

approximately 40% of GDM patients will remain undiagnosed. 
It is still debatable whether universal screening is beneficial and 
cost-effective.
Phase 2: Early detection of GDM in high-risk group
Selective screening for GDM is recommended for women diag-
nosed with GDM in a previous pregnancy. Recommended 
screening tests are early self-monitoring of blood glucose and 
oral glucose tolerance test (OGTT) at 16–18 weeks. The 2-hour 
75 g OGTT should be used to test for GDM. If results are within 
the reference range, a further OGTT should be repeated at the 
28th week.
Phase 3: Late detection of GDM
Screening for GDM is recommended for all pregnant women 
without diagnosed diabetes before pregnancy (except for those 
at very low risk) at 24–28 gestational weeks using the OGTT test 
after overnight fasting.42

Threshold values for diagnosis of GDM
The significant threshold values for the OGTT which have 
an impact on pregnancy outcome have not been clarified yet. 
According to WHO criteria, the threshold for fasting plasma glu-
cose (FPG) should remain at 6.1 mmol/L.

The threshold values on the 2-hour 75 g OGTT for the diagno-
sis of GDM have been derived from Hyperglycemia and Adverse 
Pregnancy Outcome (HAPO) study data (Table 47.1). For the 
diagnosis of GDM, one or more of these values have to equal or 
exceed the threshold. Using these criteria, the total incidence of 
GDM in the HAPO study was 17.8%. According to the study, a 
rise in glucose levels was associated with the greater frequency of 
adverse pregnancy outcomes.43

Diagnosis of overt diabetes
Overt DM during pregnancy is associated with significantly 
increased risks of adverse perinatal outcomes compared to GDM. 
Identification of women with overt diabetes should be at the earli-
est possible opportunity. Targets for blood glucose control should 
be determined in the same way as for women with pre-existing 
diabetes. Early testing is recommended at the first prenatal visit, 
especially in the high-risk population.

Overt diabetes can be confirmed by measurement of FPG, 
HbA1C, or random plasma glucose. In the absence of a reli-
able gold standard test for detecting overt diabetes early in preg-
nancy, the International Association of Diabetes and Pregnancy 
Study Groups (IADPSG) suggested using standard laboratory 

Table 47.1  Threshold values of the oral glucose tolerance test 
for diagnosis of gestational diabetes mellitus

Glucose concentration threshold

Glucose measure mmol/L mg/dL

FPG   5.1   92

1 h plasma glucose 10.0 180

2 h plasma glucose   8.5 153

Data from The HAPO study cooperative research group. Metzger BE, Lowe LP, Dyer AR, 
Trimble ER et al. Hyperglycemia and Adverse Pregnancy Outcomes. N Engl J Med 2008; 
358:1991–2002.
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methods for measuring glucose (FPG, random plasma glucose, or 
HbA1C)44 (Table 47.2).

Management of diabetes in pregnancy
The aim of diabetes therapy in pregnancy is normoglycaemia. The 
key to achieving this goal is management of women with diabetes 
by a specialized multidisciplinary team.

Diet and physical activity
A dietary plan should be individualized for every patient and rec-
ommended by a nutritionist. The recommended calorie intake 
for pregnant woman is 30–35 kcal/kg/day. Obese women with 
a pregestational body mass index (BMI) greater than 27 have to 
reduce their caloric intake to 24 kcal/kg/day. Plasma glucose con-
centration and morning insulin requirements suddenly increase 
between 5:00 and 9:00 a.m. (dawn phenomenon), even in healthy 
people. Women with GDM have deficiency in the first phase of 
insulin secretion. It is necessary to adjust the morning meal and 
insulin therapy in order to avoid hyperglycaemia and its conse-
quences. During the night, insulin requirements increase and 
nocturnal hypoglycaemia may be a significant problem in diabetic 
patients. An evening snack is recommended for pregnant women 
receiving insulin therapy due to the inability of insulin prepara-
tions to maintain normoglycaemia overnight.45

Moderate exercise is associated with better glycaemic control 
and improved maternal and fetal outcome. If there is no medical 
or obstetric contraindication, physical activity should be main-
tained until the last weeks of pregnancy.

Insulin therapy
Before the introduction of insulin in everyday practice, women 
were counselled to avoid pregnancy due to an extremely high 
risk of fetal mortality (up to 100%) and maternal mortality (30%). 
Since 1980, insulin therapy and better glycaemic control have led 
to improved maternal and fetal outcomes.46

Insulin is the first-line pharmacotherapy in women with GDM 
if medical nutritional therapy results in inadequate glucose con-
trol. Patients with T1D require lifelong insulin therapy to substi-
tute endogenous secretion, but the insulin regimen needs to be 
adapted in pregnancy.

Insulin is considered safe for the treatment of diabetes in 
pregnancy and a large body of research evidence supports its 

safety and efficacy. It was not initially thought that insulin can 
be transferred from the maternal to fetal circulation, but it is 
now confirmed that small amounts of insulin (1–5%) do cross 
the human placenta. Maternal hyperglycaemia, rather than 
maternal hyperinsulinaemia, results in fetal hyperinsulinaemia. 
Fetal hyperglycaemia and consequent hyperinsulinaemia cause 
macrosomia, the most prevalent complication in offspring of 
diabetic mothers.47

To date, only human neutral protamine Hagedorn (NPH) insu-
lin, regular human insulin, and the rapid-acting insulin analogues 
lispro and aspart are approved for use in pregnancy. Older types of 
insulin are considered safe for use during pregnancy. It is less clear 
if the newer insulin medications are also safe. Box 47.3 contains 
basic types of insulin and their duration of action.

Combination insulins are:
◆	 Intermediate-acting plus short-acting: NPH insulin/regular 

insulin.
◆	 Intermediate-acting plus rapid-acting:  insulin lispro prota-

mine/insulin lispro.

Human insulin is available in two forms, a short-acting (regular) 
form and an intermediate-acting (NPH) form (Table 47.3).

Insulin analogues are developed in order to achieve pharma-
cokinetic properties of endogenous insulin by changing the pri-
mary amino acid sequence (Box 47.4 and Tables 47.4 and 47.5).48–51

Table 47.2  Standard laboratory methods for diagnosis of overt 
diabetes

Measure of glycaemia Threshold for diagnosis of overt diabetes

FPG ≥7.0 mmol/L (126 mg/dL)

HbA1C ≥6.5% (DCCT/UKPDS standardized essay)

Random plasma glucose ≥11.1 mmol/L (200 mg/dL)a

DCCT, Diabetes Control and Complications Trial; UKPDS, United Kingdom Prospective 
Diabetes Study.
aIf random plasma glucose is used for screening of DM, diagnosis of overt diabetes in 
pregnancy should be confirmed by FPG or HbA1C.

Data from Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm P, et al. 
International association of diabetes and pregnancy study groups recommendations 
on the diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care 2010; 
33(3):676–82.

Box 47.3  Basic types of insulin and duration of action

◆	 Rapid-acting insulins: lispro, aspart, and glulisine (2–4 hours)
◆	 Short-acting insulin: regular insulin (4–6 hours)
◆	 Intermediate-acting insulins:  neutral protamine Hagedorn 

(NPH) insulin (14–20 hours)
◆	 Long-acting insulins: glargine and detemir (20–24 hours)

Table 47.3  Characteristics of short-acting and intermediate-acting 
insulin forms

Short-acting (regular) form Intermediate-acting 
(NPH) form

Multiple-dose 
regimen insulin 
(well-controlled 
patients)

Pre meal (three times daily) Basal requirements pre 
breakfast + bedtime  
(twice daily)

Patients with poor 
glycaemic control

Continuous subcutaneous 
insulin infusion

Advantages Extensively used during 
pregnancy

Well studied during 
pregnancy

Disadvantages Increases risk of macrosomia

Postprandial hyperglycaemia

Nocturnal hypoglycaemia

Onset/peak/
duration of action

30–60 min/1–2 h/4–6 h 1–2 h/5–7 h/14–20 h

Data from International Society for Pediatric and Adolescent Diabetes DKA Guidelines. 
Pediatric Diabetes 2009: 10 (Suppl. 12): 118–133. http://www.bsped.org.uk/professional/
guidelines/docs/DKAGuideline.pdf
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Oral hypoglycaemic agents
Oral hypoglycaemic agents, such as glibenclamide and met-
formin, have been approved for use in pregnancy, especially for 
treatment of GDM. Some of the patients diagnosed with T2D can 
also be treated with oral therapy. These agents are possible alterna-
tives in patients who refuse insulin therapy.
Metformin
Metformin has become increasingly popular in pregnancy, since 
published data suggested its safety and efficacy in patients with 
polycystic ovary syndrome (PCOS). Although it crosses the pla-
centa, teratogenic effects are not found. Metformin has been 
shown to improve fertility in patients with PCOS and may prevent 
early pregnancy loss. However, evidence of its effects on maternal 
outcome is still controversial.52

Glibenclamide (Glyburide)
Glibenclamide is an oral sulfonylurea long-acting hypoglycaemic 
agent. Most women with GDM who are treated with glibencla-
mide can achieve adequate glycaemic control. Risk of neonatal 
hypoglycaemia is significantly lower in comparison with patients 
on insulin therapy. There are no published data about teratogenic 
effects of glibenclamide.53

Chlorpropamide and tolbutamide
Chlorpropamide and tolbutamide are oral sulfonylurea 
long-acting hypoglycaemic agents. They are shown to cross the 
placenta in higher proportion than glibenclamide. Due to their 
potential teratogenic effects, their use in patients who are plan-
ning pregnancy or who are pregnant is not recommended.

Obstetric management of women with diabetes
All women diagnosed with diabetes during pregnancy carry 
a higher risk for obstetric complications and careful obstetric 
follow-up is needed from the first antenatal visit. The purpose of 
this follow-up is to provide good perinatal outcome by:
◆	 antenatal fetal surveillance techniques.
◆	 meticulous selection of the most appropriate timing and route 

of delivery.

Obstetricians should be aware that severity of the disease and 
poor metabolic control may worsen fetal well-being. Therefore, 
multidisciplinary strategies for metabolic optimization should be 
performed together with diabetologists to reduce consequences of 
maternal hyperglycaemia on fetal growth.54

Fetal surveillance

◆	 Serial monitoring by ultrasound is recommended. In the first 
trimester, an ultrasound scan should be performed at 7–10 
weeks to confirm viability. During the second trimester, an 
ultrasound between 18 and 20 weeks is recommended to exclude 
fetal anomalies. During the third trimester, a minimum of two 
ultrasound scans should be performed for evaluation of fetal 
growth.

◆	 Monitoring of fetal movements. Self-monitoring of fetal move-
ments should start from the 32nd week of gestation. Reduction 
in fetal movements over a period of 2 hours should be reported 
immediately to the obstetrician.

Box 47.4  Short-acting and long-acting insulin analogues

◆	 Short acting:

•	 Insulin lispro

•	 Insulin aspart
◆	 Long acting:

•	 Insulin glargine

•	 Insulin detemir

Data from Angelina L. Trujillo. Insulin Analogs and Pregnancy. Diabetes 
Spectrum 2007; 20(2):94–101.

Table 47.4  Characteristics of short-acting insulin analogues 
when compared to regular human insulin

Insulin lispro Insulin aspart

Chemical 
structure

Inversion of prolin-lysin into 
lysin–prolin (positions 28–29)

Aspart instead of prolin at 
the 28th position

Pharmacokinetic 
properties

Fast rise and higher pick of 
insulin concentration

Similar to insulin lispro

Better glycaemic control

Lower risk of postprandial 
hypoglycaemia

Similar to insulin lispro

Neonatal 
outcome

No difference in perinatal 
outcome

In patients with T1D, 
reduces fetal mortality

Duration of 
action

2–4 h, onset of action  
15–30 min

2–4 h, onset of action 
10–20 min

Data from García-Domínguez M, Herranz L, Hillman N, Martín-Vaquero P. et al. Use of 
insulin lispro during pregnancy in women with pregestational diabetes mellitus. Medicina 
Clínica, 2011, volume 137, issue 13, pp. 581–586; and Mathiesen ER. Insulin aspart in 
diabetic pregnancy: state of the art. Women’s Health, 2008, volume 4, issue 2, pp. 119–24.

Table 47.5  Characteristics of long-acting insulin analogues 
when compared to regular human insulin

Insulin glargine Insulin detemir

Chemical 
structure

2 molecules of arginine have 
been added (B chain)

Aspartic acid replaced  
by glycine (A chain at 
position 21)

Threonine is removed at 
B30 

Myristic acid is added to 
lysine at position 29

Pharmacokinetic 
properties

High affinity for insulin-like 
growth factor I receptor

Weak affinity for insulin-like 
growth factor I receptor

Advantages Glycaemic stability

Reduced incidence of 
nocturnal hypoglycaemia

Reduce fasting glucose 
levels 

Reduced HbA1C levels

Neonatal 
outcome

Risk for macrosomia was  
not confirmed

Lower incidence of 
macrosomia

Duration of 
action

>24 h, onset of  
action 4–5 h

20 h, onset of action 4–6 h

Data from Pollex EK, Feig DS, Lubetsky A, Yip PM, Koren G. Insulin glargine safety in 
pregnancy: a transplacental transfer study. Diabetes Care, 2010, volume 33, issue 1, 
pp. 29–33; and McElduff A. Insulin Detemir in Pregnancy: A Small but Significant Step 
Forward? Diabetes Care, 2012, volume 35, issue 10, pp. 1968–69.
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◆	 Non-stress testing (NST) has been suggested from the 32nd 
week of gestation in high-risk patients and ‘near term’ in 
patients with low risk for complications.55

◆	 Biophysical profiles and amniotic fluid index are suggested only 
if they are clinically indicated.

Timing and route of delivery
◆	 In diabetic patients with good metabolic control and fetal sur-

veillance, medically indicated delivery should be performed 
between 37 and 38+6 weeks of pregnancy.31 Delivery before 
37 weeks’ gestation is not recommended in the absence of evi-
dence of fetal compromise due to increased risk of fetal lung 
immaturity.

◆	 Diabetes itself in pregnancy is not an indication for caesarean 
delivery. However, neonatal complications, such as macroso-
mia, shoulder dystocia, clavicular fracture, brachial palsy, and 
unexplained intrauterine fetal death, are significantly higher in 
diabetic patients. Therefore, patients with an ultrasound confir-
mation of a macrosomic fetus should be informed of the risks 
and benefits of vaginal birth.

◆	 Women affected by pre-existing DM need tertiary-level obstet-
ric care due to an extremely high risk of adverse perinatal 
outcomes.56

Anaesthetic management of women with diabetes
Low-risk diabetic patients
Labour and delivery
Most pregnant women with diabetes and good metabolic control 
may have an induction of labour. Labour epidural analgesia can 
have a positive effect in these patients, due to its superior pain relief. 
Epidural analgesia also removes the stress response to the pain of 
labour and helps to facilitate blood glucose control. Attenuation 
of the stress response and reduction in maternal hyperventilation 
may have a beneficial effect on fetal metabolic acidosis.57 Avoidance 
of fetal metabolic acidosis is one of the possible factors which can 
reduce the risk of stillbirth in diabetic mothers.

Pregnant women, who were offered information based on the 
current available evidence during antenatal care, were more likely 
to receive labour epidural analgesia than women with no preg-
nancy risk factors.58 Furthermore, according to some evidence, 
epidural analgesia was not found to be an independent risk factor 
for caesarean delivery, but rather a protective factor.59 However, 
there is insufficient evidence from well-designed studies on the 
influence of epidural analgesia on labour in women with diabetes. 
Despite being at a high risk for infection, there are no published 
data on the higher incidence of epidural abscesses in diabetic 
patients.

Fasting during induction of labour is still a controversial 
issue independently of DM. During established labour, blood 
glucose levels should be maintained between 4 and 7  mmol/L. 
Measurement of capillary blood glucose should be performed 
hourly. IV fluids and insulin should be administered during 
labour and adjusted according to the blood sugar—the ‘sliding 
scale’, especially in patients with T1D.31

Elective caesarean delivery
Diabetic patients with obstetric complications and/or poor meta-
bolic control are candidates for elective caesarean delivery.

Women with complications of diabetes and/or obesity should 
have an anaesthetic assessment in the antenatal period, or 
immediately after admission to the delivery suite. During the 
anaesthetic evaluation, the presence of diabetic complications 
(nephropathy, diabetic heart disease) and medical comorbidities 
should be assessed.

If the patient is scheduled for planned caesarean delivery, the 
operation should be performed early in the morning, to enable 
better glucose control. Monitoring of blood glucose levels is 
essential perioperatively. Diabetic patients require a minimum of 
hourly glucose monitoring and titration of short-acting insulin for 
successful glycaemic target achievement.

Neuraxial anaesthesia (NA) is the preferred choice. Both spinal 
and combined spinal–epidural (CSE) anaesthesia are well known 
for its safety and reliability. Diabetic women are likely to have 
pre-eclampsia and autonomic neuropathy. Therefore, there has 
been concern regarding severe hypotension following subarachnoid 
block.60 Preloading with crystalloid or colloid has not always been 
found to be effective. Once the placenta is delivered, insulin require-
ments decrease dramatically and any insulin infusion is usually 
stopped. Blood sugars are monitored thereafter and many patients 
can resume their prepregnancy insulin doses soon after delivery. 
Caesarean delivery results in moderate to severe postoperative pain. 
Management of postoperative pain relief in diabetic mothers leads 
to better glycaemic control and enables breastfeeding.61

High-risk diabetic patients
Urgent caesarean delivery
Urgent caesarean delivery is needed in patients with maternal or 
fetal compromise, which is not immediately life-threatening. The 
preferred anaesthetic technique is NA (see chapters in Part 6).
Emergency caesarean delivery
Emergency caesarean delivery is needed if an immediate 
life-threatening condition exists for mother and/or fetus. General 
anaesthesia (GA) with rapid sequence induction is the usual tech-
nique. Obesity and pregnancy each increase the risk of difficult 
airway. Obesity in diabetic mothers, especially with T2D, is asso-
ciated with a higher likelihood of unanticipated difficult airway. 
There may also be difficult airway challenges with T1D due to the 
‘stiff joint syndrome’—problems with the atlanto-occipital joint 
resulting in reduced neck extension.

Fetal compromise is more frequent in diabetic mothers due to an 
increased risk of fetal hypoxia. Fetal hyperglycaemia and hyperinsu-
linaemia increase oxygen consumption by up to 30%. Patients with 
pre-existing diabetes are more likely to have placental insufficiency. 
The placenta has a limited ability to increase oxygen delivery, but 
insufficiency remains largely subclinical during pregnancy. Pain dur-
ing labour may decrease the oxygen supply to the fetus. Intermittent 
hypoxia that occurs with uterine contractions of normal labour leads 
to fetal asphyxia in the compromised fetus of diabetic mother.

Unstable diabetics will require care in the high dependency unit 
as close monitoring of their blood sugars and insulin regimen is 
required.62

Acute neonatal complications  
in offspring of diabetic mothers
Acute neonatal complications are hypoglycaemia, hypocalcaemia, 
hypomagnesaemia, hyperbilirubinaemia, and respiratory distress.
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Neonatal hypoglycaemia is the most common complication in 
the newborn of diabetic mothers. During pregnancy, prolonged 
maternal hyperglycaemia leads to fetal hyperglycaemia and con-
sequent fetal hyperinsulinaemia. After delivery, there is a sudden 
drop in blood glucose levels in the presence of hyperinsulinaemia. 
This condition usually occurs within 2 hours after delivery and 
persists up to 72 hours. Hourly blood glucose testing is needed in 
high-risk infants.

Hypocalcaemia and hypomagnesaemia are caused by low 
parathyroid levels and the immaturity of neonatal parathyroid 
gland. Calcium can be easily transferred through the placenta. 
Hypocalcaemia occurs within 72 hours of birth, if parathyroid 
hormone response is delayed. Hyperbilirubinaemia is precipitated 
by expansion of fetal red cell mass. The immature neonatal liver 
is unable to conjugate and excrete larger amounts of bilirubin, 
caused by polycythaemia. Common causes of respiratory distress 
are lack of surfactant before 38 weeks of gestation and meconium 
aspiration in macrosomic babies. Babies of mothers who have DM 
are more likely to develop the disease in later life. This is even 
more likely if the father has T1D.63

Breastfeeding
Breastfeeding is recommended in patients with T1D.64 However, 
it may be delayed due to neonatal morbidity and poor maternal 
metabolic control. In women with GDM and T2D, breastfeeding 
has been found to have numerous advantages for both mother and 
newborn. Women who breastfeed their babies have a lower risk 
of breast and ovarian cancer. Breastfed offspring may have lower 
risks of obesity, cardiovascular disease, hypertension, and T2D 
later in life.65,66

Pituitary gland
The pituitary gland (‘master gland’) is a small endocrine organ 
that controls a multitude of important functions in the body. It 
is located in a sella turcica and is functionally connected to the 
hypothalamus. It is composed of three lobes—anterior, interme-
diate, and posterior—which secrete nine hormones (Box 47.5).

Pregnancy and the pituitary
Pituitary volumes during pregnancy are increased from 45% to 
120%. The highest volumes were observed during the first 3 days 
postpartum.67 It returns to normal size within 6  months post-
partum. Anterior pituitary cells (lactotrophs) produce prolactin 
(PRL). PRL secretion is also stimulated by progesterone. Increased 
PRL secretion during pregnancy is important for the preparation 
of breast tissue for lactation.

Normal gestation is associated with increased maternal 
hypothalamic–pituitary–adrenal axis (HPA) activity. The pla-
centa is the source of elevated corticotropin-releasing hormone 
(CRH) and appears to be the major stimulus for the HPA axis, 
especially during the third trimester.68 Placental GH is detectable 
by the fifth week of pregnancy and levels increase exponentially 
and peak at 35–37 weeks.69

Hyperpituitarism
Hyperpituitarism is a condition in which the pituitary gland 
is overactive. The most common causes are pituitary tumours 
(Box 47.6).

Prolactinomas are the most common cause of persistent hyper-
prolactinemia.70 The risk of tumour growth in pregnant patients 
with macroprolactinomas is higher than that in those with micro-
prolactinomas. Medical treatment with bromocriptine has been 
recommended, but it should be stopped if pregnancy is con-
firmed.71 Prolonged treatment with dopamine agonists is associ-
ated with the higher probability of conception.72

In healthy individuals, hormonal activity of the pituitary 
returns to normal 11 months after delivery. The abnormal enlarge-
ment of the pituitary gland during pregnancy might shrink spon-
taneously after delivery and these patients might have a higher 
risk of postpartum hypopituitarism.73

Hypopituitarism
Hypopituitarism is a rare disorder, characterized by deficient or 
diminished production of pituitary hormones and can be caused 
by disease in the pituitary or in the hypothalamus. The lack of 
hormone results in a loss of function of the gland or organ that 
it controls. Damage to the pituitary gland can be caused by 
tumour, radiation, surgery, infections, postpartum haemor-
rhage (Sheehan’s syndrome), or other conditions. The symptoms 

Box 47.5  Products of the anterior and the posterior pituitary

Products of the anterior pituitary

◆	 Growth hormone (GH)
◆	 Thyroid-stimulating hormone (TSH)
◆	 Adrenocorticotropic hormone (ACTH)
◆	 Prolactin (PRL) or ‘luteotropic’ hormone (LTH)
◆	 Luteinizing hormone (LH) or ‘lutropin’
◆	 Follicle-stimulating hormone (FSH)
◆	 Melanocyte-stimulating hormones (MSHs)

Products of the posterior pituitary

◆	 Oxytocin
◆	 Antidiuretic hormone (ADH, vasopressin)

Data from Karaca ZF, Unluhizarci K, Kelestimur F. Pregnancy and 
pituitary disorders. Eur J Endocrinol 2010; 162(6):453–475.

Box 47.6  Types of pituitary tumours

◆	 By function:

•	 Tumours which produce hormones (~35%)

•	 Tumours which do not produce hormones (65%)
◆	 By size:

•	 Microadenomas (<1 cm)

•	 Macroadenomas (>1 cm)

Data from Arafah BM, Nasrallah MP. Pituitary tumors: pathophysiology, 
clinical manifestations and management. Endocrine-Related Cancer 2001; 
8:287–305.
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depend on which hormone is involved.74 The pituitary gland can 
also revert spontaneously to normal after delivery and the patient 
remains asymptomatic in a subsequent pregnancy. If the disorder 
has been diagnosed before or during the pregnancy and hormone 
replacement therapy has also been started, it should be continued. 
Surgical treatment should be avoided during pregnancy, except if 
symptoms worsen. After neurosurgery, hormone replacement is 
needed throughout life.

Diagnosis
This depends on the specific lack of hormones. Magnetic resonance 
imaging (MRI) without contrast is mandatory. The enlarged pitui-
tary gland can cause visual problems and together with hyperten-
sion can mimic pre-eclampsia.

Anaesthetic management
Delivery can be undertaken under epidural, spinal, or CSE. GA 
has been described in a patient who had her pituitary tumour 
removed after delivery under NA.75

Complications
Ischaemia and necrosis may also occur in the pituitary gland at the 
end of pregnancy or in the postpartum period. Modest hyperten-
sion of 140/70 mmHg in younger patients (during pre-eclampsia/
eclampsia) can cause cerebral oedema and haemorrhage and fur-
ther increases the risk of pituitary necrosis.76 Haemorrhage in the 
gland, ischaemia, and necrosis may cause death. Emergency treat-
ment is needed for pituitary necrosis:  surgical or medical (bro-
mocriptine, hydrocortisone, thyroid hormone replacement).77 
The severe consequences of missing the diagnosis underline the 
importance of this potentially lethal endocrine emergency.78

Thyroid gland
The thyroid gland is responsible for the synthesis of thyroxine (T4) 
and triiodothyronine (T3). Thyroid-stimulating hormone (TSH) 
released from the pituitary gland binds the TSH receptor on the 
thyroid cells and stimulates them. Thyroxine is produced as the 
precursor of thyroglobulin which is cleaved by enzymes to pro-
duce active T4. The lysosomal enzymes cleave the T4 from the iodi-
nated thyroglobulin. Activity of thyroid hormone depends on free 
T4 and T3. Thyroid hormones have negative feedback on thyroid-
releasing hormone and TSH production. Therefore, TSH is a very 
sensitive and specific marker of thyroid function.

TSH secretion has a daily circadian rhythm. The highest TSH 
level is reached during the second part of the night. TSH level is 
the best screening test for both hyperthyroidism (decreased TSH 
level) and hypothyroidism (increased TSH level) diagnosis.

Thyroid cells release T4 and T3 into the bloodstream. There is 
0.03% free T4 and 0.03% free T3, which is three- to five-fold more 
active than T4. The levels are regulated by iodothyronine trans-
porters.79 All cells in the body are targets for thyroid hormones 
and their metabolic effects are summarized in Box 47.7.

Plasma concentration of cholesterol and triglycerides is 
inversely correlated with thyroid hormone levels. One of the 
diagnostic signs of hypothyroidism is increased blood cholesterol 
concentration. Thyroid hormones stimulate gluconeogenesis and 
glycogenolysis to generate free glucose.

Normal levels of thyroid hormones are essential for the devel-
opment of the fetal and neonatal brain. In the first trimester and 

at the end of pregnancy, serum TSH level is sometimes below the 
normal range outside of pregnancy.80,81 Serum TSH is a more 
accurate indication of thyroid status in pregnancy than any of the 
other markers. In the first trimester, the fetus is totally depend-
ent on maternal hormones. In the second trimester the fetal thy-
roid gland starts the production of its own hormones, but it is still 
dependent on the mother.82 Fetal T3 remains low until 30 weeks of 
gestation and increases at term. The increased demand for thyroid 
hormones (and iodine) is reached by about 20 weeks of gestation 
and persists until term. Additionally, the placenta contains deio-
dinases that can convert T4 to T3. The WHO recommends increas-
ing iodine intake from the standard 100–150 mcg/day to 200 mcg/
day during pregnancy, because lack of iodine results in maternal 
goitres.83

Thyroid disease
Thyroid disease is not uncommon in pregnancy. Thyroid dysfunc-
tion may be detected for the first time during pregnancy. The most 
common cause (80–85%) of maternal hyperthyroidism is Graves’ 
disease (1/1500 pregnancies). If untreated, thyroid disorders can 
have profound effects on both mother and fetus.

Limited amounts of T3 and T4 cross the placenta and influence 
fetal thyroid function. In mild thyroid disorders, there is no impli-
cation for the fetus.84

Hyperthyroidism
Hyperthyroidism affects 0.1–0.4% of pregnancies. Approximately 
0.2% of cases of hyperthyroidism are diagnosed before pregnancy 
and only 0.05% are diagnosed during pregnancy. Symptoms of 
hyperthyroidism may be difficult to recognize in pregnancy, 
because normal pregnancy may mimic them (Box 47.8). The 
effects of hyperthyroidism on the pregnancy and fetus are shown 
in Box 47.9.

Box 47.7  Metabolic effects of thyroid hormones

◆	 Basal metabolism regulation
◆	 Thermoregulation
◆	 Control of energy production in brain, heart, and muscles
◆	 Protein, fat, vitamin, and carbohydrate metabolism

Data from Thyroid Disease and Pregnancy 2012. The American Thyroid 
Association. http://www.thyroid.org.

Box 47.8  Symptoms of hyperthyroidism

◆	 Fatigue
◆	 Tachycardia
◆	 Heat intolerance
◆	 Appetite changes
◆	 Emesis and hyperemesis

Data from Thyroid Disease and Pregnancy 2012. The American Thyroid 
Association. http://www.thyroid.org.
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Medical and surgical management
Thyroid hormones should be assessed monthly during the treat-
ment in pregnancy. Hyperthyroidism is diagnosed by high free 
T4 and reduced TSH levels. Thyroidectomy is relatively contrain-
dicated in pregnancy. If it is necessary, the optimum time to per-
form thyroidectomy is in the late second trimester. All antithyroid 
drugs (Box 47.10) cross the placenta. Propylthiouracil (PTU) may 
cause hepatotoxicity.85–87 Beta blockers are recommended only 
for thyroid crisis. Radioactive iodine is contraindicated in preg-
nancy. Pregnancy should be postponed until 6 months after radio-
active iodine treatment.

Anaesthetic management
Ideally, parturients presenting for labour should be euthyroid. 
Early epidural analgesia is the method of choice for vaginal deliv-
ery in order to avoid pain and potential thyroid crisis. Epidural, 
spinal, or GA can be used for caesarean delivery. IV adminis-
tration of hydrocortisone 100 mg may be considered preopera-
tively to prevent adrenal insufficiency. Prehydration prior to NA 
is useful to minimize haemodynamic changes. Phenylephrine 

is recommended for the treatment of hypotension. It should be 
administered as a 20–40 mcg an IV bolus or by infusion. NA 
should be performed with caution to minimize maternal anxiety 
and to avoid maternal and fetal respiratory depression. If GA is 
needed, careful airway assessment has to be performed preop-
eratively. An enlarged thyroid gland can affect the airway, mak-
ing endotracheal intubation difficult. Thiopentone, the induction 
agent of choice for caesarean delivery under GA, can have an 
antithyroid effect. Light anaesthesia, atropine, and ketamine are 
not recommended because they can stimulate the sympathoad-
renal axis. Volatile anaesthetic agents of choice for maintenance 
of anaesthesia are isoflurane and sevoflurane. Muscular weakness 
may occur and neuromuscular monitoring can be useful.

Complications
Thyroid storm or thyrotoxic crisis can occur during vaginal deliv-
ery or induction of GA. Thyrotoxicosis is defined as ‘the clinical 
syndrome of hypermetabolism and hyperactivity that results 
when the serum concentrations of free T4 and/or free T3 are high’. 
Symptoms are found in Box 47.11. It is associated with high serum 
hCG levels.88,89 The most common cause is Graves’ disease.

The differential diagnosis of thyroid storm includes malignant 
hyperpyrexia. Patient should be admitted to the intensive care 
unit and managed by a multidisciplinary team (anaesthetist, 
intensivist, endocrinologist, obstetrician, and neonatologist). The 
treatment of thyroid storm is summarized in Box 47.12.

Postpartum thyroiditis is the most common complication 
within the first 3  months after delivery, especially in Graves’ 
disease. Therefore close monitoring of thyroid function tests is 
important during this period.

Hypothyroidism
Hypothyroidism has been defined as the presence of an elevated 
TSH concentration and is found in 2–3% of apparently healthy, 
non-pregnant women of childbearing age. It is estimated that 
0.3–0.5% of these women have overt hypothyroidism with raised 
TSH and reduced free T4, while 2–2.5% have subclinical hypothy-
roidism where TSH is elevated but free T4 levels are normal.90

Deficiency in thyroid hormones is not compatible with nor-
mal health. Hashimoto thyroiditis is the most common cause 
of hypothyroidism in pregnant women. According to data 

Box 47.9  The effects of hyperthyroidism on pregnancy and fetus

The effects of hyperthyroidism on pregnancy

◆	 Infection
◆	 Miscarriage
◆	 Molar pregnancy
◆	 Pregnancy-induced hypertension
◆	 Congestive heart failure
◆	 Pre-eclampsia
◆	 Preterm delivery

Effects of maternal hyperthyroidism on fetus

◆	 Low weight
◆	 Prematurity
◆	 Neonatal hyperthyroidism
◆	 Stillbirth

Data from Thyroid Disease and Pregnancy 2012. The American Thyroid 
Association. http://www.thyroid.org.

Box 47.10  Medical management of hyperthyroidism

◆	 Propylthiouracil (PTU):  100–150 mg/8 h increasing up to 
250–300 mg/8 h—first choice

◆	 Carbimazole: second trimester, nursing period, more potent

Data from Stagnaro-Green A, Abalovich M, Alexander E, et al. 
Guidelines of the American Thyroid Association for the diagnosis and 
management of thyroid disease during pregnancy and postpartum. 
Thyroid 2011; 21(10):1081; and Rosenfeld H, Ornoy A, Shechtman S, 
Diav-Citrin O. Pregnancy outcome, thyroid dysfunction and fetal goitre 
after in utero exposure to propylthiouracil: a controlled cohort study. Br J 
Clin Pharmacol 2009; 68:609.

Box 47.11  Symptoms of thyroid storm

◆	 Fever > 38ºC
◆	 Tachycardia > 130 beats/min
◆	 Confusion
◆	 Diarrhoea
◆	 Jaundice
◆	 Coma

Data from Braverman LE. Utiger RD. Introduction to thyrotoxicosis. 
In: Braverman LE, editor; Utiger RD, editor. Werner and Ingbar's The 
Thyroid: A Fundamental and Clinical Text. 9th. Lippincott, Williams and 
Wilkins; Philadelphia 2005; 453–455; and Patil-Sisodia K. Mestman JH. 
Grave’s hyperthyroidism and pregnancy: a clinical update. Endocr Pract 
2010; 16:118–129.
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from the United States, hypothyroidism affects up to 2.2% 
of pregnant women. Prevalence is higher in countries with 
iodine insufficiency.91 Causes of hypothyroidism are found in 
Box 47.13.

Almost all patients with Hashimoto disease are positive for 
antithyroid peroxidase antibody. Of these patients, 50–70% 
also have positive results for antithyroglobulin antibodies. 
Over-treatment with antithyroid drugs can cause hypothy-
roidism, especially in the postpartum period. Overt maternal 
hypothyroidism is usually associated with infertility. Signs and 
symptoms of severe hypothyroidism are found in Box 47.14.

Hypothyroidism may also manifest itself with other conditions 
(Box 47.15).

Subclinical hypothyroidism has been associated with spon-
taneous abortion, preterm labour, increased risk for severe 
pre-eclampsia, developmental disease, and can influence chil-
dren’s intellect. Fetal self-sufficiency of thyroid hormones pro-
tects the fetus against brain development abnormalities caused by 
maternal hypothyroidism.92

If the mother suffers from autoimmune hypothyroidism, her 
antibodies could cross the placenta and destroy the fetal thyroid 

gland. Most children with isolated fetal hypothyroidism are 
without symptoms at birth, due to the presence of their mother’s 
hormones. It is therefore important to recognize the disease and 
start with treatment as soon as possible after the birth. If the treat-
ment has not been started on time the result may be permanent 
damage.93

Iodine deficiency is the most common cause of combined 
maternal and fetal hypothyroidism and endemic iodine defi-
ciency remains a substantial public health problem in many parts 
of Europe, Asia, Africa, and South America.

Obstetric management
The Endocrine Society recommends screening of all pregnant 
women for serum TSH abnormalities by 9 weeks of gestation or 
at the first prenatal visit.94 Women at risk of developing hypothy-
roidism are those with a goitre, or prior treatment for hyperthy-
roidism or a positive family history of thyroid disease.

Box 47.12  Treatment of thyroid storm

◆	 PTU (400–600 mg, followed by 150–300 mg every 6 h)— first line
◆	 Potassium iodine IV or Lugol’s solution orally—second line
◆	 Corticosteroids
◆	 Beta blockers
◆	 Acetaminophen
◆	 Cold fluids, cooling blankets

Data from Braverman LE. Utiger RD. Introduction to thyrotoxicosis. 
In: Braverman LE, editor; Utiger RD, editor. Werner and Ingbar's The 
Thyroid: A Fundamental and Clinical Text. 9th. Lippincott, Williams and 
Wilkins; Philadelphia 2005; 453–455; and Patil-Sisodia K. Mestman JH. 
Grave’s hyperthyroidism and pregnancy: a clinical update. Endocr Pract 
2010; 16:118–129.

Box 47.14  Symptoms and signs of severe hypothyroidism

◆	 Anaemia
◆	 Muscle pain
◆	 Weakness
◆	 Congestive heart failure
◆	 Miscarriage
◆	 Pre-eclampsia
◆	 Placental abnormalities
◆	 Low-birth-weight infants
◆	 Postpartum haemorrhage

Data from Thyroid Disease and Pregnancy 2012. The American Thyroid 
Association. www.thyroid.org; and Stagnaro-Green A, Abalovich M, 
Alexander E, et al. Guidelines of the American Thyroid Association for 
the diagnosis and management of thyroid disease during pregnancy and 
postpartum. Thyroid 2011; 21(10):1081.

Box 47.13  Common causes of hypothyroidism

◆	 Autoimmune disease (Hashimoto thyroiditis)
◆	 Surgical removal of the thyroid gland
◆	 Post irradiation
◆	 Congenital
◆	 Lack of iodine in mother’s diet
◆	 Medication
◆	 Inflammation

Data from Allan WC. Haddow JE. Palomaki GE. Williams JR. Mitchell 
ML. Hermos RJ. Faix JD. Klein RZ. Maternal thyroid deficiency and 
pregnancy complications: implications for population screening. J Med 
Screen 2000; 7:127–130.

Box 47.15  Clinical manifestations of hypothyroidism

◆	 Decreased intravascular volume
◆	 Hypoglycaemia
◆	 Anaemia
◆	 Hyponatraemia
◆	 Hypothermia
◆	 Platelet dysfunction
◆	 Abnormal coagulation factors
◆	 Postpartum haemorrhage

Data from Thyroid Disease and Pregnancy 2012. The American Thyroid 
Association. www.thyroid.org; and Stagnaro-Green A, Abalovich M, 
Alexander E, et al. Guidelines of the American Thyroid Association for 
the diagnosis and management of thyroid disease during pregnancy and 
postpartum. Thyroid 2011; 21(10):1081.
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Fetal thyroid dysfunction should be screened during pregnancy 
by ultrasound between the 18th to 22nd week of gestation and 
repeated every 4–6 weeks.

If hypothyroidism develops during pregnancy, treatment 
should be started immediately with levothyroxine. If iodine sup-
plementation has been started in the third trimester, it will harm 
the developing fetus. Ideally, women with hypothyroidism should 
have their levothyroxine dose optimized prior to becoming preg-
nant. Women should increase their dose by 25–50% during preg-
nancy and check thyroid function every 6–8 weeks. After delivery, 
a woman may return to her usual prepregnancy dose.

Anaesthetic management
Epidural analgesia has been recommended for labour. If caesar-
ean delivery has been indicated, NA with prehydration is the pre-
ferred choice. Coagulation should be assessed before initiation 
of neuraxial analgesia/anaesthesia. Administration of sedatives 
may cause respiratory depression. Ketamine might be a pre-
ferred induction agent for GA.95 Volatile agents should be avoided 
because of potential myocardial depression. Opioids have not 
been recommended for postoperative pain relief in these patients.

Adrenal glands
The adrenal glands are endocrine glands located above the kid-
neys. The adrenal cortex and the adrenal medulla secrete differ-
ent hormones. They are responsible for releasing hormones in 
response to stress (cortisol and catecholamines—epinephrine and 
norepinephrine), androgens, and aldosterone. These hormones 
exert their effect on every tissue in the body and under stressful 
conditions help them to maintain homeostasis.

The adrenal cortex produces glucocorticoids and mineralo-
corticoids. The release of glucocorticoids is triggered by the 
hypothalamus and pituitary gland. The hypothalamus produces 
CRH and it stimulates the pituitary gland to release adrenocor-
ticotropic hormone (ACTH). ACTH than stimulates the adrenal 
cortex to produce hormones and release them in the bloodstream 
via a positive feedback system. Corticosteroids are involved into 
the metabolism of fat, carbohydrates, and proteins and also have 
an effect on the immune system by suppression of inflammatory 
reactions. Aldosterone regulates the level of sodium excreted into 
the urine and blood pressure. Androgen hormones are converted 
in the body to female hormones (oestrogens) and male hormones 
(androgens).96

The adrenal medulla secretes epinephrine (adrenaline) and 
norepinephrine (noradrenaline). Epinephrine is responsible for 
increasing heart rate, facilitates blood flow to the muscles and 
brain, causes relaxation of smooth muscles, and helps with con-
version of glycogen to glucose in the liver. Epinephrine is criti-
cal in life-threatening situations as it rapidly prepares the body to 
spring into action. Norepinephrine has a strong vasoconstrictive 
effect, and thus increases blood pressure.

Pregnancy and adrenal glands
Pregnancy dramatically affects the HPA axis leading to 
increased circulating cortisol and ACTH levels during gesta-
tion.97 The hormones reach levels similar to that in Cushing’s 
syndrome (CS).The cause of increased secretion of ACTH may 
also be placental synthesis and release of CRH and ACTH, 

pituitary desensitization to cortisol feedback, or enhanced pitui-
tary responses to corticotropin-releasing factors.98

Normal pregnancy is characterized by adaptation of the 
renin–angiotensin system (RAS) to increased demands upon the 
maternal circulation. Normal pregnant women retain 200–300 
mEq of sodium, which results in an increase in extracellular fluid 
by 4–6 L.99 Elevations in mineralocorticoid levels are necessary for 
maintenance of normal sodium balance and volume homeostasis.100 
In normal pregnancy, levels of plasma and urinary aldosterone rise 
and result in a 10- to 20-fold increase until the 38th week of gestation.

Ability to handle stress in pregnancy is preserved. Cortisol 
and ACTH levels are subsequently increased during the stress 
of labour. ACTH secretion is elevated 10-fold during labour and 
delivery. CRH concentrations fall rapidly after delivery.101 Vaginal 
delivery is associated with a higher level of plasma cortisol when 
compared with caesarean delivery.102 In the immediate postpar-
tum period (within 2 hours), plasma CRH and ACTH tend to 
decrease to normal levels, whereas normalization of plasma corti-
sol levels is more protracted.

Cushing’s syndrome
CS occurs in the presence of hypercortisolism. The most common 
cause is prolonged treatment with corticosteroids. This type of CS 
is called iatrogenic CS and can be a side effect of corticosteroid 
treatment of allergies, asthma, autoimmune diseases, and trans-
planted patients. Less common non-iatrogenic causes include 
excessive ACTH secretion or adrenal hypersecretion of cortisol 
independent of ACTH. Hypersecretion of ACTH can be induced 
by pituitary adenomas. A common cause of adrenal hypersecre-
tion of cortisol is an adrenal cortex tumour.103 The clinical mani-
festations of CS are found in Box 47.16.

Diagnosis
If CS is suspected, midnight plasma or salivary cortisol may be 
a better diagnostic alternative than morning levels. The dexa-
methasone 1 mg suppression test has limited utility in preg-
nancy. Ultrasound appears to be less sensitive for detecting 
small tumours, so MRI is recommended. Pituitary MRI should 

Box 47.16  Clinical features of Cushing’s syndrome

◆	 Weight gain
◆	 Hypertension
◆	 Bruising
◆	 Hypokalaemia
◆	 Muscle weakness
◆	 Pathological fractures
◆	 Extensive purple abdominal striae
◆	 Hirsutism
◆	 Hyperglycaemia

Data from Lindsay JR, Nieman LK. The Hypothalamic-Pituitary-Adrenal 
Axis in Pregnancy: Challenges in Disease Detection and Treatment. 
Endocr Rev 2005; 26(6):775–799.
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be obtained in all non-pregnant patients with ACTH-dependent 
CS.104 MRI has been considered safe for pregnant women after 
32 weeks of gestation. Surgical treatment of CS in pregnancy is 
recommended, except in the late third trimester, while medical 
treatment is preferable choice. Most patients undergo adrenalec-
tomy, trans-sphenoidal surgery (for pituitary tumours), or receive 
medical therapy with metyrapone.105,106

Obstetric management
This disturbance is seen extremely rarely during pregnancy 
because it prevents normal follicular development and ovula-
tion. The first case was reported by Hunt and McConahey in 
1953 and some sporadic cases were reported later.107 It is often 
not detected until 12–26 weeks’ gestation. The most common 
complications of CS in pregnancy are hypertension and diabe-
tes. Maternal death is rare. In a series of 136 pregnancies compli-
cated by CS there were 107 (79%) live births, almost half of which 
were premature.97

Anaesthetic management
These patients are often hypertensive and hypervolaemic. Many 
of them are receiving long-term antihypertensive drugs. All anti-
hypertensive agents have to be continued until the morning of 
surgery.108

Hyperglycaemia is problematic in these patients. The aim 
of the treatment is to maintain blood glucose levels within 
7–10 mmol/L, using regular subcutaneous insulin.109 Patients 
with CS are usually overweight. Obesity is often associated 
with hypertension, hyperglycaemia, and hypercoagulability. 
Therefore, prevention of perioperative venous thromboembo-
lism and pulmonary embolism using low-molecular-weight 
heparin (LMWH) and compression of lower extremities must be 
provided. Care must be taken during positioning of the patient 
to prevent bone fractures and skin damage. The airway must 
be assessed properly because of the risk of difficult intubation 
caused by the buffalo hump. Arterial blood gases and pulmonary 
functional tests are useful to predict postoperative respiratory 
failure.

GA is usually required for laparoscopic adrenalectomy. Due to 
the risk of possible gastric aspiration, ranitidine 50 mg IV and 
sodium citrate should be administered orally prior to surgery. 
Standard and invasive monitoring of the patient is mandatory. 
Large-bore peripheral vein cannulae must be placed. Central vein 
cannulation should be considered. Antibiotic prophylaxis is nec-
essary to prevent infection. Patients undergoing adrenalectomy 
may require intraoperative glucocorticoid replacement, for exam-
ple, hydrocortisone 100 mg.

In the postoperative period, pulmonary atelectasis can be pre-
vented by effective pain relief (patient-controlled analgesia or epi-
dural) and physiotherapy. Early mobilization is recommended in 
order to avoid pulmonary embolism. Postoperative glucose, corti-
sol, and electrolyte levels must be routinely checked. Replacement 
therapy should be continued postoperatively.

Addison’s disease (adrenal insufficiency)
Addison’s disease in pregnancy is uncommon. It affects mostly 
the Caucasian population and its range varies from 39 to 117 per 
million.110 Adrenal insufficiency (AI) can be primary, caused by 

damage of adrenal cortex. Atrophy or insult of the adrenal cor-
tex results in impairment of aldosterone and/or cortisol secretion. 
Autoimmune adrenalitis and tuberculosis are the most common 
causes of primary AI. Secondary adrenal insufficiency is most 
commonly caused by discontinuation of glucocorticoids. Current 
asthma guidelines support the use of inhaled corticosteroids as 
opposed to oral steroids for treatment in pregnancy due to less 
systemic absorption and therefore reduced likelihood of suppres-
sion of the adrenals.111 Less frequently, ACTH deficiency may 
be caused by pituitary insufficiency or tumours. Pregnancies 
in women with panhypopituitarism should be considered high 
risk.112 The signs and symptoms of Addison’s disease are found 
in Box 47.17.

Diagnosis
Urinary and plasma cortisol and aldosterone levels are low or 
undetectable in these patients. Severe hyponatraemia and hyper-
kalaemia are present, as well as unexplained orthostatic hypoten-
sion. Adrenal antibodies can be present in some cases. There is 
no reliable diagnostic test for use in pregnancy. If a diagnosis has 
been made during pregnancy, it is necessary to confirm it after 
the first week postpartum. Patients with positive adrenal antibod-
ies have an autoimmune aetiology and do not require imaging.113 
Ultrasound imaging has limited resolution, especially during 
pregnancy. Therefore, MRI without gadolinium administration is 
recommended.

Obstetric management
Treatment includes mineralocorticoid and/or corticosteroid 
replacement therapy in the antenatal period, during labour, 
and in the postpartum period. An endocrinologist, obstetri-
cian, and experienced surgeon should provide multidiscipli-
nary management. Surgery, if necessary, may be postponed to 
the postpartum period in selected cases. The second trimester 
is the optimal time to perform surgery. During the first and the 
second trimesters, careful monitoring and titration of therapy 
is required to avoid corticosteroid over-replacement, and in 
women with coexisting T1D, to prevent recurrent hypogly-
caemia. Hydrocortisone is the recommended choice due to its 
inactivation by the placenta. Replacement dose of hydrocor-
tisone varies between 20 and 25 mg.114 The total daily dose is 
usually divided into two doses: two-thirds in the morning and 

Box 47.17  Signs and symptoms of adrenal insufficiency

◆	 Excessive fatigue
◆	 Malaise
◆	 Weight loss
◆	 Vomiting
◆	 Biochemical disturbances
◆	 Seizures
◆	 Mental confusion

Data from Lebbe M, Arlt W. What is the best diagnostic and therapeutic 
management strategy for an Addison patient during pregnancy? Clin 
Endocrinol 2013; 78:497–502.
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one-third in the afternoon. Mineralocorticoids are required 
only in primary Addison’s disease at the time of diagnosis. 
Mineralocorticoid dosages are usually stable throughout preg-
nancy, but sometimes doses are reduced during the third tri-
mester to avoid the side effects of oedema or exacerbation of 
hypertension.

Anaesthetic management
Vaginal delivery should be offered to women with Addison’s dis-
ease. The oral dose of hydrocortisone should be doubled during 
labour in these patients. Patients undergoing caesarean delivery 
should be given stress doses of hydrocortisone:  100 mg IV or 
intramuscularly, before induction of anaesthesia followed by 
100 mg IV at 6- to 8-hour intervals after delivery for the first 
48 hours.

Adrenal crisis
Adrenal crisis is often associated with hypotension, hypoglycae-
mia, or coma. Hydrocortisone bolus 100–200 mg IV is required, 
followed by 50–100 mg IV every 6–8 hours. Infusion of 5% dex-
trose or saline is also recommended.

Phaeochromocytoma
Most phaeochromocytomas (90%) are adrenal medullary 
tumours, characterized by excessive production of catechola-
mines. A phaeochromocytoma can develop at any age and may 
be life-threatening if unrecognized or untreated. The prevalence 
of phaeochromocytomas in patients with hypertension is only 
0.1–0.6%.115 Most phaeochromocytomas are benign and unilat-
eral. The signs and symptoms of phaeochromocytoma are found 
in Box 47.18.

Obstetric management
The reported incidence is less than 0.2/10,000 pregnancies.116 
Untreated phaeochromocytomas carry a risk of mortality for 
both mother and fetus, as high as 58%.117 Conversely, early 
detection and proper treatment during pregnancy decrease 
the maternal and fetal mortality to less than 5% and 15% 
respectively.118 Pregnancy limits diagnostic imaging methods. 
Tumour activity may be triggered by the enlarging uterus. If 

hypertension develops in a pregnant woman in the first 20 
weeks’ gestation, it could be misdiagnosed as gestational 
hypertension or pre-eclampsia. On the other hand, the pres-
ence of unexplained orthostatic hypotension in a pregnant 
hypertensive patient should arouse immediate suspicion of a 
phaeochromocytoma.119,120

Diagnosis
Blood and urine metanephrines testing are diagnostic methods 
of choice.121 Sensitivity of plasma-free metanephrines varies 
between 95% and 100%. Some authors prefer ultrasound imag-
ing. MRI is increasingly being used in diagnosis of phaeochro-
mocytoma with a sensitivity of greater than 90%. Genetic tests 
could be useful, especially in cases with a positive family history 
of phaeochromocytoma.122

Surgery
The best treatment for most phaeochromocytomas is surgery. 
Before surgery alpha- and beta blockers have been used to treat 
high blood pressure.

Alpha blockers (phenoxybenzamine, prazosin, and tera-
zosin) exert their activity by preventing the vasoconstric-
tion caused by norepinephrine and thus reduce blood 
pressure. Phenoxybenzamine is a non-competitive alpha-1- and 
alpha-2-adrenoceptor antagonist. The recommended start-
ing dose is 10 mg twice a day. The dose should be increased at 
2–3-day intervals by 20 mg up to a final dose of 1 mg/kg per day. 
Its prolonged action after tumour removal may be predispos-
ing factor of postoperative hypotension.123 Phenoxybenzamine 
crosses the placenta and neonates must be monitored for the first 
few postnatal days, because of possible hypotension and respira-
tory depression.124 Doxazosin is an effective alternative to phe-
noxybenzamine. The recommended initial dose of doxazosin 
should be gradually increased from 2 mg to 16 mg, up to 32 mg 
per day.125

Beta blockers (atenolol, metoprolol, and propranolol) 
exert their effects by blocking norepinephrine, preventing 
arrhythmias and inhibiting the release of renin from kidneys. 
Beta-adrenergic blockade should be started a few days after 
appropriate alpha-adrenergic blockade in order to prevent a 
hypertensive crisis.126 Both propranolol (40mg three times 
daily) and atenolol (25–50 mg once daily) are considered suit-
able for this purpose.

Box 47.18  Symptoms of phaeochromocytoma

◆	 Hypertension
◆	 Sweating
◆	 Pallor
◆	 Palpitations
◆	 Headache
◆	 Tachycardia
◆	 Flushing
◆	 Anxiety
◆	 Weight loss

Data from Lenders JW, Eisenhofer G, Mannelli M, Pacak K. 
Phaeochromocytoma. Lancet 2005; 36:665–675.

Box 47.19  Drug therapy for management of hypertension 
during phaeochromocytoma surgery

◆	 Sodium nitroprusside (initially 0.5–1.5 mcg/kg/min, mainte-
nance 3–5 mcg/kg/min)

◆	 Phentolamine boluses of 1–2 mg
◆	 Nitroglycerine

Data from Lenders JW, Eisenhofer G, Mannelli M, Pacak K. 
Phaeochromocytoma. Lancet 2005; 366:665–675; Boutros AR, Bravo 
EL, Zanettin G, Straffon RA. Perioperative management of 63 patients 
with phaeochromocytoma. Cleveland Clinic Journal of Medicine 1990; 
57:613–617; Weingarten TN, Cata JP, O'Hara JF, et al. Comparison of two 
preoperative medical management strategies for laparoscopic redelivery 
of phaeochromocytoma. Urology 2010; 76:508–511.
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Anaesthetic management
A multidisciplinary team consisting of an anaesthetist, endo-
crinologist, cardiologist, obstetrician, and surgeon should 
arrange a management plan to reduce risks in perioperative 
care. Surgical removal of phaeochromocytoma is usually per-
formed by laparoscopy or laparotomy. If the tumour has been 
diagnosed during the first 24 weeks of gestation, it should be 
removed by laparoscopic adrenalectomy, after 10–14  days of 
medical preparation. The second trimester is the safest period 
to perform surgery in pregnancy.127 Hypertension may per-
sist after the surgical treatment in almost 50% of patients. 
The tumour recurrence rate during follow-up has been esti-
mated to be 14% in adrenal disease and 30% in extra-adrenal 
disease.128

If the tumour is still in situ, caesarean delivery with immedi-
ate tumour removal is the best option, because catecholamine 
release and intra-abdominal pressure are higher in vaginal labour. 
The best anaesthesia option is a combination of GA and epidural. 
Hypotension should be avoided, if possible.

◆	 Phenoxybenzamine should be withdrawn 48 hours prior to sur-
gery. Alpha-adrenergic blockers therapy should be stopped the 
night before surgery.

◆	 If surgery is performed on both glands, corticosteroid therapy 
should be started before the surgery.

◆	 Premedication with an anxiolytic (benzodiazepine) is advised, 
but the neonatologist should be informed.

◆	 Two large-bore IV cannulae, an arterial line for continu-
ous monitoring of blood pressure, and central venous cath-
eter for intravascular volume monitoring should be inserted 
preoperatively.

◆	 A  GA or a GA combined with epidural anaesthesia can be 
started. Intraoperative epidural analgesia can be achieved with 
an initial bolus of 10 mL bupivacaine 0.25% in divided doses, 
followed by a continuous infusion of bupivacaine (0.1%) and 
opiate (e.g. fentanyl 2 mcg/mL) at a rate of 6–12 mL/h.

◆	 The hypertensive response to laryngoscopy should be avoided 
during induction of GA (as this may cause intracranial haemor-
rhage and myocardial failure).

◆	 After the tumour has been removed, blood glucose and blood 
pressure may fall. Therefore, the infusion of glucose is necessary 
at the end of surgery. Hypotension should be treated by sympa-
thomimetic adrenergic stimulation or vasoconstrictor drugs.

◆	 These patients should be managed postoperatively in the inten-
sive care unit.

Boxes 47.19, 47.20, and 47.21, summarize drugs which may be use-
ful in controlling blood pressure and tachycardia. Perioperative 
steroids are necessary and a suggested regimen can be found in 
Box 47.22.

Autoimmune diseases in pregnancy
Immunological response changes during normal pregnancy by 
transient immune tolerance of maternal cell-mediated immunity 
to protect the fetus, a genetically foreign body, from rejection. 
It was originally thought that the immune response was dimin-
ished, but recent data show that the change of ratio and function 
of leucocytes is the possible mechanism of reduced autoimmunity 
in pregnancy.

Box 47.21  Drug therapy for treatment of post-resection 
hypotension during phaeochromocytoma surgery

◆	 Norepinephrine
◆	 Dopamine
◆	 Phenylephrine

Data from Lenders JW, Eisenhofer G, Mannelli M, Pacak K. 
Phaeochromocytoma. Lancet 2005; 366:665–675; Boutros AR, Bravo 
EL, Zanettin G, Straffon RA. Perioperative management of 63 patients 
with phaeochromocytoma. Cleveland Clinic Journal of Medicine 1990; 
57:613–617; Weingarten TN, Cata JP, O’Hara JF, et al. Comparison of two 
preoperative medical management strategies for laparoscopic redelivery 
of phaeochromocytoma. Urology 2010; 76:508–511.

Box 47.22  Perioperative corticosteroid therapy in patients 
with phaeochromocytoma

◆	 Prior to surgery: methylprednisolone 40 mg IV
◆	 On the day of surgery: 40 mg (three times a day)
◆	 Postoperative day 1: 20 mg (three times a day)
◆	 Postoperative day 2: 10 mg (three times a day)
◆	 Postoperative day 3: prednisone 5 mg orally + fludrocortisone 

0.1 mg in the morning and prednisone 25 mg orally in the 
evening

Data from Lenders JW, Eisenhofer G, Mannelli M, Pacak K. 
Phaeochromocytoma. Lancet 2005; 366:665–675.

Box 47.20  Drug therapy for management of tachycardia 
during phaeochromocytoma surgery

◆	 Beta blockers:

•	 Esmolol 500 mcg or 50–200 mcg/kg/min

•	 Metoprolol 1–2 mg

•	 Atenolol 2.5–10 mg

•	 Propranolol 1–10 mg

•	 Labetalol 0.25 mg/kg up to 20 mg over a period of 10 min

◆	 Calcium channel blockers:  amlodipine, nifedipine, vera-
pamil, or diltiazem

◆	 Magnesium sulphate: bolus 40–60 mg/kg, maintenance 1–2 g/h

Data from Lenders JW, Eisenhofer G, Mannelli M, Pacak K. 
Phaeochromocytoma. Lancet 2005; 366:665–675; Boutros AR, Bravo 
EL, Zanettin G, Straffon RA. Perioperative management of 63 patients 
with phaeochromocytoma. Cleveland Clinic Journal of Medicine 1990; 
57:613–617; Weingarten TN, Cata JP, O'Hara JF, et al. Comparison of two 
preoperative medical management strategies for laparoscopic redelivery 
of phaeochromocytoma. Urology 2010; 76:508–511.
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Immunomodulatory T-helper cells and their cytokines 
are found to be associated with pregnancy outcome. Type 1 
CD4+ T cells (Th1) produce inflammatory cytokines including 
interferon-gamma (IFN-γ), interleukin (IL)-2, and TNF-α. Type 2 
CD4+ T cells (Th2) produce IL-4, IL-5, IL-13, IL-10, and IL-6. Th 1 
and Th 2 ratio play an important role in immunological maternal 
responses in early pregnancy.

Th1 cytokine domination and lack of adequate Th2 type response 
are associated with a greater incidence of miscarriages. Activation of 
the proinflammatory Th1 profile in late pregnancy may provoke pre-
term labour. Autoimmune diseases with predominant Th1 response, 
such as rheumatoid arthritis (RA), may improve during pregnancy. 
On the other hand, diseases with predominant Th2 response (e.g. 
systemic lupus erythematosus (SLE)) tend to worsen.129,130

Production of maternal alloantibodies to paternally inherited 
fetal HLA is the expected immune process during pregnancy. 
Mothers who carry histocompatible fetuses are at higher risk of 
pregnancy loss, due to lack of alloantibodies. Maternal alloan-
tibodies against the trophoblast and its products may activate 
complement cascade. Complement activation is important in the 
pathogenesis of pre-eclampsia.

Successful pregnancy outcome depends on the balance of Th1/
Th2-type lymphocytes response. The imbalance in the Th1/Th2 
response could provoke an increase in natural killer (NK) cell 
levels. NK cells produce numerous proinflammatory cytokines 
(TNF-α, IFN-γ, and IL-10), which can cause recurrent spontane-
ous abortion.

Rheumatoid arthritis
RA is a chronic autoimmune disorder that mostly affects syno-
vial joints. The immune response is directed against an indi-
vidual’s own tissues, such as tendons, bones, lung, and kidney, 
resulting in inflammation and destruction. Extra-articular 
manifestations include vasculitis, subcutaneous nodules, peri-
carditis, peripheral neuropathy, lung disease, anaemia, and 
thrombocytosis. Progression of disease results in destruc-
tion of articular cartilage, ankylosis of the joints, and organ 
insufficiency.

The prevalence of RA is about 1% and increases with age. Onset 
is usually slow, over weeks or even months. Older age and female 
gender are risk factors both for the development of RA and for 
a worse outcome. It has been suggested that the largest genetic 
susceptibility to LA is associated with the HLA-DRB1 gene.131 
Presence of antibodies against citrullinated peptides (ACPA) 
and rheumatoid factor (RF) precedes the development of clini-
cal RA in genetically susceptible persons. Rheumatoid inflam-
mation is mediated by activated pro-inflammatory Th1 cells. 
Immunomodulatory Th2 cells and their cytokines are rarely 
found.132

Influence of pregnancy on RA
Immune tolerance in pregnancy is probably the most important 
factor of improvement of clinical symptoms and signs of RA. It is 
estimated that in 70% of patients, improvement of clinical signs or 
even remission have been found during pregnancy. Disparity in 
maternal and paternally inherited HLA-DRB1 and HLA-DQα alleles 
is associated with improvement of the disease. Pregnancy-induced 
immune response towards an anti-inflammatory Th2 profile has 
been also suggested to have positive effects on RA symptoms.133 

Evidence suggesting that pregnancy may decrease the risk of RA is 
still controversial. On the other hand, exacerbation of the disease 
has been observed postpartum.

Influence of RA on pregnancy outcomes
There are insufficient data of impact of RA on pregnancy out-
comes. However, some authors suggest an increase in the rate of 
premature and small for gestational age infants in women diag-
nosed with RA.134

Treatment of RA in pregnancy
The use of corticosteroids and non-steroidal anti-inflammatory 
drugs (NSAIDs) is approved in pregnancy, although the latter 
is stopped in the third trimester due to potential closure of the 
patent ductus arteriosus. Glucocorticoids modulate the immune 
response. They are the most potent inhibitors of pro-inflammatory 
cytokines and promote Th2 response. Cytostatic agents (metho-
trexate and leflunomide) and biologics (anti-TNF agents, rituxi-
mab, and abatacept) are not recommended for use in pregnancy.135

Anaesthetic management of RA
NA for caesarean delivery is the preferable choice for RA patients. 
Some patients may find positioning for spinal or epidural inser-
tion difficult due to limited or painful movement of the spine. 
Long-term treatment with NSAIDs has not been associated 
with higher risk of epidural haematoma.136 If GA is performed, 
there is higher risk of atlanto- axial subluxation during intuba-
tion. In patients with temporomandibular joint involvement, 
mouth opening is restricted. Neck flexion or extension can also 
be restricted, making intubation challenging. Further details of 
anaesthetic management can be found in Chapter 46.

Scleroderma
Systemic sclerosis (SS; systemic scleroderma) is an autoimmune 
disorder of connective tissue. Endothelial cells along with muscle 
cells of the small blood vessels (arterioles) in the skin and other 
organs have been destroyed by programmed cell death (apopto-
sis). These cells have been replaced by collagen. Further damage of 
the tissue is caused by inflammatory cell infiltration.

Scleroderma occurs predominantly in women and can be 
divided into two types—limited cutaneous scleroderma and dif-
fuse cutaneous scleroderma. In limited cutaneous scleroderma, 
the severity of skin fibrosis is more important than the dura-
tion of the disease. Skin manifestations include Raynaud’s phe-
nomena, non-pitting oedema, and ‘tight’ skin. Diffuse cutaneous 
scleroderma is associated with organ involvement:  the kidney, 
heart, and particularly lung.137 In the severe disease, there may 
be renal insufficiency, cardiomyopathy, malignant hypertension, 
pericarditis, arrhythmia, pulmonary fibrosis, and malabsorp-
tion.138 The aetiology of SS remains unknown but numerous risk 
factors have been suggested including various environmental 
agents, genetic influences, viruses, and more recently, microchi-
merism. Microchimerism is the presence of an increased number 
of circulating cells transferred from fetus to mother. These fetal 
cells lie dormant in the mother for many years and then initiate a 
host-versus-graft reaction.139

Pregnancy and scleroderma
There is a relative paucity of literature concerning pregnancy and 
scleroderma. Women with scleroderma tend to have successful 
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pregnancies. Adverse pregnancy outcomes have been associated 
with severity of the disease. There is increased frequency of mis-
carriages, preterm births, and small-for-date babies. Careful 
antenatal surveillance is needed in these patients. Pregnancy 
does not seem to affect long-term prognosis of women with 
scleroderma.140

Anaesthetic management
Multidisciplinary evaluation of the patient should be done prior 
to labour and delivery. Examination and investigation should be 
directed towards detection of underlying systemic dysfunction. 
An electrocardiogram (ECG) and an echocardiogram should 
be performed to assess cardiac function which, if reduced, may 
preclude NA. The skin over the lumbar area is usually devoid of 
the fibrous contractures so spinal, CSE anaesthesia, and epidural 
anaesthesia may be used with caution. Spinal anaesthesia is asso-
ciated with higher risk of hypotension due to relative hypovolae-
mia and chronic vasoconstriction. If epidural anaesthesia is used, 
prolongation of motor and sensory blockade can be expected 
because of poor blood flow to the neural tissue and reduced local 
anaesthetic uptake. Patients with SS have been thought to be at 
a greater risk of difficult airway and/or difficult intubation, due 
to neck flexion contractures and restricted mouth opening. An 
awake fibreoptic intubation will be necessary if NA is contraindi-
cated or unsuccessful.141

Systemic lupus erythematosus
SLE is an autoimmune disease which may affect different organs 
and connective tissue in the whole body. It is more common in 
women of childbearing age. The course of SLE is unpredictable, 
with periods of remissions and relapses. Prognosis of SLE ranges 
from relatively benign to rapidly progressive and even fatal dis-
ease. The highest rates of prevalence have been reported in Italy, 
Spain, Martinique, and the United Kingdom, especially in the 
Afro-Caribbean population.142

SLE can involve the nervous system, lungs, kidneys, heart, 
blood vessels, liver, skin, and joints.143 Lupus may imitate other 
diseases making the diagnosis extremely difficult. The signs and 
symptoms of SLE are summarized in Box 47.23.

These patients also have increased mortality from comorbidities 
such as infections, DM, atherosclerosis, coronary disease, lipid 
disorders, and malignancy.144

SLE is an illness of unknown aetiology. This autoimmune dis-
ease is characterized by the presence of antinuclear antibodies 
(ANAs) or anti-double-stranded DNA (dsDNA) antibodies. Acute 
lupus often flares following bacterial infections. Chronic infec-
tions may also induce lupus-like symptoms. Invading pathogens 
stimulate the immune system to proliferation and production of 
autoantibodies against the cell’s nucleus.145–147 Immune com-
plexes form deposits in the microvasculature, on the basement 
membranes of skin and kidneys.

All patients with SLE are found to have serum ANAs. However, 
antibodies to native dsDNA are relatively specific for the diagnosis 
of SLE.148,149

Diagnosis
The American College of Rheumatology (ACR) has recommended 
criteria for SLE diagnosis, revised in 2012. According to this clas-
sification, SLE is diagnosed if the person has had biopsy-proven 
lupus nephritis with ANAs or anti-dsDNA antibodies or if four of 

the 11 diagnostic criteria, including at least one clinical and one 
immunological criterion, have been satisfied.150 Increased levels of 
anti-dsDNA and decreased levels of complement (C3, C4, CH50) 
are specific for lupus flare. Diagnostic tests for SLE in pregnancy 
are listed in Box 47.24.

Box 47.23  Symptoms and signs of SLE

◆	 Musculoskeletal:

•	 Myalgia

•	 Fatigue

•	 Fever

•	 Arthralgia
◆	 Skin and mucosal:

•	 Face rash—butterfly rash

•	 Discoid skin lesion

•	 Dry eyes

•	 Skin and mucosal ulcers
◆	 Lungs:

•	 Shortness of breath

•	 Chest pain
◆	 Heart:

•	 Endocarditis

•	 Myocarditis

•	 Pericarditis
◆	 Renal:

•	 Proteinuria

•	 Haematuria

•	 Lupus nephritis
◆	 Neurological:

•	 Headaches

•	 Polyneuropathy

•	 Cerebrovascular disease
◆	 Psychiatric:

•	 Depression

•	 Psychosis

•	 Cognitive dysfunction

•	 Anxiety disorder
◆	 Haematology:

•	 Low white cell count

•	 Low platelets

•	 Anaemia

Data from Harrison’s Internal Medicine, 17th ed. Chapter 313. Systemic 
Lupus Erythematosus. Accessmedicine.com. Retrieved 2011-08-06.
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Obstetric management
Pregnant women with SLE should be managed by a multidiscipli-
nary team including a rheumatologist, obstetrician, and, if neces-
sary, a nephrologist, neurologist, haematologist, cardiologist, and 
respiratory physician. Thrombophilia is often present. It is nec-
essary to check platelets and other coagulation tests. Mild eleva-
tions of serum creatinine and blood pressure may be precursors of 
impending complications during pregnancy and daily proteinuria 
which exceeds approximately 200 mg is significant.151 Pregnancy 
produces an environment of immune suppression in order to pre-
vent fetal rejection, but cellular and humoral function has been 
modulated rather than suppressed. Diagnosis of SLE in preg-
nancy is a challenge for obstetricians. Many of these symptoms 
can be seen in normal pregnancy (e.g. backache, swollen ankles, 
and arthralgia). Pre-eclampsia and eclampsia can mimic lupus. 
Expectant mothers with lupus have a greater likelihood of miscar-
riage, intrauterine growth retardation, preterm birth, and intrau-
terine death. Lupus tends to worsen during pregnancy. However, 
maternal death is uncommon in pregnancies complicated by SLE. 
It can occur if active renal or central nervous system disease has 
been involved.

Fetal outcome
This depends on placental pathology: ischaemia/hypoxia, decid-
ual vasculopathy, decidual and fetal thrombi, chronic villitis, 
decreased placental weight and placental infarctions along with 
deposits of fibrin, immunoglobulin (Ig)-G, IgM, IgA, and C3 in 
the trophoblastic membrane.152,153

Previous history of lupus nephritis is not a contraindication 
to pregnancy, particularly if conception occurs 6  month after 
the nephritis. Patients with lupus nephritis with a previous renal 
transplant can have successful outcomes.154

Immunosuppressive medication required to control lupus dis-
ease should be continued despite a risk of minor fetal anoma-
lies.155 Corticosteroids are relatively safe. Prednisolone is the 
first-line treatment. Although methotrexate has been contraindi-
cated, azathioprine, ciclosporin, and sulfasalazine might be used 
in combination with immunoglobulin therapy.156 The presence of 
ANAs can produce congenital heart block. Thus, some tests should 
be performed at birth to exclude neonatal lupus (Box 47.25). Sun 
exposure is best avoided in infants of mothers with SLE.

Anaesthetic management
SLE parturients are likely to be on unfractionated heparin or 
LMWH and anticoagulation should be discontinued prior to 
delivery. Mode of delivery depends on the condition of the mother 
and baby. Delivery can be performed by the vaginal or caesarean 
route. Epidural and spinal analgesia has been considered safe for 
delivery provided sufficient time has elapsed between the heparin 
and epidural/spinal insertion (see Chapter 48). GA can be used in 
emergency situations.157,158

Corticosteroid therapy should be withdrawn gradually post-
partum together with reintroduction of immunosuppressive 
therapy. Anticoagulant therapy should be continued for 3 months 
after the delivery. Breastfeeding is not recommended for these 
mothers.

Antiphospholipid syndrome
Antiphospholipid syndrome (APS), also known as Hughes syn-
drome, is an autoimmune, hypercoagulable state, characterized 
by anticardiolipin antibodies and beta-2 glycoprotein I. APS 
causes non-traumatic thrombosis or thromboembolism, stroke, 
unexplained transient ischaemic attacks (including amaurosis 
fugax), autoimmune thrombocytopaenia, autoimmune haemo-
lytic anaemia, and neurological and behavioural dysfunction. 
Antiphospholipid (APL) antibodies react against proteins on 
plasma membranes. Destruction of APL antibodies activates 
coagulation and produces blood clots in any organ system. APS 
has been commonly associated with other similar diseases, such 
as SLE (with which it shares many features).159 During infectious 
disease processes (viral, bacterial, spirochetal, or parasitic) the 
disruption of cellular membranes may stimulate APL antibody 
production.

Diagnosis
Diagnostic criteria include one clinical and one laboratory posi-
tive test (anticardiolipin antibodies, lupus anticoagulant, and/or 
anti-beta-2-glycoprotein I antibodies).160,161 Patients with all three 
positive tests have been at greater risk for clinical events (throm-
bosis or pregnancy loss), when compared with patients with only 
one or two positive tests.162 Activated partial thromboplastin time 
is prolonged but there is no evidence of coagulopathy.

Obstetric management
Pregnant women with APS should be considered high-risk obstet-
ric patients as they can have many complications (Box 47.26).

The rate of fetal loss due to placental infarction may exceed 90% 
in untreated patients with APS. Fetal ultrasonography has been 

Box 47.24  Diagnostic tests for SLE in pregnancy

◆	 Increased anti-dsDNA levels
◆	 Positive direct Coombs’ test
◆	 Red blood cells in the urine
◆	 Antiplatelet antibodies in thrombocytopenic pregnant women
◆	 Complement level—not specific in pregnancy due to oestro-

gen-induced synthesis

Data from Bertsias G, Ioannidis JP, Boletis J, et al. EULAR 
recommendations for the management of systemic lupus erythematosus. 
Report of a Task Force of the EULAR Standing Committee for 
International Clinical Studies Including Therapeutics. Ann Rheum Dis 
2008; 67(2):195–205.

Box 47.25  Tests for neonates if the mother has SLE

◆	 ECG
◆	 Complete blood count
◆	 Alkaline phosphatase test
◆	 Transaminases

Data from Buyon JP, Clancy RM. Neonatal lupus: review of proposed 
pathogenesis and clinical data from the US-based Research Registry for 
Neonatal Lupus. Autoimmunity 2003; 36:41–50.
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recommended monthly starting at 18–20 weeks of pregnancy. It 
is recommended to assess the presence of fetal growth retarda-
tion at 30–32 weeks of gestation. Multiorgan failure (Asherson’s 
syndrome) has been described in pregnancy and during the post-
partum period.163,164

A low dose of aspirin combined with prophylactic doses of 
LMWH have been recommended if there have not been throm-
botic episodes in the past. Patients with a history of thrombotic 
episodes should be treated with therapeutic doses of LMWH—it 
can reduce the rate of fetal loss up to 25%. Splenectomy has been 
recommended in patients who suffer from the chronic form of idi-
opathic thrombocytopenic purpura.

Anaesthetic management
The management of a patient with APS is not dissimilar to that of 
patient with SLE. The presence of lupus anticoagulant antibodies 
is not a contraindication for RA. Patients receiving anticoagulant 
therapy with heparins can receive NA provided an appropriate 
period has elapsed since the last dose of heparin (see Chapter 48).

In patients receiving or recently treated with corticosteroid 
therapy, supplementation is needed to cover the labour or caesar-
ean delivery. Anticoagulant prophylaxis has to be continued for 6 
weeks after the delivery.165

Conclusion
Pregnancy itself influences specific endocrine changes caused by 
development of the fetoplacental unit. The function of this unique 
endocrine organ stimulates metabolic changes which can mimic 
endocrine diseases. Endocrine diseases, such as diabetes and thy-
roid disease, are not uncommon in pregnancy. If endocrine diseases 
remain untreated, they can have adverse effects on both mother 
and fetus. Therefore, early recognition and appropriate treatment 
during pregnancy is essential for good pregnancy outcome.

Immunological response is modulated during normal preg-
nancy and the course of autoimmune disease might be altered. 
RA may improve during pregnancy while SLE tends to worsen. 
Pregnant women with autoimmune disease are considered high 
risk. The rate of fetal loss is higher in these patients, especially 
in APS.

Every anaesthetist should have the basic knowledge of patho-
physiology, diagnostic tests, and treatment of endocrine and auto-
immune diseases. Anaesthetic management of these patients has 
significant differences when compared with healthy parturients.
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CHAPTER 48

Obstetric haematology
Sapna Ladani, Beverley J. Hunt, and Sue Pavord

Introduction
The aim of this chapter is to cover aspects of haematology of preg-
nancy, delivery, and postpartum that are not addressed in other 
chapters. Obstetric haematology is a vast and complex area, the 
importance of which has promoted the development of this as a 
unique subspecialty.

Thrombosis and bleeding, anaemia, and haemoglobinopathies 
still account for significant morbidity and mortality in pregnancy, 
despite improvements in recognition, prevention, and manage-
ment. The management of postpartum haemorrhage is discussed 
in Chapter  35, while thrombosis and thromboprophylaxis is 
covered in Chapter 37. This chapter addresses the management 
of anaemia, haemoglobinopathies (mainly sickle cell disease), 
thrombocytopenia, microangiopathies, and the inherited bleed-
ing disorders.

Anaemia
Anaemia affects 1.62 billion people globally, corresponding to 
24.8% of the world population.1 Iron deficiency is the most com-
mon cause and even in the developed world an estimated 30–40% 
of preschool children and pregnant women have iron depletion. 
Other relatively common causes of anaemia in pregnancy in the 
United Kingdom include folate deficiency, haemoglobinopathies, 
and haemolytic anaemia.

Anaemia is defined as haemoglobin (Hb) less than 2 standard 
deviations below the mean for a healthy matched population. 
However, there is variation in what are considered normal values 
for pregnancy. The World Health Organization (WHO) defines 
anaemia in pregnancy as a Hb concentration of less than 110 g/L. 
However, in view of the relative plasma expansion being par-
ticularly marked in the second trimester, it would seem reason-
able to take 105 g/L as the cut-off from 12 weeks, as suggested by 
the UK guidelines from the British Committee for Standards in 
Haematology.2

Iron deficiency
Iron deficiency is the most common deficiency state in the world. 
Effective management is needed to prevent adverse maternal and 
pregnancy outcomes and avoidable blood transfusion. Iron defi-
ciency represents a spectrum ranging from iron depletion to iron 
deficiency anaemia. In iron depletion, the amount of stored iron 
(measured by serum ferritin concentration) is reduced and there 
are insufficient iron stores to mobilize if the body requires addi-
tional iron. In iron-deficient erythropoiesis, transport iron (meas-
ured by transferrin saturation) is also reduced and the shortage 

of iron limits red blood cell production and results in increased 
erythrocyte protoporphyrin concentration. In iron deficiency 
anaemia, the most severe form of iron deficiency, there is short-
age of iron stores, transport iron, and functional iron, resulting 
in reduced Hb in addition to low serum ferritin, low transferrin 
saturation, and increased erythrocyte protoporphyrin concentra-
tion. Tissue enzyme malfunction occurs even in the early stages 
of iron-deficient erythropoiesis and adverse effects have been 
described on maternal morbidity and mortality, fetal and infant 
development, and pregnancy outcomes.

Iron deficiency and its contribution to morbidity and mortality
Iron deficiency may contribute to maternal morbidity through 
effects on immune function with increased susceptibility or sever-
ity of infections, poor work capacity and performance, and dis-
turbances of postpartum cognition and emotions. Mortality at 
delivery is potentially increased by the heightened bleeding risk, 
low reserves, and poorer tolerance of blood loss.

The fetus is relatively protected from the effects of iron deficiency 
by upregulation of placental iron transport proteins. However, 
evidence suggests that maternal iron depletion increases the risk 
of iron deficiency in the first 3 months of life, through a variety 
of mechanisms.3 Impaired psychomotor and/or mental develop-
ment are well described in infants with iron deficiency anaemia 
and it may be associated with adult-onset diseases4. There is some 
evidence for the association between maternal iron deficiency and 
preterm delivery, low birth weight, possibly placental abruption, 
and increased peripartum blood loss. However, further research 
on the effect of iron deficiency, independent of confounding fac-
tors, is necessary to establish a clear causal relationship with preg-
nancy and fetal outcomes.

Diagnosis of iron deficiency
Clinical symptoms and signs of iron deficiency anaemia in preg-
nancy are usually non-specific, unless the anaemia is severe. 
Fatigue is the most common symptom but patients may also com-
plain of weakness, headache, palpitations, dizziness, dyspnoea, 
and irritability. Rarely pica develops where there is a craving for 
non-food items such as ice and dirt. Iron deficiency anaemia may 
also impair temperature regulation and cause pregnant women to 
feel colder than normal.

Storage iron is depleted before a fall in Hb and as iron is an 
essential element in all cells, symptoms of iron deficiency may 
occur even without anaemia; these include fatigue, irritability, 
poor concentration, and hair loss.

A full blood count (FBC) is taken routinely in pregnancy 
and may show low Hb, mean cell volume (MCV), mean cell 
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haemoglobin (MCH), and mean cell haemoglobin concentration 
(MCHC). A blood film may confirm the presence of microcytic 
hypochromic red cells (Figure 48.1) and characteristic ‘pencil 
cells’. However, microcytic, hypochromic indices may also occur 
in haemoglobinopathies. In addition, for milder cases of iron defi-
ciency, the MCV may not have fallen below the normal range.

Some analysers will give a percentage of hypochromic red cells 
present. This is said to be a sensitive marker of functional iron 
deficiency, but is not available on all analysers, and there is little 
information on its use in pregnancy.

Other tests either assess iron stores or the adequacy of iron sup-
ply to the tissues.

Serum ferritin
Serum ferritin is a stable glycoprotein which accurately reflects 
iron stores in the absence of inflammatory change. It is the first 
laboratory test to become abnormal as iron stores decrease and it 
is not affected by recent iron ingestion. It is generally considered 
the best test to assess iron deficiency in pregnancy,5 although it is 
an acute-phase reactant and levels will rise when there is active 
infection or inflammation.

During pregnancy, in women with adequate iron stores at con-
ception, the serum ferritin concentration initially rises, followed 
by a progressive fall by 32 weeks to about 50% of prepregnancy 
levels. This is due to haemodilution and mobilization of iron. The 
levels increase again mildly in the third trimester. Even though 
the ferritin level may be influenced by the plasma dilution later in 
pregnancy, a concentration below 15 mcg/L indicates iron deple-
tion in all stages of pregnancy. In women of reproductive age, a 
level less than 15 mcg/L has shown specificity of 98% and sensi-
tivity of 75% for iron deficiency, as defined by no stainable bone 
marrow iron. There are a variety of levels for treatment, quoted in 
different studies, but in general, treatment should be considered 
when serum ferritin levels fall below 30 mcg/L, as this indicates 
early iron depletion which will worsen unless treated. Van den 
Broek et al. found that serum ferritin is the best single indicator 
of storage iron provided a cut-off point of 30mcg/L is used, with 
sensitivity of 90%, and specificity of 85%.5 Concurrent measure-
ment of the C-reactive protein (CRP) may be useful in excluding 

inflammatory disease. The CRP concentration is largely inde-
pendent of pregnancy and gestational age.

Trial of iron therapy
A trial of iron therapy is simultaneously diagnostic and therapeutic 
and is both cost- and time-effective. Ferritin should be checked first 
if the patient is known to have a haemoglobinopathy but otherwise 
microcytic or normocytic anaemia can be assumed to be caused by 
iron deficiency until proven otherwise. Assessment of response to 
iron should be carried out at 2 weeks when a rise in Hb confirms 
iron deficiency. If haemoglobinopathy status is unknown, it is rea-
sonable to start iron whilst screening is carried out immediately, in 
accordance with the UK NHS sickle cell and thalassaemia screen-
ing programme guidelines. Severe anaemia can affect the results of 
haemoglobinopathy testing, with a reduction in HbA2 of up to 0.5%, 
but there is no justification for delay. If there has been no improve-
ment in Hb by 2 weeks, referral should be made to secondary care to 
consider other causes of anaemia, such as folate deficiency.

Dietary iron
The amount of iron absorption depends upon the amount of iron 
in the diet, its bioavailability, and physiological requirements. The 
main sources of dietary haem iron are haemoglobin and myoglo-
bin from red meats, fish, and poultry. Haem iron is absorbed two 
to three times more readily than non-haem iron. Meat also con-
tains organic compounds which promote the absorption of iron 
from other less bioavailable non-haem iron sources. However, 
approximately 95% of dietary iron intake is from non-haem iron 
sources. Vitamin C significantly enhances iron absorption from 
non-haem foods, the size of this effect increasing with the quan-
tity of vitamin C in the meal. Germination and fermentation of 
cereals and legumes improve the bioavailability of non-haem iron 
by reducing the content of phytate, a food substance that inhibits 
iron absorption. Tannins in tea and coffee inhibit iron absorption 
when consumed with a meal or shortly after.

Oral iron supplements
Education and counselling regarding diet may improve iron 
intake and enhance absorption but this is insufficient to correct 
established iron deficiency and medication is required.

Oral iron is an effective, cheap, and safe way to replace iron. 
Ferrous salts show only marginal differences between one another 
in efficiency of absorption of iron. Ferric salts are much less well 
absorbed. The recommended dose of elemental iron for treatment 
of iron deficiency is 100–200 mg daily. Higher doses should not be 
given, as absorption is saturated and side effects increased.

Available ferrous salts include ferrous fumarate, ferrous sul-
phate, and ferrous gluconate. The amount of elemental iron in 
each salt varies as detailed in Table 48.1. Combined iron and folic 
acid preparations may also be used but it should be noted that use 
of these preparations does not obviate the need to take the recom-
mended dose of folic acid for prevention of neural tube defects 
preconception and during the first 12 weeks of pregnancy.

Oral iron supplementation should be taken on an empty stom-
ach, as absorption is reduced or promoted by the same factors that 
affect absorption of dietary non-haem iron.
Parenteral iron therapy
Parenteral iron therapy is indicated when there is absolute 
non-compliance with, or intolerance to, oral iron therapy or 
proven malabsorption.6 It circumvents the natural gastrointestinal 

Figure 48.1  A blood film of a patient with iron deficiency anaemia depicting 
microcytic hypochromic red cells and target cells.
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regulatory mechanisms to deliver non-protein bound iron to the 
red cells.

Faster increases in Hb and better replenishment of iron stores 
in comparison with oral therapy have been demonstrated, par-
ticularly for iron sucrose and iron (III) carboxymaltose. A large 
retrospective study reported fewer postpartum transfusions in 
the group treated with intravenous (IV) iron.7 However, there is 
a paucity of good quality trials that assess clinical outcomes and 
safety of these preparations.

As free iron may lead to the production of hydroxyl radicals 
with potential toxicity to tissues, iron deficiency should be con-
firmed by ferritin levels before use of parenteral preparations. 
Contraindications include a history of anaphylaxis or reactions to 
parenteral iron therapy, first trimester of pregnancy, active acute 
or chronic infection, and chronic liver disease. Facilities and staff 
trained in management of anaphylaxis should be available.

The IV iron preparations currently available in the United 
Kingdom and their properties are summarized in Table 48.2. The 
different preparations have not been compared to each other in 
pregnancy. Iron sucrose has a higher availability for erythropoie-
sis than iron dextran and experience suggests a good safety pro-
file in pregnancy.8 Its use is limited by the total dose that can be 
administered at any one time, requiring multiple infusions which 
may limit patient compliance. The newer preparations, iron III 
carboxymaltose and iron III isomaltoside, aim to overcome this 
problem, with single dose administration in an hour or less.

Fast-acting intravenous iron preparations
Iron III carboxymaltose (Ferrinject®) is a ferric hydroxide car-
bohydrate complex, which allows for controlled delivery of iron 
within the cells of the reticuloendothelial system (primarily bone 
marrow) and subsequent delivery to the iron binding proteins 
ferritin and transferrin. It is administered intravenously, as a 
single dose of 1000 mg over 15 minutes (maximum 15 mg/kg by 
injection or 20 mg/kg by infusion). Randomized controlled tri-
als have shown non-inferiority9,10 and superiority11 to oral ferrous 
sulphate in the treatment of iron deficiency anaemia in the post-
partum period, with rapid and sustained increases in Hb. Animal 
studies have shown it to be rapidly eliminated from the plasma, 
giving minimal risk of large amounts of ionic iron in the plasma. 
By 28 days, in iron-deficient rats most of the iron has been incor-
porated into new erythrocytes.12

Iron III isomaltoside (Monofer®) is an IV preparation with 
strongly bound iron in spheroid iron-carbohydrate particles, pro-
viding slow release of bioavailable iron to iron binding proteins. 

There is rapid uptake by the reticuloendothelial system and lit-
tle risk of release of free iron. An erythropoietic response is seen 
in a few days, with an increased reticulocyte count. Ferritin lev-
els return to the normal range by 3 weeks as iron is incorporated 
into new erythrocytes. Doses of more than 1000 mg iron can be 
administered in a single infusion and it has been used safely in 
pregnancy.

Intramuscular preparations
The only preparation available in the United Kingdom that may be 
given intramuscularly (IM) is low-molecular-weight iron dextran. 
However injections tend to be painful and there is significant risk 
of permanent skin staining. Its use is therefore generally discour-
aged but if given, the Z-track injection technique should be used 
to minimize risk of iron leakage into the skin. The advantage of 
IM iron dextran is that, following a test dose, it can be adminis-
tered in primary care, although facilities for resuscitation should 
be available as there is a small risk of systemic reaction.

A recent Cochrane review on treatments for iron deficiency in 
anaemia13 highlighted the need for good quality randomized con-
trolled trials in this setting, in particular to assess clinical out-
comes and adverse events. Pending further good quality evidence, 
centres should review their policies and systems for use of paren-
teral therapy in iron deficiency anaemia in pregnancy.

Management of delivery in anaemic women
With good practice this situation should generally be avoided; 
however, there are instances when women book late, have recently 
come from abroad, or have not engaged with antenatal care. In 
these situations it may be necessary to take active measures to 
minimize blood loss at delivery. Consideration should be given 
to delivery in hospital, IV access, and blood availability. Whilst 
this should be done on an individual basis, a suggested cut off 
would be Hb less than 100 g/L for delivery in hospital, including 
hospital-based midwifery-led unit and less than 95 g/L for deliv-
ery in an obstetrician-led unit, with an intrapartum care plan dis-
cussed and documented.

The third stage of labour should be actively managed to mini-
mize postpartum blood loss.

Indications for and risks of blood transfusion
Concerns about safety, high costs, and availability of donor blood 
have promoted greater scrutiny of blood transfusion practice. 
Potential dangers of transfusion are numerous but most com-
monly arise from clinical and laboratory errors.14 In addition, the 
potential for transfusion-induced sensitization to red cell anti-
gens, confer a potential risk of fetal haemolytic disease.

Massive obstetric haemorrhage is widely recognized as an 
important cause of morbidity and mortality and requires prompt 
use of blood and components as part of appropriate manage-
ment. Chapter 35 covers the multidisciplinary approach required, 
together with the implementation of intraoperative cell salvage 
as a transfusion sparing strategy. However, outside the setting of 
massive haemorrhage, audits indicate that a high proportion of 
blood transfusions administered in the postpartum period may be 
inappropriate,15 with under-utilization of iron supplements.

Postpartum anaemia
The WHO defines postnatal anaemia as Hb less than 10 g/dL. FBC 
should be checked within 48 hours of delivery in all women with 

Table 48.1  Dose and elemental iron content per tablet of oral iron 
preparations

Iron salt Dose per tablet Elemental iron

Ferrous fumarate 200 mg 65 mg

Ferrous gluconate 300 mg 35 mg

Ferrous sulphate (dried) 200 mg 65 mg

Ferrous sulphate 300 mg 60 mg

Ferrous feredetate (Sytron®) 190 mg/5 mL elixir 27.5 mg/5 mL

Reproduced with permission from British National Formulary, Copyright © 2010 Royal 
Pharmaceutical Society.
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an estimated blood loss greater than 500 mL and in women with 
uncorrected anaemia in the antenatal period or symptoms sugges-
tive of postpartum anaemia. Where there is no bleeding, the deci-
sion to transfuse should77 be made on an informed individual 
basis. In fit, healthy, asymptomatic patients there is little evidence 
of the benefit of blood transfusion, which should be reserved for 
women with continued bleeding or at risk of further bleeding, 
imminent cardiac compromise, or significant symptoms requir-
ing urgent correction. Women with Hb levels less than 100 g/L, 
who are haemodynamically stable, asymptomatic, or mildly 
symptomatic, should be offered elemental iron 100–200 mg daily 
for at least 3 months and a repeat FBC and ferritin to ensure Hb 
and iron stores are replete.

If, after careful consideration, elective transfusion is required, 
women should be fully counselled about potential risks, including 
written information, and consent should be obtained.

Folate deficiency
Folate deficiency is an unusual cause of anaemia in pregnancy, 
largely due to the fortification of foods with folic acid and the 
wide-scale supplementation of low-dose folic acid in early preg-
nancy for the prevention of neural tube defects. It is found in a 
wide variety of food sources including green leafy vegetables, 

citrus fruits, nuts, bread, and dairy products; however, it is heat 
labile and often lost in the cooking process.

Body stores last for several months. It is absorbed mainly in the 
jejunum and will be affected by malabsorptive syndromes such 
as coeliac disease, although it is most unusual for these to first 
become manifest in pregnancy.

Secondary folate deficiency can result from increased erythro-
poiesis, as occurs in haemolytic anaemias and myeloproliferative 
disorders, and also from anticonvulsant therapy, which induces 
metabolic enzymes.

Diagnosis of folate deficiency
Mean cell volume (MCV) rises in pregnancy by around 6 fL but 
an increase to over 100 fL is suggestive of vitamin B12 or folate 
deficiency. Other clues on the blood film are the presence of oval 
macrocytes, hypersegmented neutrophils (Figure 48.2) and possi-
ble mild leucopenia or thrombocytopenia. If iron deficiency coex-
ists the mean cell volume may be normal but the blood film shows 
dimorphism, with microcytes as well as macrocytes.

Red cell folate gives a more accurate assessment than serum 
folate but neither has particularly good sensitivity or specificity in 
pregnancy. Bone marrow examination would reveal the presence 
of megaloblasts, where there is loss of synchrony between nuclear 

Table 48.2  Summary of intravenous iron preparations available in the United Kingdom

Cosmofer® iron (III) hydroxide 
dextran complex

Venofer® iron (III) hydroxide 
sucrose complex

FerinJect® iron (III) 
carboxymaltose

Monofer® iron (III) isomaltoside

Dose of elemental 
iron

50 mg/mL 20 mg/mL 50 mg/mL 100 mg/mL

Test dose required 
as per manufacturer

Yes, before every IV dose, once 
before IM treatment

First dose new patients only No No

Routes of 
administration

Slow IV injection

IV infusion of total dose

IM injection total dose

Slow IV injection

IV infusion

Slow IV injection

IV infusion

Slow IV injection

IV infusion

Able to administer 
total dose

Yes (up to 20 mg/kg body 
weight over 4–6 hours)

No Yes (up to 20 mg/kg body 
weight maximum of 1000 mg/
week over 15 min)

Yes (up to 20 mg/kg body weight 
over 1 hour)

Half-life 5 hours 20 hours 7–12 hours 5 hours

Dosage 100–200 mg per IV injection 
up to 3 times a week

Total dose infusion up to 
20 mg/kg body weight over 
4–6 hours)

(100 mg IM into alternate 
buttocks daily in active 
patients in bed ridden up to 3 
times a week)

Total IV single dose no 
more than 200 mg, can be 
repeated up to 3 times in 
1 week

1000 mg by IV injection up  
to 15 mg/kg/week

Total dose infusion up to  
20 mg/kg body weight. 
Maximum weekly dose 
of 1000 mg that can be 
administered over 15 min.

100–200 mg per IV injection up 
to 3 times a week

Total dose infusion up to  
20 mg/kg body weight per week.

Doses up to 10 mg/kg body 
weight can be administered 
over 30 min, doses greater than 
10 mg/kg body weight should be 
administered over 60 min

Adverse 
drug-related  
events

5% patients may experience 
minimal adverse events (dose 
related)

Risk of severe anaphylaxis < 
1/10,000

Risk of anaphylactoid 
symptoms >1/1000 <1/100

0.5–1.5% of patients may 
experience adverse events

Risk of anaphylactoid 
reaction

>1/10,000 <1/1000

3% of patients may experience 
adverse events

Risk of anaphylactoid reaction

>1/1000 <1/100

>1% of patients may experience 
adverse events

Risk of anaphylaxis <1/10,000

>1/1000 to <1/100 

Anaphylactoid reactions

Reproduced with permission from British National Formulary, Copyright © 2010 Royal Pharmaceutical Society.
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and cytoplasmic maturation but the investigation is invasive and 
a trial of supplementation for suspected cases would be preferred. 
Proven folate deficiency requires treatment with 5 mg folic acid 
three times per day. The improvement in Hb levels can mask an 
undiagnosed B12 deficiency and this should be excluded first.

Vitamin B12 deficiency
Vitamin B12 deficiency is extremely rare in pregnancy but is often 
incorrectly diagnosed due to the physiological fall in serum B12 
levels as B12 binding globulin increases. Genuine vitamin B12 
deficiency is usually associated with infertility and the most com-
mon cause, pernicious anaemia, usually develops after the age 
of 40 years. Vitamin B12 is found in foods of animal origin, such 
as meat and dairy but even vegans rarely develop B12 deficiency 
due to the synthesis of B12 by bacteria in the gut or on legumes. 
In suspected cases, oral cyanocobalamin can be tried first but if 
IM hydroxycobalamin is thought necessary, proper investigation 
should be performed outside of pregnancy to avoid unnecessary 
lifelong supplements.

Haemolytic anaemia
Haemolysis is defined as shortened red cell survival, the average 
lifespan of a red cell being 120 days. Mild haemolysis in compen-
sated by an increase in bone marrow erythropoiesis and may not 
affect the Hb concentration, however anaemia will develop when 
the degree of shortened red cell survival exceeds the bone mar-
row’s ability to compensate. Causes of haemolysis are listed in 
Table 48.3.

The most common cause is autoimmune haemolytic anaemia, 
either idiopathic or in association with underlying autoimmune 
disease such as systemic lupus erythematosus.

Laboratory markers of haemolysis include elevated lactate dehy-
drogenase (LDH), increased reticulocytes, fall in haptoglobins, 
and rise in bilirubin. Autoimmune haemolysis is characterized by 
a positive direct antiglobulin test (Coombs’ test), giving evidence 
of antibody bound to the surface of erythrocytes.

Where there is intravascular haemolysis, such as in microan-
giopathic haemolytic anaemia (MAHA), free haemoglobin will 

be present in the urine and shed in tubal cells, showing as urine 
haemosiderin.

Management depends on the underlying cause. Autoimmune 
haemolysis can be treated with immunosuppressants such as ster-
oids and immunoglobulin. Transfusion is sometimes necessary 
but provision of compatible donor units can be delayed by special-
ist investigation to identify the specificity of the antibody. Patients 
with cold haemagglutinin disease may benefit from receiving 
transfusion via a blood warmer.

Haemoglobinopathies
Introduction
The haemoglobinopathies are common genetic disorders. They 
may result in significant morbidity and mortality, affecting all 
age groups and genders. The abnormalities of haemoglobin can 
either be:
◆	 structural: such as in sickle cell disease, where a single nucleo-

tide change in the beta (β)-globin gene leads to the substitution 
of valine for glutamine at position 6 on the β-globin chain

◆	 disorders resulting from unbalanced globin chain production: the 
thalassaemias, the globin chains produced are structurally nor-
mal but reduced in quantity.

It has long been known that morbidity and mortality in children 
with sickle cell disease is high in the first 5 years of life. The pro-
tective effects of high levels of fetal haemoglobin (HbF) in the 
newborn decline over the first 4–6 months of life, thereafter much 
of childhood mortality is due to pneumococcal septicaemia and 
acute splenic sequestration. Successful antibiotic prophylaxis, 
vaccination, and education programmes have all but eliminated 
these problems and are perhaps the single most important step in 
the improved survival of sickle cell disease. In adulthood, mor-
bidity is predominated by end-organ damage from microvascular 
disease.

In β thalassaemia major, the failure of beta globin chain pro-
duction results in a severe transfusion dependent anaemia which 

Figure 48.2  A blood film from a patient with folate deficiency showing 
hypersegmented neutrophils and macrocytes.

Table 48.3  Causes of haemolysis

Primary

Autoimmune In association with connective tissue disorders or 
neoplastic disease

Hereditary Disorders of Hb synthesis

Red cell membrane disorders

Enzymopathies

Mechanical Mechanical heart valves

Disseminated intravascular coagulation (DIC)

Microangiopathic haemolytic anaemia (MAHA)

Drugs Immune-mediated

Oxidative stress

Infections Bacterial enzymes, e.g. Clostridium perfringens

Paroxysmal nocturnal 
haemoglobinuria

Clonal disorder causing increased susceptibility to 
complement lysis
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is manifest as HbF levels reduce in the first few months of life. 
From this point on, the management of thalassaemia is based 
upon regular transfusion and iron chelation to reduce the risk of 
organ damage, particularly cardiac. Care of the patient with tha-
lassaemia requires collaboration between haematologists, endo-
crinologists, diabetologists, cardiologists, and occasional input 
from other specialities such as hepatology. With appropriate care 
and good compliance, life expectancy may be normal. However, 
early cardiac death is common in those who do not comply with 
iron chelation.

Sickle cell disease
The sickling disorders are a group of inherited chronic haemolytic 
anaemias with clinical manifestations occurring as a result of the 
polymerization of haemoglobin S. The disorders in which sickling 
occur are:
◆	 homozygous sickle cell disease—HbSS. The most common and 

generally the most severe.

Compound heterozygous states associated with clinical disease 
include:
◆	 haemoglobin SC disease
◆	 haemoglobin Sβ thalassaemia
◆	 haemoglobin SD Punjab
◆	 haemoglobin SO Arab
◆	 haemoglobin SLepore Boston.

Carriage of haemoglobin S is not associated with significant dis-
ease but its significance in pregnancy is in terms of genetic coun-
selling and the need for partner testing.

Sickle cell disease is characterized by chronic intravascular 
and extravascular haemolysis; red cell lifespan is shortened from 
120 days to 16–20 days. This chronic haemolysis leads to the libera-
tion of free haemoglobin which mops up nitric oxide released from 
the vascular endothelium. This in turn leads to endothelial activa-
tion and vasoconstriction providing ideal conditions for adher-
ence of cellular blood components. The combination of poorly 
deformable red blood cells, increased viscosity, endothelial activa-
tion and vasoconstriction causes ongoing vaso-occlusion in the 
microvasculature. The process is further exacerbated by leucocy-
tosis, platelet activation, and increased levels of pro-inflammatory 
cytokines. Vaso-occlusion leads to both the acute complications of 
sickle cell disease, such as painful crises, as well as chronic organ 
damage, including cardiac and renal impairment seen in older 
patients.

Much of the published information on pregnancy in sickle cell 
disorders relates to homozygous (SS) sickle cell disease. This, 
and Sbeta0thalassaemia, are in general the most severe forms. 
Patients with milder sickle conditions such as SC disease and 
Sβ+thalassaemia can also have complicated pregnancies though 
the risks are lower. All patients with sickling disorders should be 
jointly managed by an obstetrician and haematologist with inter-
est and experience in these diseases. Since these pregnancies are 
high risk, patients will require frequent review by the multidisci-
plinary team. Twin and multiple birth pregnancies are associated 
with a higher rate of serious complications. Despite the potential 
complications, more than one-quarter of these pregnancies occur 
without problems.

Prior to the 1970s, 30–40% of women with sickle cell dis-
ease did not survive pregnancy, but recent decades have seen 
a marked improvement; currently mortality has been shown 
to be 1–2% in studies from the United States and Europe. 
A National Confidential Enquiry into Patient Outcome and Death 
(NCEPOD) report16 highlights difficulties with death certification 
and autopsy in sickle cell disorders. Few pathologists have signifi-
cant experience and non-specialist sickle clinicians are in a simi-
lar position. It is recommended that pathologists with appropriate 
experience perform such autopsies though there are now national 
guidelines for autopsy in sickle cell disease. Clinicopathological 
correlation is crucial, for example, in differentiating sickle chest 
from pneumonia or whether thrombosis is likely to have been in 
situ or embolic. These women may have complex coexisting medi-
cal problems which can make the management of their pregnancy 
even more challenging.

Perinatal mortality was reported to be as high as 50–80% 
prior to the 1970s. More recent studies in the United States and 
Europe have reported a perinatal mortality rate of between 1% 
and 8%. Since the 1970s, it has been known that women with sick-
ling disorders are more likely to have premature deliveries. This 
has been reported at an average of between 34.1 to 38.5 weeks’ 
gestation. In a recent Jamaican study, the mean gestational age 
was found to be 37.0 weeks compared to 38.7 weeks in controls. 
In African Americans, the mean gestational age was 37 weeks. 
Infants born to HbSS mothers are twice as likely to be preterm 
compared to HbSC mothers. Intrauterine growth retardation is 
a well-documented complication of sickle cell pregnancy. This is 
probably a consequence of maternal anaemia and impaired pla-
cental function resulting from vaso-occlusion in uteroplacental 
circulation. Histological studies have shown placental infarction 
with abruptions and villous oedema.

Seventy-seven per cent of infants born to mothers with sickle 
cell anaemia have a birth weight below the 50th centile, with 21% 
below the 10th centile. Neonates born to mothers with HbSS dis-
ease are significantly smaller than babies born to mothers with 
HbSC disease.

Patients with sickle cell disease have hyposplenism. Urinary 
tract infections are increased in normal pregnancies and can 
lead to pyelonephritis and premature labour. There may be a fur-
ther increase in risk in sickle pregnancy. Other common sites of 
infection include chest and bone. Common pathogens include 
Pneumococcus, Salmonella, Escherichia coli, and Mycoplasma. 
Infection is a common precipitant of painful crises.

Pregnancy-induced hypertension and pre-eclampsia compli-
cate one-third of pregnancies in sickle cell disease. There is an 
association between hypertension with proteinuria and simulta-
neous sickling complications. The pregnant patient with sickle cell 
disease should be regarded as at high risk of venous thromboem-
bolism. Pulmonary embolism is difficult to diagnose in this set-
ting but should be considered within the differential of a patient 
presenting with dyspnoea and chest pain.

General management of sickle cell pregnancy
All couples should receive preconceptual advice. Maternal and 
fetal risks of pregnancy and availability of prenatal diagno-
sis should be discussed in the light of partner screening. Crisis 
prevention measures should be advised, including avoidance 
of cold, overexertion, and dehydration. Medications should be 
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reviewed, with assessment of risks versus benefits for individual 
drugs. Folic acid supplements and antibiotic prophylaxis are a 
necessity. Hydroxycarbamide should be discontinued at least 
3 months before conception and the need for an antenatal top-up 
or exchange transfusion programme should be considered.17

Throughout pregnancy, women require continued health edu-
cation and review of compliance with medications. The clinical 
condition of the patient, degree of haemolysis, and urine culture 
should be monitored regularly, along with fetal growth scans.

There should be a low threshold for admission especially if 
there is limb, bone, abdominal, or chest pain after 28 weeks’ ges-
tation, with a 24-hour admission policy and contact numbers if 
any features of sickle cell crisis develop. All women should have 
an appropriate plan for use of analgesia in pregnancy, aiming to 
avoid non-steroidal anti-inflammatory drugs (NSAIDs) after 34 
weeks. The obstetric anaesthetist needs to be involved early to dis-
cuss management in labour. Transfusion should only occur after 
discussion with a haematologist.

The majority of severe crises occur in the third trimester often at 
the time of delivery. Often the complications of sickle cell disease 
precipitate labour rather than labour precipitating sickling com-
plications. Crises in pregnancy are more common in women with 
HbSS pregnancies (30–80%) than in women with HbSC (30%). 
SC disease is generally a milder condition outside pregnancy but 
patients may present with pain, thrombosis, and other sickle com-
plications in the third trimester.

Labour and early puerperium are risk periods for development 
of pain. This becomes more likely in the presence of infection, 
dehydration, or acidosis. Sickle patients have a renal concentrat-
ing defect from early childhood and pass large volumes of dilute 
urine. Attention to hydration status is therefore crucial. Crises in 
pregnancy often present as abdominal pain which can be difficult 
to distinguish from obstetric complications.

Those with a sickle cell crisis should be admitted only to an 
obstetric or haematology ward. In the final trimester, with the 
high risk of obstetric problems, the obstetric setting is most 
appropriate, and the patient should be rested and given adequate 
hydration of 3–4 L of fluid per 24 hours. Strict fluid balance is 
essential and oxygen if hypoxic. Pain relief should be initiated 
within 30 minutes, taking account of the previous analgesic his-
tory.18 Regular paracetamol should be given and NSAIDs if the 
pregnancy is less than 34 weeks. However, subcutaneous opiates 
are often necessary. Pethidine is not recommended for the treat-
ment of sickle pain, as it can induce seizures. Morphine, diamor-
phine, or oxycodone is appropriate. Linear analogue scales are 
used to assess pain control. Patient-controlled analgesia or subcu-
taneous pumps are occasionally required. Regular assessment of 
sedation and conscious level is essential if the patient is on strong 
opiates. Investigations should include a FBC, reticulocyte count, 
urea and electrolytes, group and screen, pulse oximetry and arte-
rial blood gases if appropriate, a mid-stream specimen of urine, 
blood cultures and throat swabs, and a chest X-ray. Antibiotics 
are not routinely required unless there is evidence of infection. 
Low-grade fever of less than 38°C is common in painful crisis, 
even in the absence of infection. Low-molecular-weight heparin 
(LMWH) thromboprophylaxis and compression stockings should 
be given routinely. Indications for transfusion or exchange trans-
fusion should be discussed with a haematologist. Chest physi-
otherapy including incentive spirometry will reduce the risk of 

a subsequent chest syndrome in patients with rib pain. Chest 
crises in pregnancy require even closer monitoring and the use 
of a broad-spectrum antibiotic. Transfusion, either exchange or 
top-up, should be considered in hypoxaemia (SaO2 < 5% lower 
than patient’s steady-state level), deteriorating clinical status, or 
progressive multilobe involvement.

Labour and delivery
The aim should be to achieve a vaginal delivery, as there is no 
benefit from elective caesarean delivery. Induction leads to a 
higher caesarean delivery rate, with its own complications, plus 
the implication that future pregnancies will need a trial of scar 
and be associated with a risk of subsequent operative delivery. 
The mother needs to be kept warm and well hydrated, with IV 
fluids commenced at time of admission in labour, at a rate of 1 
L 8-hourly, to maintain good urine output. Strict fluid balance 
should be ensured. A FBC, group and screen should be taken and 
continuous pulse oximetry used, with continuous cardiotocogra-
phy monitoring throughout labour.

Epidural analgesia is the pain relief of choice. Therefore careful 
timing of LMWH should be taken into consideration if labour is 
induced. The woman should not be allowed to labour for more than 
12 hours and prolonged rupture of membranes should be avoided 
as it increases the risk of infection and dehydration. If operative 
delivery is necessary, this should be discussed with the haema-
tologist. Neuraxial (rather than general) anaesthesia reduces the 
likelihood of sickle crisis and postoperative acute chest syndrome. 
Thromboprophylaxis with LMWH and compression stockings is 
required postpartum and the neonatologist should be alerted.

Postpartum
Baby and mother need close monitoring, with good hydration. 
The baby needs to be monitored for signs of respiratory depres-
sion if opiates have been used intrapartum.

Prophylactic transfusion
The role of transfusion in sickle cell disease in pregnancy is con-
troversial, although it is generally accepted that transfusion is not 
required as part of the management of uncomplicated sickle preg-
nancy. Transfusion should be reserved for high-risk pregnancies. 
This would include twin pregnancies, women with previous poor 
obstetric history, chest crises, recurrent pain, and severe anaemia. 
Cell salvage is contraindicated in women with sickle cell disease 
as the fragile cells are lysed in the machine.

Summary
Maternal mortality is significantly increased for women with 
sickle cell disorders and the key to successful outcome lies in the 
close interaction between obstetric teams, the anaesthetist, and 
haematologists. Close monitoring and awareness of risks and 
complications is essential and the majority of pregnancies will 
have a successful outcome. Where possible, delivery should be 
allowed to proceed with minimal intervention; there being little 
evidence that transfusion or operative delivery are of any benefit 
in the majority of cases.

Thalassaemia and pregnancy
The thalassaemias are almost always autosomal recessive disor-
ders caused by mutations or deletions in the alpha (α)- or β-globin 
genes, leading to diminished or absent production of one or 
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more globin chains. The other globin chain is produced in rela-
tive excess and precipitates within erythroid precursors, causing 
chronic haemolysis and ineffective erythropoiesis.

α thalassaemia
Four α-globin genes are inherited as a pair from each parent. The 
severity of the condition depends on the number of α-globin genes 
deleted.

α-thalassaemia carrier (αα/−−), (α−/α−) or (−α/αα)
Carriers of α thalassaemia are asymptomatic and are usually first 
detected at antenatal screening. Their haemoglobin is in the nor-
mal range or minimally decreased with low MCV and MCH.

Haemoglobin H disease (−−/−α)
Those affected by haemoglobin H disease have three 
non-functioning α-globin genes. The haemoglobin is commonly 
in the range 8–9 g/dL with microcytic, hypochromic red cell indi-
ces, and splenomegaly. HbH disease is a mild form of thalassaemia 
intermedia, those affected rarely need transfusion. The anaemia 
may worsen in pregnancy and with infection.

Haemoglobin Bart’s hydrops (−−/−−)
A complete absence of α chains is incompatible with life and 
results in the unopposed chains forming tetramers called hae-
moglobin Bart’s. This is a common cause of stillbirth in areas 
with a high frequency of (−−/αα) such as SE Asia and the Eastern 
Mediterranean. The fetus is stillborn at 34–40 weeks or dies soon 
after birth. The Hb Bart’s binds oxygen poorly, impairing tissue 
oxygenation. The fetus appears oedematous and jaundiced with 
massive hepatosplenomegaly and ascites.

β-thalassaemia carrier
Individuals are asymptomatic and diagnosed at antenatal screen-
ing or during investigation of microcytic, hypochromic indices. 
The haemoglobin is rarely less than 100 g/L. HbA2 is raised. Iron 
replacement need not be given unless a deficiency state is proven 
by reduced serum ferritin.

β-thalassaemia intermedia
A range of interacting genetic lesions may lead to a thalassaemic 
phenotype of varying severity. Some will be asymptomatic whilst 
others require intermittent transfusion. The haemoglobin is usu-
ally 100–120 g/L but can be as low as 50–60 g/L in severe forms. 
Hepatosplenomegaly may be present.

Management in pregnancy
Carriers of α and β thalassaemia and those with HbH disease or 
other mild forms of thalassaemia intermedia can be managed 
as a normal pregnancy. Anaemia may worsen during pregnancy 
because of the normal physiological changes. Oral iron supple-
ments should be given where there is a reduced ferritin but not for 
microcytosis and hypochromia alone.

It is important to identify couples at risk of a baby affected by 
Hb Bart’s. This should be picked up by the antenatal screening 
programme and parents offered counselling, education and pre-
natal diagnosis. The mother may also develop ‘mirror syndrome’ 
a severe pre-eclampsia, and delivery of a hydropic fetus and pla-
centa can cause obstetric problems.

β-thalassaemia major and severe forms of intermedia require 
careful multidisciplinary management in specialist centres. 
Cardiac and liver damage from iron overload should be assessed 

prior to pregnancy and organ function monitored. Transfusion 
regimens should be carefully reviewed as pregnancy proceeds and 
physiological haemodilution occurs and iron chelation therapy at 
delivery should be considered.

Neuraxial anaesthesia can be used for labour and delivery as 
long as there is no thrombocytopaenia,19 which may occur if 
there is splenomegaly. Cell salvage can be used during caesarean 
delivery.20

Normal haemostasis
Haemostasis is the process by which a fibrin platelet plug forms at 
the site of vascular injury. The reactions responsible for the forma-
tion of this haemostatic plug take place on phospholipid cell mem-
branes, particularly endothelial cells, platelets, and monocytes, 
and are usually due to the expression of tissue factor (TF), which 
activates the coagulation pathway. In the resting state, the cells in 
contact with the blood do not support procoagulant reactions, but 
when activated, the negatively charged phospholipid, normally 
present on the inside of the cell, becomes exposed on the outside 
and provides a catalytic site for haemostatic reactions to occur. To 
further increase the procoagulant surface area, activated or apop-
totic cells shed microparticles, pieces of membrane with exposed 
negatively charged phospholipid.

Laboratory investigations
Laboratory screening tests of coagulation attempt to replicate 
haemostatic processes in vitro. However, this does not necessar-
ily reflect the in vivo status and normal results do not exclude a 
bleeding disorder. Results should therefore be interpreted in con-
junction with the bleeding history, particularly the response to 
haemostatic challenges and drug history. A  coagulation screen 
will usually include the prothrombin time (PT) and activated 
partial thromboplastin time (aPTT). The thrombin time (TT) and 
fibrinogen level can also be easily measured.

The easiest way to understand in vitro tests of coagulation is to 
refer to the traditional cascade model of blood coagulation which 
uses a Y-shaped cascade of protease activation, with two pathways 
(intrinsic and extrinsic) converging to a final common pathway. 
Although this has little in vivo validity, it is a useful concept for 
interpreting laboratory tests. Figure 48.3 illustrates a simplified 
version of the coagulation cascade, and the factors which affect 
the PT and aPTT.

Prothrombin time
The PT measures the extrinsic pathway. It is calculated by meas-
uring the time taken for a clot to form after the addition of TF, 
phospholipid, and calcium to platelet-poor plasma.

Activated partial thromboplastin time
The aPTT measures the intrinsic pathway. It is the time taken for 
a clot to form after addition of calcium to platelet-poor plasma, 
phospholipids, and a contact activator, such as kaolin, to activate 
factor XII (FXII).

Thrombin time
The TT involves the addition of thrombin to platelet-poor plasma. 
It reflects the conversion of fibrinogen to fibrin but is also sensi-
tive to the presence of inhibitors that may be present in the plasma 
(e.g. heparin).
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Fibrinogen
There are numerous methods of measuring fibrinogen lev-
els. Most commonly performed is the Clauss assay, which is a 
functional or qualitative measure of fibrinogen. The immuno-
logical method measures the quantity of fibrinogen (fibrino-
gen antigen) and the comparison between the two can detect 
dysfibrinogenaemias.

The potential causes of abnormal coagulation tests are summa-
rized in Table 48.4.

Near-patient assessment of coagulation—  
thromboelastography (TEG®) and Rotational elastometry 
(ROTEM®)
Thromboelastography® (TEG®) and thromboelastometry 
(ROTEM®) provide a global assessment of clot formation, stabili-
zation, and dissolution at the bedside. They give a dynamic assess-
ment of coagulation compared to conventional methods, and 
assess the whole haemostatic process rather than isolated aspects. 
Near-patient testing allows rapid assessment.

EXTRINSIC
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XIIa
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Figure 48.3  A simplified model of the coagulation cascade.

Table 48.4  Potential causes of abnormal coagulation tests

Isolated 
prolonged PT

Isolated prolonged 
aPTT

Prolonged PT and aPTT Prolonged TT Decreased fibrinogen

Factor VII 
deficiency

Factor VIII deficiency Vitamin K deficiency Congenital and acquired 
deficiencies in fibrinogen

DIC

Warfarin therapy Factor IX deficiency Liver disease Dysfibrinogenaemia Liver disease

Vitamin K 
deficiency

Factor XI deficiency DIC Heparin Massive transfusion

Factor XII deficiency Massive transfusion Direct thrombin inhibitors Inherited deficiencies including 
afibrinogenaemia, hypofibrinogenaemia, 
and dysfibrinogenaemia

Lupus anticoagulant Common pathway including factor V, 
factor X, prothrombin, and fibrinogen 
deficiencies

Elevated fibrin degradation 
products

Heparin therapy Warfarin/heparin therapy Paraproteinaemias

Direct thrombin inhibitors

aPTT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation; PT, prothrombin time; TT, prothrombin time.
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Classical thromboelastography (TEG®) involves placing a small 
sample of citrated blood into a cuvette which is gently rotated to imi-
tate sluggish venous blood flow, activating coagulation. The blood is 
also recalcified to initiate coagulation, and an activator is added to 
standardize the test. The speed and strength of the clot is then meas-
ured, and a trace is formed. Four values which determine clot forma-
tion are measured in this test: the R time, the K value, the ‘α’ angle, 
and the maximal amplitude (MA). These are illustrated in Figure 48.4.

The R time represents the time from the start of test to the ini-
tial detection of the clot. The K time represents the time from the 
R time to the time taken for the clot to reach 20 mm in size. This 
represents the speed of coagulation. The ‘α’ angle is the tangent of 
the curve made as the K is reached and offers similar information to 
the K. The MA is a reflection of clot strength, assessing the proper-
ties of platelet and fibrin adhesion. The LY30 can also be calculated, 
which measures the percentage decrease in amplitude 30 minutes 
post MA, which gives a measure of the degree of haemolysis.

A heparinized cup can also be used with is sensitive to heparin. 
The use of paired plain and heparinized cups can be used to detect 
whether residual heparin is present. The generated curves and val-
ues can be used to detect and classify coagulopathies, and aid use 
of blood products, as suggested in Table 48.5. Some commonly 
seen curves are illustrated in Figure 48.5.21

ROTEM® uses similar principles to TEG®, but it is the sensor 
shaft rather than the cup which rotates. Formation of fibrin strands 
impedes the rotation of the sensor shaft and a trace is generated.22

Inherited bleeding disorders
Women who are sufferers or carriers of a congenital bleeding dis-
order need to be carefully managed to allow them to cope with the 
haemostatic challenges of pregnancy, labour, and delivery. Cases 
should be managed in a multidisciplinary setting by experienced 
obstetricians, anaesthetists, and haematologists. Individually tai-
lored management plans are needed, taking into account bleeding 
risks to mother and fetus, as well as obstetric risk factors. Key fea-
tures in the management of mothers and babies at risk of bleeding 
disorders are listed in Boxes 48.1 and 48.2.

The commonest disorders likely to be encountered are haemo-
philia A and B, and von Willebrand disease (VWD). However the 
rarer coagulation disorders also need to be considered.

Haemostatic agents
Treatments available for women with inherited bleeding disor-
ders are similar in the obstetric and non-obstetric setting. Most 
commonly used agents include tranexamic acid, desmopressin, 

R

α angle

MA LY30

K

20 mm

Figure 48.4  A normal TEG® trace.
Reproduced from da Luz LT, Nascimento B, Rizoli S., Thromboelastography (TEG): practical 
considerations on its clinical use in trauma and resuscitation, Scandinavian Journal on 
Trauma, Resuscitation and Emergency Medicine., Volume 21: 29. 2013 © 2013 da Luz et al. This 
is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Table 48.5  Potential causes of abnormal TEG® results

Value Causes Suggested therapy

Increased  
R time

Factor deficiency, 
anticoagulation, severe 
hypofibrinogenaemia, 
severe thrombocytopenia

Fresh frozen plasma (FFP), consider 
cryoprecipitate if grossly prolonged

Increased 
K time

Factor deficiency, 
thrombocytopenia, 
thrombocytopathy, 
hypofibrinogenaemia

Do FibTem or functional fibrinogen 
to determine whether need of FFP 
and/or cryoprecipitate.

Give platelets if count <50 × 109/L

Decreased 
α angle

Hypofibrinogenaemia, 
thrombocytopenia

Perform a FibTem or functional 
fibrinogen to determine whether 
need of FFP and/or cryoprecipitate,

Give 1 pool of platelets if platelet 
count is <50 × 109/L

Decreased 
MA

Thrombocytopenia, 
thrombocytopathy, 
hypofibrinogenaemia

Perform a FibTem or functional 
fibrinogen and platelet count to 
determine if fibrinogen and/or 
platelet defect

Increased 
LY30

Hyperfibrinolysis Tranexamic acid

Normal

Anticoagulants/hemophilia

Platelet blockers

Fibrinolysis

Hypercoagulability

Figure 48.5  Commonly seen TEG® traces.
Reproduced from da Luz LT, Nascimento B, Rizoli S., Thromboelastography (TEG): practical 
considerations on its clinical use in trauma and resuscitation, Scandinavian Journal on 
Trauma, Resuscitation and Emergency Medicine., Volume 21: 29. 2013 © 2013 da Luz et al. This 
is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.
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plasma-derived clotting factor concentrates, and recombinant 
factor concentrates.

Plasma-derived and recombinant factor concentrates
If possible, plasma-derived clotting factors should be avoided, as 
although virucidal methods are used to eliminate the risk of HIV 
and hepatitis B and C there is a risk of transmission of hepatitis 
A and parvovirus infection. Fetal parvovirus infection can lead to 
hydrops fetalis and fetal death.23 Recombinant factor concentrates 
are therefore preferred.

Tranexamic acid
Tranexamic acid is an antifibrinolytic which competitively inhibits 
the activation of plasminogen to plasmin. It is a synthetic form of the 
amino acid lysine, and blocks the lysine binding sites on plasmino-
gen and plasminogen receptors. Plasmin enzymatically breaks down 
many molecules and it especially effective in lysing fibrin, fibrino-
gen, and factor V. Tranexamic acid can be used prophylactically to 

reduce bleeding. It can also be used to treat bleeding. It is indicated 
in fibrinolysis which is diagnosed via thromboelastometry where 
fibrinolysis produces the classic ‘tadpole’ trace as seen in Figure 48.5. 
Fibrinolysis cannot be diagnosed by current standard laboratory 
tests. The dose is 1 g given slowly IV which can be repeated 8-hourly. 
Limited evidence on the use of tranexamic acid in pregnancy sug-
gests it is safe24 for pregnancy and breastfeeding. Currently the 
utility of tranexamic acid in managing postpartum haemorrhage 
is being assessed in the WOMAN study (Worldwide Maternal 
Antifibrinolytics Trial) randomizing 15,000 women with postpar-
tum haemorrhage to tranexamic acid versus placebo.

Concurrent use of tranexamic acid with factor XI concentrate 
should be avoided, due to the potential risk of arterial or venous 
thrombosis that has been associated with factor XI concentrate.

Desmopressin
Desmopressin (DDAVP®) can be used as prophylaxis or treatment 
of bleeding in carriers of haemophilia A, some subtypes of VWD, 
and some platelet function disorders. It has no effect in patients with 
haemophilia B.  Desmopressin acts by stimulating exocytosis of 
Weibel–Palade bodies in endothelial cells, to release von Willebrand 
factor (VWF), and in some tissues also factor VIII (FVIII). FVIII 
levels rise approximately threefold after treatment with desmopres-
sin. It also increases platelet responsiveness. The effect is maximal 
30 minutes after IV administration, and 60 minutes after subcuta-
neous or intranasal treatment. The half-life of released FVIII is 8 
hours. Repeated doses can be given, however tachyphylaxis occurs 
and the second dose can produce a rise of only 30% of the first. 
Desmopressin also has a fibrinolytic effect as it also stimulates the 
release of tissue plasminogen activator from the endothelium, so 
concurrent use of tranexamic acid is common. Lastly it has an anti-
diuretic activity, so fluid intake should be restricted for 24 hours.

There have been concerns about the safe use of desmopressin in 
pregnancy because of potential risks of placental insufficiency due 
to arterial vasoconstriction, and miscarriage or preterm labour 
due to an oxytocin effect.23 A recent systematic review looked at 30 
studies on the use of desmopressin in 216 pregnancies, in women 
with inherited bleeding disorders. They found that desmopres-
sin was effective in preventing and reducing bleeding complica-
tions associated with pregnancy and delivery. There was one case 
of a water intoxication seizure, and one case of premature labour 
reported. There were no other maternal or fetal adverse outcomes.25 
Our practice is to use desmopressin in pregnancy where indicated 
(Box 48.3), but with careful attention to fluid balance.

General measures
Antenatal management
Antenatal management of women with a bleeding disorder, or at 
risk of a child with bleeding disorder, should include involvement by 

Box 48.1  Management of mothers with bleeding disorders

◆	 Care should be in a unit by a multidisciplinary team of obste-
tricians, anaesthetists, and haematologists with expertise in 
managing patients with bleeding disorders

◆	 Plan of management should be discussed before pregnancy 
or as early as possible and a detailed labour plan documented 
during the third trimester

◆	 Avoid IM injections
◆	 Use NSAIDs with caution
◆	 Avoid anticoagulation
◆	 Establish baseline levels of deficiency/abnormality prior to 

intervention or labour
◆	 Obtain good IV access during labour
◆	 Ensure adequate haemostasis during labour and delivery 

with the use of appropriate therapy
◆	 Avoid excessive genital or perianal trauma
◆	 Active management of the third stage of labour
◆	 Consider risk of thrombosis, especially postpartum
◆	 Levels of deficient factor should be raised to at least 50 IU/dL 

before considering neuraxial anaesthesia

Box 48.2  Management of delivery for babies at risk of bleeding 
disorders

◆	 Establish, if relevant, whether prenatal diagnosis has 
been made

◆	 Avoid invasive monitoring
◆	 Avoid prolonged labour
◆	 Avoid ventouse extraction
◆	 Avoid mid cavity forceps
◆	 Obtain cord blood for baseline levels
◆	 Avoid IM injections until cord results is known
◆	 Give oral vitamin K rather than IM

Box 48.3  Indications for DDAVP®

◆	 Low factor VIII levels in carriers for haemophilia
◆	 Type 1 VWD
◆	 Some cases of type 2 VWD where response to DDAVP® is 

demonstrated
◆	 Platelet function disorders
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experienced obstetricians, haematologists, and anaesthetists. There 
are a number of haemostatic challenges in the antenatal period includ-
ing miscarriage, termination of pregnancy, cervical cerclage, and 
prenatal diagnostic tests.5,23,26,27 It is therefore essential to be aware 
of the level of the deficient or abnormal factor. The United Kingdom 
Haemophilia Centre Doctors’ Organisation (UKHCDO) recom-
mends measuring relevant coagulation factor levels at booking, and 
at 28 and 34 weeks’ gestation.28 They should also be checked prior to 
any intervention, and ideally after treatment to assess response.

Patients with factor XIII deficiency and afibrinogenaemia are at 
risk of early pregnancy loss and placental abruption29–31 and often 
need prophylactic treatment throughout pregnancy. Patients with 
other inherited bleeding disorders do not usually need prophy-
laxis throughout pregnancy, but may do so before any interven-
tions, delivery and during episodes of bleeding.

Prenatal diagnosis
Prenatal diagnosis is often considered where the fetus is at risk of 
severe disease. This is usually performed by chorionic villus sam-
pling at 11–14 weeks’ gestation or amniocentesis between 16 and 
20 weeks. These procedures may need to be covered with appropri-
ate haemostatic support. Third-trimester amniocentesis is some-
times performed in women who are not considering termination 
of pregnancy, but wish to know whether the fetus is affected, to 
aid decisions made for delivery. For X-linked conditions such as 
haemophilia, it is clearly crucial to know the gender of the baby 
before planning delivery.

Antenatal haemorrhage
Patients presenting with antenatal haemorrhage need assessment 
by the obstetric team to establish the cause. Conservative treat-
ment is usually appropriate for most but those with severe bleed-
ing disorders or severe bleeding may need factor replacement. 
Tranexamic acid is often effective in antenatal haemorrhage.23

Labour and delivery
A detailed intrapartum care plan should be formulated by the 
multidisciplinary team during the third trimester for the man-
agement of labour and delivery. The mother’s preferences with 
regards to caesarean delivery should be taken into account. It 
should include haemostatic measures that need to be taken and 
preferred mode of delivery. The plan should be made available for 
all involved, including the mother.

Women with moderate to severe haemophilia will need to be 
delivered in a unit with the necessary expertise in managing 
patients with bleeding disorders, and availability of appropriate 
coagulation assays and clotting factor treatments. Cell salvage is 
useful in these cases.

It is usually necessary to maintain haemostatic levels during 
labour and delivery up to those needed for major surgery because 
of the unpredictable need for emergency caesarean delivery.31 If 
factor levels are not available in the acute setting, those obtained 
during the third trimester should be used. IV access should be 
obtained for patients with abnormal coagulation assays, and fac-
tor replacement is often needed to cover labour and delivery.

The mode of delivery can be controversial, and the decision 
should be made on a case-by-case basis. The aim is to minimize 
the risk of neonatal intracranial haemorrhage. A  review of 117 
deliveries of infants affected by haemophilia in Sweden reported 

rates of intracranial haemorrhage of 5.9%, 2.3%, and 0% among 
17 ventouse deliveries, 87 spontaneous vaginal deliveries, and five 
emergency caesarean deliveries respectively.32 There were eight 
elective caesarean deliveries, with one intracranial haemorrhage 
in a delivery at 27 weeks, where it was thought that the haemor-
rhage related to the prematurity of the neonate, rather than the 
coagulation defect.

The UKHCDO states that normal spontaneous vaginal delivery 
can be allowed, even for babies at risk of severe haemophilia, with 
early recourse to caesarean delivery if labour is prolonged or com-
plicated. However, fear of a caesarean delivery becoming necessary 
in the second stage of labour prompts many to consider surgery 
electively. Furthermore, the decision to allow spontaneous vaginal 
delivery will often depend on the resources of the hospital, 24-hour 
availability of on-call senior obstetricians, anaesthetists and haema-
tologists with experience in patients with haemophilia, and 24-hour 
laboratory support to allow processing of samples for factor assays. 
If these are not available, which may be the case in many hospitals, 
elective caesarean delivery may be a safer course of action.

Interventions such as fetal scalp monitoring, ventouse delivery, 
mid-cavity forceps, and forceps involving rotation of the head 
should be avoided in all male babies at risk of haemophilia, to 
minimize the risk of intracranial or scalp haemorrhage.

Care needs to be taken to avoid excessive maternal genital or 
perineal trauma to reduce the risk of excessive bleeding during 
delivery.31

Neuraxial anaesthesia
Use of neuraxial anaesthesia in patients with bleeding disorders is 
a much debated issue. A systematic review in 2009 looked at the 
use of neuraxial techniques in obstetric and non-obstetric patients 
with bleeding disorders. A total of 507 procedures were included, 
107 in patients with haemophilia, 74 in patients with VWD, and 
326 in patients with idiopathic thrombocytopenic purpura (ITP), 
after review of 30 articles. Haemostatic treatments were not stand-
ardized. There was one case of spinal haematoma, which was in 
an infant with an undiagnosed haemophilia which resulted in 
paraplegia.33

Decisions on neuraxial anaesthesia should be made by the mul-
tidisciplinary team, after thorough counselling and consenting 
of the mother. The UKHCDO states that neuraxial anaesthesia is 
not contraindicated if the coagulation screen is normal, and the 
relevant factor level is above 50 IU/dL, either due to the spontane-
ous rise in pregnancy, or following prophylactic treatment (2006). 
The procedure needs to be performed by an experienced anaes-
thetist with meticulous technical skill. However, a non-traumatic 
insertion of a spinal or epidural cannot be guaranteed. The lowest 
concentration of local anaesthetic agent should be used to allow 
adequate analgesia but preserving motor function32 and regular 
assessment of neurological function should be carried out to allow 
early recognition of complications. Suspicion of a spinal epidural 
haematoma should lead to an urgent MRI and surgical decompres-
sion if appropriate. As adverse neurological outcome is directly 
related to time interval to surgical decompression, early recogni-
tion is essential. Removal of epidural catheter is also associated 
with a risk of spinal epidural haematoma. Coagulation screen and 
factor assays should therefore be performed before removal of epi-
dural catheter, and appropriate treatment given if abnormal.31,34
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Postpartum management
Women with inherited bleeding disorders are at significantly 
increased risk of primary and secondary postpartum haemor-
rhage especially those with severe disease. Perineal and vaginal 
haematomas are also more common at a rate of 1–6% versus 0.2% 
in the normal population,35,36 Secondary postpartum haemor-
rhage is more common as coagulation factor levels return back to 
baseline after a rise in the third trimester.

Steps should be taken to reduce the risk of postpartum haem-
orrhage. The third stage of labour should be actively managed to 
reduce the risk of uterine atony. Agents used should be given IV 
rather than IM.

Normal factor levels should be maintained for 3–5 days after 
vaginal delivery, and 5–7  days after caesarean delivery. Close 
follow-up is needed after discharge, to identify and manage sec-
ondary postpartum haemorrhage.

Risk of thrombosis will need to be considered, particular 
in those receiving replacement therapy with FXI concentrate, 
recombinant activated factor VII and prothrombin complex con-
centrate. Antithrombotic measures such as hydration, early mobi-
lization and the use of pharmacological thromboprophylaxis and 
antiembolic stockings should be considered in all.

Management of the newborn
Early diagnosis of inherited bleeding disorders is essential to 
reduce the risk of complications. A cord sample should be taken 
for the appropriate factor assay in all neonates at risk. It should 
be remembered however that for mild and moderate disease, the 
result may not be representative, as some factors increase with the 
stress of delivery and some have not reached normal adult values. 
In these cases, the test may need to be repeated at a later stage. In 
neonates in whom haemophilia has not been excluded, IM injec-
tions including vitamin K should be avoided. The UKHCDO rec-
ommends cranial ultrasound for all neonates at risk of a severe 
or moderate bleeding tendency, prior to discharge,37 however, for 
neonates with suspected intracranial haemorrhage, CT or MRI 
are more sensitive imaging modalities. Intracranial haemor-
rhage tends to occur at around 4 days of life, so parents should be 
warned which signs to look for.

Haemophilia A and B
Pathophysiology
Haemophilia A and B are due to a reduction in factor VIII and IX 
respectively. Factor VIII and IX together with factor X form the 
tenase complex, an essential component of the coagulation cas-
cade, needed to produce the thrombin burst and ultimately the 
fibrin platelet plug. Lack of factor VIII or IX produces loose friable 
fibrin, which is susceptible to fibrinolysis. Fibrinolysis is further 
enhanced by the lack of the thrombin-activator fibrinolysis inhibi-
tor, normally activated by the thrombin burst. The lack of throm-
bin burst leads to a failure to consolidate the primary haemostatic 
plug, causing the characteristic bleeding pattern of haemophilia 
A and B, which is delayed after trauma but prolonged.38

Presentation
Haemophilia A  affects approximately 1 in 10000 live births. 
Haemophilia B is rarer, affecting 1 in 50000 live births. Patients 
with haemophilia A and B tend to present in a similar fashion 
and suffer from similar clinical features. Patients are classified as 
mild, moderate or severe depending on factor levels (Table 48.6). 
Many infants are diagnosed because of a positive family history, 

where the mother is known to be a carrier. A cord sample for fac-
tor VIII or IX levels will establish a diagnosis. At least one third 
of cases have no family history and are due to new mutations. 
These patients may present with bleeding, such as a cephalohae-
matoma, after the trauma of delivery. They may otherwise present 
with bruises from minimal trauma, which can be misinterpreted 
as non-accidental injury, or with joint and muscle bleeds when the 
child starts walking. Patients with mild to moderate haemophilia 
may not suffer from spontaneous bleeding and may not present 
until later in life with bleeding after surgery or dental work.

Inheritance
The genes for factor VIII and factor IX are both encoded on the 
long arm of chromosome X and the conditions are inherited in 
an X-linked fashion. Daughters of men with haemophilia A or B 
are obligate carriers and are at risk of having an affected child. 
Their sons have a 50% chance of being a haemophilia sufferer and 
daughters have a 50% chance of being a carrier. Carrier females 
have on average 50% of normal levels and have a higher incidence 
of bleeding than non-carriers. Where lyonization is unbalanced, 
with skewed X-chromosome inactivation, baseline levels fall lower 
than 50% and bleeding risk is further increased.

In a similar manner to non-haemophiliac patients, factor VIII 
levels are expected to rise from 6 weeks’ gestation, although Factor 
IX levels remain constant. FVIII levels start to fall from 48 hours 
postpartum.

Outcomes
Of 90 pregnancies in 53 carriers of haemophilia A and B, between 
1995 and 2005, there were 65 live births, 13 miscarriages and 12 ter-
minations.39 Neuraxial anaesthesia was performed in 25 pregnan-
cies with no complications. The caesarean delivery rate was 47%. 
The incidence of primary and secondary postpartum haemorrhage 
was 19% and 2%, respectively. Two women required blood trans-
fusion and all survived. There were two neonatal cranial bleeding 
complications associated with prolonged labour or instrumental 
delivery. Pregnancy and delivery therefore needs to be carefully 
managed to prevent bleeding in the mother and the child.

Treatments for haemophilia A and B
Treatment options for the prevention or management of bleeds 
in women who are carriers of haemophilia include factor replace-
ment, desmopressin, and tranexamic acid. These are in addition 
to other standard measures used to prevent or treat bleeding in 
obstetric patients. Decisions on treatment need to be made in con-
junction with the haemophilia team.

Table 48.6  Classification of haemophilia

Severity Factor VIII/IX level Clinical features

Severe < 1% Spontaneous bleeds into muscle, joints, 
and internal organs

Moderate 1–5% Bleeding after minor trauma

Occasional spontaneous bleeding,

Mild 5–49% Bleeding after surgery or major trauma

Spontaneous bleeding very rare

Data from White GC, Rosendaal F, Aledort LM, et al., Definitions in haemophilia. 
Recommendation of the scientific subcommittee on factor VIII and factor IX of the 
scientific and standardization committee of the International Society on Thrombosis and 
Haemostasis. Thromb Haemost, volume 85, p. 560, copyright © 2001 Schattauer GmbH.
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Tranexamic acid
Tranexamic acid is a very useful agent for carriers of haemophilia 
A or B. It can be used prophylactically to reduce bleeding prior to 
procedures, where it is often started the day before the procedure 
and continued for up to 5 days. It can be used to reduce risk of bleed-
ing during delivery and the postpartum period, when it should be 
started at the onset of labour, with an initial IV dose of 1 g, followed 
by 1 g tds orally for at least 5 days. It can also be used as adjunctive 
therapy for treatment of bleeding in haemophilia carriers.
Desmopressin
Desmopressin can be used as prophylaxis or treatment for car-
riers of haemophilia A, as well as male sufferers of mild to 
moderate haemophilia A. It has no effect in patients with haemo-
philia B. Mechanism of action, half-life, side effects and safety is 
covered earlier in the chapter. It should be remembered that desm-
opressin also acts as an antidiuretic, and therefore fluid intake 
should be monitored and may need to be restricted.
Recombinant factor concentrate
Factor concentrate is needed for haemophilia B carriers with low 
Factor IX levels. It is only required for haemophilia A carriers with 
low factor VIII levels if there is contraindication to desmopressin, 
such as hypertensive disorders. Recombinant factor concentrate 
is used, so risk of transmission of blood borne infection is not a 
concern. The main complication of factor replacement is inhibitor 
formation but this is very rare when used in haemophilia A or B car-
riers. Dosage is based on weight and increment needed (Box 48.4).

Antenatal management
Female carriers of haemophilia normally have factor levels of 
around 50 IU/dL. This level is usually sufficient to protect the 
patient from spontaneous bleeding and bleeding associated with 
surgery. However some carriers have lower Factor VIII or IX lev-
els, due to unbalanced lyonization, and levels as low as 5 IU/dL 
have been seen in some patients.39 Levels should be checked at 
booking and in the third trimester. They should be known before 
invasive procedures or delivery, and monitored during therapy. 
Therapeutic levels should be maintained for a suitable time period 
depending on the procedure. For minor antenatal procedures, 
usually 1–2 days of treatment is sufficient but for delivery normal 
values should be maintained for 3–5 days.

FVIII levels tend to increase during pregnancy, whereas FIX 
levels tend to remain constant. Chi et al. looked at 90 pregnan-
cies of haemophilia carriers. Haemophilia A carriers had a sig-
nificant rise in FVIII levels, with 92% achieving levels of greater 
than 50 IU/dL in the third trimester. Factor IX results were less 
consistent.39

Attempts are often made to establish the risk to the fetus so the 
pregnancy can be managed appropriately. Establishing the sex of 
the fetus is crucial. This can be done from 7 weeks’ gestation by 
determining evidence of fetal Y chromosome in maternal blood, 

or by ultrasound scan at 12 weeks. If the fetus is female special 
precautions are not needed for delivery. For male fetuses, some 
women may accept prenatal diagnosis, by chorionic villus sam-
pling or amniocentesis. If termination of pregnancy is not being 
considered, some parents opt for third trimester amniocentesis of 
male fetuses to aid decisions on management of labour.

A factor VIII or IX level of 50 IU/dL is necessary for procedures 
including chorionic villus sampling and amniocentesis. If the level 
is insufficient, treatment will be needed in the form of DDAVP® or 
factor VIII replacement for haemophilia A carriers, and factor IX 
replacement for haemophilia B carriers.

Management of labour and delivery
At the onset of labour a FBC, clotting screen and group and save 
should be taken. A factor assay should be taken if less than 50 IU/ dL 
at the last check. The majority of haemophilia A carriers do not need 
haemostatic support for delivery, as factor VIII levels usually reach 
the normal range spontaneously. However as factor IX does not rise 
in pregnancy these patients often need factor replacement.

As stated earlier, when considering the mode of delivery, factors 
to be taken into account include the maternal and fetal bleeding 
risks, other maternal complications and local resources such as 
availability of on-call senior obstetric, haematology and anaes-
thetic cover with experience in dealing with patients with bleed-
ing disorders. Risk of intracranial haemorrhage is 4% in babies 
with severe haemophilias and special precautions need to be taken 
to avoid unnecessary trauma in potentially affected male babies. If 
vaginal delivery is opted for, use of ventouse extraction, mid cav-
ity forceps and fetal scalp monitoring should be avoided. A pro-
longed second stage of delivery should also be avoided, with early 
recourse to caesarean delivery if necessary.

Neuraxial anaesthesia is considered safe providing the clotting 
screen is normal and factor VIII/IX levels are above 50 IU/Dl.40 
Levels should be checked again before removal of the epidural 
catheter as they may have fallen rapidly.

Postpartum management
Postpartum patients should be closely monitored as levels are 
expected to fall. Levels should be maintained at least 50 IU/dL for 
3–5 days, although longer if caesarean delivery has been performed.

Aspirin, NSAIDs, IM injections, and pharmacological throm-
boprophylaxis should be avoided in patients with factor VIII or IX 
levels less than 50 IU/dL.

Management of the neonate
A cord sample should be taken to assess factor VIII or IX levels, 
although these may not be representative of the true baseline, 
as Factor VIII often rises in response to the stress of delivery 
and Factor IX does not reach true baseline levels until around 
6 months of age. IM vitamin K should be withheld until the factor 
levels are known, or given orally if needed.

Von Willebrand disease
Pathophysiology
VWF is an essential part of the coagulation system. It is produced 
in the vascular endothelial cells and megakaryocytes in the bone 
marrow and binds to Factor VIII which inactivates rapidly in 
the absence of VWF. It is also important in platelet adhesion to 
wound sites.

VWF is released from the Weibel–Palade storage gran-
ules in response to a number of agonists including thrombin, 

Box 48.4  Dosage of recombinant factor VIII/IX
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epinephrine, histamine and vasopressin. This can be taken advan-
tage of therapeutically by the use of desmopressin to treat milder 
forms of VWD. Increased synthesis and secretion of VWF also 
occurs as part of an acute-phase response to injury, inflamma-
tion, infection, malignancy, emotional stress and also pregnancy. 
This needs to be kept in mind when managing a pregnant woman 
with VWD.38

For normal von Willebrand function, it must be present in nor-
mal amounts, have a normal multimeric structure, and an intact 
binding site for collagen and platelet glycoproteins GP1b and 
GPIIb/IIIa. VWD is most commonly inherited, with mutations 
affecting each of these different aspects leading to the six different 
subclassifications of inherited VWD (Table 48.7).

During pregnancy, there is a rise in VWF antigen (VWF:Ag). In 
women with type 1 VWD, this is also accompanied by a rise in VWF 
activity and FVIII:C, usually reaching normal ranges by term.

Clinical features
The severity of bleeding varies from a mild to moderately severe 
bleeding tendency. Failure of platelets to adhere to injured vessel 
walls leads to failure of primary haemostasis and bleeding from 
small blood vessels in the skin and mucous membranes. Patients 
often present with bruising, epistaxis, menorrhagia and bleeding 
after surgery and dental extraction. Importantly, these patients 
are also vulnerable to postpartum bleeding. Patients with type 3 
VWD have absent VWF and FVIII:C levels of 1-2%. These patients 
have a bleeding tendency similar to severe haemophilia A and suf-
fer from haemarthrosis, muscle bleeds and life-threatening bleed-
ing after trauma, as well as small vessel bleeding which is not 
normally a feature of haemophilia A.

Outcomes
Women are at risk of bleeding early in pregnancy before VWF 
and FVIII levels have risen. In one case series 33% of pregnan-
cies in mothers with VWD developed vaginal bleeding.37 Major 
antenatal haemorrhage is rare, but can occur after miscarriage 

or termination. Up to 10% of terminations can be accompanied 
by excessive bleeding requiring transfusion.37 Women are at risk 
of postpartum haemorrhage, as VWF and factor VIII levels fall. 
16–29% of women with VWD will develop primary postpartum 
haemorrhage, and 20–29% of women will develop secondary 
postpartum haemorrhage.41

Laboratory investigations
Investigation of VWD initially involves measurement of the FBC, 
APTT, von Willebrand factor antigen (VWF:Ag), von Willebrand 
factor ristocetin cofactor activity (VWF:RCo), von Willebrand 
collagen binding activity (VWF:CBA) and FVIII level (FVIII:C) 
(Table 48.8).

VWF:Ag is a quantitative measurement of VWF. VWF:CBA 
and VWF:RCo are functional measures of VWF activity. If 
an abnormality is found, further investigations including 
ristocetin-induced platelet aggregation (RIPA) which measures 
the ability of VWF to bind to platelets, and VWF multimer factor 
analysis are performed.

Treatments for Von Willebrand disease
Patients with type 1 VWD and mild to moderate bleeding can often 
be treated with desmopressin, which acts to release VWF from 
Weibel–Palade storage granules, producing a brisk rise in VWF and 
FVIII levels, about 30 minutes after an IV infusion.38 Desmopressin 
is less likely to be effective in patients with type 2 VWD due to the 
release of abnormal VWF. It is contraindicated in type 2b VWD 
as it will exacerbate platelet consumption and cause worsening 
thrombocytopenia. However it may be of benefit in type 2a, 2m 
and 2n VWD and a trial should be carried out before pregnancy. 
Desmopressin will be ineffective in patients with type 3 VWD.

For patients in whom desmopressin is ineffective or contraindi-
cated, VWF concentrate is required. Intermediate and high purity 
concentrates are available which vary in the amount of VWF con-
centrate they contain and how well it is preserved, as well as the 
VWF/FVIII ratio. Following treatment with DDAVP® or VWF 
concentrate, FVIII:C levels, VWF:Ag, VWF:RCo, and if appropri-
ate a FBC should be taken to assess response. Further levels may 
be required to assess if further treatment is needed.

Antenatal management
A baseline FVIII:C level, VWF:Ag, VWF:RCo and FBC should 
be taken at booking, and at 28 and 36 weeks. Risks to the baby 
of inheriting VWD need to be determined, although prenatal 
diagnosis is rarely undertaken as patients with VWD are able to 
maintain a good quality of life with current treatments. However, 
where babies are at risk of type 3 VWD, mothers may wish to 
undergo antenatal diagnosis and the procedure may need to be 
covered with DDAVP® or von Willebrand concentrate to ensure 
levels of more than 50 IU/dL.

Management of delivery
At the onset of labour a FBC, coagulation screen, FVIII;C level, 
VWF;Ag and VWF:RCo should be taken. Patients with type 1 VWD 
usually show a rise in VWF levels to within the normal range, giv-
ing no cause for concern at delivery. However the rise in VWF anti-
gen levels leads to no improvement in activity for most patients with 
type 2 disease and those with type 2b VWD often develop a wors-
ening of thrombocytopenia due to the heightened platelet binding. 
Patients with type 3 VWD have no increase in VWF.

Table 48.7  Subclassification of von Willebrand disease

Subclassification Pathology Inheritance Severity

Type 1 Quantitative reduction 
in VWF

Autosomal 
dominant

Mild to 
moderate

Type 2a Reduced 
high-molecular-weight 
multimers

Autosomal 
dominant

Mild to 
moderate

Type 2b Increased GpIb binding 
leading to platelet 
aggregation and 
consumption

Autosomal 
recessive

Mild to 
moderate

Type 2m Reduced GpIb binding Autosomal 
recessive

Mild to 
moderate

Type 2n Reduced VIII binding Autosomal 
recessive

Mild to 
moderate

Type 3 Quantitative complete 
absence of VWF

Autosomal 
recessive

Severe

GP, glycoprotein; VWF, von Willebrand factor. Adapted from Sadler JE, Budde U, 
Eikenboom JCJ, et al., Update on the pathophysiology and classification of von Willebrand 
disease: a report of the Subcommittee on von Willebrand Factor. Journal of Thrombosis 
and Haemostasis, volume 4, pp. 2103–14. copyright © 2006 John Wiley & Sons.
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For labour, VWF activity levels and FVIII should be raised to 
50 IU/dL. This can be achieved by the use of desmopressin, or if 
unsuitable, VWF concentrate. A delivery plan should have been 
made antenatally including the treatment agent of choice.

Neuraxial anaesthesia should only be used if FVIII;C level, 
VWF;Ag are above 50 IU/dL.40

The mode of delivery should be based on obstetric indications. 
Vaginal delivery is generally safe in type 1 and 2 VWD. Where 
the baby is at risk of type 2 or 3 VWD, a prolonged second stage 
of labour should be avoided, with early recourse to caesarean 
delivery. Interventions such as fetal scalp monitoring, ventouse 
delivery, mid cavity forceps and forceps involving rotation of the 
head should be avoided to minimize trauma to mother and baby, 
although the occurrence of intracranial haemorrhage is very low, 
even in patients with type 3 VWD.42 The third stage of labour 
should be managed actively.

Postpartum management of mother
Women with FVIII and VWF:RCo levels less than 50 IU/d Lare 
more likely to develop postpartum haemorrhage.44 Levels should 
be maintained above 50 IU/dL for up to 5 days postpartum. This 
can be achieved with the use of desmopressin or VWF concen-
trate. If complications occur and treatment is needed for more 
than 3  days, VWF concentrate may be required in addition to 
desmopressin because of the potential of tachyphylaxis.

Management of the neonate
A cord sample should be taken to establish FVIII:C, VWF:Ag and 
VWF:RCo levels. However, results may not be representative of 
true baseline levels as they can rise with the stress of delivery. Oral 
vitamin K should be given rather than IM, unless the cord sample 
shows normal levels.

Factor XI deficiency
Inheritance of Factor XI deficiency is autosomal. Homozygotes 
have levels of less than 15–20 IU/dL. Heterozygotes are par-
tially deficient and have levels ranging between 20 and 70 IU/
dL. In Ashkenazi Jews heterozygosity is reported to be as high 
as 8%.44

FXI levels and the degree of bleeding tendency do not correlate 
and patients can be categorized into those with a non-bleeding 
phenotype and those at risk during haemostatic challenges. 
Bleeding intensity tends to be associated with the site of injury. 
Areas with high fibrinolytic activity such as the oral cavity or uro-
genital tract have a higher risk of bleeding and women are prone 
to menorrhagia and bleeding after childbirth. A severe bleeding 
phenotype is unusual and in many of these patients there is coex-
istence of other bleeding tendencies such as VWD or platelet func-
tion disorders.31

Factor XI levels do not rise in pregnancy but the incidence of 
spontaneous miscarriage or antepartum haemorrhage is no higher 
than for women with normal Factor XI levels. The risk of post-
partum haemorrhage (PPH) is increased, although a study of 105 
pregnancies in 33 women showed there to be a highly significant 
difference between women with a ‘bleeding’ phenotype compared 
to those considered to be ‘non-bleeders’, with a relative risk [RR] 
of 7.2 (CI 1.99–25.9).45 A study of women with severe factor XI 
deficiency (factor IX < 17 IU/dL), found that 24% of 132 untreated 
vaginal deliveries were accompanied by excessive bleeding. 17% of 
the 12 women undergoing caesarean delivery without prophylaxis 
had increased bleeding but this did not occur in any of the 6 who 
received prophylaxis for surgery.46

Standard measures as outlined in Boxes 48.1 and 48.2 should be 
taken throughout pregnancy, during labour and delivery and the 
postpartum period. Decisions on prophylaxis for delivery should 
be made on an individual basis based on previous bleeding ten-
dency, factor XI levels, and mode of delivery.

Treatment options include tranexamic acid, FXI concen-
trate and FFP. The UKCHDO advise that women with FXI lev-
els between 15 and 70 IU/dL and no significant bleeding history 
can be managed expectantly, without prophylaxis.40 Women 
with levels between 15–70 IU/dL and a significant bleeding his-
tory or no previous haemostatic challenges can be given a 3-day 
course of tranexamic acid, with the first dose being given during 
labour. Patients with severe deficiency (FXI levels < 10–20 IU/
dL) are likely to require factor XI concentrate. As this is associ-
ated with an increased risk of thrombotic complications, low dose 

Table 48.8  Laboratory investigations in von Willebrand disease

Subclassification FBC aPTT VWF:Ag VWF:RCo VWF:CBA FVIII:C RIPA Multimers

Type 1 Normal Normal or 
prolonged

Low Low Low Normal 
or low

No reaction Normal

Type 2a Normal Normal or 
prolonged

Normal or low Low Low Normal 
or low

No reaction Decrease in 
large multimers

Type 2b Platelet count 75–100 Normal or 
prolonged

Normal or low Low Low Normal 
or low

Positive Decrease in 
large multimers

Type 2m Normal Normal or 
prolonged

Normal or low Low Low Normal 
or low

No reaction Normal

Type 2n Normal Normal or 
prolonged

Normal or low Normal or Low Normal or 
Low

Low No reaction Normal

Type 3 Platelet count reduced/
normal/increased

Prolonged Absent Absent Absent Low No reaction Absent

Ag, antigen; aPTT, activated partial thromboplastin time; CBA, collagen binding activity; FBC, full blood count; RCo, ristocetin cofactor activity; RIPA, ristocetin-induced platelet 
aggregation; VWF, von Willebrand factor. Adapted from Laffan, M., et al, The diagnosis of von Willebrand disease: a guideline from the UK Haemophilia Centre Doctors’ Organization. 
Haemophilia, Volume 10: issue 3, pp. 199–217. Copyright © 2004 John Wiley & Sons.
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therapy is usually used (around 10 IU/kg) to raise FXI levels to 
between 30 IU/dL and 70 IU/dL. Concomitant use of tranexamic 
acid should be avoided and antithrombotic measures should be 
used, including anti-embolic stockings, good hydration and early 
mobilization.

Neuraxial anaesthesia should be avoided unless an adequate 
response to treatment has been documented, with levels in the 
normal range. Recombinant activated factor VII has been used to 
prevent bleeding but this is an unlicensed indication and it is asso-
ciated with increased thrombotic risk. All women with a bleeding 
phenotype should receive oral tranexamic acid for 2 weeks after 
delivery.

Rare inherited bleeding disorders
Standard precautions (as in Boxes 48.1 and 48.2) for patients with 
bleeding disorders are required for women with a rare inherited 
bleeding disorder (Table 48.9).

Fibrinogen and FXIII are both needed to support a pregnancy. 
Therefore women with inherited fibrinogen abnormalities and 
FXIII deficiency are unique in needing prophylactic replacement 
therapy throughout pregnancy, from the outset.

Some women with dysfibrinogenaemia and hypofibrinoge-
naemia also have a paradoxical risk of thrombosis. Bleeding and 

thrombotic risk should be considered in all patients, and prophy-
laxis with LMWH is considered in some.

Although most rare inherited bleeding disorders are autosomal 
recessive, the risk of the fetus inheriting the disorder should be 
considered in consanguineous marriages.

Analgesia for women with bleeding disorders
Normal analgesics used in the obstetric setting can be problematic 
for patients with bleeding disorders, due either to the side effects 
of the medication or its route of administration, and careful con-
sideration should be given in choosing the most suitable form.

Aspirin
Aspirin is commonly used in pregnancy, to prevent hypertensive 
disorders and placental insufficiency. It inhibits platelet aggre-
gation and activation by inactivating the cyclooxygenase (COX) 
enzyme, responsible for the synthesis of precursors of prosta-
glandin and thromboxane. Prostaglandins are involved in trans-
mission of pain sensation, inflammation and modulation of the 
hypothalamic thermostat. Thromboxane is a potent vasoconstric-
tor and enhances platelet aggregation and activation of new plate-
lets. The inhibitory effect of aspirin is irreversible and thus persists 
for the lifetime of the platelet, approximately 7–10 days. Thus aspi-
rin is not recommended for patients with bleeding disorders.

Table 48.9  Summary of rare inherited bleeding disorders

Incidence Inheritance Coagulation results Preferred therapeutic 
option

Other options

II 1 per 2 million Autosomal 
recessive

Prolonged aPTT and PT Prothrombin complex 
concentrate

SD plasma

V 1 per 1 million Autosomal 
recessive

Prolonged AaPTT and PT, normal TT SD plasma Platelets and recombinant 
activated factor VII

VII 2 per million Autosomal 
recessive

Prolonged PT Recombinant 
activated factor VII

Virally inactivated factor VII 
concentrate

Prothrombin complex 
concentrate or SD 
plasma—only recommended if 
alternatives not available

X 1 per million Autosomal 
recessive

PT and aPTT prolonged Prothrombin complex 
concentrate

SD plasma

Combined V 
and VIII

1 per million Autosomal 
recessive

aPPT more prolonged than PT SD plasma to raise FVII 
levels, and

Recombinant FVIII

FVIII concentrate

XIII 1 per million Autosomal 
recessive

Normal aPTT/PT/TT

Positive clot solubility test

FXIII concentrate SD plasma

Fibrinogen 1 per million Autosomal 
recessive/
dominant

Afibrinogenaemia—fibrinogen unmeasurable by 
function (Clauss) method, and immunoreactive 
assays.

Hypofibrinogenaemia—low fibrinogen by 
functional and immunoreactive method.

Dysfibrinogenaemia—fibrinogen measured lower 
by functional method than immunoreactive assay

Virally inactivated 
fibrinogen

Cryoprecipitate only in 
emergencies

aPTT, activated partial thromboplastin time; PT, prothrombin time; SD, solvent detergent; TT, prothrombin time.
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Non-steroidal anti-inflammatory drugs
NSAIDs also inhibit the COX enzyme, reducing production 
of thromboxane and prostaglandins but inhibition is competi-
tively reversible. This the duration of the inhibitory effect is more 
dependent on the half-life of the drug. NSAIDs such as ibuprofen 
and diclofenac, ketoprofen and indomethacin have short half-lives 
of less than 6 hours, whereas naproxen, celecoxib, meloxicam, 
nabumetone, and piroxicam have half-lives of more than 6 hours 
and up to 60 hours. Pessaries and suppositories can have just the 
systemic effect as oral NSAIDs. Gastric ulceration can occur, 
both due to direct irritation of the gastric mucosa, and also due to 
reduction of protective prostaglandin.

NSAIDs are generally not recommended in patients with bleed-
ing disorders. However, short-acting forms can be used with cau-
tion in women receiving haemostatic treatment.

Intramuscular analgesia
NSAIDs or opiates are often given by the IM route. However in 
women with bleeding disorders this can be associated with muscle 
haematoma. IM injections are not recommended in women with 
factor levels less than 50%, or a platelet count less than 50 × 109/L.

Patient-controlled analgesia
Patient controlled analgesia is a good option for analgesia in this 
cohort of women, allowing patients to manage their own analge-
sia. Long-acting opioids will affect the neonate, so short-acting 
opioids like remifentanil are more appropriate (see Chapter 13).

Neuraxial anaesthesia
Use of neuraxial analgesia needs to be carefully considered. 
Epidural analgesia is more of a concern than spinal analgesia as 
the catheter is left in situ and the epidural needle is bigger and 
potentially causes more trauma. Removal of the catheter can be 
associated with a higher bleeding risk than insertion. Factor VIII 
or IX levels should be at least 50% for insertion and removal of the 
catheter and the platelet count should be at least 50 × 109/L and 
usually 80 × 109/L.

Spinal analgesia is often preferred as a smaller needle can be 
used and usually no catheter is left in place. Very rarely spinal 
catheters are used and would be contra-indicated in a patient 
with a bleeding tendency. Again a factor level of more than 50% 
is advised.

Thrombocytopenia
Thrombocytopenia occurs in up to 10% of pregnancies, with 
gestational thrombocytopenia, MAHAs, and immune thrombo-
cytopenias the most common causes. Figure 48.6 demonstrates 
the incidence of causes of thrombocytopenia. Box 48.5 lists rarer 
causes of thrombocytopenia.

General considerations
Serious maternal haemorrhage is rare in those with thrombocy-
topenia. The bleeding risk depends on the cause of the thrombo-
cytopenia, the level of platelet count, rate of fall and if there is 
an associated coagulopathy. For example, a patient with ITP will 
have younger more active platelets, and have a lower bleeding risk 
than a patient with disseminated intravascular coagulation (DIC) 
or a platelet function disorder.

Patients with a platelet count over 100 × 109/L can be moni-
tored by the midwife or GP. Those with a platelet count less than 

100 ×  109/L usually need to be assessed in secondary care. Treatment 
aims to maintain a safe, rather than normal platelet count and is 
usually only required to cover invasive procedures and delivery.

Anaesthesia
Use of neuraxial anaesthesia is often a source of debate and there 
is little evidence to support a safe platelet count. A threshold of 
more than 80  × 109/L is considered safe by most anaesthetists 
to insert and remove epidural anaesthesia, provided there is no 
associated coagulopathy, and the patient is not on anticoagulants 
or antiplatelet agents.47 Some experienced anaesthetists would 
consider neuraxial anaesthesia in ITP patients with a plate-
let count above 50  × 109/L.48 Patients with a platelet count of 
50–80 × 109/L should be assessed on a case-by-case basis, and a 
detailed bleeding history should be established to help determine 
the bleeding risk.

Mode of delivery
Mode of delivery should be based on obstetric factors, as there is 
no evidence to suggest caesarean delivery is safer than uncompli-
cated vaginal delivery.45 If delivery is anticipated to be compli-
cated, an elective caesarean delivery may be a better option.

General considerations for the fetus
Neonatal thrombocytopenia with associated intracranial haem-
orrhage is the major concern for a baby with a thrombocytopenic 
mother and the cause of maternal thrombocytopenia needs to be 
considered. Gestational thrombocytopenia is a benign diagnosis 
for the fetus. However, maternal ITP can result in transplacen-
tal transfer of maternal immunoglobulin G (IgG) autoantibody, 

Immune
4%

MAHAs
2A%

Gestational
74%

Others
A%

Figure 48.6  Causes of thrombocytopenia in pregnancy.

Box 48.5  Rare causes of thrombocytopaenia in pregnancy

◆	 Folate deficiency
◆	 Systemic lupus erythematosus/antiphospholipid syndrome
◆	 Viruses
◆	 Drugs
◆	 Malignancies
◆	 Splenomegaly
◆	 Congenital platelet disorders
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leading to thrombocytopenia in the fetus. Thrombocytopenia due 
to MAHA is not usually associated with thrombocytopenia in the 
fetus, but can cause placental infarction and high rates of morbid-
ity and mortality.

Standard precautions should be taken for fetuses at risk of 
thrombocytopenia. This includes avoidance of fetal scalp moni-
toring, use of ventouse and rotational forceps, and prolonged 
labour. A cord sample should be taken to assess the platelet count. 
IM vitamin K should be avoided if the platelet count is less than 
50 × 109/L, and can be given orally instead. Infants with a subnor-
mal platelet count should be monitored, as the platelet count may 
continue to fall, with a nadir at 2–5 days.

Severe thrombocytopenia in infants is rare. Infants with a plate-
let count less than 20 × 109/L should be tested to exclude fetoneo-
natal alloimmune thrombocytopenia.

Gestational thrombocytopenia
Gestational thrombocytopenia is the most common cause of 
thrombocytopenia in pregnancy and complicates 5% of pregnan-
cies. There is approximately a 10% fall in platelet count from base-
line, which tends to occur in the second half of pregnancy. The 
platelet count at term is more than 100 × 109/L in 95% of cases and 
it is rare for it to fall below 70 × 109/L. Other causes, namely ITP, 
should be considered if this is the case.

Gestational thrombocytopenia is a diagnosis of exclusion, and 
it can be difficult to distinguish severe forms of this from ITP. 
Table 48.10 summarizes the key distinguishing features.

Gestational thrombocytopenia is benign for both mother and 
baby, and is not associated with haemorrhagic complications. The 
thrombocytopenia usually resolves within 6 weeks after delivery. 
Use of neuraxial anaesthesia is considered safe in patients with 
gestational thrombocytopenia, as the platelet count rarely falls to 
below 70 × 109/L.

Immune thrombocytopenic purpura
Although ITP is one of the less frequent causes of thrombocytope-
nia in pregnancy, it is the most common cause of thrombocytope-
nia in the first and second trimester. It is due to antibodies against 
platelet surface glycoproteins, mainly glycoprotein IIb/IIIa and 
glycoprotein Ib/IX.

Severe bleeding complications are rare in patients with ITP as 
platelets tend to be younger and more active. Unlike gestational 
thrombocytopenia, ITP can cause haemorrhagic complications in 
the fetus as the IgG antibodies can cross the placenta.

Outcomes
Webert et al. looked at 119 pregnancies in mothers with ITP.49 
Although 15.5% of women had a platelet count of lower than 50 × 
109/L at the time of delivery, haemorrhagic complications were 
uncommon and not related to the platelet count. Four women had 
an estimated blood loss at delivery of more than 1 L and the plate-
let count in these women ranged from 54 × 109/L to 321 × 109/L. 
Neuraxial analgesia was used in 42 pregnancies, seven of whom 
had a platelet count of less than 75 × 109/L. No complications were 
reported. There was one fetal death related to thrombocytope-
nia. This was a stillbirth at 27 weeks in a mother with moderately 
severe ITP who had previously undergone a splenectomy.

Treatments
Decisions on treatments for ITP should be based on the balance of 
risks of bleeding versus risks of side effects from treatments. The 
aim is for a safe platelet count for pregnancy, rather than a nor-
mal platelet count. Patients with a platelet count more than 20 × 
109/L often do not need treatment until 36 weeks, or if delivery is 
imminent.

Table 48.11 suggests some maternal platelet counts which are 
generally thought to be acceptable.

Prednisolone is the usual first-line treatment, with 20 mg being 
a suitable starting dose in pregnancy. A response can be expected 
within 3–7 days. Patients unresponsive to steroids can be tried 
on IV immunoglobulin or higher-dose steroids. Other treatment 
options for ITP have limited use in pregnancy.

Splenectomy is rarely required for treatment of refractory ITP 
in pregnancy and is best undertaken in the second trimester. It 
can be performed laparoscopically before 20 weeks, after which 
the technique becomes difficult. Splenectomy in the first trimester 
is associated with increased risks of preterm labour.50 The platelet 
count often does not need to be raised prior to splenectomy, as it 
can be expected to rise after the splenic artery is clamped.

Platelet transfusions are ineffective in the treatment of ITP as 
they are destroyed by the antibody, so are short lived. The only 
indication for use of platelets in the management of ITP is major 

Table 48.10  Differences between gestational and immune 
thrombocytopaenia

Gestational thrombocytopenia Immune thrombocytopenic purpura

No specific diagnostic 
test—diagnosis of exclusion

No specific diagnostic test—diagnosis 
of exclusion

No associated autoimmune diseases Associated autoimmune diseases

Normal platelet count prepregnancy Possible previous history of 
thrombocytopenia

Platelet count usually  
>100 × 109/L, rarely < 70 × 109/L

Median platelet count at delivery  
85 × 109/L

Not associated with maternal 
haemorrhage

Small risk of maternal haemorrhage

Occurs in second half of pregnancy Can cause thrombocytopenia in the 
first and second trimester

No improvement with steroids Improvement with steroids

No fetal haemorrhage Small risk of fetal haemorrhage

Spontaneous resolution after 
delivery

Thrombocytopenia can persist after 
pregnancy

May recur in subsequent pregnancies May recur in subsequent pregnancies

Table 48.11  Acceptable platelet counts for various situations 
in women with idiopathic thrombocytopenic purpura

Situation Accepted platelet count

Antenatally >20 × 109/L

Vaginal delivery >40 × 109/L

Operational/instrumental delivery >50 × 109/L

Epidural >80 × 109/L
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haemorrhage or emergency surgery, when bleeding points can be 
transiently sealed. Concurrent use of IV immunoglobulin can 
extend the half-life of transfused platelets to some degree.

Antenatal management
Women with a platelet count above 100 × 109/L can usually be 
managed in the community with monthly blood counts by the 
midwife. Those with a platelet count below 100 × 109/L should 
be referred to a specialized haematology obstetric clinic. In these 
patients, if the count is relatively stable monitoring can occur 
every 4 weeks until after 26 weeks, increasing to every fortnight 
and every week as term approaches.

Treatment for thrombocytopenia is not usually needed unless 
the platelet count is less than 20 × 109/L, a procedure is planned, 
the patient is bleeding, or delivery is approaching. Potential side 
effects of treatment need to be considered, such as gestational dia-
betes, weight gain, or postpartum psychiatric disorders.

Management of labour and delivery
Home delivery is not advised if the platelet count is less than 100 × 
109/L. Mode of delivery should be based on obstetric factors as 
there is no evidence that caesarean delivery is safer for the fetus. 
A blood count should be checked on arrival in labour and neu-
raxial anaesthesia avoided if the platelet count is too low. Standard 
precautions mentioned earlier should be taken to reduce the risk 
of neonatal haemorrhage.

Postpartum management of the mother
Active management of the third stage of labour is recommended, 
with IV oxytocic drugs. Non-steroidal analgesia should be avoided 
due to the associated bleeding risk of haemorrhage. Oral tranexamic 
acid given for 14 days postpartum should be considered.

It needs to be remembered that 25% of mothers with ITP have 
antiphospholipid antibodies and therefore thromboprophylaxis 
may well be necessary.

Management of the newborn
Babies born to mothers with ITP are at risk of thrombocytope-
nia. Reported incident of neonatal thrombocytopenia varies, 
but between 8% and 30% of infants will have platelet counts less 
than 50 × 109/L, and 1–5% will have a platelet count below 20 × 
109/L.51–53

A cord sample should be taken to assess the platelet count and 
for those with thrombocytopenia, a repeat count should be con-
sidered at 2–5 days when platelets reach their nadir due to splenic 
development in the neonate.

Microangiopathic haemolytic anaemias
MAHAs are a subgroup of haemolytic anaemias which involve 
physical destruction of red blood cells in blood vessels. Destruction 
can occur in the large vessels because of abnormal vasculature or 
cardiac valves, or more commonly in pregnancy in the small ves-
sels due to deposition of thrombi. Destruction of red cells leads to 
anaemia and the presence of red cell fragments, known as schisto-
cytes in the blood film (Figure 48.7). Consumption of platelets in 
deposited thrombi leads to thrombocytopenia

There is overlap in the presenting features of MAHAs, which 
can cause some diagnostic difficulty. Table 48.13 outlines some 
of the distinguishing features between the pregnancy-associated 
MAHAs. Delay in diagnosis, especially of thrombocytopenic pur-
pura, can be life threatening, and often plasma exchange needs to 
be started immediately, before a diagnosis can be confirmed.

MAHAs secondary to pre-eclampsia
The aetiology of the mechanical damage to red cells during 
pre-eclampsia is uncertain but is probably due to fracturing of red 
cells as they pass over microthrombi, reflecting coagulation acti-
vation, vasoconstriction, and/or endothelial dysfunction seen in 
this condition. Up to 50% of women develop thrombocytopenia, 
secondary to activation of coagulation and formation of micro-
thrombi in the circulation. The severity parallels the pre-eclampsia 
(Box 48.6).

Management
The FBC and coagulation screen should be monitored in patients 
with pre-eclampsia. Platelet transfusions should only be given if 
there is active bleeding, or if delivery is urgent. In this setting and 
in the presence of a DIC, platelets should be given to maintain a 
platelet count above 50 ×109/L.

Similarly, fresh frozen plasma should be used only if there is 
active bleeding.

Figure 48.7  A blood film from a patient with MAHA depicting polychromasia 
and schistocytes.

Table 48.12  Common causes of microangiopathic haemolytic 
anaemias

Specific to pregnancy Not specific to pregnancy

Pre-eclampsia Thrombotic thrombocytopenic purpura

HELLP syndrome Haemolytic uraemic syndrome

Acute fatty liver of 
pregnancy

Disseminated intravascular coagulation

Malignant hypertension

Burns

Vasculitides, e.g. Wegener’s, systemic lupus 
erythematosus

Certain infections, e.g. malaria, babesiosis, 
bartonellosis, Clostridium perfringens

HELLP, haemolysis, elevated liver enzymes, low platelets.
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Neuraxial anaesthesia is only recommended if the platelet count 
is above 80 × 109/L and the coagulation screen is normal.

Thrombocytopenia, MAHAs, and coagulopathy associated with 
pre-eclampsia usually quickly resolve after delivery, but occasion-
ally may worsen or even present postpartum and can continue for 
up to 14 days after delivery.

HELLP syndrome
HELLP syndrome is characterized by haemolysis, elevated liver 
enzymes, and low platelets. It occurs in 0.5–0.9% of pregnancies 
and in 10–20% of cases of severe pre-eclampsia.54 Seventy per 
cent of cases occur antenatally, usually in the third trimester, the 
remainder occur in the 48 hours postpartum (see also Chapter 36).

The pathophysiology of HELLP is thought to be similar to 
pre-eclampsia, with endothelial damage, possibly more marked in 
the liver vasculature, with local fibrin deposition and infrequently 
areas of liver infarction as a consequence. Haemolytic anaemia 
with the presence of schistocytes on the blood film, and thrombo-
cytopenia are characteristic. Thrombocytopenia reflects the degree 
of severity and is used in the Mississippi classification of HELLP 
(Table 48.14). Liver function tests are abnormal and right upper 
quadrant pain can occur which is the result of obstructed blood 

flow in the hepatic sinusoids and hepatic necrosis. DIC complicates 
80% of severe cases (Box 48.7).45

HELLP has a maternal mortality rate of approximately 1%.55 
Perinatal mortality has been reported as between 7% and 34% and 
is mainly due to prematurity.56– 58

Haematological management
Mode of delivery should be guided by obstetric factors. Clotting 
screen results are usually normal in HELLP and as this is a pro-
thrombotic condition blood products are rarely needed. Platelets 
should be avoided unless the patient is bleeding.

Box 48.6  Haematological features of severe pre-eclampsia

◆	 Thrombocytopenia
◆	 Anaemia
◆	 Reticulocytosis
◆	 Presence of schistocytes and polychromasia in blood film
◆	 Prolonged aPTT
◆	 Increased fibrin degradation products
◆	 Reduced antithrombin activity

Table 48.13  Distinguishing features between the pregnancy-associated microangiopathic haemolytic anaemias

Pre-eclampsia HELLP (haemolysis, 
elevated liver 
enzymes, and low 
platelets)

DIC (disseminated 
intravascular 
coagulation)

AFLP (acute fatty 
liver of pregnancy)

TTP (thrombotic 
thrombocytopenic 
purpura)

HUS (haemolytic 
uraemic 
syndrome)

Onset of symptoms Third trimester Third trimester Any time Third trimester Third trimester Postpartum

Central nervous system 
symptoms

+/− +/− +/− +/− +++ +/−

Renal impairment +/− + +/− + ++ +++

Fever − − +/− − +/− +/−

Liver impairment +/− +++ +/− +++ +/− +/−

Hypertension +++ +/− − + +/− ++

Haemolysis + ++ + +/− +++ ++

Thrombocytopenia + ++ +++ + +++ ++

Prolonged clotting times +/− +/− +++ ++ − −

ADAMTS13 levels Mildly reduced Mildly reduced Mildly reduced Mildly reduced Severely deficient  
(levels < 5%)

Mildly reduced

Resolution post delivery Rapid May take 2–3 days Rapid Can take weeks Can take weeks Can take weeks

Myers B. Thrombocytopenia in pregnancy. The Obstetrician & Gynaecologist, volume 11, issue 3, pp. 177–183. copyright © 2009 John Wiley & Sons.

Table 48.14  Mississippi classification of HELLP

HELLP class Mississippi classification

1 Platelets ≤ 50 × 109/L

AST or ALT ≥ 70 IU/L

LDH ≥ 600 IU/L

2 Platelets ≤ 100 × 109/L

≥ 50 × 109/L

AST or ALT ≥ 70 IU/L

LDH ≥ 600 IU/L

3 Platelets ≤ 150 × 109/L ≥ 100 × 109/L

AST or ALT ≥ 40 IU/L

LDH ≥ 600 IU/L

ALT, alanine transaminase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase.
Adapted from American Journal of Obstetrics and Gynecology, volume 195, issue 4, James N. 
Martin, Carl H. Rose, Christian M. Briery, Understanding and managing HELLP syndrome: 
The integral role of aggressive glucocorticoids for mother and child pp. 914–934, Copyright 
(2006), with permission from Elsevier.
Adapted from American Journal of Obstetrics and Gynecology, volume 180, issue 6, James 
N. Martin et al., The spectrum of severe preeclampsia: Comparative analysis by HELLP 
(hemolysis, elevated liver enzyme levels, and low platelet count) syndrome classification 
pp. 1373–1384, Copyright (1999), with permission from Elsevier.
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Antiphospholipid syndrome is associated with HELLP and 
patients would benefit from testing for antiphospholipid antibod-
ies after delivery, to guide management of future pregnancies.

Neuraxial anaesthesia is not without risk because of the associ-
ated coagulopathy, and should only be performed if the coagula-
tion profile is normal or has been corrected, and the platelet count 
is above 80 × 109/L.

Thrombotic thrombocytopenic purpura
Thrombotic thrombocytopenic purpura (TTP) is a rare condition 
with an incidence of less than six cases per million per annum. It 
has a 90% mortality if it not treated; 50% of deaths occur in the 
first 24 hours so early recognition is essential.59 TTP is not unique 
to pregnancy, but 10–25% of cases can be associated with preg-
nancy. Presentation can be at any time in pregnancy, but is more 
common in the third trimester and postpartum. Pregnancy is a 
risk factor for relapse in women with known TTP especially those 
with congenital TTP.

TTP is due to a deficiency of the von Willebrand cleaving pro-
tein ADAMTS13. This is an enzyme which cleaves large molecules 
of VWF into smaller units. This deficiency can be due to a con-
genital deficiency (congenital TTP), or more commonly in adults, 
due to autoantibodies against ADAMTS13. Immune destruction 
of ADAMTS13 can be idiopathic/primary, or secondary to one of 
the conditions listed in Box 48.8. In the absence of ADAMTS13, 
high-molecular-weight VWF multimers under shear stresses 
will activate platelets and cause widespread platelet aggregates of 
clumps, which block vessels.

TTP is typically characterized by a clinical pentad of microangio-
pathic haemolytic anaemia, thrombocytopenia, renal dysfunction, 
fever, and neurological impairment, although diagnosis is hopefully 

made before the full pentad develops and should be considered in 
the presence of MAHA and thrombocytopenia alone, if there are no 
other obvious causes. Diagnosis is based on clinical signs and blood 
film appearances. Other laboratory investigations may be helpful 
(Box 48.8). A severely low ADAMTS13 of less than 5% is diagnostic 
of TTP, but this investigation is often not rapidly available. Signs 
and symptoms are due to widespread multiorgan thrombosis (Table 
48.15). Thrombosis in the placenta also has detrimental effects for 
the fetus, causing intrauterine growth restriction or fetal death.

Management
The diagnosis of TTP is a medical emergency; patients must be 
prioritized to receive plasma exchange as soon as possible as 
delays can be life-threatening for the mother. In the last two trien-
nial Confidential Enquiries, TTP accounted for 1% of all mater-
nal deaths due to late diagnosis or delayed treatment resulting in 
myocardial infarction.60 Patients presenting with a MAHA and 
thrombocytopenia which cannot be easily explained by another 
pregnancy-related MAHA should be assumed to have TTP and 
treated as such.

Investigations
Investigations listed in Table 48.16 should be performed to aid 
diagnosis. It is essential that the ADAMTS13 level and antibod-
ies are taken prior to the infusion of plasma products, as this 
will invalidate the result. A  low ADAMTS13 level will confirm 
the diagnosis of TTP, which is particularly important when the 
clinical diagnosis is uncertain. The presence of antibodies against 
ADAMTS13 suggests immune-mediated or acquired TTP, rather 
than congenital TTP. In addition, a virology sample for HIV and 
hepatitis B and C should be taken as a baseline prior to infusion of 
plasma products. A troponin should also be measured to assess for 
cardiac involvement which is a poor prognostic sign.

Treatment options
Plasma exchange will infuse ADAMTS13, and remove the 
ADAMTS13 antibody. If there is any delay in plasma exchange, a 
plasma infusion should be given, ideally solvent detergent plasma 
if available, otherwise fresh frozen plasma is acceptable. As a 
new presentation of TTP in this age group is usually immune in 
nature, immunosuppressants in the form of oral prednisolone or 
IV methylprednisolone should also be commenced. Although 
most patients present with thrombocytopenia, platelet transfu-
sions are contraindicated as they will increase the risk of throm-
bosis. Treatment with plasma exchange and immunosuppressants 

Box 48.7  Complications of HELLP

◆	 DIC (15%)
◆	 Placental abruption (15%)
◆	 Acute respiratory distress syndrome
◆	 Hepatorenal syndrome
◆	 Pulmonary oedema (8%)
◆	 Subcapsular hepatic haematoma (1%)
◆	 Hepatic rupture
◆	 Maternal mortality (1%)
◆	 Fetal mortality (7–34%)

Box 48.8  Conditions associated with TTP not always associated 
with low ADAMTS13 levels

◆	 HIV
◆	 Drugs including quinine, trimethoprim, and pegylated 

interferon
◆	 Malignancy, particularly adenocarcinoma
◆	 After bone marrow transplantation
◆	 Pancreatitis
◆	 Autoimmune disease

Table 48.15  Clinical features of TTP

Neurological Seizures, headaches, drowsiness, confusion, focal  
neurological signs

Renal Acute kidney injury, proteinuria, microhaematuria

Cardiac Ischaemia/infarction

Respiratory Pulmonary embolism

Haematology Bruising, haemorrhage, jaundice due to haemolysis

Gastrointestinal Abdominal pain

Non-specific Fever, pallor, fatigue, arthralgia, myalgia

Fetal Miscarriage, intrauterine growth restriction, intrauterine 
death, pre-eclampsia
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should lead to an increase in the platelet count within a few 
days. Regular plasma exchange should be continued throughout 
pregnancy, and also in the postpartum period. In the rarer sce-
nario of the mother being found to have congenital rather than 
immune TTP, they should attend a specialist centre and receive 
ADAMTS13 supplementation regularly throughout pregnancy 
and the postpartum period.

Management of delivery
Ideally patients should be stabilized with plasma exchange. 
Neuraxial anaesthesia should be avoided if the platelet count is 
below 80 × 109/L. It should be remembered, however, that, unlike 
MAHA associated with pre-eclampsia, TTP is slow to resolve after 
delivery and treatment needs to be continued.

Supportive care
As TTP is a prothrombotic condition, aspirin and prophylactic 
LMWH should be commenced once the platelet count is above 
50 × 109/L. Folic acid is required to support increased erythro-
poiesis, to compensate for the haemolysis but red cell transfusion 
is only needed if significant uncontrolled anaemia develops.

Management of patients with a previous history of TTP 
in pregnancy
Patients with a previous history of TTP are at risk of recurrence 
during subsequent pregnancies and require preconceptual coun-
selling about potential risks of future pregnancies and the use of 
the combined oral contraceptive pill. These patients need close 
monitoring during pregnancy in a joint haematology and obstet-
ric clinic. ADAMTS13 levels can be used to predict likelihood of 
relapse, and guide prophylactic treatment

Haemolytic uraemic syndrome
Haemolytic uraemic syndrome (HUS) is the clinical trial of a 
microangiopathic haemolytic anaemia, acute kidney injury, and 

thrombocytopenia. It is divided into diarrhoea associated due to a 
toxin produced by Escherichia coli and occasionally pneumococci. 
In atypical HUS, there is no prodrome of diarrhoea and recent 
research shows the majority relate to a defect in the complement 
system or occasionally due to antiphospholipid syndrome. The 
disease most commonly presents in the late postpartum period. 
It is often associated with a poor outcome with 76% of patients 
developing end-stage renal failure.60

Management of diarrhoea-associated HUS is supportive, 
plasma exchange has little benefit except in the very old or very 
young. Atypical HUS is diverse in its response to plasma exchange 
and some cases do respond to eculizumab. HUS is best managed 
by experts in this field.

Acute fatty liver of pregnancy
Acute fatty liver of pregnancy (AFLP) is a rare complication of 
late pregnancy, or the postpartum period (see also Chapter 36). 
Presentation is with nausea, vomiting, right upper quadrant pain, 
and liver failure. Haematological laboratory findings include a low 
platelet count, prolonged PT, low fibrinogen, and low antithrom-
bin levels. The associated coagulopathy is due to reduced produc-
tion of clotting factors by the liver, rather than consumption.

Treatment for AFLP includes fresh frozen plasma, platelets, and 
cryoprecipitate if the patient is bleeding. Careful attention needs 
to be paid to fluid balance and use of analgesia and anaesthesia.61 
Early delivery should be considered, as this can correct some of 
the clinical and laboratory abnormalities.62

Disseminated intravascular coagulation
DIC refers to a pathological intravascular activation of coagula-
tion, with severe consumption of coagulation factors and platelets. 
Deposition of fibrin in small vessels can lead to a MAHA. DIC is 
a clinicopathological diagnosis, that is, it cannot be made from 
a set of blood tests but requires a clinical overview to make the 
diagnosis.

Some of the numerous causes of DIC are listed in Table 48.17. 
Laboratory features suggestive of DIC are listed in Box 48.9, 
although not all features are always present.

Thromboelastometry is diagnostic with prolonged clotting 
time and reduced angle and clot strength. Definitive treatment of 

Table 48.17  Common causes of disseminated intravascular 
coagulation

Pregnancy related Non-pregnancy related

Placental abruption Severe sepsis

Amniotic fluid embolism Trauma and burns

Pre-eclampsia Malignancy

Acute fatty liver of pregnancy Acute promyelocytic leukaemia

Septic abortion Organ destruction, e.g. pancreatitis

ABO incompatible transfusion reaction

Liver failure

Vascular abnormalities

Massive haemorrhage

Table 48.16  Diagnostic investigations of TTP

Haemoglobin Reduced—usually 80–100 g/L

Platelet count Reduced—usually 10–30 × 109/L

Reticulocyte 
count

Increased

Lactate 
dehydrogenase

Increased

Bilirubin Increased

Haptoglobin Reduced

Direct coombs 
test

Negative

Clotting screen Usually normal

Urea and 
electrolytes

Can be abnormal if renal involvement. Acute kidney injury 
requiring haemodialysis is more indicative of HUS

Blood film Presence of schistocytes, polychromasia, 
thrombocytopenia, left shift

ADAMTS13 level Reduced

ADAMTS13 
antibodies

Present in acquired/immune TTP, absent in congenital TTP
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DIC is to treat the underlying cause. Plasma products and platelet 
transfusions should be given if there is active bleeding or if deliv-
ery is imminent.

Conclusion
Haematological disorders in pregnancy can be varied but often 
present unique and complex challenges. There is a need for these 
pregnancies to be carefully managed within the multidisciplinary 
team to improve maternal and fetal outcomes.
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CHAPTER 49

Peripartum psychiatric disorders
Roch Cantwell

Epidemiology of mental illness in relation 
to pregnancy and childbirth
Mental illness is common. Depression has a lifetime prevalence of 
4–10% in the general population, with women having a rate 1.5–2.5 
times that of men.1 Bipolar affective disorder and schizophrenia 
each affects approximately 1% of the population. Pregnancy offers 
little protection against the continuation or development of men-
tal illness, although risk of suicide2 and admission to inpatient 
psychiatric care is reduced at this time.3 Minor mental illness 
may be more common in early pregnancy and nearer to delivery. 
However, the early postpartum period places a woman at greater 
risk of severe psychiatric disorder and admission to psychiatric 
care than at any other time in her life. For some women, this risk 
can be identified, allowing for preventative interventions to be put 
in place.

Normal emotional changes in early 
pregnancy
Some 50% of pregnancies are unplanned,4 and a proportion of 
those, unwanted. Rates of unplanned pregnancy are even higher 
among women with severe mental illness. Even in much wanted 
pregnancies, ambivalence about the pregnancy, health-related 
anxieties, and fears about inability to cope (especially in first-time 
mothers) are typical and normal. Increased emotional labil-
ity is common in the first trimester, and may be exacerbated by 
the physical changes typical of early pregnancy. Such emotional 
changes are largely bound up with the psychological adjustments 
typical to pregnancy but may be contributed to by hormonal alter-
ations. It is important to be able to distinguish these changes from 
those more clearly associated with mental illness.

Oates5 describes certain groups as having particular needs for 
increased support in relation to childbearing:
◆	 Very young, single, and unsupported mothers, and women 

who themselves have poor experiences of mothering, may be 
especially vulnerable. Their own needs may conflict with those 
of their babies and early planning to provide appropriate sup-
port is essential to help develop the woman’s ability to care for 
her baby.

◆	 Older mothers who may have over-idealized expectations of 
pregnancy and delivery, and have problems adjusting to life 
changes after the birth.

◆	 Women who have complicated pregnancies, including those 
with previous pregnancy loss, those who have undergone 

assisted conception, and those who require an emergency cae-
sarean delivery.

Women also face an increased risk of domestic violence in preg-
nancy. Fifteen per cent of women report abuse during their preg-
nancy and 30% of domestic violence begins during pregnancy.6 
It is recommended that women should be seen alone on at least 
one occasion during their antenatal care, enquiries about violence 
should be routinely included in the antenatal history, and infor-
mation provided on legal rights and available supports. In over 
50% of cases of domestic abuse, children are also directly abused. 
All professionals involved in the care of pregnant women should 
be aware of how to recognize signs of abuse.7

Pre-existing mental illness
Bipolar affective disorder
Bipolar disorder is estimated to have a lifetime prevalence of 
0.4–1.6%, with peak age of onset for women during reproductive 
years. Lifetime prevalence is likely to reach 4% when less severe 
forms of the disorder are included. It is characterized by episodes 
of elevated (termed mania or hypomania, depending on severity) 
or depressed mood, and altered behaviour, with relative well-being 
between periods of illness. Psychotic symptoms (delusions, hal-
lucinations) are typical during episodes, but not essential to the 
diagnosis. Bipolar disorder is conventionally subdivided into 
types I and II, depending on the presence or absence of psychotic 
symptoms or marked behavioural disturbance. Genetic factors 
play an important role in aetiology, with heritability accounting 
for approximately 85% of the variance,8 but episodes of illness 
may be triggered by stressful life events. Women with bipolar dis-
order are likely to be on maintenance therapy, which can include 
lithium, mood-stabilizing antiepileptics, and second-generation 
antipsychotics. There are teratogenic risks associated with lithium 
and with the mood-stabilizing antiepileptics, sodium valproate 
and carbamazepine, but high risk too with regard to relapse of ill-
ness on discontinuation. Viguera et al.9 found that 71% of bipolar 
women who discontinued prophylactic lithium treatment at onset 
of pregnancy relapsed at some point during that pregnancy, a two-
fold greater risk than for those continuing treatment. Decisions 
regarding continuation, stopping, or alteration of treatment (for 
part, or all, of the pregnancy) should be made on an individual 
basis and with the woman’s fully informed involvement. Factors 
to be taken into account include the previous natural history of 
the disorder (number, severity, and time interval between epi-
sodes of illness), response to previous treatment discontinuations, 
and time taken to recovery.
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Relapse of bipolar disorder in pregnancy (whether with mania, 
depression, or a mixed presentation) is likely to require use of 
antipsychotics, antidepressants, mood stabilizers, or sedatives, 
alone or in combination, depending on the severity and nature 
of the mood disturbance. Inpatient care is often indicated and, 
occasionally, electroconvulsive therapy (ECT) may be used. This 
is discussed more fully later in the chapter.

Pre-existing bipolar disorder is one of the greatest risk factors 
for postpartum psychosis. Seventy per cent of women with bipo-
lar disorder will experience relapse in the first 6 postnatal months 
if not taking mood-stabilizing agents.10 Irrespective of decisions 
about medication during pregnancy, all women should be offered 
prophylactic medication (usually lithium or a mood-stabilizing 
antipsychotic) immediately following delivery. Given that most 
women with bipolar disorder return to full health between epi-
sodes, there is little evidence that they are any less able to care 
appropriately for their children, except during the acute phase of 
the illness.

Schizophrenia
Schizophrenia is an enduring mental illness, characterized by 
positive symptoms such as bizarre delusions, hallucinations, and 
disrupted thinking reflected in speech (thought disorder), and 
negative symptoms such as social withdrawal, blunted affect, and 
lack of motivation. It affects approximately 1% of the general popu-
lation, and is slightly more common in men. Fertility is lowered 
among women with schizophrenia11 but the move away from 
institutional care, and increased use of second-generation antip-
sychotic drugs, which have a lower propensity to elevate prolac-
tin, may contribute to increasing rates of pregnancy in this group. 
Women who switch from older drugs may not be aware of this and 
may place themselves inadvertently at risk of unwanted pregnancy. 
Women with schizophrenia are more likely to have unplanned and 
unwanted pregnancies and less likely to engage well with routine 
antenatal care. They have more adverse outcomes of pregnancy 
including increased risk of pregnancy loss and neonatal death.12 
Some of this increased risk may be due to confounders such as high 
rates of smoking and poorer physical health.

There is an increased risk of relapse of schizophrenia in the 
postnatal period, but the pattern of relapse into illness does not 
show the very early high risk found in bipolar disorder.13 This may 
be explained by the likelihood that precipitants to relapse relate 
more to the psychosocial and emotional demands of increased 
contact with health and social care professionals, and caring for 
a developing child. Although not universally poor, the outcome 
in terms of the mother remaining the primary carer for her child 
is often unfavourable,14 leading to great distress for the mother 
and for those (including health professionals) who support her. 
Appropriate supports, including social services, should be engaged 
at an early stage in pregnancy to ensure sufficient help is available 
to the mother and her family. It is often difficult for women with 
schizophrenia to cope with frequent contact with health profes-
sionals during pregnancy and there is a risk that they will receive 
suboptimal care due to failure to attend antenatal care.

Most women with schizophrenia will be on maintenance antip-
sychotic medication. The implications of relapse during pregnancy 
are severe for both mother and child, and, unless there are strong 
reasons to the contrary, treatment should continue, with appro-
priate monitoring, throughout pregnancy. Difficult decisions may 

have to be made regarding the relative advantages and problems 
associated with continuing a well-established regimen involving 
newer antipsychotics or switching to older medication, where the 
risks associated with pregnancy are better known.

Depressive and anxiety disorders
Depressive disorder is characterized by a triad of symptoms group-
ings including disturbed mood, negative thinking, and somatic 
or behavioural change, which may include reduced appetite and 
energy, disturbed sleep, impaired enjoyment, and difficulty with 
concentration and memory. Suicidal thoughts, planning, or acts 
may be present in more severe illness. Given a lifetime prevalence 
of 4–10%, with rates higher in women than men, many women 
may have a pre-existing depressive disorder at conception. Studies 
suggest that 2–10% of women are taking prescribed antidepres-
sant treatment at the time of conception. Women are most likely 
to discontinue treatment, without consultation, on discovering a 
pregnancy.15 This may place them at greater risk of relapse of ill-
ness. A past history of depressive illness is one of the strongest 
risk factors for antenatal depression, which in turn is predictive 
of postnatal depression. Although depressive symptoms are prob-
ably as common in pregnancy as in the postnatal period they often 
remain undetected.

For anxiety disorders, the course in pregnancy is likely to be 
related to the severity of illness preconceptually. Physiological 
changes in respiratory function during pregnancy may lead to an 
increased propensity to panic and anxiety and panic may worsen 
in the postnatal period. These disorders may also significantly 
compromise antenatal care. Women with severe needle phobia 
are likely to be referred to anaesthetic services to assist in blood 
taking. The Confidential Enquiry into Maternal Deaths 2006–08 
reported one case of refusal to have bloods taken in pregnancy or 
thromboprophylaxis postnatally in a woman who died of throm-
boembolism.16 Such patients require early referral and interven-
tion, using behavioural techniques.

Non-pharmacological treatments include cognitive therapy 
and behavioural techniques, such as anxiety management, teach-
ing the patient about the nature and genesis of symptoms, and 
engaging in relaxation exercises to reverse them. Drug treatments 
include selective serotonin reuptake inhibitors (SSRIs) and tricy-
clic antidepressants. Beta blockers should not be used as first-line 
treatment.17

Eating disorders
Core features of eating disorders (anorexia nervosa and bulimia) 
include distorted body image and a morbid fear of fatness with 
efforts at weight loss, such as food restriction, excessive exercis-
ing, self-induced vomiting, and use of appetite suppressants, laxa-
tives, and diuretics. Bulimic symptoms (binge eating followed by 
vomiting) are a core feature of bulimia but may also be present in 
anorexia nervosa. Amenorrhoea is essential to the full anorexic 
syndrome, but many women have partial syndromes (commonly 
termed EDNOS (eating disorders not otherwise specified)), which 
may include presentations where ovulation continues, or returns 
when weight loss is not so extreme. Eating disorders, including 
EDNOS, have some of the highest mortality rates of any psychi-
atric disorder.

Eating disorders (including partial syndromes) affect 5–7% of 
women of childbearing age.18 There is some evidence that eating 
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disorder symptoms may improve in pregnancy, but the postnatal 
period can be associated with a worsening of symptoms, as efforts 
are made to lose weight gained in pregnancy. With regard to the 
impact of a pre-existing eating disorder on pregnancy, there is 
evidence from some studies of intrauterine growth restriction, 
miscarriage, and preterm delivery.19,20 Self-induced vomiting 
may lead to electrolyte imbalance, and severe weight restriction to 
delayed wound healing after delivery.

The fertility of anorexic women is significantly reduced. Women 
with bulimia may have menstrual irregularities despite a normal 
body mass index. During and after pregnancy, women with eat-
ing disorders are more likely to experience comorbid depressive 
disorder. They struggle more with breastfeeding.

Early detection and referral to eating disorders services, where 
available, is core to management. Guidance on expected weight 
gain in pregnancy, healthy eating, and bodily changes in preg-
nancy are of particular importance in this group. Rarely, inpa-
tient refeeding may be required. In the postnatal period, specific 
enquiry about depressive symptoms and worsening or return of 
eating disorder should be made.

Substance use disorders
Details of specific substance abuse can be found in Chapter 51. 
Women with alcohol or drug problems often engage poorly with 
antenatal care and their impaired physical health, and increased 
risk of blood-borne virus infection, may place them and their 
pregnancy at risk. An increasing number of drug-using women 
contribute to cases reported to the Confidential Enquiries into 
Maternal Deaths.21

As with other maladaptive behaviours, excessive alcohol use 
tends to decrease during the antenatal period. Physical com-
plications of alcohol misuse, which can threaten or complicate 
pregnancy, include nutritional deficiencies, liver disease, and pan-
creatic disease. Withdrawal complications such as delirium tre-
mens and seizures pose particular risk.

Fetal alcohol syndrome, and the more encompassing term, 
fetal alcohol effects, is characterized by craniofacial abnormali-
ties, growth retardation, and neurodevelopmental abnormalities, 
including impaired IQ, in the presence of maternal alcohol con-
sumption.22 The pathway for adverse effects on fetal development 
is complex but there is evidence that alcohol is a direct teratogen 
and there appears to be a dose-related response. Animal studies 
suggest that binge pattern drinking in pregnancy is particularly 
harmful, but there is no consensus about whether there may be a 
safe lower limit for consumption in pregnancy.

Other drug use effects vary depending on the properties of the 
specific drug, although it is important to recognize that patients 
may frequently use a combination of substances and research 
in the area is not extensive. Pregnant women who misuse drugs 
should receive specialist support, with the aim of stabilizing, 
minimizing, or, where appropriate, stopping their use. Abrupt 
discontinuation of drug use is not recommended. Although 
women may be more motivated to stop drug use in pregnancy, 
there is significant risk of relapse in the postnatal period with 
potentially serious adverse child welfare consequences. Early 
involvement of child care social work is an essential component 
of alcohol and drug misuse management in pregnancy. The chil-
dren of many of these women are taken into care and some may 
enter a vicious cycle of repeated pregnancies in an attempt to 

retain at least one of their children. Contraceptive advice should 
be a priority postpartum.

Personality disorder
Personality disorders are deeply engrained and enduring patterns 
of behaviour, resulting in inflexible responses to a broad range of 
personal and social situations. They are stable and unchanging, 
usually present from adolescence, and often cause the person, or 
those around them, to suffer. There are often difficulties in form-
ing and/or sustaining relationships, and this may extend to health 
professionals involved in the person’s care. In one epidemiologi-
cal study, the prevalence of personality disorder in pregnancy was 
6.4%.23 Of the group of personality disorders, the emotionally 
unstable type is perhaps the most commonly diagnosed in young 
women. It is characterized by emotional instability, impulsivity, 
dysphoric mood, disturbances in self-image, chronic feelings of 
emptiness, and self-destructive behaviour, including recurrent 
self-harm, and drug or alcohol misuse. Such difficulties cause 
high levels of anxiety among health and social care profession-
als, and may interfere with effective antenatal care. Impaired for-
ward planning and tolerance of distress may increase anxieties 
regarding child welfare. Effective management is usually provided 
through good joint working and communication between profes-
sionals, and a clear and consistent treatment plan to which the 
patient agrees. There may be a role for specific psychological and 
drug therapies.

Newly arising mental disorder
Tocophobia
Tocophobia is a morbid fear of childbirth.24 Primary tocopho-
bia pre-dates pregnancy and may be associated with previous 
abusive experiences. Secondary tocophobia arises from previous 
traumatic delivery. Tocophobia may also present as a symptom of 
depressive disorder in pregnancy. For some women, the dread of 
delivery is such that they will proceed to termination despite the 
pregnancy being wanted. Other women will plan, from the outset, 
for elective caesarean delivery. Interventions will usually take the 
form of cognitive therapy and anxiety management techniques, 
but there is a higher incidence of caesarean delivery even where 
such approaches are used.

Postpartum psychosis
Psychotic disorders arise after 1 in 500 births. Although the abso-
lute risk for any woman is low, relative to other times in a woman’s 
life, this period carries the highest risk of psychosis and psychiatric 
hospital admission.25 The illness has its onset in the early postnatal 
period, 90% occurring within the first month. Despite the name, 
a small proportion of cases have onset in late pregnancy. Almost 
all cases are affective in nature, that is, they present predominantly 
with mood disturbance in addition to the characteristic symptoms 
of psychosis—delusions, hallucinations, marked behavioural dis-
turbance, and loss of insight. Non-affective or schizophrenia-like 
presentations are much less common. Typically, the presentation is 
one of rapid fluctuations of mood (often with a mixture of manic 
and depressive symptoms), perplexity, confusion, and markedly 
altered behaviour. Ideas of self-harm may be driven by delusions 
of guilt, self-worthlessness, or hopelessness. Thoughts of harm 
concerning the baby or other children are rare but should always 
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be assessed. Initial symptoms may be non-specific, often includ-
ing anxiety and labile mood. Failure to recognize such prodromal 
symptoms, coupled with rapid progression to frank illness over 
a short period of time, is a recurrent theme in psychiatric deaths 
reported to the Confidential Enquiry.21

Several factors have been identified that significantly increase 
the risk of psychosis. Of greatest importance is a previous history 
of postpartum psychosis or bipolar disorder. A first-degree relative 
with bipolar disorder or previous postpartum psychosis increases 
this risk further. With one or more of these risks, a woman may 
have a greater than one in two risk of developing postpartum psy-
chosis. Identification of risk is particularly important, as there 
is evidence that preventative interventions, when started in the 
immediate postpartum period, are effective in reducing progres-
sion to illness. Interventions include lithium, mood-stabilizing 
antipsychotic drugs, and measures to protect sleep.

All women with postpartum psychosis should be managed 
by psychiatric services. Most will require admission to hospital. 
Where specialist mother and baby facilities are available, her baby 
will usually accompany her. Treatment consists of a combination 
of antipsychotic medication, antidepressants, or mood stabilizers 
depending on the specific presentation. ECT is also an effective 
and rapid treatment. Supervised support for the patient’s care of 
her infant and help for the family are crucial to good manage-
ment. Recovery usually takes place over a period of 1–2 months 
but there is great individual variation. Prognosis for the episode 
is very good and most women will make a complete recovery, but 
remain at a one in two risk of future postpartum episodes. There 
is also a significantly increased risk, perhaps as high as 60%, of 
non-postpartum recurrence, in which case criteria are likely to be 
met for bipolar disorder.

The aetiology of postpartum psychosis remains uncertain. The 
dramatic, early presentation is suggestive of a link with major hor-
monal changes normally occurring after childbirth. The strong 
association with bipolar disorder implies a genetic predisposition, 
and evidence has emerged of a specific familial risk for postpar-
tum episodes in bipolar disorder.26 It has been suggested that the 
rapid reduction in oestrogen levels is linked to the development of 
dopamine receptor hypersensitivity, which in turn may trigger the 
onset of psychosis in predisposed individuals.27 Serotonergic neu-
rotransmitter systems have also been implicated in causation. So 
far, however, there is very limited evidence for the use of hormonal 
treatments in routine management.

Antenatal and postnatal depression
In contrast to postpartum psychosis, non-psychotic depression 
often presents later in the postnatal period, with a peak occur-
rence at around 6 weeks. While there is some evidence of a tele-
scoping in the incidence of depression in the first postnatal weeks, 
the overall prevalence of 10–15% in the first year is not very dif-
ferent from the prevalence of mild to moderate depression at any 
other time in a woman’s life, including in pregnancy. Similarly, 
the symptoms of depression in the antenatal and postnatal period 
do not differ greatly from those at other times, depression usually 
presenting with a combination of the triad of affective, cognitive, 
and behavioural symptoms mentioned earlier. Some studies sug-
gest a greater predominance of obsessional symptoms in postnatal 
depression. For some women, these may take the form of obses-
sional worries or fears that she may cause harm to her baby. Much 
less commonly, there may be true infanticidal thoughts. Thoughts 

of self-harm are not uncommon and should be followed up with 
sensitive enquiry as to the depth and strength of these feelings.

The majority of depressions occurring at this time are mild 
and do not require specific psychiatric intervention. Most will be 
uncovered during routine antenatal and postnatal screening by the 
midwife, general practitioner (GP), or health visitor. For postnatal 
depression, the provision of extra support and non-directive coun-
selling by health visitors is usually adequate to bring about resolu-
tion. A smaller number of women, approximately 3–5%, will benefit 
from antidepressant medication, but fewer than half that number 
will require referral to psychiatric services. Of these, only a small 
number will be admitted to psychiatric care, though it is important 
to identify those with the most severe disorders. While previously 
advocated, there is no evidence that progesterone or synthetic proge-
stagens are effective treatments for postnatal depression.

Unlike postpartum psychosis, where risk factors are largely 
biological, psychosocial factors play the greatest part in the devel-
opment of non-psychotic depression. Most important are a past 
history of depression, psychological problems during pregnancy, 
poor social support, lack of a confiding relationship, and recent 
adverse life events.28 Weaker associations have been found with 
obstetric complications, history of abuse, lower socioeconomic 
status, and perception of poor obstetric experience. Unfortunately, 
these risk factors have poor specificity and so, while allowing 
for heightened awareness, cannot be used to accurately predict 
the development of depression in any one individual. Untreated 
postnatal depression is also closely associated with disturbed 
mother–baby interaction and with adverse effects on infant cog-
nitive and emotional development.

Psychological aspects of miscarriage, 
stillbirth, and abortion
Around one in five pregnancies will end in spontaneous loss before 
20 weeks. Early loss is often not associated with the same acknowl-
edgement and support attending stillbirth or neonatal death. In the 
absence of an obvious cause, miscarriage may also lead to a greater 
sense of self-blame and guilt. Around 40% of women will go through 
a typical bereavement process, similar to that following stillbirth or 
neonatal death, with emotional reactions that may include numbness, 
disbelief, social withdrawal, anger, guilt, sadness and anxiety, leading 
eventually to acceptance and resolution. Depressive symptoms are 
present, at a rate two to four times that of the general population in 
the first 6 months,29 and anxiety symptoms are similarly elevated. In 
most cases, symptoms have returned to background levels by 1 year. 
However, some women may experience an abnormal or prolonged 
grief reaction, depressive or anxiety disorder.

Interventions to reduce the risk of psychological morbidity are 
poorly researched. Women consistently say they wish for greater 
access to psychological support, and there is some evidence for 
the benefit of psychological interventions. Where benefit has 
been demonstrated, it has mostly been for interventions tar-
geted at those displaying early difficulties, rather than for general 
approaches to all women who miscarry. However, an empathic 
approach, and acknowledgement of the significance of the loss, is 
important for all women.

Late pregnancy and early neonatal loss is likely to result in a 
normal grief reaction. Some controversy surrounds the common 
practice of encouraging parents to spend time with, hold, and dress 
their dead infants. One study found an increased risk of depression, 
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anxiety, and post-traumatic stress disorder in subsequent preg-
nancy, where women had time with their infants, and that greater 
exposure was correlated with more subsequent problems.30 Best 
practice is to allow parents to decide for themselves whether they 
wish contact with their dead infants, without assumption from 
staff that such exposure is the correct or desired option.31

The link between induced abortion and mental health is 
shrouded in controversy. The most recent, and extensive, review 
of the literature to date suggests that for women with an unwanted 
pregnancy, the risk of adverse mental health is the same, whether 
the outcome is an induced abortion or term delivery.32 Certain 
factors, such as a negative attitude to abortion, or pressure from 
a partner to have an abortion, may increase the risk of adverse 
mental health outcomes. Overall however, the most reliable pre-
dictor of mental health problems post abortion is having a history 
of mental health problems before the abortion.

Maternal mental illness, child welfare,  
and infant development
Infanticide is a very rare outcome of maternal mental illness. 
However, some mental illnesses, such as schizophrenia, may com-
promise a woman’s ability to engage with antenatal care, increasing 
the risk of adverse outcomes for the pregnancy. Furthermore, persis-
tent anxiety in pregnancy, and untreated postnatal depression, may 
be linked to impaired social and cognitive development in children 
as they grow up.33 Antenatally, this may be mediated through disrup-
tion of the fetal hypothalamic–pituitary–adrenal axis. In the postna-
tal period, maternal depression may alter the quality of interaction 
between mother and child, leading to poorer social interaction.

The majority of women with mental health problems care for 
their children without difficulty. Where there are concerns that 
care may be compromised by severe illness or substance misuse, 
early involvement of social services is essential, ideally during 
pregnancy, to allow for a full evaluation of risk and for support, if 
required, to be coordinated.

Biological management of psychiatric 
disorder in pregnancy and breastfeeding
The research base for psychotropic medication effects in pregnancy 
is limited but ever changing. For this reason, it is not possible to 
give definitive advice. The National Institute of Health and Care 
Excellence (NICE)34 and the Scottish Intercollegiate Guidelines 
Network (SIGN)35 provide some general principles which should 
govern prescribing in pregnancy. These are summarized in 
Box 49.1. NICE and SIGN also recommend that access to psycho-
logical therapies, where appropriate, should be promptly available.

Antidepressants
Coincidental antidepressant prescribing at conception is common 
and SSRI antidepressant use is now more established in pregnancy. 
There is some evidence of an increased risk of cardiac anomaly, but 
the absolute risk is likely to be less than 1%. Some studies suggest a 
greater risk with paroxetine but research to date is imperfect and 
poorly controlled for potential confounders, such as smoking and 
alcohol use. There remains uncertainty about whether SSRIs are asso-
ciated with an increased risk of persistent pulmonary hypertension in 
the neonate, if given after 20 weeks. A recent meta-analysis suggests 
an odds ratio of 2.5–2.8, against a baseline risk of 1.9/1000.36 Again, 

Box 49.1  Principles of prescribing in pregnancy

◆	 Involve the woman, and her family where appropriate, in 
all decisions about treatment, including an individualized 
assessment of benefit versus risk

◆	 Be aware that not treating mental illness in pregnancy or 
the postpartum period may in itself be associated with 
adverse outcomes for the woman, her pregnancy, and 
her infant

◆	 Establish a clear indication for drug treatment (ie the pres-
ence of significant illness in the absence of acceptable or 
effective alternatives)

◆	 Choose treatments with the lowest known risk
◆	 In choosing medication in pregnancy consider the implica-

tions for breast feeding and the benefits of avoiding the need 
to switch drugs (including the minimization of withdrawal 
effects)

◆	 Use treatments in the lowest effective dose for the shortest 
period necessary

◆	 Be aware of potential drug interactions, particularly with 
non-psychotropics, and aim for monotherapy

◆	 Where there is no clear evidence base that one drug is safer 
than another, the safest option is not to switch. The only drug 
with a clear indication for switching on safety grounds is 
valproate

◆	 Be aware of the potential effects of pregnancy and childbirth 
on drug pharmacokinetics and pharmacodynamics (eg the 
need for dose adjustments as pregnancy progresses and spe-
cific risks during labour and following birth)

◆	 Be aware that although knowledge of teratogenic effects of 
psychotropic drugs is increasing, understanding of the long-
term neurodevelopmental effects of such medications in 
pregnancy and breast feeding is extremely limited

◆	 Be aware of the need for close monitoring for change in 
mental state where a woman decides to cease her usual 
medication. Stopping medication may lead to relapse of 
illness

◆	 Where there is known risk, ensure that women are offered 
appropriate fetal screening and monitoring of the neonate for 
adverse effects. This may include involvement of neonatal and 
or paediatric services

◆	 Be aware that premature or ill babies are more at risk of harm-
ful drug effects

◆	 Monitor the infant for specific drug side effects as well as 
feeding patterns, growth and development

◆	 Caution women against sleeping in bed with the infant, par-
ticularly if taking sedative drugs.

Data from National Institute for Health and Clinical Excellence (NICE). 
Antenatal and postnatal mental health: clinical management and service 
guideline. London: 2007. (NICE publication CG45).
Data from Scottish Intercollegiate Guidelines Network (SIGN). 
Management of perinatal mood disorders. Edinburgh: 2012. (SIGN 
publication no. 127). [cited 11 Sept 2015].
Available from URL: http://www.sign.ac.uk.
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the absolute risk remains low. Similarly, there is limited evidence for 
growth retardation and premature delivery. Neonatal poor adapta-
tion is increased threefold against background rates. Typical symp-
toms include irritability, constant crying, shivering, increased tone 
and tremor, poor feeding and, rarely, seizures. Infants are at increased 
risk of special care admission and of lower Apgar scores at birth. 
More recent evidence suggests a possible association between SSRIs 
and autistic spectrum disorder. Although more research is required, 
even if increased, the attributable risk remains very low.

Tricyclic antidepressants are likely to have a similar adverse side 
effect profile in pregnancy. While they have been available for a 
much greater period of time than the SSRIs and consequently any 
greater adverse effects might be expected to have emerged, sys-
tematic reporting of exposure is less extensive than with the SSRIs 
and so quality of evidence is poorer. Monoamine oxidase inhibi-
tors may be associated with early teratogenicity and the risk of 
blood pressure abnormalities, particularly with tyramine-related 
food interactions, make them unsuitable in pregnancy.

While an evaluation of the risks and benefits of continu-
ing already prescribed antidepressants in pregnancy should be 
made with the woman, there are also risks of relapse with sud-
den discontinuation. Women should usually be advised not to 
abruptly discontinue, but to arrange an early review with their 
GP. Decisions on new prescribing in pregnancy should take into 
account the severity of illness, previous treatment response and 
breastfeeding intentions. Different SSRIs are present in breastfed 
babies in very varying concentrations.

Antipsychotics
Many antipsychotics raise prolactin levels and reduce fertility. 
Some are associated with excessive weight gain and impaired glu-
cose tolerance. Because of this, it is recommended that women on 
antipsychotics be regarded as at increased risk of gestational dia-
betes and managed accordingly.37 The evidence of any association 
with fetal malformation is very limited. Where these drugs are pre-
scribed for the management of severe and enduring mental illness 
(i.e. schizophrenia and related disorders), the risks of discontinu-
ing will usually outweigh any risks of medication to the developing 
fetus. In the majority of cases, usual practice would be to continue 
medication throughout pregnancy. Long-acting depot medication 
can persist in the neonate for considerable periods and it may be 
possible to change to an oral preparation during the pregnancy 
to avoid this risk. Such decisions need to take individual circum-
stances into account, particularly the significant risk of relapse of 
illness. There is a theoretical risk of blood dyscrasia in the neo-
nate where clozapine is used in pregnancy but, again, risks for the 
woman from discontinuation may be very high.

Mood stabilizers
These drugs, most commonly prescribed for prophylaxis of bipo-
lar disorder, include lithium, and the antiepileptics valproate, car-
bamazepine, and lamotrigine.

Lithium has a narrow therapeutic to toxic ratio and is moni-
tored by regular blood level assay. In early pregnancy, lithium has 
been associated with an increased risk of cardiac malformation, 
notably Ebstein’s anomaly. The relative risk of Ebstein’s anomaly 
may be increased 10–20-fold, but the absolute risk remains low, at 
0.05–0.1%. Overall, risk of cardiac anomaly may have been overesti-
mated in earlier retrospective studies.38 In later pregnancy, lithium 

is associated with neonatal complications, including hypotonia, 
neonatal hypothyroidism, and nephrogenic diabetes insipidus. 
Lithium crosses the placenta with ease and levels in the neonate 
are equivalent to those in the mother. There is a close correlation 
between maternal/neonatal levels, and neonatal complications.39 
Pharmacokinetic changes in pregnancy result in lithium levels low-
ering, for the same oral dose, from mid trimester. Doses may need 
to be increased to maintain therapeutic levels, but there is then a 
risk of toxicity in the mother and neonate after delivery.

Lithium levels should be monitored monthly in pregnancy, and 
weekly from 36 weeks. It should be discontinued at onset of labour, 
and some authorities would suggest reducing the dose in late preg-
nancy, aiming for levels at the lower end of the therapeutic range, 
particularly where there is a history of rapid delivery or other indi-
cators of early delivery (e.g. twin pregnancy). Other precipitants of 
toxicity, which may be relevant in pregnancy, include dehydration 
occurring in hyperemesis or prolonged labour, pre-eclampsia, 
impaired renal function, and sodium-restricted diets. Drug inter-
actions with diuretics, non-steroidal anti-inflammatory agents, 
angiotensin-converting enzyme inhibitors, and calcium channel 
blockers may also cause toxicity.

Sudden lithium discontinuation is associated with greatly 
increased risk of relapse in bipolar disorder and specialist advice 
should be sought urgently if a woman presents, on lithium, in 
early pregnancy.

The antiepileptic mood stabilizers carbamazepine and valproate 
are associated with a risk of neural tube defects (0.5% for carba-
mazepine; 1–2% for valproate), including spina bifida. They are 
also associated with cardiac, gastrointestinal, and facial anomalies, 
along with a range of other minor malformations. Given that many 
pregnancies will not be confirmed until after the neural tube closes 
(day 28), reducing this risk is dependent on preconceptual advice 
and management. This may include high-dose folate (5 mg/day) 
from at least 12 weeks prior to conception, although its prescrip-
tion has not been shown directly to reduce the rate of neural tube 
defects in women on antiepileptics. For valproate, there is evidence 
of a dose relationship, with greater risk at doses above 1000 mg/day. 
Valproate has also been linked to a significant impairment in cog-
nitive function, with 22% of children noted to have exceptionally 
low verbal IQ, compared with an expected rate of 2% in the general 
population.40 Given these concerns, it is recommended that val-
proate is not prescribed to bipolar women of childbearing potential 
unless there are no effective alternatives. In such circumstances, 
women should be on long-acting contraception. Some studies 
suggest that lamotrigine is associated with increased rate of cleft 
palate, but findings are conflicting. Lamotrigine is also subject to 
significantly lowered bioavailability as pregnancy progresses and 
levels should be monitored in each trimester.

Anxiolytics and hypnotics
Evidence for teratogenicity associated with benzodiazepines is 
conflicting, with some, but not all, studies suggesting an increased 
risk of oral cleft. In late pregnancy, there is an increased risk of 
neonatal sedation or withdrawal. Ideally, doses should be tapered 
nearing delivery and the infant monitored for withdrawal effects.

Electroconvulsive therapy
Despite a somewhat controversial reputation, ECT is a well-  
established treatment with a good evidence base for effectiveness in 
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severe depressive disorder where, in certain circumstances, it may 
be the treatment of choice. Less commonly, it is used to manage 
mania and catatonia. It is also an effective treatment for postpar-
tum psychosis. ECT is most likely to be used where there is a need 
for rapid recovery because of significant distress, self-neglect, or 
suicidality, or where there has been a previous good ECT response. 
There are clear guidelines about the use of ECT, including the use 
of general anaesthesia and availability of resuscitation and recovery 
facilities.41

The evidence base for the use of ECT in pregnancy is sparse. 
One case series suggested that the overall risk is low, with 3.2% 
of fetal or neonatal complications, and 5.3% of maternal compli-
cations, attributable to the treatment. The commonest fetal com-
plication was transient cardiac bradyarrhythmia.42 Modifications 
to standard ECT administration in pregnancy, particularly in the 
second and third trimester, include additional fetal monitoring, 
measures to counteract increased risk of aspiration such as his-
tamine H2 receptor antagonists, for example, ranitidine, sodium 

citrate, a rapid sequence induction, cricoid pressure, intubation, 
antiemetics, avoiding excessive hyperventilation, and positioning 
of the patient to prevent aortocaval compression.43

Managing risk
Guidance for risk management is outlined in NICE34 and SIGN35 
guidelines on perinatal mental illness.

Prepregnancy
Women who are planning a pregnancy should be asked about 
a history of significant mental illness. Those at greatest risk of 
adverse consequences include women with bipolar disorder or 
schizophrenia (risk of relapse of illness postnatally), and women 
with schizophrenia, substance misuse, or personality disorder 
(who may struggle to cope with the challenges of pregnancy and 
childcare, without appropriate support). Women currently pre-
scribed complex psychotropic regimens should be given advice 
regarding any known teratogenicity, and specialist review to 
establish the safest and most effective treatment in advance of 
pregnancy.

Pregnancy
First contact with maternity services provides an important 
opportunity to identify women with pre-existing mental illness, 
or those with a raised risk of postnatal mental illness. All women 
should be asked about:
◆	 personal history of postpartum psychosis, other psychotic dis-

orders (especially bipolar disorder and schizophrenia), and 
severe depressive disorder

◆	 family history of bipolar disorder or postpartum psychosis.

Women confirming any of these risk factors should be referred for 
assessment and management of risk, and should have a detailed 
plan for their management in late pregnancy and the early postna-
tal period, which is shared with the woman and all those involved 
in her care. Services should also respond promptly to any change 
in mental state reported in late pregnancy or the early postnatal 
period.

Enquiry should also be made about depressive symptoms at 
booking and, if there are ongoing concerns, at all subsequent 
contacts.

Box 49.2 outlines situations where referral to mental health ser-
vices is indicated during pregnancy.44

Conclusion
Pre-existing mental illness presents services with particular 
challenges during pregnancy, labour, and the postnatal period. 
Disorders may compromise access to care (such as with schizo-
phrenia or needle phobia), predispose to comorbid physical illness 
(such as with eating disorders or substance misuse), or result in 
treatments which require expert management during pregnancy 
and delivery (such as with lithium or ECT). In addition, the devel-
opment of early severe postpartum mental illness is, in a substan-
tial proportion of cases, a predictable risk which can be identified 
and prevented by careful clinical enquiry. All clinicians have a 
role in the prevention, early detection, referral, and initial man-
agement of such disorders.

Box 49.2  Indications for referral to mental health services 
in pregnancy

◆	 Woman with current illness where there are symptoms of 
psychosis, severe anxiety, severe depression, suicidality, 
self-neglect, harm to others, or significant interference with 
daily functioning. Such illnesses may include psychotic dis-
orders, severe anxiety or depression, obsessive–compulsive 
disorder, and eating disorders.

◆	 Woman with a history of bipolar disorder or schizophrenia.
◆	 Woman with previous serious postpartum mental illness 

(postpartum psychosis).
◆	 Women on complex psychotropic medication regimens.
◆	 Referral should be considered for women with illness of mod-

erate severity if developing in late pregnancy or the early 
postpartum period.

◆	 Referral should be considered for women with current ill-
ness of mild or moderate severity where there is a first-degree 
relative with bipolar disorder or puerperal psychosis. In the 
absence of current illness, such a family history indicates 
a raised, but low absolute, risk of early postpartum serious 
mental illness. Where identified, information should be 
shared with primary care and any evidence of mood distur-
bance during pregnancy or in the postpartum period should 
lead to referral.

◆	 Women with previous periods of inpatient mental health 
care should be screened by mental health services (either by 
assessing case records or seeing the woman).

◆	 Maternity services need to ensure that appropriate commu-
nication with primary care, and social services where neces-
sary, takes place for women who decline referral to specialized 
mental health services.

Reproduced from Royal College of Obstetricians and Gynaecologists, 
Management of Women with Mental Health Issues during Pregnancy and the 
Postnatal Period. Good Practice Paper No. 14. London: RCOG; 2011, with 
the permission of the Royal College of Obstetricians and Gynaecologists.
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CHAPTER 50

Chronic maternal infections
Kristel Van Calsteren

Introduction
Pregnant women diagnosed with chronic infections are a world-
wide problem. In developed countries, the most frequently 
encountered are hepatitis B and C (see Chapter 43), toxoplasmo-
sis, syphilis, herpes simplex, and Cytomegalovirus infections. In 
developing countries, human immunodeficiency virus (HIV) and 
malaria are also seen commonly in pregnant women. Maternal 
infections are associated with various complications in pregnant 
women, but also with congenital infections with or without struc-
tural anomalies and long-term sequelae, fetal growth restriction, 
preterm delivery, and perinatal mortality.

Moreover, increasing evidence suggests that maternal infection 
during pregnancy affects the developing immune system of the 
fetus independently of the vertical transmission of pathogens.1

In this chapter, I discuss the pathogen characteristics, ways of 
transmission, clinical presentation, diagnostic options, treatment, 
and, if relevant, prophylaxis for the most common infections in 
pregnant women.

Human immunodeficiency virus
General information
An infection with HIV is a life-long infection that can lead to the 
acquired immunodeficiency syndrome (AIDS).

The official first registration of the disease occurred in the sum-
mer of 1981 when the US Centers for Disease Control and Prevention 
(CDC) reported on a cluster of Pneumocystis jirovecii (previously 
carinii) pneumonia (PCP) in five homosexual men.2 Soon there-
after, additional gay men developed a previously rare skin cancer 
called Kaposi’s sarcoma (KS).3,4 However, there is substantial evi-
dence that HIV first crossed the simian–human species barrier 
much earlier. The identification of a cytopathic retrovirus in 1983 
and development of a diagnostic serological test for HIV-1 in 1985 
have served as the basis for developing improvements in diagnosis.

HIV is a lentivirus, a slow-replicating retrovirus, that infects 
vital cells in the human immune system such as helper T cells 
(specifically CD4+ T cells), macrophages, and dendritic cells.5 
Lentiviruses are transmitted as single-stranded, positive-sense, 
enveloped RNA viruses. Upon entry into the target cell, the 
viral RNA genome is converted (reverse transcribed) into 
double-stranded DNA by a virally encoded reverse transcriptase 
that is transported along with the viral genome in the virus parti-
cle. The resulting viral DNA is then imported into the cell nucleus 
and integrated into the cellular DNA by a virally encoded inte-
grase and host co-factors. Once integrated, the virus may become 

latent, allowing the virus and its host cell to avoid detection by 
the immune system. Alternatively, the virus may be transcribed, 
producing new RNA genomes and viral proteins that are pack-
aged and released from the cell as new virus particles that begin 
the replication cycle anew.

Two types of HIV have been identified:  HIV-1 and HIV-2. 
HIV-1 is more virulent, more infective,6 and is the cause of the 
majority of HIV infections globally. The lower infectivity of HIV-2 
implies that fewer of those exposed to HIV-2 will be infected per 
exposure. Because of its relatively poor capacity for transmission, 
HIV-2 is largely confined to West Africa.

HIV infection leads to low levels of CD4+ T cells through 
a number of mechanisms including apoptosis of uninfected 
bystander cells, direct viral killing of infected cells, and killing 
of infected CD4+ T cells by CD8 cytotoxic lymphocytes that rec-
ognize infected cells. When CD4+ T cell numbers decline below 
a critical level, cell-mediated immunity is lost, and the body 
becomes progressively more susceptible to opportunistic infec-
tions (Figure 50.1).

Transmission
Infection with HIV occurs by the transfer of blood, semen, vagi-
nal fluid, pre-ejaculate, or breast milk. Within these bodily flu-
ids, HIV is present as both free virus particles and virus within 
infected immune cells. If their mothers have HIV, infants can 
become infected during the pregnancy, during labour and deliv-
ery, and, to a lesser degree, through breastfeeding.

Diagnosis
HIV testing is performed by immunoassays (ELISA or combina-
tion antibody and antigen immunoassays) and analysed in dupli-
cate. If the result of either duplicate test is reactive, the specimen is 
reported as repeatedly reactive and undergoes confirmatory test-
ing with Western blot.

When the possibility of an acute HIV infection is considered 
or the serology is positive, viral load is determined by reverse 
transcription polymerase chain reaction (RT-PCR) and CD4 cell 
count is measured.

Testing post exposure is recommended initially and at 6 weeks, 
3 months, and 6 months since the time interval between infection 
and test positivity is 20–45 days for immunoassays, 35–60 days for 
Western blot, and 5–15 days for viral load.7

Many HIV-positive people are unaware that they are infected 
with the virus. Therefore, it is strongly recommended that all 
pregnant women undergo serological screening for HIV.
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Clinical presentation
Ten to 60% of patients with early HIV infection will not experi-
ence symptoms. In acute symptomatic HIV infection, a variety of 
symptoms can be seen: fever, lymphadenopathy, sore throat, rash, 
myalgia/arthralgia, headache, and diarrhoea. These findings are 
not specific for acute HIV, but prolonged duration of symptoms 
and the presence of mucocutaneous ulcers are suggestive of HIV. 
The usual time from HIV exposure to the development of symp-
toms is 2–4 weeks.

AIDS is a disease characterized by progressive failure of the 
immune system allowing life-threatening opportunistic infec-
tions and cancers to thrive.

Treatment
At diagnosis, and at regular time intervals, viral load, CD4 T cell 
count and side effects of medication should be monitored. HIV 
drug-resistance studies are advised to be performed before start-
ing or modifying antiretroviral regimens in all pregnant women 
whose HIV RNA levels are above the threshold for resistance test-
ing (above 500–1000 copies/mL).8 The importance of adherence to 
prescribed antiretroviral medications should be stressed to reduce 
the potential for development of resistance.

During pregnancy, all women with HIV are advised to take 
combination antiretroviral regimens using three HIV drugs. 
Combination antiretroviral drug regimens will maximally sup-
press viral replication, which is the most effective strategy for 
preventing development of resistance and minimizing risk of 
perinatal transmission.

The 2013 World Health Organization guidelines recommend 
initiation of a once-daily, fixed-dose combination of tenofo-
vir (300 mg), lamivudine (300 mg) (or emtricitabine (200 mg)), 
and efavirenz (600 mg) in all HIV-infected pregnant women. 
Alternative agents are zidovudine to replace tenofovir and nevi-
rapine to replace efavirenz in the three-drug regimen. There are 

extensive safety and efficacy data on the use of zidovudine and 
nevirapine in pregnant and breastfeeding women.9

Studies suggest that women who start HIV medications earlier 
in pregnancy are more likely to have a low amount of virus in the 
blood by the time of delivery. However, some women may prefer 
to start after the first trimester of pregnancy to avoid unnecessary 
drug exposure to the embryo. Once started, HIV medications are 
continued throughout pregnancy.

There are several HIV medications that should not be used in 
pregnancy. Nevirapine is generally not started in women with 
a CD4 count higher than 250/mm3, since it is associated with 
hepatic toxicity and hypersensitivity reactions. Efavirenz is asso-
ciated with fetal malformations (neural tube defects), so should 
not be started during the first few weeks of pregnancy. However, 
women who become pregnant while taking efavirenz can con-
tinue that medication.

Obstetric care
HIV-positive patients are at increased risk for spontaneous 
abortions and stillbirths, growth restriction, preterm deliv-
ery, and perinatal mortality and appear to have a lower risk of 
pre-eclampsia.10,11 The latter has been linked to the HIV-1-related 
immune deficiency and indicates the pivotal role of the immune 
system in the pathogenesis of pre-eclampsia.12

A detailed ultrasound is usually recommended at 18–20 weeks 
of pregnancy to screen for structural anomalies, especially when 
antiretroviral drugs were administered in the first trimester of 
pregnancy. A follow-up ultrasound is often recommended during 
the third trimester to monitor the fetal growth.

The advised mode of delivery depends on the viral load at that 
time.8,9

Pregnant women with HIV who have been taking HIV medica-
tions throughout pregnancy and have an undetectable HIV viral 
load at 34–36 weeks of pregnancy may choose to have a vaginal 
delivery. The risk of transmission during a vaginal delivery is than 
very low, and a caesarean delivery has not been shown to decrease 
this risk any further.

Women with an HIV viral load between 0 and 1000 copies/mL 
who have been taking HIV medications during pregnancy may 
choose between a vaginal or caesarean delivery. Data are insuf-
ficient to evaluate the potential benefit of caesarean delivery used 
solely for prevention of perinatal transmission in women with 
HIV RNA levels less than 1000 copies/mL, and given the low rate 
of transmission in these patients, it is unclear whether scheduled 
caesarean delivery would confer additional benefit in reducing 
transmission.

Pregnant women with HIV who have taken HIV medications 
throughout pregnancy but have a viral load above 1000 copies/ mL 
at 34–36 weeks of pregnancy (or unknown HIV levels and newly 
diagnosed disease) are advised to have a planned caesarean deliv-
ery (at 38 weeks) rather than a vaginal delivery. For these patients 
it is advised to administer zidovudine intravenously (IV) to 
reduce the risk of HIV transmission, next to their combination 
HIV medications which they should continue to take on sched-
ule to provide maximal protection to the mother and infant and 
to minimize the risk that the mother could develop drug resist-
ance due to a missed dose of medication.8 Women with newly 
diagnosed disease or unknown HIV levels at the time of delivery 
should also have a caesarean delivery and zidovudine IV.
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It is not clear whether caesarean delivery after rupture of mem-
branes or onset of labour provides benefit in preventing perinatal 
transmission. Management of women originally scheduled for 
caesarean delivery who present with ruptured membranes or in 
labour must be individualized at the time of presentation based 
on duration of rupture and/or labour, plasma HIV RNA level, and 
current antiretroviral drug regimen.8

Transmission-increasing procedures, like amniocentesis, artifi-
cial rupture of membranes, use of fetal scalp electrodes/scalp pH, 
operative delivery with forceps/vacuum, and episiotomy, should 
be avoided unless there are clear obstetric indications.

In case of postpartum haemorrhage resulting from uterine 
atony, the current antiretroviral drug regimen should be taken 
into consideration. In women who are receiving a cytochrome 
P450 (CYP)-3A4 enzyme inhibitor such as a protease inhibitor, 
methylergometrine should be used only if no alternative treat-
ments are available. If methylergometrine is used, it should be 
administered in the lowest effective dose for the shortest possible 
duration. In women who are receiving a CYP3A4 enzyme inducer 
such as nevirapine, efavirenz, or etravirine, additional uterotonic 
agents may be needed because of the potential for decreased meth-
ylergometrine levels and inadequate treatment effect.

Postpartum care
Decisions about continuing antiretroviral drugs after delivery 
should take into account current recommendations for antiret-
roviral therapy, current and nadir CD4 T-lymphocyte counts 
and trajectory, HIV RNA levels, adherence issues, whether 
a woman has an HIV-uninfected sexual partner, and patient 
preference.

Women with HIV who breastfeed can pass HIV to the infant. In 
one study of over 600 mother–infant pairs from Malawi, the risk 
of transmitting HIV to the infant through breast milk was 7% for 
infants who breastfed for 1 year and 10% for infants who breastfed 
for up to 2 years.

In resource-rich countries, clean water and infant formulas 
are readily available and are safe alternatives to breastfeeding. 
Therefore, in resource-rich countries, HIV-positive patients are 
recommended not to breastfeed their babies, even if the woman is 
taking HIV medications. While risk of HIV transmission through 
breast milk can be lowered by HIV medications, HIV can still be 
transmitted through breast milk. The same advice cannot be given 
to women in resource-poor countries because safe alternatives to 
breast milk may not be consistently available.

Newborns of women with HIV should receive post-exposure 
prophylaxis to prevent transmission from exposure to HIV dur-
ing delivery/breastfeeding with 6 weeks of zidovudine or nevi-
rapine. Zidovudine or nevirapine should be initiated as close 
to the time of birth as possible, preferably within 6–12 hours of 
delivery.

Infants born to HIV-infected women who have not received 
antepartum antiretroviral drugs should receive prophylaxis with 
zidovudine given for 6 weeks combined with three doses of nev-
irapine in the first week of life (at birth, 48 hours later, and 96 
hours after the second dose), begun as soon after birth as possible. 
A longer duration of infant prophylaxis is reasonable in breast-
feeding infants in certain circumstances that increase the likeli-
hood of absent or delayed viral suppression in the mother, such 
as when women do not receive antepartum antiretroviral drugs. 

The use of antiretrovirals other than zidovudine and nevirapine 
cannot be recommended in premature infants because of lack of 
dosing and safety data.8

HIV antibody tests are not accurate in infants since HIV anti-
bodies may be transferred from the mother to the baby. This may 
result in the infant having a positive HIV antibody test. However, 
this does not mean that the baby necessarily has HIV infection.

For this reason, in infants an HIV PCR test that directly meas-
ures the virus itself should be performed to determine whether or 
not the baby is infected with HIV.

Long-term follow-up of children
Studies of infants who were exposed to zidovudine and who did 
not become infected with HIV have not shown any increased 
risk of serious problems with growth, the immune system, brain 
function, cancers, or other problems for up to 6 years.13 However, 
long-term data regarding the safety of HIV medications during 
pregnancy, particularly combination regimens, are not available.

Prophylaxis
Pregnancy does not appear to worsen HIV or increase the risk of 
death from HIV. For the baby, patients should understand that the 
risk of transmission is much lower with an undetectable viral load. 
Therefore it is important to take HIV medication adequately.8

For serodiscordant couples who want to conceive, it is impor-
tant to recognize that treatment of the infected partner may not be 
fully protective against sexual transmission of HIV.

For HIV-infected females with HIV-uninfected male partners, 
the safest conception option is artificial insemination, including 
the option of self-insemination with a partner’s sperm during the 
periovulatory period.

For HIV-infected men with HIV-uninfected female partners, 
the use of sperm preparation techniques coupled with either 
intrauterine insemination or in vitro fertilization should be con-
sidered if using donor sperm from an HIV-uninfected male is 
unacceptable.

For serodiscordant couples who want to conceive, initiation 
of antiretroviral therapy for the HIV-infected partner is rec-
ommended. Periconception administration of antiretroviral 
pre-exposure prophylaxis (PrEP) for HIV-uninfected partners 
may offer an additional tool to reduce the risk of sexual trans-
mission. The utility of PrEP of the uninfected partner when the 
infected partner is receiving antiretroviral therapy has yet not 
been studied.

Partners should be screened and treated for genital tract infec-
tions before attempting to conceive.

Perinatal transmission can be reduced by antiretroviral drugs 
by lowering maternal antepartum viral load and providing infant 
pre- and post-exposure prophylaxis.

Anaesthetic management
Patients with HIV infection have early HIV virus infection of 
the central nervous system (CNS). Hence the initial fear of epi-
dural or spinal anaesthesia transferring the virus to the CNS, are 
unfounded and regional anaesthesia should not be withheld.14 
Also the use of an epidural blood patch whenever indicated seems 
to be safe.

HIV patients may have mild thrombocytopenia. Hence platelet 
levels should be tested.
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Malaria
General information
Malaria is caused by five species of the protozoan genus 
Plasmodium: P. vivax, P. falciparum, P. malariae, P. knowlesi, and 
P. ovale. The infection is maintained in nature by female mosqui-
toes of the genus Anopheles, in which the parasites’ multiplication 
occurs.

Malaria is an endemic disease in parts of Asia, Africa, Oceania, 
and Central and South America, where environmental factors 
including temperature, humidity, and standing water support the 
breeding of mosquitoes in close contact with humans.

The mosquito feeds on human blood, in which the Plasmodium 
life cycle is completed.

Transmission
When a female Anopheles mosquito bites an infected human, male 
and female gametocytes are ingested into the mosquito stomach. 
The sexual reproductive cycle produces sporozoites in about 
2 weeks’ time, which accumulate in the mosquito salivary glands 
and are infectious for humans. When the mosquito bites again, 
the sporozoites are infected into the bloodstream. The sporozo-
ites infect liver parenchymal cells during this clinically inappar-
ent pre-erythrocytic or exoerythrocytic phase. After several days 
merozoites are released into the bloodstream. This form of the 
parasite is capable of red blood cell invasion and multiplication, a 
process called schizogony, which lead to red blood cell lysis. When 
enough parasites are in synchrony, periodic fevers manifest them-
selves coincident with rupture of red blood cells and release mero-
zoites. The cycle takes 36–72 hours.

Certain haemoglobinopathies and erythrocyte enzyme defects 
render patients less susceptible to severe complications of malaria. 
Patients with sickle haemoglobin acquire falciparum malaria as 
frequently but the clinical disease is attenuated, possibly because 
the parasite is less able to divide in the abnormal erythrocyte. 
Certain black populations are less susceptible to P. vivax infec-
tions because of the absence of Duffy blood group antigen, which 
acts as an erythrocyte receptor for P. vivax merozoites.15

Immunity to clinical malaria is acquired gradually as a result 
of repeated exposure to the infection. In endemic areas, this pro-
cess takes 5–10 years to develop and immunity is partial, mean-
ing that the parasites are present intermittently in the blood of 
semi-immune subjects.16 The development of antibodies and 
cell-mediated immunity contribute to the pathogenesis of some 
of the clinical features of chronic malaria such as nephrotic syn-
drome and tropical splenomegaly. Disruption of the host–parasite 
balance by malnutrition, pregnancy, or introduction of new 
strains of parasite, may precipitate recrudescence and clinical 
manifestations in the semi-immune host.

All types of malaria can be transmitted congenitally, but con-
genital disease is most often associated with P. vivax and P. falcipa-
rum. In immune mothers, the risk of transplacental transmission 
of malaria appears to be small (0.1–1.5% had cord blood positive for 
parasites and clinical disease), when overt attacks occurred dur-
ing pregnancy the risk was 1–4%.17 In contrast, in semi-immune 
or non-immune mothers, transplacental antibody transfer may be 
deficient, and the incidence of congenital infection appears to be 
higher (7–10%).18

Primiparous women in endemic areas seem to be more suscep-
tible to recrudescent infections than multiparous women.

Diagnosis
Diagnosis is made by Giesma-stained thick and/or thin peripheral 
blood smears or a rapid diagnostic test. The highest level of para-
sitaemia will be demonstrable several hours after a rigor and serial 
thick and thin slides may be needed to demonstrate parasitaemia. 
It is important to point out that women may have placental para-
sites that are not circulating in the peripheral blood, and hence, 
the blood film would be negative. Yet, no reliable peripheral bio-
marker for the presence of placental malaria has been identified.

Clinical presentation
Patients with acute malaria usually present with rigors and fever 
(which may or may not be periodic), often associated with head-
ache and myalgia. Non-specific symptoms include malaise, dry 
cough, abdominal pain, diarrhoea, nausea, anorexia, or vomiting. 
Physical examination reveals fever, tachycardia, respiratory dis-
tress, hepatomegaly, splenomegaly, pallor, and sometimes jaundice.

Fever and related symptoms gradually subside over several 
weeks in untreated P.  vivax, P.  ovale, and P.  malariae malaria. 
Months or years after initial exposure, dormant forms of the para-
sitic (hypnozoites) may emerge from the liver and cause relapses. 
With P.  falciparum, serious complications such as coma, severe 
haemolytic anaemia, disseminated intravascular coagulation, 
acute kidney injury, and acute pulmonary oedema may develop 
rapidly in the non-immune host; however, once eradicated from 
the blood P. falciparum does not relapse.15

Compared to non-pregnant women, pregnant women experi-
ence more severe disease, severe anaemia (60%), more hypogly-
caemia, and more respiratory complications (pulmonary oedema, 
acute respiratory distress syndrome).19

Adverse perinatal outcomes associated with malaria include 
miscarriage, fetal growth restriction, preterm birth, low birth 
weight, fetal and maternal anaemia, and congenital infection. 
Each year, 50  million women living in malaria-endemic areas 
become pregnant. It is estimated that 10,000 women and 200,000 
infants die as a result of malaria infection during pregnancy; 
severe maternal anaemia, prematurity, and low birth weight con-
tribute to more than half of these deaths.

In endemic areas, it can be difficult to distinguish malaria 
acquired congenitally from that acquired as a newborn, particu-
larly in infants of asymptomatic mothers. The onset of symptoms 
is usually at 2–8 weeks of age and includes poor feeding, fever, 
vomiting, diarrhoea, and irritability. Anaemia, thrombocytope-
nia, and hyperbilirubinaemia are common. Splenomegaly is more 
common than hepatomegaly.

Treatment
Acute malaria in the unexposed, pregnant host is a medical emer-
gency requiring immediate treatment.

Patients with malaria during pregnancy should be admitted and 
started with drug treatment (artesunate, quinine, clindamycin, 
chloroquine, atovaquone–proguanil) (Table 50.1).20 Paracetamol 
(maximum 4 g/day provided the patient is >50  kg) should be 
started for fever and screening for anaemia should be performed.

These patients should be monitored for hypoglycaemia, pulmo-
nary oedema, acute respiratory distress, and secondary bacterial 
infection should be screened for if the patient becomes hypoten-
sive. (Exchange) Transfusion might be necessary for anaemia.

Uncomplicated malaria in pregnancy is not a reason for induc-
tion of labour.
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Peripartum malaria is an indication for placental histology and 
placenta, cord, and baby blood films to detect congenital malaria 
at an early stage.

Prophylaxis
Pregnant travellers should be advised to defer travel until after 
delivery whenever feasible. For pregnant women who cannot defer 
travel, mosquito avoidance measures should be used in conjunc-
tion with chemoprophylaxis.

Chloroquine or hydroxychloroquine are considered safe to use 
in all trimesters of pregnancy. Mefloquine is the agent of choice for 
chloroquine-resistant areas, and evidence suggests it is not associated 
with an increased risk to the fetus. Although the atovaquone–proguanil 
drug combination is not currently recommended for use during preg-
nancy, limited data suggest that it is not harmful to the fetus. Doxycycline 
and primaquine are not recommended during pregnancy.21

Syphilis
General information
Syphilis is a chronic infectious disease caused by the spirochaete, 
Treponema pallidum. It is a sexually transmitted disease that can 

cause long-term complications and/or death if not treated cor-
rectly. Symptoms in adults are divided into four stages: primary, 
secondary, latent, and late syphilis.

Transmission
Syphilis is transmitted by direct contact with a syphilitic ulcer 
during anal, vaginal, or oral sex. Ulcers can be found on the penis, 
vagina, lips, and in the rectum and mouth.

The disease can be found at any stage in a pregnant woman and 
T. pallidum can cross the placenta to infect the fetus, resulting in 
congenital disease or stillbirth. The risk of congenital syphilis is 
directly related to the stage of syphilis in the mother and the risk 
is extremely high for the first 4 years after maternal acquisition of 
infection when spirochaetaemia is common. Perinatal transmis-
sion occurs in 50% of patients with primary or secondary syphilis, 
with fewer congenital infections among women with early latent 
(40%), late latent (10%), and tertiary disease (10%).15

Diagnosis
Available tests are divided into screening and confirmatory tests.

For screening, a non-treponemal antibody test (Venereal 
Disease Research Laboratory (VDRL) test and the Rapid Plasma 

Table 50.1  Royal College of Obstetricians and Gynaecologists guidelines for treatment and prophylaxis of malaria in pregnancy20

Severity Indication Drug and dosage

Severe or 
complicated 
malaria

Any species Artesunate IV 2.4 mg/kg at 0, 12, and 24 hours, then daily thereafter. When the patient is well enough to 
take oral medication she can be switched to oral artesunate 2 mg/kg (or IM artesunate 2.4 mg/kg) once 
daily, plus clindamycin. If oral artesunate is not available, use a 3-day course of Riamet® or Malarone® or a 
7-day course of quinine and clindamycin at 450 mg 3 times a day 7 days

Alternative:

Quinine IV 20 mg/kg loading dose (no loading dose if patient already taking quinine or mefloquine) in 
5%  dextrose over 4 hours and then 10 mg/kg IV over 4 hours every 8 hours plus clindamycin IV 450 mg 
every 8 hours (maximum dose quinine 1.4 g). When the patient is well enough to take oral medication she 
can be switched to oral quinine 600 mg 3 times a day to complete 5–7 days and oral clindamycin 450 mg 
3 times a day 7 days (an alternative rapid quinine-loading regimen is 7 mg/kg quinine dihydrochloride IV 
over  30 minutes using an infusion pump followed by 10 mg/kg over 4 hours)

Note: quinine dosing should be reduced to 12-hourly dosing if IV therapy extends more than 48 hours 
or if the patient has renal or hepatic dysfunction. Quinine is associated with severe and recurrent 
hypoglycaemia in late pregnancy.

Uncomplicated 
malaria

P. falciparum Oral quinine 600 mg 8-hourly and oral clindamycin 450 mg 8-hourly for 7 days

or Riamet® 4 tablets/dose for weight > 35 kg, twice daily for 3 days

or Malarone® 4 standard tablets daily for 3 days

Vomiting but no signs of  
severe or complicated malaria

Quinine 10 mg/kg dose IV in 5% dextrose over 4 hours every 8 hours plus IV clindamycin 450 mg every 8 hours. 
When the patient is well enough to take oral medication she can be switched to oral quinine 600 mg 3 times a 
day to complete 5–7 days and oral clindamycin can if needed be switched to 450 mg 3 times a day 7 days

Non-falciparum 
malaria

P. vivax, P. ovale, P. malariae Oral chloroquine (base) 600 mg followed by 300 mg 68 hours later. Then 300 mg on day 2 and again on day 3

Resistant P. vivax As for uncomplicated malaria P. falciparum

Preventing relapse during 
pregnancy

Chloroquine oral 300 mg weekly until delivery

Preventing relapse after delivery Postpone until 3 months after delivery and G6PD testing

P. ovale Oral primaquine 15 mg single daily dose for 14 days

P. vivax Oral primaquine 30 mg single daily dose for 14 days

G6PD (mild) for P. vivax or P. ovale Primaquine oral 45–60 mg once a week for 8 weeks

Reproduced from Royal College of Obstetricians and Gynaecologists, The diagnosis and treatment of malaria in pregnancy. Green-top Guideline No. 54b. London: RCOG; 2010, with the 
permission of the Royal College of Obstetricians and Gynaecologists.
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Reagin (RPR) test) is performed on serum. Positive tests are 
usually reported as antibody titre and can be used to follow the 
response to treatment in many patients. These tests are relatively 
inexpensive, easy to perform, and can also be done on other 
body fluids, such as cerebrospinal fluid (CSF). Confirmatory tests 
(treponemal antibody tests) detect antibodies specifically directed 
at treponemal cellular components (fluorescent treponemal anti-
body absorption (FTA-ABS), microhaemagglutination assay for 
antibodies to T.  pallidum (MHA-TP), and T.  pallidum particle 
agglutination assay (TPPA)). These tests are sensitive and specific, 
but expensive. Furthermore, they remain positive despite treat-
ment and therefore correlate poorly with disease activity.

Lumbar puncture is required for any patient with clinical evi-
dence of neurological involvement and is strongly recommended 
for patients with coexistent HIV or with latent syphilis for more 
than 1 year.

In all pregnant women, it is advised to screen for syphilis during 
the first prenatal medical visit. If the patient is considered to be at 
high risk this screening should be repeated in the third trimester.

For the diagnosis of congenital syphilis, the VDRL or RPR test 
should be performed. A thorough physical examination should be 
performed for evidence of congenital syphilis. Direct visualiza-
tion of T. pallidum by darkfield microscopy or fluorescent anti-
body staining of infected body fluids (e.g. nasal discharge) or 
lesions, placenta, or umbilical cord can be performed.

PCR has been used on neonatal blood and CSF for diagnosis of 
congenital syphilis, but these tests are not widely available.22

Maternal clinical presentation
Primary syphilis presents as a papule, which is typically painless, 
at the site of inoculation (genital or extragenital).23 This soon 
ulcerates to produce the classic chancre(s) of primary syphilis. 
The chancre is a 1–2 cm painless ulcer with an indurated margin, 
which is associated with regional lymphadenopathy. Chancres 
heal spontaneously within 3–6 weeks, even in the absence of 
treatment. The primary stage of syphilis is often missed in women 
because the lesion is on vaginal or cervical mucosa.

Secondary syphilis is a disseminated systemic process that 
begins 6 weeks to 6 months after the appearance of the chancre in 
approximately 25% of untreated patients. This stage of disease is 
characterized by a generalized maculopapular skin rash involving 
the palms and soles and mucous membranes, but usually sparing 
the face. The rash is usually not itchy. Other symptoms that can 
accompany the skin rash include generalized lymphadenopathy, 
fever, pharyngitis, weight loss, patchy hair loss, headaches, muscle 
aches, and fatigue, as well as genital condylomata lata. Although 
spirochaetes can be found in the CSF of around 40–50% of patients 
with early syphilis, neurological manifestations are rare. The rash 
of secondary syphilis typically resolves spontaneously within 2–6 
weeks. Secondary syphilis is commonly the stage when women 
present to a healthcare provider.

Latent disease is usually subclinical, although clinical relapses, 
particularly of lesions of secondary syphilis, may occur. If syphilis 
is not treated, it can remain present for years without any signs or 
symptoms.

Tertiary syphilis occurs in approximately one-third of untreated 
patients, but is now rarely seen since most patients are treated 
either deliberately or inadvertently when receiving penicillin for 
other indications. Tertiary syphilis can occur 10–30 years after the 

infection begun, or 5–20 years after the disease has become latent. 
This stage is characterized by slowly progressive signs and symp-
toms. Clinical manifestations include gumma formation (15%), 
cardiovascular disease (10%) (aortic aneurysm), and neurosyphi-
lis (6.5%) (general paresis, numbness, blindness, dementia, tabes 
dorsalis).

Congenital syphilis
The clinical spectrum of congenital infection includes perinatal 
death, preterm delivery, low birth weight, non-immune hydrops, 
early congenital syphilis, and late congenital syphilis.

Two-thirds of live-born neonates with congenital syphilis 
are asymptomatic at birth. Clinical manifestations in untreated 
infants usually appear by 3 months of age, most often by 5 weeks.24

Characteristic findings for early congenital syphilis include a 
maculopapular rash, hepatosplenomegaly and jaundice, fever, neu-
rosyphilis, pneumonitis, rhinitis or ‘snuffles’, lymphadenopathy, 
chorioretinitis, anaemia, thrombocytopaenia, and osteochondri-
tis which may lead to pseudoparalysis. Also condylomata lata and 
nephrotic syndrome have been described. Chancres do not occur.25

If untreated, late congenital syphilis will develop. Manifestations 
of late congenital syphilis are facial features (frontal bossing, sad-
dle nose, short maxilla, protuberant mandible), oropharyngeal 
anomalies (Hutchinson’s teeth, mulberry molars, perforation of 
hard palate), ophthalmologic damage (interstitial keratitis, cho-
rioretinitis, secondary glaucoma, corneal scarring, optic atro-
phy), sensorineural deafness, gummas, skeletal anomalies (saber 
shins: anterior bowing of the tibia, Higoumenakis sign: enlarge-
ment of the sternoclavicular portion of the clavicle, Clutton 
joints: painless arthritis) and lesions of the CNS (intellectual disa-
bility, arrested hydrocephalus, seizures, juvenile general paresis).25

Late congenital syphilis develops in approximately 40% of 
infants born to women with untreated syphilis during pregnancy. 
Some manifestations of late congenital syphilis can be prevented 
by treatment of the mother during pregnancy or treatment of the 
infant within the first 3 months of life. However, other manifesta-
tions (e.g. keratitis and saber shins) may occur or progress despite 
appropriate therapy.

Treatment
Benzathine penicillin G cures maternal infection and prevents 
congenital infection in 98% of cases.26 Alternative therapy with 
other non-penicillin regimens is not recommended for preg-
nant patients because of treatment failures in preventing con-
genital infection, especially with erythromycin (Table 50.2).27 
Tetracycline is not recommended because of discolouration of 
fetal teeth and bones, but may represent a reasonable choice if 
no other alternatives are available. Ceftriaxone is also effective in 
adults for the treatment of early syphilis, but there is no informa-
tion about its efficacy in preventing congenital syphilis.

If non-penicillin alternative regimens are used during the preg-
nancy, the neonate should be very carefully evaluated for active 
disease and treated with a single dose of benzathine penicillin G 
(50,000 units/kg IM).

Patients with a history of penicillin allergy should receive 
skin testing for the presence of anaphylactic antibodies to both 
the major determinant antigen, penicilloyl polylysine, and to 
the minor determinant antigens, benzylpenicillin G and ben-
zyl penicilloic acid. About 90% of patients giving a history of 
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penicillin allergy do not in fact have a true immunoglobulin 
(Ig)-E-mediated anaphylactic reaction and can be treated with 
penicillin. Patients who do have an IgE-mediated allergic reac-
tion should be offered penicillin desensitization, as proposed by 
Wendel et al.28

Occasionally, pregnant patients with early syphilis may experi-
ence a Jarisch–Herxheimer reaction after therapy. This reaction 
generally consists of fever 2–12 hours after initiation of therapy 
for active syphilis. However, cardiovascular collapse, seizures, 
and death also have been reported. The Jarisch–Herxheimer reac-
tion is thought to be produced by the release of endotoxin-like 
compounds during penicillin-mediated lysis of T. pallidum. Since 
fever may initiate preterm labour, hospitalization should be con-
sidered for these patients.

Follow-up
After treatment, quantitative RPR or VDRL titres should be fol-
lowed closely until negative (or stable at a low titre of generally less 
than 1:4 for late latent syphilis). In general, the quantitative titre 
should decline fourfold by the third or fourth month after therapy 
for primary and secondary syphilis. Patients should be evaluated 
for neurosyphilis and retreated for persistently high titres after 
3 months, or for a fourfold increase in titre.29

Toxoplasmosis
General information
Toxoplasmosis is caused by the protozoan Toxoplasma gondii. It 
is an obligate intracellular parasite that exists in three forms: the 
oocyst, which is shed only in cat faeces; the tachyzoite, a rapidly 

dividing form observed in the acute phase of infection; and the 
bradyzoite, a slow-growing form observed within tissue cysts.

Cats play an important role in the spread of toxoplasmosis. 
Eating infected rodents, birds, or other small animals infects 
them. The parasite is then passed in the cat’s faeces in oocyst form. 
During a primary infection, a cat can shed millions of oocysts 
daily for a period of 1–3 weeks. These oocysts become infective 
1–5 days later and may remain infectious for over a year, especially 
in warm, humid environments. Cats typically develop immunity 
after a primary infection; therefore, recurrent infection with pas-
sage of oocysts is unlikely. Other animals (including pigs, chick-
ens, lambs, and goats) and humans become infected by contact 
with contaminated soil or water or eating soil-contaminated fruit 
or vegetables, resulting in meat containing tissue cysts.

Once a person is infected, the parasite lies dormant in neural 
and muscle tissue and will never be eliminated.30

Transmission
There are three principal routes of transmission of Toxoplasma:

1.	 Foodborne transmission. This is the main source of human 
infection in developed, temperate climate countries. People 
become infected by ingestion of bradyzoites contained in 
undercooked meat, by eating undercooked contaminated meat 
or by handling it and not washing hands thoroughly, or by eat-
ing food that was contaminated by knives, cutting boards, or 
other foods that had contact with raw contaminated meat.

2.	 Animal-to-human (zoonotic) transmission. Hereby, people 
become infected by ingestion of oocysts from contact with 
contaminated soil or water or eating soil-contaminated fruit or 
vegetables.

3.	 Mother-to-child (congenital) transmission. A  woman who is 
infected with Toxoplasma during pregnancy can pass the 
infection to her unborn child. Transmission to the fetus occurs 
predominantly in women who acquire their primary infection 
during gestation. In rare cases, congenital transmission has 
occurred in chronically infected women whose infection was 
reactivated because of their immunocompromised state (e.g. 
from AIDS or treatment with corticosteroids for their underly-
ing disease). The incidence of maternal infection during preg-
nancy ranges from 1 to 8/1000 susceptible pregnancies, with 
the highest reported rates in France.31

The risk of fetal infection increases with advancing gesta-
tional age at the time of maternal infection. Meta-analysis of all 
available cohorts estimated the risk of transmission to be 15% 
when the mother seroconverted at 13 weeks, 44% at 26 weeks, 
and 71% at 36 weeks.32

4.	 Rare instances of transmission. Rarely, people become infected 
by receiving infected blood via transfusion or by receiv-
ing an organ transplant from a Toxoplasma-positive donor. 
Laboratory workers who handle infected blood can also 
acquire infection through accidental inoculation.

Diagnosis
Diagnosis is usually achieved by serology. The presence of IgG 
antibodies shows that a person has been infected. To try to esti-
mate the time of infection, IgM is measured and an avidity test is 
performed. An IgG avidity test measures how tightly the antibody 

Table 50.2  Guidelines for treatment of syphilis

Stage of disease Recommended treatment

Early syphilis 
(primary, secondary 
or latent syphilis  
of <1 year  
duration)

Benzathine penicillin G 2.4 million units IM in a 
single dose

Alternatives:

Tetracycline 500 mg orally 4 times daily for 2 weeks

Erythromycin 500 mg orally 4 times daily for 2 weeks

Ceftriaxone 1 g IM daily for 10 days

Late latent syphilis 
(>1 year duration 
and cardiovascular 
syphilis)

Benzathine penicillin G 2.4 million units IM weekly  
for 3 consecutive weeks

Alternative:

Tetracycline 500 mg orally 4 times daily for 4 weeks

Neurosyphilis Aqueous crystalline penicillin G, 3–4 million units 
IV every 4 h for 10–14 days, followed by benzathine 
penicillin G 2.4 million units IM weekly for 3 
consecutive weeks

Alternative:

Aqueous procaine penicillin G 2.4 million units IM  
daily and probenecid 500 mg orally 4 times daily,  
both for 10 to 14 days

Reproduced with permission from James D, Steer P, Weiner C, et al. (eds) High Risk 
Pregnancy: Management Options. Second Edition. Philadelphia, USA, W.B Saunders 
Copyright © 2003. Data from Workowski KA, Berman S. Sexually transmitted diseases 
treatment guidelines, 2010. MMWR Recomm Rep 2010;59: 1–110.
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binds to the antigen. Over time this value increases, so a low avid-
ity means that the infection was recent, a high avidity suggests 
that the infection was more than 3–4 months ago.

Interpreting serology results of toxoplasmosis is often confusing. 
A positive IgM is not indicative for an acute infection since the 
IgM response lasts a median of 10–13 months. Depending on the 
type of test used, there is substantial variation in duration between 
individuals, and about one-quarter of infected women have a per-
sistent IgM response lasting years. Although high IgG avidity is a 
hallmark of latent infection, low avidity is not diagnostic of acute 
infection; low IgG avidity can persist for years in some women.33,34 
For women whose first prenatal test at 13 weeks of gestation was 
IgM and IgG positive, the probability that their infection occurred 
after conception is 1–3%, depending on the test used.

The most accurate diagnosis of a maternal infection is based on 
seroconversion from negative to positive toxoplasma-specific IgM 
or IgG. Serial testing can be offered in susceptible asymptomatic 
pregnant women. Monthly or 3-monthly retesting schedules oper-
ate in parts of Europe, while in the United States and Canada, uni-
versal screening for toxoplasmosis in pregnancy is not performed.

Apart from serology, diagnosis can be made by direct observa-
tion of the parasite in stained tissue sections, CSF, or other biopsy 
material. These techniques are used less frequently because of the 
difficulty of obtaining these specimens. Parasites can also be iso-
lated from blood or other body fluids (e.g. CSF) but this process 
can be difficult and requires considerable time.

Ocular disease is diagnosed based on the appearance of the lesions 
in the eye, symptoms, course of disease, and often serological testing.

Diagnosis of congenital infections can be achieved by detecting 
T. gondii DNA in amniotic fluid using molecular methods such as 
PCR; however, accuracy varies among laboratories and techniques 
and sensitivity is lower in early (<18 weeks of gestation) than in 
late pregnancy.

Clinical presentation
Most pregnant women with acute acquired infection do not expe-
rience obvious symptoms or signs. A  minority may experience 
mild flu-like symptoms (e.g. malaise, low-grade fever, lymphade-
nopathy, and muscle aches) that last for several weeks. Up to 1% of 
infected individuals will present with visual changes due to toxo-
plasmic chorioretinitis as a result of recently acquired infection or 
reactivation of a chronic infection.35

In the fetus and neonate, toxoplasmosis infection presents with 
chorioretinitis, microcephaly or ventriculomegaly/hydrocephaly, 
intracerebral calcifications, and mental retardation or other evi-
dence of parenchymal brain damage, hepatosplenomegaly, myo-
carditis, pericardial and pleural effusion (TORCH syndrome). 
The later in pregnancy, the less severe the fetal damage of a toxo-
plasmosis infection will be. The risk of developing clinical signs of 
infection in the offspring is 60%, 25%, and 10% in the first, second, 
and third trimesters, respectively.36

Of all infected fetuses, 70% are born without obvious lesions, 
10% suffer only ocular manifestations, and the remaining 20% 
have the classic TORCH syndrome.30

Treatment
Most healthy persons recover from toxoplasmosis without treat-
ment. In pregnancy, antibiotic treatment will be started to protect 
and treat the fetus.

In the case of a primary maternal infection before 18 weeks of 
gestation, spiramycin (3 g/day to the mother) should be started 
since it reduces the risk of transmission to the fetus by about 
60%.37 The longer the interval between maternal seroconversion 
and the start of spiramycin, the greater the likelihood of fetal 
damage. Spiramycin therapy, even over a long period, appears to 
have no significant maternal or fetal toxicity. Since spiramycin 
does not readily cross the placenta, it is not reliable for treatment 
of infection in the fetus.

Therefore, if fetal infection is confirmed by positive PCR of amni-
otic fluid (at/after 18 weeks) or structural anomalies on prenatal 
ultrasound, it is recommended to switch treatment to pyrimeth-
amine, sulfadiazine, and folic acid. Because of the high transmission 
rates observed after 18 weeks of gestation, treatment with pyrimeth-
amine, sulfadiazine, and folic acid is also used for patients who have 
acquired the infection after 18 weeks of gestation. Pyrimethamine is 
not used earlier because it is potentially teratogenic.

If ultrasound examination reveals congenital anomalies indi-
cating congenital fetopathy, the option of termination of preg-
nancy should be discussed with the parents.

Cytomegalovirus
General information
Cytomegalovirus (CMV) is a DNA virus and member of the 
herpes family of viruses. The rate of seroconversion (primary 
infection) during pregnancy ranges from 1% to 7%.38 Like other 
herpesviruses, CMV establishes latency after the host is initially 
infected. Non-primary infection, also sometimes called recurrent 
or secondary infection, may be due to reactivation of latent virus 
or reinfection with a new strain.

Transmission
Person-to-person transmission usually occurs by contact with 
infected nasopharyngeal secretions, urine, saliva, semen, cervi-
cal and vaginal secretions, breast milk, tissue, or blood, including 
transfusion of blood and bone marrow and transplacental trans-
fer. The risk of seroconversion is highest in households with young 
children in daycare centres.39

Transmission of CMV from the mother to the fetus or new-
born can occur in several ways. Most commonly, CMV infects 
the placenta (placental cytotrophoblasts are permissive to CMV 
replication) and is then transmitted to the embryo/fetus, where 
the virus is replicated in multiple tissues, including renal tubular 
epithelium.40 Ascending infection from the maternal genital tract 
is thought to be rare antepartum, but possible.41 Intrapartum and 
postnatal transmission can occur via ingestion/aspiration of cer-
vicovaginal secretions during delivery or via breastfeeding. Rates 
of cervical CMV excretion vary depending upon various factors, 
including age, socioeconomic status, and geography of the popu-
lations studied.42

Perinatal transmission of CMV occurs in 5–8% when the infec-
tion occurred within 3  months before conception, in 10–20% 
when a periconceptional infection occurred, in 30% when the 
infection occurred in the first trimester, and 40–60% when infec-
tion occurred in the second to third trimester of pregnancy.43 
Although perinatal transmission may increase as gestation 
advances, sequelae in offspring appear to be less severe the later in 
gestation transmission occurs.
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Diagnosis
Diagnosis is made by viral culture from urine, nasopharynx, or 
blood, or by serology.

Seroconversion of CMV-specific IgG is diagnostic for a new 
acute infection. The presence of CMV IgM is not helpful for tim-
ing the onset of the infection because it usually remains present 
until 4–8 months after the primary infection, but can persist at 
low titre for years or increase periodically in women with reacti-
vation or reinfection with a different strain. Therefore determina-
tion of the avidity of IgG is used to determine the acuity of the 
infection, and thus the risk of in utero transmission. High avidity 
(>65%) suggests that the primary infection occurred more than 
6 months in the past; low avidity (<30%) suggests a recent primary 
infection in the last 3 months.44,45

Reactivation or reinfection can be suspected when there is a 
fourfold rise in IgG and presence of IgM titres and patients with 
positive IgG on former blood analysis.

When CMV infection is diagnosed periconceptionally or in 
the first trimester of pregnancy, that is, patients at risk for serious 
abnormalities, an amniocentesis is offered to determine whether 
or not the fetus is infected based on a PCR analysis for CMV DNA 
of amniotic fluid. Critical to obtain an adequate sensitivity is to 
perform the amniocentesis after 21 weeks of gestation and with 
a time interval of at least 6 weeks between the maternal infection 
and the amniocentesis.46,47

For maternal infections late in gestation, PCR for CMV is per-
formed on a urine sample of the newborn.

Clinical presentation
The most common manifestation of CMV infection is the lack of 
any demonstrable disease (90%).

Primo-infection in the immunocompetent (pregnant) adult 
may develop a mild febrile illness, atypical lymphocytosis, some 
malaise (rhinitis, pharyngitis, myalgia, arthralgia, headache, 
fatigue), mild lymphadenopathy, but generally has a benign 
course. Rarely, serious complications of the acute infection occur 
including interstitial pneumonitis, hepatitis, the Guillain–Barré 
syndrome, meningoencephalitis, myocarditis, thrombocytope-
nia, and haemolytic anaemia.

The virus may be excreted for weeks, months, or years after a 
primary infection and can be cultured from urine. A  latency 
period eventually occurs, but reactivation and reinfection are 
common. Reinfection with a different strain of CMV or reactiva-
tion of virus in women with pre-existing antibody generally does 
not cause clinical illness.

CMV infection in the immunosuppressed patient (immunosup-
pressive drugs, organ transplant, AIDS patients) can be serious. 
Most commonly is a mononucleosis-like syndrome. The next most 
frequent manifestation is interstitial pneumonia, which may pro-
gress rapidly from asymptomatic to fatal, often in association with 
pneumocystis infection in AIDS patients. Also frequent are myo-
carditis, hepatitis, gastrointestinal disease with ulceration leading 
to haemorrhage and perforation, and meningoencephalitis.30

Congenital CMV infection occurs in 5–60% of the mater-
nal primo-infections. The rate of maternofetal transmission 
increases linearly with the gestational age at infection, while 
the sequelae in the infected newborn decrease with the gesta-
tional age at infection. Twenty to 25% of infected fetuses develop 
sequelae and 10–15% will be symptomatic at birth or diagnosed 

prenatally on ultrasound (Table 50.3). These newborns have a 
mortality rate of about 5%, and 50–60% of survivors will develop 
severe long-term neurological morbidity (progressive hearing/
visual loss and cognitive impairment). Although fetal infection 
can be detected, there is no way to accurately predict whether or 
not the fetus will develop significant sequelae. Serial ultrasound 
examinations every 2–4 weeks can be useful to detect develop-
ment of sonographic abnormalities. Persistent changes, such as 
ventriculomegaly, periventricular calcifications, growth restric-
tion, microcephaly, and hydrops, suggest the presence of severe 
disease and high risk of long-term neurodevelopment impair-
ment. For these patients the option of termination of the preg-
nancy should be discussed. Magnetic resonance imaging (MRI) 
may provide additional information about anomalies, particu-
larly neurological abnormalities.48 However, normal ultrasound 
and MRI imaging does not exclude the possibility of hearing 
loss.49

Five to 15% of infected fetuses are asymptomatic at birth, but 
will develop neurodevelopmental damage (learning disabilities, 
hearing loss) within the first 3 years of life.50 Non-primary infec-
tion results in symptomatic disease at birth in 0.2–2% of cases; 
perinatal death is rare.51

Treatment
Treatment of the acute symptomatic CMV infection in immuno-
competent patients consists of supportive care for symptomatic 
relief.

In immunocompromised patients and neonates, antiretro-
viral drugs such as ganciclovir, foscarnet, and cidofovir reduce 

Table 50.3  Ultrasonographic and clinical signs of congenital CMV 
infection

Ultrasonographic markers Clinical symptoms

Periventricular echogenicity Small for gestational age

Periventricular (pseudo)cysts Microcephaly

Periventricular calcifications Chorioretinitis

Cerebral ventriculomegaly Hepatosplenomegaly

Microcephaly Thrombocytopenia

Polymicrogyria Petechiae

Large cisterna magna Sensorineural hearing loss

Cerebellar hypoplasia Pneumonitis

Branching linear echogenic areas in the thalami 
corresponding to arteries in the basal ganglia and 
thalamus

Visual impairment

Intraventricular adhesions

Hyperechogenic fetal bowel

Hepatosplenomegaly

Fetal growth restriction

Ascites and/or pleural effusion

Hydrops

Placental enlargement

Data from various sources (see references).
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mortality and morbidity. However, antiretroviral drugs have not 
been shown to decrease perinatal transmission.

Pre-existing maternal antibodies to CMV is the most impor-
tant protective factor against congenital CMV infection.53 Studies 
using passive immunization with specific anti-CMV immuno-
globulin reveal promising results, but are still investigational.54

Better than the available treatment is prevention by prac-
tising good personal hygiene thorough pregnancy and use of 
CMV-negative blood products when transfusing seronegative 
pregnant women and newborns. The demonstrated benefits of 
breastfeeding outweigh the minimal risk of acquiring CMV from 
an infected breastfeeding mother. There is progress in the devel-
opment of a specific CMV vaccine; however, it will take several 
more years until it will be available for use in humans.

Herpes simples virus
General information
The herpes simplex viruses (HSV) are DNA viruses of the her-
pes family. HSV-1 has been considered to cause orolabial herpes 
and HSV-2 genital herpes infection; however, there is an impor-
tant overlap. Up to one-third of the genital herpes infections are 
caused by HSV-1.

Transmission
Primary orolabial herpes is mainly a disease of childhood, chil-
dren acquiring the infection from family members through close 
contact. Genital herpes may occur after sexual contact either 
genital–genital or orogenital, with an infectious person. The incu-
bation period is less than a week and persons transmitting the 
virus may be asymptomatic themselves.55

Transmission of HSV to the fetus or neonate occurs mostly dur-
ing labour and delivery as a result of direct contact with virus shed 
from infected sites (vulva, vagina, cervix, perineal area). The con-
centration and duration of viral shedding are higher with primary 
versus non-primary disease and in HSV-2 versus HSV-1 infection. 
On the other hand, viral shedding can also occur when mater-
nal symptoms and lesions are absent. Rarely in utero infection 
occurs as a result of transplacental or ascending transmembra-
nous infection.56,57

Diagnosis
HSV infection can be diagnosed by viral culture, PCR, direct fluo-
rescent antibody testing, and type-specific serological tests. PCR 
is more sensitive than culture and is becoming the preferred test 
for diagnostic testing in symptomatic patients and for detecting 
viral shedding. Serological testing for HSV is of little clinical use 
since a large proportion of pregnant women are positive. Only a 
seroconversion and the presence of HSV-specific IgM confirm the 
diagnosis.58

Clinical presentation
Although 90–95% of primary oral infections are asymptomatic, a 
few may consist of a rather florid vesiculoulcerative outbreak in 
the oropharynx and lips about a week after exposure. Adenopathy 
and viraemia, along with fever and malaise, may persist for a week 
or two, with viral shedding for up to 6 weeks. Thereafter, anti-
body production limits the virus such that it remains dormant, 
occasionally flaring up as localized blisters on the lips in times of 

stress, sunburn, or febrile systemic illness. During recurrent dis-
ease, viral shedding lasts up to a week.59

Primary genital HSV infection can be severe with painful geni-
tal ulcers, pruritus, dysuria, tender inguinal lymphadenopathy, 
and systemic symptoms of fever, malaise, myalgia, and headache. 
Disseminated infection, mostly in immunosuppressed patients, 
can lead to death from HSV encephalitis and hepatitis.60 Lower 
motor neuron and autonomic dysfunction may lead to bladder 
atony and urinary retention. Viral shedding occurs for nearly 
3  weeks in severe cases. Local disease may reoccur weeks or 
months later, especially if the offending virus is HSV-2, which 
recurs more often than HSV-1 does, especially in the genital 
area.61 In patients who develop lesions, prodromal symptoms, 
such as pruritus, burning, or pain, may occur before the lesions 
are visible. The genital lesions may be non-tender or atypical in 
appearance (e.g. fissure, vulvar irritation). The duration of lesions 
and viral shedding during recurrent infection are shorter than 
that seen during the primary episode.

Disseminated HSV infection to the fetus can lead to abortion, 
prematurity, and fetal/neonatal infection.

Systemic illness and fever may stimulate preterm contrac-
tions. The fetus acquiring HSV, especially if the mother suffers an 
acute, primary infection,62 may sustain severe neonatal morbidity 
including chorioretinitis, meningitis, encephalitis, mental retar-
dation, seizures, and death. Primary infection early in pregnancy, 
perhaps due to a viral endometritis ascending from cervical infec-
tion, may end in spontaneous abortion.

Treatment
Recurrent infections are mild and little symptomatic interven-
tion is necessary. Many practitioners recommend topical aciclovir 
for pregnant patients on the grounds that it is not significantly 
absorbed. It is unclear whether it is helpful.

Pregnant women with a significant primary HSV infection or 
a genital non-primary infection should be treated, regardless of 
the timing in pregnancy. Aciclovir is administered orally (200 mg 
five times a day for 7–10 days) or IV (5 mg/kg every 8 hours for the 
same period).

Active lesions at the time of labour is considered to be an 
indication for caesarean delivery, although the risk is less with 
recurrent disease. If there are no active lesions and no prodro-
mal symptoms at the time of labour, vaginal delivery is allowed. 
Women with preterm premature rupture of the membranes and 
active lesions are considered individually taking into account 
gestational age and other relevant factors. It should not, however, 
be assumed the fetus is infected just because of prolonged rupture 
of membranes.

In women with symptomatic infection during pregnancy, the 
American College of Obstetricians and Gynecologists recom-
mends suppressive therapy with aciclovir (400 mg orally three 
times daily) at 36 weeks of gestation through delivery rather than 
no therapy. Suppressive therapy reduces the risk of clinical recur-
rence of HSV and asymptomatic viral shedding at delivery, and 
thus the need for caesarean delivery. However, the clinical impact 
on neonatal HSV is unknown.63

Conclusion
The impact of the maternal infections discussed in this chapter 
are both for the mother and the fetus potential life-threatening 
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events which may lead to chronic complications, sometimes last-
ing throughout life.

This stresses the importance of adequate patient information. 
The way of transmission of the most common infections—and so 
the way of prevention—should be discussed preconceptionally. 
Furthermore, systematic screening for the most important infec-
tions should be offered at the first pregnancy consultation. In case 
an infection is diagnosed, the appropriate treatment and a multi-
disciplinary follow-up are required to reduce the risk of congeni-
tal infections and long-term sequelae.
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CHAPTER 51

Substance abuse
Ross Junkin and Elizabeth M. McGrady

Introduction
Substance abuse can be simply defined as a pattern of harmful 
use of any substance for mood-altering purposes that deviates 
from medically or socially accepted use. If prolonged, it can lead 
to physical or psychological dependence. This dependency is 
characterized by:
◆	 intermittent or continuous impaired control over substance 

self-administration (despite awareness of adverse effects)
◆	 preoccupation with substance acquisition
◆	 distortions of mental capacity, most notably denial.

Various attendant terms have also been defined in the Diagnostic 
and Statistical Manual of Mental Disorders, fourth edition 
(DSM-IV)1, see Table 51.1. Illegal drugs are not the only sub-
stances that can be abused. Alcohol, prescription medication, 
solvents, caffeine, and tobacco can all be implicated. The line 
between use and abuse can sometimes be difficult to determine 
especially when the patient may not even recognize a problem or 
indeed admit to it.

Social implications of substance abuse in pregnancy
Substance abuse in pregnancy is a cause of morbidity and mor-
tality with 13 deaths directly related to substance abuse high-
lighted in the 2006–2008 Confidential Enquiry into Maternal 
Deaths in the United Kingdom.2 It is easy to focus on the medical 
complications of substance abuse in pregnancy but there are also 
wide-ranging general health, social, and psychological problems 
which are as important, if not more so. The main characteristics 
of substance-abusing women who died either from medical or 
psychiatric complications of their abuse were that they were most 
often young, single, unemployed, and socially deprived. It is dif-
ficult to regard substance abuse in isolation without some consid-
eration of the socioeconomic environment and social background 
with which substance abuse is associated.

Antenatal care is often inadequate in women who misuse drugs 
because of late presentation. Reasons for this include a chaotic 
lifestyle and a reluctance to have involvement with social ser-
vices. Women who misuse substances are often excluded from 
mainstream society and, on becoming pregnant, feel guilty about 
their drug misuse and the potential effects this could have on 
their unborn baby. These women are vulnerable in many ways 
and agencies must ensure that they are not excluded from ante-
natal care.3 The prevalence of antepartum drug abuse is higher 
in unbooked parturients and has been reported in up to 70% in 
some centres in the United States.4,5 One UK study demonstrated 

increased rates of emergency caesarean deliveries and reduced 
rates of elective caesarean deliveries in drug-abusing parturients.6 
This may reflect lack of antenatal preparation among the other 
increased risks in pregnant women who misuse substances.

Extent of the problem
Accurate prevalence statistics regarding drug abuse rates of 
illicit substances are difficult to ascertain when measuring those 
engaged in a largely covert or socially unacceptable activity, which 
may be further heightened by the pregnant state. Health profes-
sionals do not always ask specifically about drug abuse and when 
they do, pregnant women often fail to disclose it. Epidemiological 
data from the general non-obstetric population are available. 
Data collected by the Centers for Disease Control and Prevention 
(CDC) in the United States are displayed in Table 51.2.7

The trends suggest that substance abuse is most prevalent among 
young adults with variation between ethnic groups. Although there 
is often a male sex preponderance, the problem will also transfer 
into the obstetric population of young women of child-bearing 
age. Table 51.3 collates data reported by the European Monitoring 
Center for Drugs and Drug Addiction (EMCDDA) from popula-
tion surveys specific to young women who report recent drug use 
(within the 30 days prior to survey completion).8

Direct techniques tend to underestimate the extent of drug use 
and the incidence of substance misuse in the United Kingdom var-
ies widely by geographical location. Three per cent of under-35s 
are said to have a drug problem in the United Kingdom, with Data 
from the UK National Treatment Agency for Substance Misuse 
(NTASM) estimating overall rates of 8.93/1000 in the general pop-
ulation using heroin and/or crack cocaine with the highest rates in 
people aged 25–34.9 Twenty-five years ago, there were relatively few 
problem drug users in the United Kingdom. Since then, the num-
bers have increased dramatically. No part of the country has been 
spared, although inner city areas and especially London, Glasgow, 
Liverpool, and Manchester have traditionally been considered hot-
spots. For example, the number of known heroin addicts and the 
number of heroin confiscations by police increased 10-fold and 
15-fold respectively between 1980 and the late 1990s.

In England and Wales, estimates from the 2010/2011 British 
Crime Survey, which relies upon anonymous questionnaire 
self-reporting, show that around one in three adults aged 16–59 
(36.3%) had used illicit drugs in their lifetime (almost 12 million 
people) and 8.8% (2.9 million) had used illicit drugs in the last 
year.10 The national surveys have consistently shown the highest 
drug prevalence among young adults (20.4% of 16–24-year-olds in 
2010/11) and especially in males (Figure 51.1).
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Class A  drugs represent those deemed most dangerous and 
carry the harshest criminal punishment as outlined in the United 
Kingdom Misuse of Drugs Act 1971.11 The long-term trends in 
the use of different drugs in England and Wales show variation 
in the levels of Class A drug use since 1996 (Figure 51.2). Of note, 
cocaine use appears to have been increasing recently to a peak in 
2008/2009.

In Scotland, the most recently available official statistics from 
the information services division (ISD)12 uses the 2013 European 
Standard Population (ESP2013) to calculate the European Age-Sex 
Standardised Rates (EASRs) regarding hospital admissions 
directly related to drug misuse. It is based on nationally avail-
able information routinely drawn from hospital administrative 
systems across the country and relate to all patients, both obstet-
ric and non-obstetric. The publication reveals an overall general 
substance-misuse-related hospital admission rate of 107/100,000 
population in Scotland in 2012/2013. In the period 2008/2009 to 
2012/2013, the general hospital discharges with a diagnosis of drug 
misuse increased among older age groups (35 years and over) and 
decreased among younger age groups. Despite these reductions, 
the highest rates of drug misuse persisted in the young adults of 
potentially child-bearing age (Figure 51.3).

The relative proportions of male (around two-thirds) to female 
(around one-third) have remained roughly the same for 5 years 
and are consistent with findings from the rest of the United 
Kingdom.

In 2012/2013, the majority of drug-related general hospital dis-
charges were associated with opioids (67%), followed by multiple/
other drugs (14%; includes hallucinogens, volatile solvents, multi-
ple drug use, and use of other psychoactive substances), cannabi-
noids (11%), and cocaine (6%).

Data subsets specifically concerning pregnancy show that the 
rate of drug misuse reported per 1000 maternities in Scotland has 

increased recently to a peak of 19.7/1000 (see Table 51.413). Opiates 
were the most frequently recorded substance of abuse with 
8–9/1000 maternities consistently across the records. The drug 
using parturients were more likely to come from more deprived 
areas with 42% residing in the most deprived areas. The rates of 
preterm and lower birth weight babies were also increased com-
pared with non-drug using parturients.

Maternal use of illicit and prescription drugs is additionally asso-
ciated with considerable neonatal morbidity. Lifestyle factors, such 
as illicit substance exposure, have been implicated in restricting 
fetal growth and causing the onset of preterm birth.14 Low birth 
weight and preterm birth are associated with short- and long-term 
morbidities. One North American study retrospectively examined 
669,451 births over an 8-year period (2000–2008) identifying 9024 
neonates with prenatal drug exposure. In this cohort, both illicit 
and prescription maternal drug use was associated with increased 
risk of prematurity, lower mean birth weight, longer birth hospi-
talization, feeding problems, and respiratory conditions.15

The UK Home Office report entitled ‘Hidden Harm’ estimates 
that there are between 200,000 and 300,000 children living in 
England and Wales where one or both parents have serious drug 
problems.16 This represents about 2–3% of children under 16. Only 
37% of fathers and 64% of mothers were still living with their chil-
dren. The more serious the drug problem, the less likely it was for 
the parent still to be living with the child. Most children not liv-
ing with their natural parents were living with other relatives and 
about 5% of all children were in care. In Scotland, the estimated 
situation is worse still, with between 41,000 and 59,000 children 
with a problem drug-using parent. This represents about 4–6% of 
all children under 16 years.

Obstetric anaesthetists may become involved in the care of 
substance-abusing parturients in controlled settings antenatally 
when planning labour and delivery or in the emergency setting 

Table 51.1  Definitions of substance-related disorders

Substance use 
disorder

Definition

Tolerance Increasing doses of the substance used over time is required to achieve a consistent or desired effect. Equally, persisting with the same dose 
will result in a lessening effect

Substance abuse A pattern of substance use which leads to harm, as manifested by ≥1 of the following, occurring within 1 year:
◆	 Repeated substance use impacting on ability to fulfil work, school, or home/family commitments
◆	 Repeated substance use in situations in which it is dangerous, e.g. driving, work environments
◆	 Repeated substance-related legal problems
◆	 Repeated social or interpersonal problems caused or exacerbated by the effects of the substance

Substance 
dependence

A pattern of substance use which leads to harm. Evidence of physiological dependence and the substance use taking a prominent position 
in the user’s life. Manifested by ≥ 3 of the following, occurring within 1 year:
◆	 Tolerance
◆	 Withdrawal
◆	 Increasing dose and duration
◆	 Persistent desire or unsuccessful efforts to cut down or control substance use
◆	 Prominent substance seeking and associated behaviours requiring significant time and effort acquiring the substance or recovering 

from it
◆	 Social harm—impact on work and career or recreational pastimes reduced because of substance use
◆	 Knowing the harmful effects but continuing to use the substance

Data from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 2000, American Psychiatric Association.
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where substance abuse may be known or indeed covert. Drug 
abuse is often associated with poor nutrition, poor hygiene, gen-
eralized immunosuppression, difficult intravenous access, and 
altered drug metabolism. Substance abuse therefore poses specific 
challenges for the obstetric anaesthetist with regard to the delivery 
of anaesthesia and the management of pain around the peripartum 
period. Identification of the substance-abusing parturient is diffi-
cult when the denial of such abuse is common17 and clinical signs 
of illicit drug use can lead to serious obstetric complications and 

even mimic other diseases such as pre-eclampsia.18 Local knowl-
edge of obstetric services’ catchment areas, specific regional illicit 
drug prevalence, and popular modes of drug administration will 
be helpful in recognition of the drug-abusing parturient and the 
associated co-morbidities.

Substance abuse is thus a major problem facing our society and in 
particular the young adult population. About half of substance-using 
women may continue substance use during pregnancy19 and so form 
an important subgroup that warrants specific care and attention.

Table 51.2  Use of illicit drugs in the past month among persons aged 12 and over by age, sex, race, and ethnic origin in the United States

Age, sex, race, and Hispanic origin Any illicit drug1 Marijuana Non-medical use of any psychotherapeutic drug2

2002 2009 2010 2002 2009 2010 2002 2009 2010

Percent of population

12 years and over 8.3 8.7 8.9 6.2 6.6 6.9 2.7 2.8 2.7

Age

12–13 years 4.2 3.6 4.0 1.4 0.8 0.9 1.7 1.6 2.0

14–16 years 11.2 9.0 9.3 7.6 6.3 6.5 4.0 3,3 3,0

16–17 years 19.8 16.7 16.6 15.7 14.0 14.3 6.3 4.3 3.9

18–25 years 20.2 21.2 21.5 17.3 18.1 18.5 5.5 6.3 5.9

26–34 years 10.5 12.3 13.8 7.7 9.6 10.5 3.7 3.8 4.4

35 years and over 4.6 4.9 4.9 3.1 3.4 3.4 1.6 1.7 1.7

Sex

Male 10.3 10.8 11.2 8.1 8.6 9.1 2.8 3.1 3.0

Female 6.4 6.6 6.8 4.4 4.8 4.7 2.6 2.4 2.5

Age and sex

12–17 years 11.6 10.0 10.1 8.2 7.3 7.4 4.0 3.1 3.0

Male 12,3 10.6 10.4 9.1 8.3 8.3 3.6 2.8 2.3

Female 10.9 9.4 9.8 7.2 6.3 6.4 4.4 3.5 3.7

Hispanic origin and race3

Not Hispanic or Latino:

  White only 8.5 8.8 9.1 6.5 6.8 7.0 2.8 3.0 3.0

  Black or African American only 9.7 9.6 10.7 7.4 7.8 8.6 2.0 2.0 2.0

 � American Indian or Alaska Native 
only

10.1 18.3 12.1 6.7 10.6 10.0 3.2 6.2 4.6

 � Native Hawaiian or Other Pacific 
Islander only

7.9 * 5.4 4.4 4.3 2.9 3.8 * 2.4

  Asian only 3.5 3.7 3.5 1.8 2.4 2.6 0.7 1.4 1.0

  2 or more races 11.4 14.3 12.5 9.0 12.2 10.2 3.5 3.4 3.1

Hispanic or Latino 7.2 7.9 8.1 4.3 6.6 5.8 2.9 2.4 2.5

*Estimates are considered unreliable. Data not shown if the relative standard error is greater than 17.5% of the log transformation of the proportion, the minimum effective sample size is 
less than 68, the minimum nominal sample size is less than 100, or the prevalence is close to 0% or 100%.
1Any illicit drug includes marijuana/hashish, cocaine (including crack), heroin, hallucinogens, inhalants, or any prescription-type psychotherapeutic drug used non-medically.
2Non-medical use of prescription-type psychotherapeutic drugs includes the nonmedical use of pain relievers, tranquilizers, stimulants, or sedatives and does not include 
over-the-counter drugs.
3Persons of Hispanic origin may be of any race. Data on race and Hispanic origin were collected using the 1997 Revisions to the Standards for the Classification of Federal Data on 
Race and Ethnicity. Single-race categories shown include persons who reported only one racial group. The category 2 or more races includes persons who reported more than one 
racial group.

Reproduced from National Center for Health Statistics. Health, United States, 2012: With Special Feature on Emergency Care. Hyattsville, MD. 2013.
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Tolerance and addiction to drugs in pregnancy creates poten-
tial problems for the parturient, her fetus, and the wide range of 
healthcare professionals involved in her care. Extra vigilance is 
required in the care of these patients as they are a high risk both to 
themselves, the fetus, and to healthcare workers.

Screening, assessment, and treatment
Motivation to change unhealthy or harmful behaviours is 
increased during pregnancy and it is an ideal time to intervene 
with women who have substance abuse problems.20 The cessation 

of substance abuse in pregnancy is a potentially reversible cause 
of adverse birth outcomes. All pregnant women regardless of 
socioeconomic status should be screened for past/current alcohol, 
smoking, and illicit drug use. This should be in a private setting 
with a non-judgemental tone.

Previous healthcare professionals’ attitudes towards preg-
nant patients who use substances, particularly alcohol and/or 
illicit drugs, were largely negative and few routinely screened 
their patients for substance abuse.21–23 More recently, increased 
awareness of the importance of this issue among healthcare 

Table 51.3  Population survey data displaying recent (within 30 days) drug use in young women in countries across Europe

Country Year Age range of 
women

Cannabis (%) Cocaine (%) Amphetamines (%) Ecstasy (%) LSD (%)

Belgium 2008 15–34 3.6 : : : :

Bulgaria 2008 15–34 2.4 0.9 0.9 0.5 0.0

Czech Republic 2011 15–34 4.5 0.0 0.0 0.0 0.0

Denmark 2010 16–34 3.1 0.1 0.2 0.1 0.0

Germany 2009 18–34 3.5 0.2 0.6 0.1 0.0

Estonia 2008 15–34 2.7 0.3 0.0 0.3 0.0

Ireland 2010–11 15–34 1.6 0.4 0.1 0.1 0.0

Greece 2004 15–34 0.9 0.1 0.0 0.0 0.0

Spain 2011 15–34 7.0 0.7 0.3 0.4 :

France 2010 15–34 5.5 : : : :

Italy 2012 18–34 2.4 0.2 0.0 0.0 0.0

Cyprus 2009 15–34 1.5 0.4 0.1 0.1 0.1

Latvia 2011 15–34 1.7 0.1 0.1 0.0 0.0

Lithuania 2008 15–34 1.6 0.0 : 0.4 0.2

Luxembourg : : : : : : :

Hungary 2007 18-34 1.4 0.0 0.0 0.2 0.0

Malta 2001 18–34 : : : : :

Netherlands 2009 15–34 : : : : :

Austria 2008 15–34 2.2 0.5 0.2 0.5 0.0

Poland 2010 15–34 5.1 0.8 0.9 0.3 0.0

Portugal 2007 15–34 1.0 0.2 0.1 0.2 0.0

Romania 2010 15–34 0.2 0.0 0.0 0.0 0.0

Slovenia 2007 15–34 : : : : :

Slovakia 2010 15–34 0.9 0.0 0.0 0.1 0.0

Finland 2010 15–34 1.2 0.0 0.2 0.2 0.0

Sweden 2008 15–34 0.4 0.3 0.2 0.0 :

Sweden 2011 16-34 1.5 : : : :

United Kingdom 2006 16–34 5.6 1.7 0.6 1.1 0.0

Croatia 2012 15-34 3.7 0.3 0.2 0.1 0.1

Turkey 2011 15-34 : : : 0.1 :

Norway 2009 15–34 1.5 0.3 0.6 0.0 0.0

Data from European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). Problem amphetamine and metamphetamine use in Europe. Selected Issue 2010. http://www.
emcdda.europa.eu. Unavailability of data is indicated explicitly with a colon in the corresponding cell “:”
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providers has led to actively asking about tobacco, alcohol, and 
illicit drugs.24,25

Identification of substance abuse most often depends on a his-
tory given voluntarily by the patient. Questions about alcohol, 
smoking, and illicit substances should be routine at the initial pre-
natal visit. Previous as well as present drug use should be explored 
including questioning regarding frequency, patterns, quantity, 
and route of administration. Serum or urine drug screening, hep-
atitis B and C, and HIV testing may be considered after informed 
consent from the patient. The CAGE questionnaire26 or the TACE 
Screening Tool are often used to assess alcohol use (see Box 51.1).

Polysubstance abuse is common, with single agents rarely used in 
isolation. Pregnant women who use illicit drugs may be more likely 
to use a combination of drugs rather than a single drug.27 Random 
anonymous testing of all patients now raises several legal and ethi-
cal issues including the right to privacy and admissibility of test 
results.28 Despite this, anonymous screening of both newborns and 
mothers has previously been conducted and may be more accurate 
than reliance on self-reporting rates. A large multisite study based 
in the eastern United States tested meconium specimens of 8527 
newborns for illicit drugs and on average found positive results for 
cocaine/opiate exposure in 10.7%. The mothers had denied drug 
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use in 38% of these cases.29 Geographical variations were dem-
onstrated across different sites with inner city populations again 
highlighted as having higher prevalence. Prospective screening 
of newborns in a high-risk urban population in the United States 
revealed that 44% of babies tested positive for opiates, cocaine, 
or cannabis.30 Screening anonymized urine samples of pregnant 
women in inner city clinics in the United Kingdom has revealed 
rates of 10.7%31 to 16%32. Substances tested for included cannabi-
noids, opiates, amphetamines, cocaine, and benzodiazepines.

Rapid urine dipstick testing for multiple illicit drugs can be 
easily achieved at the bedside and various kits are available.33 
Urine sampling demonstrates high rates of false-negatives, 
however. Except for chronic marijuana use, most substances 
or their metabolites are only measurable in urine for less than 
72 hours and alcohol for less than 12 hours. It is therefore easy 
to miss substance abuse on testing unless frequent sampling 
is carried out. A single negative result may not necessarily be 
reassuring. Hair analysis of mother or newborn can be used to 
test for cocaine and opiates. The benefit of hair analysis is the 
retrospective window of detection that is able to show the trend 
of a habit over time and identify what drugs were used, serving 
as a ‘diary’ of usage. It improves on identification of drug use 
by random testing, making evasion of detection very difficult if 
not impossible.34

The most accurate screening method is analysis of meconium, 
but this is not undertaken routinely in the United Kingdom. 
Drug metabolites accumulate in meconium by direct depo-
sition from bile or by ingestion of metabolites in the amniotic 
fluid (or both). Meconium is not usually excreted antenatally and 
accumulates throughout gestation, thus its composition reflects 
not only recent drug use but a prolonged antenatal period. It can 
only be sampled post delivery, is retrospective, and may in effect 
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Table 51.4  Year-on-year rates per 1000 Scottish maternities where 
drug misuse has been recorded

Year of dataset Rate of drug misuse per 1000 maternities

2006/7–2008/9 9.9

2007/8–2009/10 11.9

2008/9–2010/11 15.8

2009/10–2011/12 18.9

2010/11–2012/13 19.7

Data from ISD Scotland: Scottish Morbidity Records (SMR02).

Box 51.1  TACE Screening Tool to assess possibility of alcoholism

A total score of 2 or greater indicates potential risk for the purposes 
of Pregnancy Outreach Program identification of prenatal risk:

Tolerance

1. How many drinks does it take to make you feel high?
0. Less than or equal to 2 drinks
1. More than 2 drinks

Annoyance

2. Have people annoyed you by criticizing your drinking?
0. No
1. Yes

Cut down

3. Have you felt you ought to cut down on your drinking?
0. No
1. Yes

Eye opener

4. Have you ever had a drink first thing in the morning to steady 
your nerves or to get rid of a hangover?

0. No
1. Yes

Reprinted from American Journal of Obstetrics and Gynecology, Volume 
160, issue 4,  American Journal of Obstetrics and Gynecology, The T-ACE 
questions: Practical prenatal detection of risk-drinking, pp. 863–870, 
Copyright (1989), with permission from Elsevier.

 

 

 

 

 



Table 51.5  Summary of anaesthetic implications of substance abuse in pregnancy

Smoking Acute
◆	 Transient hypoxia
◆	 Increased blood carbon monoxide levels
◆	 Increased airway reactivity

Chronic
◆	 Cardiorespiratory comorbidities with longstanding use including ischaemic heart disease and obstructive airway disease
◆	 Chronic respiratory disease compromised by increasingly gravid uterus

Caffeine Acute
◆	 Sympathomimetic
◆	 Administration has been used as a symptomatic treatment of postdural puncture headache

Withdrawal
◆	 Acute withdrawal in the peripartum period is a common cause of headache and should be considered in postdural puncture headache 

differential diagnosis

Alcohol Acute
◆	 Intoxicated potentially uncooperative patient
◆	 Reduced anaesthetic induction agent requirements
◆	 Delayed gastric emptying and increased risk of gastric content aspiration
◆	 Hypoglycaemia

Chronic
◆	 Multiple comorbidities to which women are more susceptible
◆	 Anaemia
◆	 Dilatational cardiomyopathy—decompensated by pregnancy
◆	 Biochemical derangements potentially confused with abnormalities found in HELLP syndrome
◆	 Platelet/coagulation abnormalities may contraindicate neuraxial anaesthesia
◆	 Altered drug metabolism (enzyme induction and liver failure)
◆	 Poor nutrition and Wernicke’s encephalopathy

Withdrawal (starting 48 hours post dose)
◆	 Withdrawal seizures potentially confused with eclampsia
◆	 Delirium tremens

Marijuana Considered a ‘gateway drug’—enquire regarding other drug use

Acute
◆	 Intoxicated potentially uncooperative patient
◆	 Myocardial depression and tachycardia
◆	 Often smoked with tobacco and therefore associated with its harmful effects

Solvents Acute
◆	 Intoxicated potentially uncooperative patient
◆	 Cardiac arrhythmias
◆	 Bronchospasm

Chronic
◆	 Peripheral neuropathy
◆	 Autonomic neuropathy

Opioids Acute
◆	 Intoxicated sedate patient with respiratory depression

Chronic
◆	 Drug tolerance
◆	 Difficult acute pain management—pain often underestimated and undertreated, hyperalgesia
◆	 Emphasis on multimodal analgesic regimen
◆	 Difficult venous cannulation and risk of blood borne virus transmission if intravenous user
◆	 Notoriously poor nutrition, dentition and self-neglect with chronic infections both localized and systemic

Withdrawal (starts 36–72 hours post dose)
◆	 Sweating, pyrexia, abdominal symptoms, tachycardia and hypertension
◆	 Continue established maintenance opiate therapy (delay if delivery imminent)

(continued)
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only represent a missed opportunity for antenatal drug counsel-
ling and support.

Antenatal substance abuse management
Substance abuse management may involve behavioural therapy, 
support groups (e.g. Alcoholics Anonymous and Narcotics 
Anonymous), nutritional therapy (e.g. replacement of thia-
mine which is often deficient in alcohol abusers due to mal-
absorption), close monitoring for complications (e.g. placental 
abruption), and inpatient or outpatient pharmacotherapy (e.g. 
methadone to prevent withdrawal symptoms that may affect the 
fetus).

Drug-specific issues
Substance abuse in pregnancy may be obvious, openly admitted, 
or occult. It is also subject to geographical variations in the avail-
ability of the substance in question and its locally preferred route 
of administration. The ranges of substances which are abused are 
diverse chemically, pharmacologically, and physiologically with 
each bringing with it its own unique subset of challenges. The 
anaesthetic implications are summarized in Table 51.5.

Smoking
Smoking-related morbidity and mortality affects millions of indi-
viduals throughout the world. It is well established that smoking is 
harmful to general health but it is a socially tolerated form of sub-
stance abuse. Since 1998 to present, when Smoking Kills: A White 
Paper on tobacco35 was published, cigarette smoking prevalence 
among adults in the United Kingdom has gradually declined 
from 28% to 21%. Estimates from the 2011 report regarding 
self-reporting of tobacco smoking among English women in the 
age range 16–44 years has fallen to a rate of 20–22%.36 United 
States CDC data7 also reveals similar reduction trends in smoking 
rates over time although they lag behind that seen in the United 
Kingdom with higher rates overall (see Table 51.6).

Overall there is evidence of a gradual decline in smoking rates 
over study periods stretching back over the last two decades in the 
general population. Regarding the obstetric population, Scottish 
ISD data for maternal smoking rates at booking over the last dec-
ade are depicted in Figure 51.4, and similarly demonstrate a small 
overall decline.37

Smoking in pregnancy is decreasing in high-income coun-
tries38 and increasing in low- to middle-income countries.39 It 
is strongly associated with poverty, low educational attainment, 
poor social support, low socioeconomic status, and psychological 
illness.40 Figure 51.5 depicts Scottish smoking rates at first book-
ing and their association with degree of maternal deprivation.41 
Depressed women are up to four times more likely to smoke dur-
ing pregnancy than non-depressed women.42

Tobacco smoking remains a preventable factor associated with 
complications in pregnancy. Educational programmes are well 
established in pointing out the risks to maternal health and fetal 
well-being but despite this it has proved very difficult to introduce 
preventative strategies as nicotine is highly addictive and only a 
minority will stop smoking when they become pregnant. Smoking 
in pregnancy has been studied extensively. Mothers should be 
counselled to reduce and/or stop smoking altogether in early preg-
nancy; however, approximately 80% of mothers who smoke prior 
to pregnancy continue to do so when pregnant43 and of those that 
do manage to quit around half will resume smoking by 2 weeks 
postpartum.44 A  meta-analysis of randomized controlled trials 
where smoking cessation was the primary aim of the intervention 
included 72 trials and over 25,000 patients. Interventions ranged 
from maternal counselling, information on fetal well-being, pro-
vision of nicotine replacement therapy, and social support. Overall 
only six women in every 100 stopped smoking.45

Smoking: pathophysiology
There are over 4800 substances isolated from cigarette smoke of 
which nicotine and carbon monoxide are well known. Others 
include nitrogen oxides, volatile aldehydes, alkenes, and the toxin 
hydrogen cyanide.

Cigarette smoking causes transient mild hypoxia, cough, 
mucous hypersecretion, and airf low obstruction progress-
ing to chronic obstructive pulmonary disease in the long term. 
Morbidity and mortality from smoking is largely related to the 
effects on cardiovascular disease although increased risk of 
thromboembolic events and cancer, particularly of the lung, are 
also prevalent. Passive smokers also have an increased incidence 
of adverse events.

Smoking: impact on the mother
It appears that actively smoking mothers have reduced incidences 
of pregnancy-associated hypertension and pre-eclampsia.46 

Cocaine and

amphetamine

Acute
◆	 Intoxicated potentially uncooperative patient, prominent euphoria, and/or hallucinations
◆	 Sympathomimetic
◆	 Myocardial ischaemia and arrhythmias
◆	 Hypertension and seizures can mimic pre-eclampsia/eclampsia (however, laboratory studies often normal and clinical picture improves 

before delivery)
◆	 Excessive uterine activity causes preterm labour, vaginal bleeding, abruption, and uterine rupture
◆	 Obtund exaggerated hypertensive response to laryngoscopy
◆	 Consider labetalol for treatment of toxicity
◆	 Increased anaesthetic drug requirement

Chronic
◆	 Decreased anaesthetic drug requirement

Table 51.5  (continued)
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However, if a smoker does develop pre-eclampsia, she is consid-
erably more likely to develop the more severe early-onset form47. 
Additionally, it is likely that any beneficial reduction in the over-
all pre-eclampsia rate is superseded by the many other harmful 
effects of smoking. Encouragingly, if a woman stops smoking dur-
ing her pregnancy, the deleterious outcomes all decrease.44 This 
is an important observation for those caring for pregnant women 
and supports active promotion of smoking cessation.

Women who smoke are more likely to have preterm rupture 
of membranes and preterm delivery. The mechanism is not fully 
understood but is possibly related to a smoking-induced increased 
sensitivity of the myometrium to oxytocin.48 Risk of placental 
abruption and placenta praevia are also increased.49

Chronic obstructive pulmonary disease may well be present 
in women of child-bearing age if they have been heavy smokers 
from an early age.50 Chronically impaired respiratory function 
is further compromised by the gravid uterus due to reduction in 
functional residual capacity and can be demonstrated by reduced 
measured performance in pulmonary function tests.

Smoking: impact on the fetus
Carbon monoxide has a much higher affinity for haemoglobin 
than oxygen resulting in decreased oxygen delivery to the fetus. 
Nicotine decreases placental blood flow due to vasoconstriction 
and contributes to development of fetal hypoxia.51 Smoking dur-
ing pregnancy increases the risk of miscarriage, preterm labour, 

Table 51.6  United States Centers for Disease Control and Prevention (CDC) data showing smoking rates among persons age 12 and over by age, 
sex, race and ethnic origin

Age, sex, race, and Hispanic origin Any tobacco1 Cigarettes Cigars

2002 2009 2010 2002 2009 2010 2002 2009 2010

Percent of population

12 years and over 30.4 27.7 27.4 26.0 23.3 23.0 5.4 5.3 5.2

Age

12–13 years 3.8 2.3 2.4 3.2 1.4 1.8 0.7 0.7 0.5

14–15 years 13.4 9.8 9.5 11.2 7.5 7.4 3.8 3.1 2.0

16–17 years 29.0 21.6 19.6 24.9 16.9 15.4 9.3 7.7 6.2

18–25 years 45.3 41.6 40.8 40.8 35.8 34.2 11.0 11.4 11.2

26–34 years 38.2 39.6 38.5 32.7 34.0 33.6 6.6 7.4 6.8

35 years and over 27.9 24.5 24.6 23.4 20.4 20.4 4.1 3.7 3.8

Sex

Male 37.0 33.5 33.7 28.7 25.3 25.4 9.4 8.7 8.5

Female 24.3 22.2 21.5 23.4 21.4 20.7 1.7 2.0 2.0

Age and sex

12–17 years 15.2 11.6 10.7 13.0 8.9 8.3 4.5 4.0 3.2

  Male 16.0 13.6 12.2 12.3 9.2 8.6 6.2 5.2 4.3

  Female 14.4 9.5 9.1 13.6 8.6 8.1 2.7 2.7 2.1

Hispanic origin and race2

Not Hispanic or Latino:

  White only 32.0 29.6 29.5 26.9 24.5 24.3 5.5 5.2 5.2

  Black or African American only 28.8 26.5 27.3 25.3 22.8 22.6 6.8 7.2 7.4

  American Indian or Alaska Native only 44.3 41.8 35.8 37.1 33.0 31.1 5.2 6.9 5.6

  Native Hawaiian or Other Pacific Islander only 28.8 * * * 15.4 * 4.1 * *

  Asian only 18.6 11.0 12.5 17.7 10.9 10.9 1.1 1.5 2.0

  2 or more races 38.1 36.6 32.0 35.0 30.7 27.7 5.5 7.7 5.0

Hispanic or Latino 25.2 23.2 21.9 23.0 21.2 20.1 5.0 4.7 4.4

*Estimates are considered unreliable. Data not shown if the relative standard error is greater than 17.5% of the log transformation of the proportion, the minimum effective sample size is 
less than 68, the minimum nominal sample size is less than 100, or the prevalence is close to 0% or 100%.
1Any tobacco product includes cigarettes, smokeless tobacco (i.e. chewing tobacco or snuff), cigars, or pipe tobacco.
2Persons of Hispanic origin may be of any race. Data on race and Hispanic origin were collected using the 1997 Revisions to the Standards for the Classification of Federal Data on Race and 
Ethnicity. Single-race categories shown include persons who reported only one racial group. The category 2 or more races includes persons who reported more than one racial group.

Reproduced from National Center for Health Statistics. Health, United States, 2012: With Special Feature on Emergency Care. Hyattsville, MD. 2013.
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low birth weight, stillbirth, and newborn death. The number of 
low birth weight neonates increase in proportion to the number of 
cigarettes smoked52 and is also influenced by passive smoking.53 
Maternal third-trimester cigarette consumption is the strongest 
predictor of low birth weight with an estimated 27 g reduction in 
birth weight with each additional cigarette per day.54 These reduc-
tions in fetal weight may have lifelong consequences with evidence 
pointing to significant paediatric and adulthood morbidity associ-
ated with the reduced birth weight.55

Maternal smoking is associated with modestly increased risk of 
congenital heart defects in the newborn (relative risk 1.11), espe-
cially septal defects (relative risk 1.44).56 Passive smoking also 
increases the risk of congenital malformations and stillbirth.57

Smoking: implications for anaesthesia
Smoking is a risk factor for intraoperative pulmonary complica-
tions and a wide range of postoperative pulmonary, cardiovascu-
lar, and wound-related complications.58 If general anaesthesia is 
required, adequate anaesthesia should be administered for intuba-
tion to minimize the risk of provoking bronchospasm.

Neuraxial anaesthesia is well established as the technique of 
choice in obstetric anaesthesia and has additional advantages for 
patients who smoke avoiding instrumentation of an airway which 
may display increased reactivity and postoperative respiratory 
morbidity.

Long-term smoking-related comorbidities including under-
lying ischaemic heart disease, chronic obstructive pulmonary 
disease, and hypertension should be considered and labour anal-
gesia/anaesthesia administered following consideration of these 
risks on an individual patient basis.

Smokers are usually asked to abstain for at least 24–48 hours 
before anaesthesia for elective caesarean delivery is administered. 
Clearly labour is often not predictable in its onset although women 
should be told not to smoke when imminent labour is suspected or 
once contractions have started.

Caffeine
Caffeine is a central nervous system (CNS) stimulant and is the 
most widely consumed drug in the world since it is present in 
coffee, tea, many carbonated drinks, and some medications. 

Additional unrecognized caffeine consumption can occur in cer-
tain energy drinks and fortified foods.

Caffeine: pathophysiology
Caffeine is a methyl xanthine of which the main action is 
competitive antagonism of the inhibitory neurotransmitter 
adenosine.

Caffeine: impact on the mother
Excess caffeine intake can produce a syndrome similar to that of 
anxiety neurosis including:
◆	 irritability
◆	 nervousness
◆	 excitement
◆	 muscular twitching and tremor
◆	 insomnia
◆	 headache
◆	 myocardial stimulation—tachycardia, inotropy, increased 

ectopic beats

The most consistent symptom of caffeine withdrawal is headache 
and typically occurs within 24 hours of abstinence.59 Indeed, 
medical-grade caffeine is commonly combined with other simple 
analgesics for treatment of migraine.60

Caffeine: impact on the fetus
Caffeine has not been shown to be teratogenic61 and does not appear 
to influence birth weight or length of gestation.62,63 The effect 
of caffeine intake during pregnancy has been studied for the past 
30 years with inconsistent results. Even though the evidence is lim-
ited, it is, however, recommended that very high intakes of caffeine 
in pregnancy should be avoided due to potential increased risk of 
stillbirth.64

Caffeine can be tested for in the serum and urine of neonates 
with neonatal caffeine withdrawal presenting with excessive levels 
of feeding difficulties, vomiting, crying, irritability, and poor sleep. 
The prevalence of fetal caffeine withdrawal is difficult to estimate 
due to the non-specific nature of the symptoms.
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Caffeine administration (either oral or intravenous) is a thera-
peutic option used in management of the apnoea of prematurity 
in neonates.65

Caffeine: implications for anaesthesia
Caffeine withdrawal has been associated with postoperative head-
ache.66 Caffeine withdrawal may form part of the differential 
diagnosis of postpartum headache in mothers who have received 
neuraxial anaesthesia. Patients may abruptly cease consumption 
of caffeine which can be either enforced (fasting prior to theatre, 
nausea, prolonged labour) or voluntary (concerns about breast-
feeding etc.). This can often be identified with thorough history 
taking and be easily rectified by caffeine consumption and alter-
nate diagnoses explored if non-resolution of symptoms. Caffeine 
administration was also a recognized treatment for headache 
caused by dural puncture, having been shown to both decrease 
persistence of headache and need for other therapeutic interven-
tions67 but its evidence base is poor.68

Alcohol
Alcohol use is common and causes problems as a result of both 
acute intoxication and the health effects of chronic consump-
tion. Most women who drink alcohol before pregnancy tend to 
reduce or abstain when they become pregnant. Studies have dem-
onstrated pre-pregnancy rates of alcohol consumption (average 
one drink per day) falling from 44% to 4.6% during pregnancy.69 
Psychological and educational interventions might increase 
abstinence from alcohol and reduce alcohol consumption among 
pregnant women.70 Alcohol addiction can be more subtle and 
difficult to detect in the pregnant patient than the other illicit 
drugs.71

Alcohol: pathophysiology
Alcohol ingestion causes acute intoxication and liver damage with 
chronic usage. The spectrum of liver damage ranges with wors-
ening prognosis from normal liver to fatty liver, steatohepatitis 
and fibrosis or cirrhosis. The severity of disease does not always 

correlate with the amount of alcohol intake, and environmental 
and genetic factors likely play a crucial role in alcoholic liver dis-
ease development.72,73 Women appear to be more susceptible to 
cirrhosis for any given level of alcohol intake developing liver dis-
ease after the ingestion of less than half the amount of the equiva-
lent male alcohol intake.74

Excessive alcohol intake has many adverse effects on all body 
systems:
◆	 Haematological—complications result from both direct bone 

marrow toxicity and indirect associations such as nutritional 
deficiencies. Results include macrocytic anaemia, poor immu-
nity and impaired platelet production/function

◆	 Cardiac—arrhythmias, dilatational cardiomyopathy, 
hypertension

◆	 Pancreatitis—chronic and acute
◆	 Brain—mood/behaviour change, Wernicke’s encephalopathy, 

Korsakoff’s psychosis, seizures, and cerebral atrophy
◆	 Osteoporosis
◆	 Cancer—associated as a risk factor for various cancers includ-

ing oropharyngeal, oesophageal, liver, and breast.

Alcohol: impact on the mother
Acute alcohol intoxication causes ataxia, confusion, stupor, and 
eventually coma. Risks from aspiration of gastric contents are 
increased as alcohol ingestion increases gastric volume and acidity 
whilst reducing the ability to protect the airway. Other acute pres-
entations of alcohol abuse include hypoglycaemia, acute or chronic 
hepatic failure, and Wernicke’s encephalopathy. Wernicke’s 
encephalopathy often results from inadequate intake or absorption 
of vitamin B1 and is characterized by the classic triad of:
◆	 confusion
◆	 ophthalmoplegia (paralysis of one or more extraocular muscles)
◆	 ataxia.
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Alcohol withdrawal may result from physiological dependency 
and produce blackouts, tremor, hallucinations, delirium, seizures, 
and cardiac failure. Acute withdrawal occurs around 48 hours 
after cessation but can occur up to 10 days after.75

Chronic alcohol consumption may result in malnutrition, liver 
disease, altered drug metabolism, coagulopathy, pancreatitis, 
oesophageal varices, and cardiomyopathy.76

Alcohol: impact on the fetus
Alcohol readily crosses the placenta and is the most widely recog-
nized teratogen (chemical causing malformation) among abused 
substances in pregnancy. The fetal alcohol syndrome (FAS) 
describes a group of features caused by in utero alcohol exposure 
and may be as infrequent as 4% among heavy daily users.77 FAS 
is one of the most severe effects of alcohol use during pregnancy 
and remains the leading cause of mental retardation in the United 
States.78,79 It is a syndrome of mental and physical defects with 
characteristic features described in Box 51.2.

Acute alcohol intoxication in the mother causes fetal distress. 
Moderate chronic alcohol use increases the risk of small for gesta-
tional age babies (three or more drinks per week)80 and is associated 
with increased risk of stillbirth (five or more drinks per week).81 
Use of alcohol in pregnancy also adversely effects exposed children 
later in life causing poor coordination, behavioural problems such 
as hyperactivity, learning, and developmental problems.82,83

Regardless of gestational period, alcohol causes adverse fetal 
effects and abstinence appears the safest approach in pregnancy.84

Alcohol: implications for anaesthesia
Alcohol-abusing pregnant patients may present to obstetric ser-
vices acutely intoxicated, acutely withdrawing, or suffering other 
ill effects of chronic alcohol abuse.

Neuraxial anaesthesia can be safely performed in 
alcohol-abusing parturients. Contraindications, however, include 
coagulopathy, platelet dysfunction, and infection. Direct alcohol 
toxicity and nutritional deficiencies have been implicated in the 
development of peripheral neuropathy.85 Alcoholic neuropathy 
is characterized by spontaneous burning pain, hyperalgesia, and 
allodynia. Examination and documentation of any pre-existing 
lower limb peripheral neuropathy should be performed prior to 
consideration of neuraxial anaesthetic techniques.

Chronic alcohol abuse may result in bleeding tendency. 
Direct alcohol toxicity can produce thrombocytopenia and 
alcoholic liver disease may produce a prolonged prothrombin 
time. Monitoring of prothrombin time and albumin levels are 
good markers of synthetic liver function, although only really 
encountered in end-stage disease. Laboratory clotting stud-
ies should be checked to ensure acceptable platelet counts and 
coagulation. Full blood count may reveal anaemia of chronic 
disease or macrocytic anaemia. Liver transaminases (aspartate 
transaminase (AST) and alanine transaminase (ALT)) are raised 
in alcohol abuse. Biochemical and haematological findings of 
alcoholic liver disease can be confused with those encountered 
on the spectrum of HELLP syndrome (Haemolysis, Elevated 
Liver enzymes and Low Platelet count). A high index of suspi-
cion should prompt reassessment of the patient’s alcohol history 
and clinical examination.

When general anaesthesia is required, acutely intoxicated 
patients are already partially anaesthetized and will require dose 

reductions in some anaesthetic agents. Chronic alcohol abuse per 
se does not alter the requirement, pharmacokinetics, and phar-
macodynamics of thiopentone.86 Chronic alcohol excess induces 
tolerance to other general anaesthetic agents. Induction dose 
requirements of propofol have been studied in alcoholic patients 
and have found to be increased, albeit in the non-obstetric popu-
lation.87 Acute intoxication may cause vomiting, hypoglycaemia, 
and delayed gastric emptying. Risk of aspiration of stomach con-
tents is increased and appropriate airway management should 
assume a full stomach. Antacid pharmacoprophylaxis should be 
administered.

Alcoholic cardiomyopathy is characterized by a dilated hypoki-
netic heart with reduced ejection fraction. The increased cardiac 
output of pregnancy, together with increased fluid retention and 
hypoalbuminaemia may present as peripartum congestive cardiac 
failure. Pregnancy in the cardiomyopathy patient is high risk.88

Patients at risk of alcohol withdrawal should be identified on 
admission to hospital. They may abscond from medical care in 
order to continue drinking if withdrawal is imminent. Symptoms 
can be suppressed by benzodiazepine administration in accord-
ance with local policies or resumption of alcohol consump-
tion. Intravenous B vitamin supplementation may be required. 
Delirium tremens is a potentially life-threatening condition. 
Alcohol withdrawal should be considered in the differential diag-
nosis of seizures in the pregnant patient and could potentially 
mimic eclampsia. Reduced serum potassium and magnesium pre-
dispose to alcohol-related seizures.

Marijuana
Marijuana is a naturally occurring preparation of the plant 
Cannabis sativa and has been smoked for its hallucinogenic prop-
erties and used both as a recreational psychoactive and medicinal 
drug. It contains many chemicals classified as cannabinoids but by 
far the most important and potent agent found is tetrahydrocan-
nabinol (THC). Marijuana has been the most frequently used of 

Box 51.2  Characteristic features of fetal alcohol syndrome

◆	 Growth deficiency, both pre- and postnatally
◆	 Central nervous system disturbances that affect intellect and 

behaviour
◆	 Decreased muscle tone and poor coordination
◆	 Abnormal facial characteristics:

•	 Low-set unparallel ears

•	 Short, flat philtrum

•	 Elongated midface

•	 Small upper jaw

•	 Small head

•	 Small eyes with large epicanthic folds

•	 Short upturned nose

◆	 Malformation of major organs, especially heart (VSD and 
ASD) and skeletal deformities.
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the illicit drugs in pregnancy,89 with varying rates of 9.5–27%90 of 
parturient usage described in the United States.

Marijuana is obtained in a variety of preparations such as dried 
leaves, resins, and oils. It goes by many street names including pot, 
weed, and herb. Hash, a concentrated form of the drug, is short for 
hashish. It is most frequently consumed by inhalation through smok-
ing (rolled in paper with tobacco and termed a ‘joint’) or vaporization 
(through various dedicated pipes). It may also be consumed orally in 
any form and its use has been described in cookery and teas.

Marijuana: pathophysiology
High fat-solubility of cannabinoids leads to rapid accumulation in 
adipose tissue from which they are slowly released into the brain 
with elimination half-lives up to 7 days. The high lipid-solubility 
results in their persistence in the body for long periods of time. As 
a result they can be detected in the body for weeks or longer.

Cannabinoids undergo hepatic metabolism to numerous 
metabolites all of which have psychoactive properties. They seem 
to exert their effects by agonist action at cannabinoid receptors 
in the brain and peripherally. THC indirectly increases dopamine 
release to produce its psychotropic effects.

Most users take marijuana for its mood altering effects—feelings 
of ‘high’ or ‘stoned’, but the US National Institute on Drug Abuse 
describes the main psychological effects as quite variable and 
including euphoria, calmness, anxiety, or paranoia. Aside from a 
subjective change in perception and, most notably mood, the most 
common short-term physical and neurological effects include:
◆	 myocardial depression, low blood pressure, increased heart rate
◆	 increased respiratory rate
◆	 red eyes
◆	 dry mouth
◆	 increased appetite and consumption of food
◆	 slowed reaction time.

These effects are reduced after about 3–4 hours.

Marijuana: impact on the mother
Although marijuana usage in pregnancy appears common, the 
effects are unclear, perhaps due to the close association and com-
bination abuse with alcohol, tobacco, and other drugs.91 It is seen 
as a gateway drug which may lead to harder drug abuse.

Studies suggest that medicinal cannabis use may in fact be ben-
eficial for treatment of pregnancy-related nausea and vomiting.92

Marijuana: impact on the fetus
Prenatal marijuana use is not associated with increased rates of 
birth defects, spontaneous abortion, or stillbirth.93 Most investiga-
tors have concluded that marijuana is not an established human ter-
atogen and does not produce structural defects or that insufficient 
data exists. Evidence regarding adverse neurobehavioural effects is 
inconclusive but associations with sleep disturbance, hyperactivity, 
inattention, poorer visual problem-solving skills, and delinquency 
in children have been suggested 94. Heavy prenatal marijuana use 
(≥ 1 cigarette/day) is associated with decreased intelligence scores 
in children at age 6 years.95 An association between childhood can-
cers, most notably leukaemia, has been reported.96

Marijuana remains in the baby’s fat cells for 7–30 days and can 
be detected on drug screening.

Marijuana: implications for anaesthesia
Acute cannabis intoxication may augment the sedative and hyp-
notic effects of anaesthetic agents when co-administered and 
require relative dose reductions. Similarly chronic marijuana 
usage can lead to cross-tolerance with alcohol, barbiturates, 
opioids, benzodiazepines, and phenothiazines.97 The cardiovas-
cular effects of myocardial depression and tachycardia may be 
enhanced by the vasoactive side effects of anaesthetic agents and 
emergency drugs.

Smoking cannabis also leads to effects on the lungs and airways 
very similar to that of tobacco smoking. Marijuana smoking may 
lead to oropharyngitis and airway oedema and thorough airway 
examination should take place.

A careful drug history should be taken, enquiring for use of 
other more harmful drugs, and general reduction of use should 
be encouraged.

Solvents/inhalant abuse
Recreational inhalation of solvents causes intoxication, euphoria, 
and addiction. National surveys in the United States report that 
nearly 20% of young people have experimented with inhalants 
at least once.98 Solvents are a range of chemicals which include 
almost any household cleaning agent or propellant:
◆	 Aliphatic hydrocarbons (butane):  lighter fuels, spray paint, 

paint thinner, hairspray, deodorants
◆	 Alkyl halides: paint stripper, solvent
◆	 Aromatic hydrocarbons (benzene, toluene): glue, spray paint, 

nail polish remover.

The method of delivery is inhalation of a solvent from its con-
tainer (‘sniffing’), a soaked rag (‘huffing’), or a bag (‘bagging’). 
Rebreathing from a closed bag causes hypercapnia and hypoxia 
which intensifies the effect of the inhalant.99 Solvent-abusing 
patients may be identified by the characteristic odour from their 
breath or clothes, evidence of solvent residue, or presence of 
drug-taking paraphernalia. No specific laboratory tests confirm 
solvent inhalation.

Solvents/inhalant abuse: pathophysiology
These compounds are rapidly absorbed and excreted through 
the lungs. They are very lipid-soluble and rapidly reach the CNS 
producing the desirable acute effects. Chronic exposure can lead 
to permanent CNS damage such as toluene leucoencephalopathy 
characterized by dementia, ataxia, corticospinal tract damage, 
brainstem signs, and cranial neuropathies.100 Chronic inhalant 
abuse can also cause changes in autonomic cardiac function, ven-
tricular fibrillation, and myocardial infarction.101,102 Renal and 
hepatic damage have also been described.

Solvents/inhalant abuse: impact on the mother
Acute respiratory distress, increased airway resistance, pulmo-
nary hypertension, adult respiratory distress syndrome, and liver 
toxicity have all been reported in pregnant women exposed to sol-
vents.103 Arrhythmias, hypotension, bronchospasm, seizures, and 
chronic neurological symptoms are all implicated.

Solvents/inhalant abuse: impact on the fetus
Evidence suggests that the risk for pregnancy problems, as well as 
developmental delays and neurobehavioral difficulties, is higher 
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for the children of women who have been exposed to high con-
centrations of organic solvents during pregnancy than for those 
who have not.104 There are more than 100 cases reported in the 
literature of children born to solvent-abusing mothers. Many of 
these children were small at birth and some have craniofacial 
abnormalities not unlike that seen in children with FAS. In the 
few studies reporting the findings of follow-up in these children, 
some evidence has been obtained for retardation in growth, devel-
opment and for residual deficits in cognitive, speech, and motor 
skills.105

Solvents/inhalant abuse: implications for anaesthesia
There are no reversal agents for inhalant intoxication and treat-
ment of complications is generally supportive. Like other illicit 
drugs, the obstetric anaesthetist could be faced with the chal-
lenges of dealing with an acutely intoxicated patient. The chronic 
background neuropathy association with solvent abuse should 
necessitate accurate documentation of neurological examination 
prior to neuraxial anaesthesia.

Opioids/heroin
Opioids are strong analgesic drugs with associated recreational 
properties amenable to abuse. Frequent and regular administra-
tion is associated with physical dependence and physical tolerance. 
Medical-grade opioids are available in a variety of formulations 
and are typically used to treat severe pain or opiate withdrawal 
symptoms. Opioid analgesic drugs may be divided into:
◆	 Naturally occurring alkaloids (e.g. morphine and codeine)
◆	 Semisynthetic drugs (e.g. diamorphine and dihydrocodeine)
◆	 Synthetic drugs (e.g. pethidine, fentanyl, and alfentanil).

Each drug has slightly different effects on the body but in gen-
eral is similar to morphine. They may be abused both legally when 
prescribed by a medical practitioner and illegally when obtained 
without prescription. Non-medically processed illicit opioids are 
also available as street drugs.

Heroin is the name attributed to diamorphine when it is dis-
cussed in its illegal (street) form and is also colloquially known by 
a huge variety of names including H, dope, smack, brown, and tar 
among many others. Illegally obtained heroin is often supplied in 
freebase form which has a duller appearance than the bright white 
powder of diamorphine, has a lower boiling point, and is amena-
ble to smoking. It can also be dissolved in water when mixed with 
an acid (usually citric acid or lemon juice) and heated to provide a 
mixture suitable for intravenous injection. Oral use of heroin as a 
means of recreation is less common due to the lack of a ‘rush’ asso-
ciated with the rapid rise in blood concentration. Additionally, 
combining heroin with other illicit drugs is common practice 
and there are also locally accepted terminologies to describe 
these (e.g. snowball—heroin and cocaine, speedball—heroin and 
amphetamine).

Opioids/heroin: pathophysiology
Opioids mimic the action of the endogenous opioid peptides and are 
agonists binding to mu-, delta-, and kappa-opioid receptors through-
out the CNS. Excessive use leads to receptor down-regulation and 
tolerance. Heroin readily crosses the placenta.

Classic effects include:

•	 analgesia

•	 sedation/euphoria/dysphoria

•	 respiratory depression

•	 nausea and vomiting

•	 constipation

•	 histamine release causing hypotension, bradycardia, bron-
chospasm and rash

•	 meiosis (pinpoint pupils).

Methadone is a long-acting opiate agonist that reduces heroin 
craving, drug-seeking, and other high-risk behaviours.

Opioids/heroin: impact on the mother
It is difficult to separate out the ill effects of heroin from the coex-
isting effects of additional agents, multiple diseases, and lifestyle 
factors among heavy opioid users. Heroin may be contaminated 
with other substances during preparation (lactose, glucose, man-
nitol, starch, quinine, amphetamines, strychnine, procaine, or 
lidocaine among many others). Serious infections can occur due 
to both biological contamination of heroin batches with bacte-
ria, viruses, or fungi and transmission of blood-borne viruses 
between individuals sharing needles. Serious recent outbreaks 
of unusual infections with high mortality rates as a by-product 
of contaminated heroin use in the United Kingdom have been 
described. These include anthrax,106 botulism,107,108 tetanus,109 
and Clostridium novyi110 infections. Injecting users sharing nee-
dles have well-established blood-borne virus transmission, most 
commonly hepatitis C, but also hepatitis B and HIV.

Opioid withdrawal is characterized by sweating, lacrimation, 
pyrexia, nausea, vomiting, diarrhoea, abdominal pain, tachycardia, 
and hypertension. These symptoms peak at 36–72 hours after the last 
dose. Aims of treatment should be provision of analgesia, prevention 
of opioid withdrawal, and management of abnormal drug-taking 
behaviour. Opioid abuse is linked to irregular menstrual cycles and 
together with chaotic lifestyles, women may not even realize that 
they are pregnant contributing to lack of antenatal care. The early 
signs of pregnancy can even be misinterpreted as opioid withdrawal 
symptoms. Unintended pregnancy is common in these women with 
86% of pregnant opioid-abusing women reporting that their preg-
nancy was unintended in one study.111 Methadone maintenance has 
become the ‘gold standard’ for the management of pregnant heroin 
users and UK guidelines support its use.112

The treatment of opioid dependence with methadone or 
buprenorphine decreases opioid and other drug abuse, reduces 
criminal activity, and improves individual functioning and 
decreases HIV transmission rates.113 The purpose of substitution 
therapy is to replace illicit opioid use by the medically controlled 
oral use of a synthetic opioid. Unfortunately, these medically 
controlled agents can also be subject to a phenomenon known as 
pharmaceutical leakage and they themselves appear on the illicit 
market for abuse.114 Methadone maintenance is used in the treat-
ment of opioid dependence in pregnancy. Methadone mainte-
nance given during pregnancy reduces maternal illicit opiate use 
and fetal exposure, enhances compliance with obstetrical care and 
is associated with improved outcomes like heavier birth weight.115
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Buprenorphine is a partial agonist–partial antagonist synthetic 
opioid with around 72 hours; action that has also been used to treat 
opioid dependence in pregnancy both in Europe and the United 
States.116 Buprenorphine’s effectiveness during pregnancy as main-
tenance therapy has not been proven although neonatal withdrawal 
may be shorter and less severe with buprenorphine than with metha-
done.117 Subutex (buprenorphine combined with naloxone to reduce 
side effects) may also be taken for mild to moderate withdrawal.

Opiates/heroin: impact on the fetus
Heroin rapidly crosses the placenta entering fetal tissues within 1 
hour of administration. This can affect the fetus directly (opioid 
effects). Birth weight is reduced in the offspring of heroin (mean 
reduction 489 g) and methadone (279 g) users,118 possibly as a 
result of malnutrition and frequent infections. Intrauterine growth 
retardation and intrauterine fetal distress are established conse-
quences.119 Postnatal growth deficiency, microcephaly, neurobe-
havioural problems, increase in neonatal mortality, and a 74-fold 
increase in sudden infant death syndrome have been described.120 
There are no direct teratogenic effects on the fetus but direct harm 
is caused to the fetus by the associations of high-risk maternal opi-
oid use. These include severe malnutrition, lack of obstetric care, 
inhabiting a risky environment, and sequelae of medical compli-
cations such as infectious diseases, endocarditis, abscesses, and 
sexually transmitted disease.121

Fluctuating opioid concentrations in the maternal blood may 
lead to cyclical fetal overdose and withdrawal. Maternal drug 
withdrawal is thus equally experienced by the fetus both in utero 
and post delivery. Around 48–94% of fetuses exposed to in utero 
opioids develop clinical signs of withdrawal following delivery, 
termed neonatal abstinence syndrome (NAS).122 There is some 
correlation between dose and severity of withdrawal123.

Apart from NAS, many of these health risks to the fetus can 
be avoided in principle by opioid substitution treatment124,125 
and lifestyle changes. Methadone replacement substantially mini-
mizes the peak and trough in maternal serum opioid levels that 
typically occur with repeated use of short-acting opioids (i.e. her-
oin) reducing harm to the fetus of repeated maternal intoxication 
and withdrawal.126

Methadone treatment may well stabilize the maternal life-
style but one study in Glasgow of 450 drug-dependent mothers 
prescribed substitute methadone found that 45.5% of infants 
needed pharmacological treatment for NAS.127 Neonatal inten-
sive care unit admission was required in 48.8% of infants born 
to methadone users. The reasons for admission included prema-
turity (15.8%), respiratory distress (12.6%), and a range of social 
reasons (13%). Infants born to drug-misusing mothers consti-
tuted 2.9% of hospital births, but occupied almost a fifth of neo-
natal cot days. A prolonged postnatal stay is recommended to 
help healthcare professionals observe for signs of NAS, conduct 
social work assessment, and arrange for parenting and commu-
nity support for the mothers prior to discharge. Additionally, 
researchers showed that encouraging breastfeeding in mothers, 
who are established on the lowest dose of methadone to remain 
stable, helps to protect against the risk of developing NAS.

Opiates/heroin: implications for anaesthesia
Polydrug use is common in opioid-abusing patients and history 
and examination should reflect this. Heavy users are at risk of 

acute withdrawal when admitted to hospital and may abscond 
from medical care in order to continue drug-seeking behaviour. 
There may be obvious signs of recent needle marks or local skin 
infection which may require explanation if history taking seems 
unreliable. It will be difficult to judge appropriate pain manage-
ment and dosing when illicit opioid drugs have complicated anal-
gesic requirement.

Pregnant patients may present acutely with signs of acute opi-
oid overdose including respiratory depression. Opioid-related 
hypoxia will be both more rapid and more severe in advanced 
pregnancy due to the alterations in cardiorespiratory physiology. 
Patients who present for obstetric reasons acutely under the influ-
ence of opioids may require a reduction in the dose of anaesthetic 
drugs. Similarly patients who are severely malnourished may have 
unexpectedly low body weights and caution should be noted when 
calculating appropriate local anaesthetic and non-opioid analge-
sic safe dosages.

Treatment of acute pain in women with opioid abuse disorders can 
be very challenging. The pain of many opioid-agonist-maintained 
patients is often underestimated and undertreated128 with behav-
ioural and social responses worsening the pain experience. There 
are common misconceptions when treating the non-opiate naive 
patient experiencing acute pain (see Box 51.3).

Hyperalgesia is observed in patients with heroin use and this 
is not altered by maintenance methadone or buprenorphine. 
Tolerance is one factor that explains why these patients derive 
little pain relief from long-term maintenance opioids. Pain is 
subjective, making assessment of its severity objectively diffi-
cult. Medical staff experience concern about being manipulated 
by drug-seeking patients but this can only be reduced by careful 
clinical assessment. A multimodal analgesic regimen129 includ-
ing regular short-acting opioid medications, non-opioid simple 
analgesics,130 and neuraxial anaesthesia/analgesia where appro-
priate will be required in addition to maintenance opioid therapy 
to achieve adequate acute pain control.131 It can be difficult to 
predict response to opioid analgesics in an opioid abusing patient 
but frequent regular dosing with frequent review seems logical to 
ascertain a dose–effect relationship in an individual.

In a labouring patient or elective delivery, methadone therapy 
should be timed wherever possible to avoid peak drug concentra-
tion occurring around delivery time of the fetus. Maintenance 

Box 51.3  Common misconceptions in the non-opioid naïve 
patient experiencing acute pain

	 1.	Maintenance medication (e.g. methadone) provides 
pain relief

	 2.	Opioids prescribed for acute pain will cause a relapse

	 3.	Opioids prescribed for acute pain, in addition to mainte-
nance doses, may cause respiratory depression

	 4.	Acute pain may be assumed to acquire prescribed opioid 
medication.

Data from Alford D, Compton P and Samet J. Acute pain management 
for patients receiving maintenance methadone or buprenorphine therapy. 
Ann Intern Med 2006; 144:127–134.
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opioid medication is usually inadequate for labour pain manage-
ment. Neuraxial anaesthesia can provide adequate pain relief in 
women receiving methadone or buprenorphine for both labour 
and delivery and is the technique of choice. The dose of opioid 
in the epidural or spinal should be similar to that in opioid-naïve 
patients. Patient-controlled analgesia can be used as a mode of opi-
oid administration but settings may need to include a background 
infusion and a higher bolus dose. The aim is to eventually dis-
charge patients on no more opioid than was used before admission.

The partial agonist (buprenorphine or subutex) mainte-
nance dosing can complicate pain management during labour 
and delivery. The slow dissociation and low intrinsic activity at 
the mu receptor132 result in a favourable safety profile, but also 
complicate pain management by preventing acute pain medica-
tions adequately reaching their target receptors. Another option 
for consideration is to discontinue partial agonists in advance of 
delivery and substitute with regular full agonist opioid analgesics, 
titrating to effect to avoid withdrawal and then to later achieve 
adequate analgesia as required. Otherwise, higher doses than 
typical may be required to competitively displace buprenorphine 
from mu opioid receptors.111

Chronic opioid users may be relatively immunosuppressed due 
to alteration of cell-mediated immune pathways, poor nutrition, 
and pregnancy. They may also be more likely to be exposed to 
infectious pathogens through self-administration of contami-
nated drug, heavy smoking, and breaching of the skin with con-
taminated needles. Systemic infection may be present due to local 
cellulitis, endocarditis, and abscesses related to injection sites. 
Neuraxial anaesthesia may be contraindicated in a systemically 
septic patient. Chronic opioid-abusing patients have notoriously 
poor dentition and this should also be examined as part of a thor-
ough airway assessment.

Blood sampling and peripheral venous cannulation (PVC) 
may be extremely technically difficult in the chronic intravenous 
drug-abusing patient. This is compounded by the prevalence of 
blood-borne viruses present in this patient group which increases 
the infection risk via needlestick injury to healthcare profes-
sionals. This represents a significant concern to healthcare pro-
fessionals performing exposure-prone procedures and universal 
precautions must apply to all staff in the delivery suite and obstet-
ric theatre. Obstetric patients can have life-threatening emergen-
cies which can be unpredictable and fast paced with time-critical 
responses needed to prevent morbidity.133 Emergency resuscita-
tion and/or delivery of the fetus could be delayed when faced with 
difficult or impossible PVC. Intravenous access traditionally and 
ultimately falls to the labour ward anaesthetist in the most dif-
ficult of patients.

Antenatal anaesthetic assessment may reveal that some 
patients have required multiple previous central venous cath-
eters on separate occasions during previous medical treatments. 
Long-term intravenous drug abusing patients are often expert 
self-phlebotomists and evidence of multiple skin popping (failed 
venous injection or intentional subcutaneous injection of drug) 
may herald lack of venous access. These patients should be 
regarded as high risk of difficult intravenous access when they 
later present for management of labour and delivery (see Box 51.4).

Management plans regarding vascular access prior to labour 
should be discussed and equipment such as ultrasound and 
central venous access catheters be made available. Ultrasound 

has been recommended for safe placement of central venous 
access134 and more recently has gained recognition for its use in 
siting peripheral venous cannulae.135 Individual risk assessment 
should reflect the need for vascular access with particular con-
sideration given to risk factors for sudden massive haemorrhage 
and/or potential requirements for large volume resuscitation. 
Pre-existing large-bore vascular access should be optimal in these 
circumstances permitting appropriate flow rates.

When antenatal assessment is not met, similar assessment of 
patients at risk of difficult venous access should occur in early 
labour and vascular access secured appropriately. Difficulty may 
arise when an intravenous drug abusing patient with difficult 
access presents with a life-threatening obstetric emergency. If PVC 
attempts fail, and access must be expedited, intraosseous (IO) 
access is one alternative to central line insertion which may provide 
significant time savings,136 has been used successfully in a previ-
ous obstetric emergency137 and has been recommended in national 
guidelines.138,139 A recent national survey of UK obstetric anaes-
thetists revealed that 81% of respondents would consider the use of 
IO access in a life-threatening obstetric emergency after failed PVC 
attempts.140 The technique of IO needle insertion appears easy to 
learn among delivery suite staff with a high first-pass success rate 
demonstrable following simulation training.141 In our institution, 
inhalational induction of general anaesthesia in a mother with 
very difficult venous access has been used rarely to facilitate an 
emergency caesarean delivery because of immediate threat to life 
of mother or fetus (category 1 caesarean delivery according to the 
Lucas et al. classification142). A laryngeal mask airway was inserted, 
and a central line sited once the baby was delivered. Individual risk 
assessment to all parties including mother, baby, and healthcare 
professionals in emergency settings should take place.

Once vascular lines are in place it should be remembered that 
they can be used for ‘main-lining’ and therefore patients should 
not be allowed off the ward with them in situ and they should be 
removed as soon as they are no longer medically needed.

Cocaine
Cocaine (benzoylmethylecgonine, C17H21NO4) is an alkaloid 
derived from the plant Erythroxylon coca. It is legally available 
as a topical local anaesthetic but its illegal/recreational use as 
a CNS stimulant far exceeds the medicinal use. It is illegal for 
non-medicinal use in almost every country.

Route of administration includes snorting, smoking, ingestion, 
and injection. It is presented in the following forms:
◆	 Coke—pure cocaine which is a white powder generally snorted 

through the nasal mucosa.
◆	 Crack—the alkalinized form or free base, known as ‘crack’ 

has increased bioavailability, is more dangerous, and is highly 

Box 51.4  Risk factors for difficult intravenous access 
in intravenous drug abusers

◆	 Needle marks in the dominant arm or groins
◆	 Evidence of skin/muscle popping
◆	 Central vein cannulation in previous hospital admission
◆	 Lack of antenatal blood sampling results

 

 



Chapter 51  substance abuse 831

addictive.143 It is produced by mixing cocaine crystal or powder 
with water and baking soda (sodium bicarbonate, NaHCO3). 
The mixture is boiled until the water evaporates leaving brown 
and white rocks which are very hard/brittle. The origin of the 
name ‘crack’ comes from the crackling sound that is produced 
when the cocaine and its impurities (i.e. water and sodium 
bicarbonate) are heated past the point of vaporization. Crack 
cocaine is widely smoked throughout the world,144 usually 
through special glass pipes or from foil, although it can also be 
injected when reconstituted with water.

Cocaine: pathophysiology
Cocaine is absorbed rapidly into the bloodstream producing a 
‘high’ in approximately 6–8 minutes and lasts around 30 minutes to 
an hour, with variations depending on route of intake. Cocaine is a 
potent nervous system stimulant, readily crossing the blood–brain 
barrier and acting as a serotonin–norepinephrine–dopamine reup-
take inhibitor, also known as a triple reuptake inhibitor (TRI). It is a 
sympathomimetic, causing an exaggerated response to these chem-
ical messengers. Through this mechanism, prolonged adrenergic 
stimulation is produced with the following physical manifestations:
◆	 increased motor activity
◆	 tremors
◆	 convulsion
◆	 tachycardia
◆	 generalized vasoconstriction
◆	 hypertension
◆	 hyperpyrexia.

With excessive dosage, tremors, seizures, and increased body tem-
perature are observed.145

Mood-altering effects of cocaine produce euphoria by promo-
tion of dopamine’s activity in the limbic system. Feelings of high 
energy, alertness, increased competence, and general well-being 
are experienced. Anxiety, paranoia, and restlessness are also fre-
quent. Sudden withdrawal of the drug results in fatigue, mental 
depression, and psychological craving.

Cocaine: impact on the mother
In common with other illicit drug use in pregnancy, denial of use 
is a likely response to direct questioning. Heavy use may be asso-
ciated with exhaustion, dehydration, and poor nutrition. Since it 
is often smoked, it can affect others due to passive smoking which 
has implications for other family members nearby including the 
newborn and other children.

Binge cycles are a particular problem and reflect the chaotic life-
style. Bingeing is associated with preterm birth and an increased 
incidence of acute complications.146 Use of cocaine in pregnancy 
can result in systemic and focal vasoconstriction and abnormal 
uterine contractions due to increased sensitivity to catechola-
mines. Cocaine also indirectly increases uterine contractility by 
promoting endometrial prostaglandin production. Overdoses 
cause hyperthermia, a marked elevation of blood pressure and 
seizures which can be life-threatening.

Maternal complications of cocaine ingestion include increased 
likelihood of placenta-associated syndromes such as placental 
abruption147 and infarction.148 Uterine rupture has been described 

in association with cocaine abuse in both women who have had 
previous caesarean delivery (scar rupture)149 and even in a primi-
gravid unscarred uterus.150 Preterm labour, hepatic rupture,151 
rhabdomyolysis,152 cerebral haemorrhage,153 cardiac arrhythmias, 
and death154 are all recognized. Cocaine-induced cardiovascular 
complications do not seem to be dose dependent, and even small 
recreational doses can lead to significant morbidity and mortality 
in an otherwise healthy parturient. The cardiovascular toxicity of 
cocaine is significantly increased in pregnancy.155 Increased myo-
cardial oxygen demand together with coronary vasoconstriction 
and enhanced platelet aggregation can lead to myocardial ischae-
mia and chest pain. This is most likely to occur within 1 hour after 
ingestion when blood levels of cocaine are at their highest.156

Acute cocaine intoxication in the third trimester can mimic 
pre-eclampsia and eclampsia. A case series of 11 pregnant women 
has been described in a report from the United States where 
patients presented with hypertension, blurred vision, abdominal 
pain, or seizures in the third trimester, but with a positive urine 
test for cocaine.157 All women had a diastolic above 90 mmHg but 
which returned to the normal range within 45–90 minutes after 
admission. In these patients all laboratory investigations (liver 
and renal function tests) for pre-eclampsia were negative and 
the clinical syndrome improved as the drug wore off. A similar 
case of acute cocaine intoxication mimicking pre-eclampsia has 
also been described in the postpartum period.158 Hypertension, 
proteinuria, and oedema can all occur with acute cocaine intake. 
In these cases, the diagnosis was aided by rapid result bedside 
urine toxicology testing. Normal laboratory testing may be a key 
differential.

Persistent cocaine abuse is associated with more chronic prob-
lems such as small-for-gestational-age infants, systemic infections, 
anaemia, and low maternal body weight.142

Cocaine and other illicit drugs should also be considered in 
the differential diagnosis of commonly encountered postpartum 
headache.159

Cocaine: impact on the fetus
Cocaine is rapidly transferred across the placenta by simple dif-
fusion.160 There is no convincing evidence of teratogenic effects 
although this is difficult to isolate from other attributable factors 
in ‘at-risk’ mothers.161 Infant outcomes in early studies consist-
ently associated prenatal cocaine use with decreased birth weight, 
prematurity, and decreased fetal growth.162 These finding have 
been reinforced by a more recent meta-analysis including 31 stud-
ies and accumulating data from nearly 40,000 patients.163 Links 
to delayed cognitive development164 and behavioural problems165 
later in childhood are also present.

Fetal cocaine withdrawal occurs around day 3 of life, with many 
discharged home before symptoms. Cocaine can be detected in 
fetal meconium.166

Cocaine: implications for anaesthesia
Cocaine abuse is often denied by the pregnant patient and asso-
ciated risk factors may include cigarette smoking, late booking, 
and premature labour.167 A high index of suspicion is required. 
Cocaine effects should be considered when mothers present with 
new-onset cardiac arrhythmias or signs of myocardial ischaemia 
and no previous cardiac history or risk factors. Management of 
cocaine-induced arrhythmias are usually similar to that in the 
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non-pregnant women but with added consideration of fetal effects 
and safety profiles.168

Excessive uterine activity may result in fetal compromise or 
abruption and requirements for emergency resuscitation and 
delivery. Delivery suite anaesthetists should be aware of the 
increased risks of complications associated with cocaine abuse. 
High prevalence of obstetric emergencies in cocaine-abusing 
mothers results in the occasional necessity to expedite delivery 
of a cocaine-intoxicated patient. Mode of anaesthesia for delivery 
should be individualized to the specific set of problems presented 
by a cocaine-abusing parturient.

When neuraxial anaesthesia is selected, combative behav-
iour, altered pain perception, cocaine-induced thrombocytope-
nia, and ephedrine-resistant hypotension may be encountered. 
Phenylephrine should be used for hypotension associated with 
neuraxial anaesthesia. Neuraxial anaesthesia is still recommended 
as per non-cocaine abusing mothers but individual considera-
tion should be given to the cardiovascular effects of cocaine use. 
Changes in opioid receptor densities and alteration in endorphins 
may result in perception of breakthrough pain despite adequate 
spinal and epidural blocks.169,170 Chronic cocaine abuse leads to 
increased need for opiate analgesia in treatment of acute pain.

If general anaesthesia is required, consideration should be 
given to obtund the hypertensive response to laryngoscopy 
which may be exaggerated and anaesthetic volatile agents may 
worsen incidence of cardiac arrhythmias. Cardiac arrhythmias, 
hypertension, and myocardial ischaemia may be encountered 
under general anaesthesia.171 Myocardial infarction and chest 
pain are caused by cocaine-induced vasospasm together with 
increased myocardial oxygen demand. Chest pain should be 
treated with oxygen, nitrates, benzodiazepines, and considera-
tion of angioplasty.

Beta blockade to obtund cardiovascular responses in 
cocaine-abusing parturients may be relatively contraindicated 
due to the resultant unopposed alpha-adrenergic stimulation 
which can worsen hypertension. Hydralazine has been used but 
the decrease in systemic vascular resistance may cause reflex tach-
ycardia172 which is undesirable in cocaine intoxication. Labetalol 
is a combined alpha and beta blocker which has been widely used 
in pre-eclampsia treatment and has also been recommended for 
treatment of cocaine toxicity.173,174

Amphetamines
Amphetamine is one compound within its own class of 
drugs. They are addictive stimulants. Derivatives range from 
3,4-methylenedioxy-N-methylamphetamine (MDMA) known as 
ecstasy, to the N-methylated form methamphetamine known as 
‘crystal meth’ and to medical decongestants such as ephedrine. 
Another common street name is ‘speed’ but there are many oth-
ers. Population surveys across Europe suggest widespread use in 
the general population (Figure 51.5),175 with the Czech Republic 
highest at 3.2%. Amphetamine use across Europe is generally sta-
ble, with most countries reporting broadly constant levels since 
the 1990s.

In the United States, it has been estimated that 5% of all preg-
nant women have used methamphetamines176 and hospitaliza-
tions due to amphetamine abuse in pregnancy are increasing.177 
In the United Kingdom, amphetamines are regarded as Class B 
drugs.11

Physical effects reflect its action as a stimulant and include:
◆	 hyperactivity
◆	 pupil dilatation
◆	 hypertension
◆	 tachycardia and palpitations
◆	 headache
◆	 tachypnoea
◆	 fever
◆	 sweating
◆	 conjunctival injection
◆	 tremor
◆	 convulsions.

Users also experience prominent psychological effects which can 
include euphoria, increased alertness, concentration, energy, confi-
dence, and self-esteem. However, these effects occur on a spectrum 
also including anxiety, aggression, grandiose behaviour, paranoia, 
and psychosis. Tolerance to the drug is developed rapidly.

Withdrawal symptoms produce fatigue, mental depression, and 
somnolence. Amphetamine overdose is fairly common, which is 
probably due to abusers’ ever-increasing need for more and more 
of the drug (tolerance). Unintentional overdose is a sign of increas-
ing tolerance.

Amphetamine is administered orally, by smoking, by snorting, 
and by injection. Oral administration in tablet or powder form 
is the commonest method of recreational use.178 In some areas 
amphetamine is also available in a paste which can be mixed with 
water and drunk. Oral ingestion effects appear within 15–60 min-
utes and peak at 2–3 hours.179 Amphetamine can be smoked by 
heating to vaporization in glass pipes or aluminium foil. Snorting 
involves inhaling drug in fine powder form into the nose where it 
is rapidly absorbed through mucus membranes producing effects 
within minutes but with a shorter duration. If not already in pow-
der form the drug may first be prepared by crushing. Injection is 
the most dangerous method of administering amphetamine and 
is prepared by dissolving in water and drawing up through a ciga-
rette filter. This route produces the highest bioavailability and the 
sensation of an immediate ‘rush’ but with faster offset of effects. 
Regional variations among illicit users are seen in choice of route 
of administration.180 Polydrug use is common among ampheta-
mine users.181 Potentiation of both effects and side effects can 
result from combining amphetamine with other drugs.

Amphetamines: pathophysiology
Amphetamines enhance neurotransmitters in the brain includ-
ing dopamine, serotonin, and norepinephrine, increasing their 
concentrations in synaptic clefts. Ecstasy (MDMA) is a deriva-
tive of methamphetamine. It causes accumulation of serotonin 
and dopamine at the synapses and has additional hallucinogenic 
properties.

Amphetamine and its derivatives, methamphetamine and 
MDMA, are slowly metabolized and easily distributed to the CNS.

Amphetamines: impact on the mother
Stimulant effects of amphetamine resemble and appear to have 
significant crossover with those seen in cocaine abuse.
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Although the medical literature on the adverse maternal and 
infant outcomes of cocaine abuse during pregnancy is substantial, 
less research has been done on amphetamine abuse during preg-
nancy; however, the reported effects are similar.188 When cocaine 
and amphetamine abusing groups are compared with each other, 
obstetric diagnoses associated with infant morbidity such as pre-
mature delivery and poor fetal growth are more common in the 
cocaine-abusing women, whereas vasoconstrictive effects such as 
cardiovascular disorders and hypertension complicating preg-
nancy are more common in the amphetamine-abusing moth-
ers.175 Amphetamine injection increases the risk of emergencies 
such as placental abruption.182

Patient cooperation and safe positioning for neuraxial anaes-
thesia may complicate attempts at neuraxial analgesia/anaes-
thesia in a patient experiencing acute hallucinogenic effects of 
MDMA. Adverse cardiovascular events have been reported in 
amphetamine-dependent parturients undergoing operative deliv-
ery under both neuraxial and general anaesthesia.

MDMA intoxication has been associated with hyperthermia 
(>  39° C), disseminated intravascular coagulation, and severe 
dehydration. Excessive antidiuretic hormone (ADH) release may 
cause hyponatraemia leading to coma and death. Serum electro-
lytes should be measured and care taken with fluid administration

Amphetamines: impact on the fetus
Amphetamine abuse during pregnancy has potential fetal side 
effects as the drugs are fat-soluble and can easily cross the pla-
cental barrier.183 It has been postulated that amphetamines 
will decrease uterine blood flow and increase uterine vascular 

resistance in a dose-related manner. Its use in pregnancy is asso-
ciated with increased risk of adverse pregnancy outcomes such 
as increased neonatal mortality and worsened Apgar scores at 1 
minute and 5 minutes.184 The problems of amphetamine expo-
sure in pregnancy include intrauterine growth restriction,185 
preterm labour,186 and low birth weight.187 One study found a 
3.5-fold increased risk of fetal growth restriction among babies 
of women using methamphetamine in pregnancy.188 Long-term 
effects include reduction in childhood growth, intellectual perfor-
mance,189 and behavioural problems.190

Methamphetamine exposure was also associated with neonatal 
withdrawal symptoms of agitation, vomiting, and tachypnoea.191 
This withdrawal syndrome is relatively mild and only requires 
medical intervention in approximately 4% of cases.192

Preterm birth rates in amphetamine abusing mothers have been 
quoted around 26–28.6%.193,194 As per previous studies, the exact 
causes are multifactorial and it is difficult to extrapolate whether 
it is a direct effect of amphetamine itself or associated factors in 
the substance abusing parturient such as anaemia, poor nutrition, 
and social factors. Fetal and infant deaths have also been reported 
in relation to amphetamine abuse.195

Amphetamines: implications for anaesthesia
Amphetamine intoxication presenting with seizures, proteinu-
ria, and/or hypertension may be mistaken for pre-eclampsia/
eclampsia and is similar to cocaine intoxication in this respect. 
Psychedelic effects, psychosis, and hallucinations may cause 
difficulty with cooperation required for siting neuraxial block-
ade. Caution should be demonstrated with sympathomimetic 
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1.6–2.0

1.1–1.5
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Figure 51.6  Report of population surveys suggesting prevalence of amphetamine use among young adults (15–34 years) in Europe.
European Monitoring Centre for Drugs and Drug Addiction (EMCDDA). Problem amphetamine and methamphetamine use in Europe. Selected Issue 2010. © European Monitoring Centre for 
Drugs and Drug Addiction, 2010.
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drugs due to exaggeration of hypertension, arrhythmias, and 
myocardial ischaemia. Acute amphetamine intoxication tends 
to increase minimum alveolar concentrations of anaesthetic 
agents, while chronic usage tends to decrease anaesthetic dose 
requirements. Electrolytes should be monitored together with 
careful fluid balance as seizure-induced hyponatraemia has been 
associated with extreme thirst and ingestion of large volumes 
of water.

One study has shown that 35% of amphetamine-abusing moth-
ers are anaemic on screening, compared to nearly 8% in the 
non-substance abusing group.196 The increased risk of this com-
plication may well result from poor nutrition and lack of antena-
tal iron supplementation in a patient group demonstrated to have 
higher incidences of lack of obstetric care. Screening for anaemia 
should be undertaken.

Conclusion
Substance abuse in pregnancy is a significant problem faced by 
the obstetric anaesthetist which adds a layer of complexity to the 
management of labour and delivery. It is difficult to quantify the 
true extent of the problem given the often socially unacceptable, 
illegal, and covert nature of this activity although it appears sig-
nificant, particularly in inner city regions.

Substance abuse may be obvious, openly admitted, or occult. 
It is also subject to geographical variations in the availability of 
the substance in question and its locally preferred route of admin-
istration. The ranges of substances which are abused are diverse 
chemically, pharmacologically, and physiologically with each 
bringing with it its own unique subset of challenges.

Substance-abusing mothers tend to default on antenatal care, 
present with obstetric and non-obstetric emergencies directly 
related to drug abuse, mimic other obstetric disease states, and 
have a tendency towards preterm labour. Neonates tend to be 
premature, small for gestational age, at risk of stillbirth, at risk of 
withdrawal, and have behavioural problems which continue into 
childhood and adult life. Local knowledge and experience together 
with a high index of suspicion among obstetric care providers is 
invaluable in supporting substance-abusing mothers throughout 
their pregnancy to obtain the most favourable outcomes for both 
mother and baby.
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CHAPTER 52

Genetics
Ruth Landau and Clemens Ortner

Introduction
Since the completion of the Human Genome Project over a decade 
ago, the medical community has been somewhat disillusioned after 
the promise that pharmacogenomics would transform their prac-
tice and result in personalized medicine.1–4 Undeniably, recom-
mendations based on pharmacogenetic testing to ensure effective 
and safe analgesia and anaesthesia are still awaited. The National 
Institutes of Health’s Pharmacogenetics Research Network devel-
oped a Pharmacogenomics Knowledge Base (PharmGKB)5 with 
the goal ‘to collect, encode, and disseminate knowledge about 
the impact of human genetic variations on drug response, curate 
primary genotype and phenotype data, annotate gene variants 
and gene–drug–disease relationships via literature review, and 
summarize important pharmacogenetic genes and drug path-
ways’. In line with their goals, the Clinical Pharmacogenetics 
Implementation Consortium (CPIC)6 was launched in 2011 to 
establish clinical recommendations for dosing based on genetic 
testing providing information on genotype–test interpretations 
and on the scientific evidence supporting the evidence of these 
tests. Since its inception, genetic/drug dosing guidelines have been 
established for eight different drugs, out of which only codeine 
prescription according to cytochrome P450 (CYP)-2D6 genotype7 
may be relevant to the practice of anaesthetists, pain doctors, pae-
diatricians, obstetricians, or perinatologists.

This chapter describes a selection of association studies that 
have examined the contribution of genetics to (1) preterm labour 
and the progression of labour, (2)  labour analgesia, (3)  haemo-
dynamics and vasopressor response during spinal anaesthesia 
for caesarean delivery, and (4) post-caesarean pain and analge-
sic response to opioids. Numerous genes influence the overall 
experience of labour and delivery, but we will focus on the most 
well-studied genes in the clinical context of obstetric anaesthe-
sia and perinatology:  the μ-opioid receptor gene (OPRM1), the 
catechol-O-methyltransferase gene (COMT), the β2 adrenergic 
receptor gene (ADRB2), the oxytocin receptor gene (OXTR), the 
ATP-binding cassette, subfamily B, member 1 (ABCB1) gene, and 
the genetics of CYP2D6 metabolism (Table 52.1).

Preterm labour and the progression 
of labour
The influence of these genetic variants on preterm delivery, pre-
term labour, as well as the progress of labour has been the focus of 
several clinical studies in the last decade. The preterm birth phe-
notype is defined as having five components (maternal conditions 
that are present before presentation for delivery, fetal conditions 

that are present before presentation for delivery, placental patho-
logical conditions, signs of the initiation of parturition, and the 
pathway to delivery),8 therefore the exact contribution and the 
weight carried by each genetic variants is probably not very high 
and remains to be determined.

The beta-2 (β2)-adrenergic receptor gene (ADRB2) and in par-
ticular two common polymorphisms found in strong linkage dis-
equilibrium, p.16Arg/Gly and p.27Gln/Glu, have been extensively 
evaluated in a number of anaesthesia-related studies with relevant 
clinical effects described in the context of airway responsiveness9 
and cardiac perioperative outcomes.10 All in all, these two single 
nucleotide polymorphisms (SNPs) have been studied over the last 
decade in only a handful of reports evaluating uterine quiescence 
and the progression of labour.

Homozygosity for Arg16 of ADRB2 was first shown to confer 
protection from preterm delivery in a small association study in 
a North American cohort 11, followed by other studies suggest-
ing that the Glu27 variant of ADRB2 increases the risk for pre-
term delivery.12,13 Thereafter, the response to hexoprenaline, a 
β2-agonist administered for tocolysis in a cohort of Swiss women 
diagnosed with idiopathic preterm labour between 24 and 34 
weeks gestation, was found to be more effective in the presence of 
Arg16 homozygosity,14 demonstrating a pharmacogenetic effect. 
This improved response to tocolysis had a significant impact on 
neonatal outcomes, with higher birth weights and fewer neona-
tal admissions to the intensive care unit for respiratory or other 
complications due to prematurity in babies born to mothers with 
that genotype.

In a larger trial evaluating the impact of ADRB2 genotype/hap-
lotype on preterm labour, a subanalysis confirmed the hypothesis 
that Arg16 homozygosity of ADRB2 is associated with a slower 
rate of labour progress in successful term and late-preterm 
labour when compared to women with all other genotypes.15 
In this North American cohort, women Arg16Arg–Gln27Gln 
(double homozygous) progressed at the slowest rate of active 
labour (‘slow haplotype’), and women Gly16Gly–Glu27Glu (dou-
ble homozygous) progressed with the fastest cervical rate (‘fast 
haplotype’).

Using the previously validated non-linear mixed effects mod-
elling (NONMEM) to predict the pain and labour progress of 
the first stage of labour in nulliparous women, another smaller 
study from the same North American group, to evaluate the 
effect of ADRB2 and OPRM1 genotypes on the progress of labour 
and labour pain demonstrated that women homozygous for the 
variant Gln27 allele had a slower transition into the active phase 
labour, resulting in prolonged labour compared to women with 
the other genotypes.16 Genotype was strongly correlated with 
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ethnicity (none of the Asian women included in the study were 
Glu27 homozygous), and labour was indeed found to be slower 
among Asians. The study was underpowered to detect an effect 
of OPRM1 genotype on labour pain, but identified that cold sen-
sitivity was the pain modality that may predict the intensity of 
labour pain.

Using the same model to evaluate the progression of labour, 
eight SNPs in three different genes, ADRB2, COMT, and OXTR 

were examined in a cohort of 233 Saudi Arabian nulliparous 
women.17 Three different SNPs of COMT were evaluated, and one 
of them (region sequence rs4633) along with one SNP of OXTR 
(region sequence rs53576) were associated with increased dura-
tion of the latent phase of first stage of labour, resulting in longer 
labours (in the order of 5 hours for COMT and 2 hours for OXTR). 
These findings contrast with results from other studies that found 
no effect of OXTR SNPs on the duration of first-stage labour16 

Table 52.1  Selected genes, genetic variants, and associated phenotype of interest to obstetric anaesthesia and perinatology

Gene Variant Phenotype Anaesthetic and obstetric outcome Reference

OPRM1 p.118A/G Pain perception and 
response to opioids

Labour analgesia

(G118 associated with decreased median effective dose of spinal 
fentanyl and epidural sufentanil)

40–43

Post-caesarean analgesia

(A118 associated with decreased IV PCA morphine use)

41,47,54

Neonatal exposure to opioid (NAS)

(neonatal G118 associated with shorter hospital stay and less 
medication)

69

COMT p.472G/A

(Val158Met)

Pain perception and 
response to opioids

Labour analgesia

(Met158 associated with poor response to IV fentanyl)

43

Neonatal exposure to opioid (NAS)

(neonatal Val158 associated with shorter hospital stay and less 
medication)

69

Uterine activity Labour progress

(rs4633 associated with slow labour progress)

17

ADRB2 Arg16Gly–Gln27Glu Uterine activity Preterm labour and delivery

(Arg16 associated with protection from preterm delivery; Glu27 
associated with increased risk for preterm delivery)

11-13

Tocolysis efficacy (β2-agonist)

(Arg16 associated with better response to β2-agonist tocolysis)

14

Labour progress

(Arg16–Gln27 associated with slow labour progress)

15-17

Response to ephedrine Spinal hypotension during caesarean

(Gly16–Glu27 associated with increased response to ephedrine)

64–66

Neonatal acidosis

(neonatal Arg16 associated with protection from 
ephedrine-induced neonatal acidosis)

64

OXTR rs53576 A/G Uterine activity Labour progress

(G allele at rs53576 associated with slower progress of labour)

17

ABCB1 p.1236C/T

p.2677T/A

p.3435C/T

Pain perception and 
response to opioids

Chronic post-caesarean pain

(T allele of C3435T associated with increased trend for chronic 
post-caesarean pain)

61

Neonatal exposure to opioid (NAS)

(no impact of neonatal ABCB1 genotype on hospital stay)

69

CYP2D6 PM/IM/EM/UM Drug metabolism Neonatal exposure to codeine

(Maternal CYP2D UM associated with neonatal death due to 
morphine overdose)

7,75,78–80,83,86

NAS, neonatal abstinence syndrome; PCA, patient-controlled analgesia.

Data from various sources (see references).
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or risk of dystocia.18 In addition, ADRB2 genotype/haplotype 
was not associated with labour progress once demographic fac-
tors were accounted for. Data combining all the genetic variants 
(joined allelic combination) for each woman in the cohort was not 
reported, so one cannot infer the overall importance of a genetic 
contribution to the progress of labour.

Taken together, all studies evaluating obstetrical outcomes 
based on ADRB2 genotype reported that women carrying Arg16 
and/or Gln27 are conferred protection from preterm delivery and 
have a more ‘quiescent’ uterus, resulting at the time of labour and 
delivery in a slower progression and prolonged labour duration. 
Overall though, factors influencing the progress of labour are 
multiple, including ethnicity and maternal weight, and genetic 
variability, out of which ADRB2 is only one of many candidate 
genes, is unlikely to contribute in a major manner.

A variety of genomic studies have examined the influence of 
genetic variants and validation of biomarkers to identify women 
at risk for preterm labour and delivery is ongoing.19,20 On the 
other extreme of the clinical spectrum, a genome-wide scan study 
in Sweden has identified at least six loci that appear to contrib-
ute to the risk of women requiring a caesarean delivery for dysto-
cia,18 and further prospective studies will need to validate these 
findings.

Labour analgesia
Clearly, the pain of childbirth is the most severe pain most women 
will endure in their lifetimes.21 Nonetheless, despite undeniable 
advances in our understanding of the physiology of labour pain 
that have resulted in the ability to provide safe and effective labour 
analgesia to the majority of women in the developed world, evalu-
ating and measuring labour pain and the response to analgesia 
remains a remarkable challenge.22 Therefore, it is no surprise when 
one realizes that a standard tool such as a numeric pain score, used 
in all clinical pain studies, does not capture very well the essence 
of labour pain. Other challenges that are specific to obstetric pain 
relate to the dynamic nature of labour and labour progress and 
the consequent changes in nociception that occur over time; pain 
of first-stage labour is conducted by thin afferent, visceral sympa-
thetic fibres, entering the spinal cord at thoracic and lumbar roots 
(T10–L1) while second-stage labour pain is conducted via thicker 
somatic nerve fibres entering the spinal cord at sacral roots S2–4. 
The dynamic component of labour pain has been integrated in a 
recent mathematical modelling technique that attempts to inte-
grate multiple parameters to predict the intensity of pain over 
the course of labour.23 Nonetheless, one of the major hurdles in 
labour pain studies relies on the subjective, individual ability of 
women to quantify their pain during labour.

We have made numerous assumptions in our attempts to eval-
uate labour pain and women’s response to labour analgesia. We 
have assumed that asking women to score their pain on a 0–10 
scale would result in a meaningful and relevant response, that 
if women experienced severe pain they would request an epi-
dural, that if women requested an epidural earlier in the process 
of labour they were surely hurting more than women request-
ing an epidural at a later stage in labour, that if women required 
more analgesic medication they may have a poorer response to 
analgesia, and finally that if women had not requested any medi-
cation, they either had better coping skills or hurt less. We have 

also assumed that we could accurately measure pain scores, 
average these scores for each woman enrolled in a study, that we 
could compare these averaged scores between women and infer 
into which category (more pain, less pain) women belong. Last, 
analysing and interpreting findings from such studies is a gruel-
ling and perplexing task for the obstetric anaesthetist invested 
in evaluating labour pain and analgesia. Ultimately, obstetrical 
factors greatly influence the amount of medication and analgesia 
women will want to take and agree to receive, based on the belief 
that the ability to effectively push and deliver the baby may come 
at the expense of some discomfort and pain. Therefore, any study 
that has considered overall analgesic consumption during labour 
and delivery, whether by means of systemic opioids or neurax-
ial analgesia, as a surrogate to measure pain during childbirth 
is likely to be meaningless and misconstruing the complexity of 
the labour pain experience. Labour pain and analgesic require-
ments in the peripartum period may well be the most intricate 
pain phenotype to evaluate and surely requires multidimensional 
tools not yet widely utilized to evaluate obstetrical or acute post-
operative pain as clinical models of acute pain. This may in part 
explain why genetic association studies that have attempted to 
predict the consumption of opioids in any clinical setting have 
been disappointing;24 genotyping is probably useless if the phe-
notype cannot be well defined and measured.25

Among the myriad of candidate genes that have been con-
sidered important in opioid response, OPRM1 is probably the 
most studied 26. A common polymorphism of OPRM1 is a single 
nucleotide substitution at position 118, with an adenine substi-
tution by a guanine (p.118A/G) reported to occur with an allelic 
frequency of 10–30% among Caucasians,27 a higher prevalence 
among Asians,28 and a lower one in African Americans.29 Despite 
numerous studies in the last two decades to identify the mecha-
nism by which the altered receptor influences opioid analgesia, 
several hypothesis remain unconfirmed. In vitro studies have 
suggested that p.118A/G of OPRM1 affects receptor binding char-
acteristics30,31 or messenger RNA expression levels;32 however, 
under some experimental conditions no effect on function33 or 
expression levels34 was confirmed. In a recent humanized mouse 
model exploring signal transduction pathways that mediate opi-
oid pharmacology, sensory neurons expressing G118 homozygo-
sity displayed reduced morphine (but not fentanyl) potency and 
efficacy compared with the A118 homozygous version of the gene, 
suggesting an effect at the level of the sensory neurons.35

In a study evaluating the response to different experimental 
modalities in healthy individuals, there was no significant effect of 
OPRM1 genotype on pain sensitivity in the entire sample, but when 
examining each ethnic group separately (Caucasians, Hispanics, 
and African Americans), a lower pain sensitivity was found among 
Caucasians carrying the G118 allele, while there was a trend in 
the opposite direction among Hispanics and no measurable effect 
among African Americans (the G allele is under-represented in 
this ethnicity); of note, there were no Asian women in that study.36 
Also, since the G118 variant allele is extremely common among 
Asians, studies comparing pain sensitivity between Caucasians 
and Asians will be of interest. It remains to be determined whether 
haplotype structure, gene–gene interactions, or DNA methyla-
tion37 rather than the A118G genotype itself are key to explain 
these inter-ethnic differences in pain sensitivity; nonetheless this 
ethnicity-dependent genetic association may contribute to some  
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of the discrepancies reported in clinical studies as underlined in 
the paragraphs that follow.

In a large cohort of Swedish women, labour pain-related 
behaviours, characterized by the cervical rate upon arrival in the 
labour room and the use of any type of analgesia (nitrous oxide, 
epidural, systemic opioids, and acupuncture) were not found to 
be associated with a particular genotype of OPRM1.38 In other 
words, women did not seem to have different thresholds for labour 
pain or epidural request based on p.118A/G genotype, but the 
response to labour analgesia once provided was not evaluated. Of 
note though, the overall epidural rate was relatively low (30%) and 
the epidurals were placed at a relatively advanced stage in labour 
(at approximately 6 cm of cervical dilatation); therefore the lack 
of difference in epidural use is more likely to reflect a local clini-
cal practice than a lack of genetic contribution. The same authors 
also reported that a previously described pain-protective haplo-
type related with three SNPs of the guanosine triphosphate cyclo-
hydrolase gene (GCH1) did not appear to drastically alter labour 
pain-related behaviours.39

The first clinical study evaluating any genetic influence on 
labour pain and searching for a pharmacogenetic effect in 
response to labour analgesia is most likely the one conducted 
in a Swiss cohort of nulliparous women requesting neuraxial 
analgesia early in labour evaluating p.118A/G of OPRM1. Using 
the up-down sequential allocation model to identify differences 
in analgesic requirement according to A118G genotype, women 
carrying the less common G118 variant allele required substan-
tially lower doses of spinal fentanyl, with a 1.5-fold difference 
compared to A118 homozygous women (Figure 52.1).40 This find-
ing was replicated with a different pharmacological study design 
using random-dose allocation, with a twofold difference between 
genetic groups.40 Of note, cervical dilatation at the time of anal-
gesia request was significantly less in A118 homozygous women 
than that in women carrying one or two variant alleles (A118G 
heterozygotes or G118 homozygotes). The finding of lower anal-
gesic requirements at a more advanced stage in labour at the time 
of the analgesic request suggests that women carrying the G118 
variant allele have a higher pain tolerance, which allows them to 
wait longer before requesting analgesia. This is of interest because 
women received the combined spinal–epidural analgesic when 
they requested pain relief, in other words at the time they expe-
rienced painful contractions. Since it has previously been dem-
onstrated that epidural analgesic requirements increase with 
progress of labour and cervical dilatation, the expectation would 
be that women carrying the G118 allele should have greater anal-
gesic requirements due to the greater cervical dilatation at which 
they requested analgesia; the finding that these women required 
less fentanyl may actually underestimate the true effect of geno-
type. Since provision of optimal labour analgesia remains an 
ongoing challenge for obstetric anaesthetists with minimal motor 
impairment and opioid-related side effects such as pruritus and 
fetal bradycardia (which appear to be dose dependent), this signif-
icant difference in median effective dose (ED50) according to gen-
otype may be relevant from a clinical standpoint. Therefore, one 
may presume that genotyping may well help improve the delivery 
of neuraxial labour analgesia because a 1.5–2-fold difference in 
spinal fentanyl dose is not trivial. Meanwhile, another clinical 
study in a North American cohort determined that the duration 
of spinal fentanyl analgesia is not influenced by p.118A/G.41 Taken 

together, these studies suggest that this common polymorphism 
of OPRM1 influences spinal fentanyl potency without affecting 
the duration of analgesic action.

Using the same methodology, another recent study in 
Caucasian women demonstrated a similar pharmacogenetic 
association of p.118A/G with opioid potency during labour anal-
gesia, although with a more modest clinical effect. In nulliparous 
women receiving early epidural analgesia, a lower dose require-
ment (ED50) for epidural sufentanil was found among those car-
rying the G allele.42

The benefits of intravenous (IV) fentanyl for labour analgesia 
have not been well studied, but fentanyl is offered to women try-
ing to delay or avoid altogether receiving neuraxial analgesia. The 
rationale for studying the influence of p.118A/G in this clinical 
context would be to examine the hypothesis that the analge-
sic response to IV versus spinal fentanyl, under similar clinical 
conditions (i.e. labour pain) may be influenced differently by this 
genetic variant. A recent study attempted to explore this question, 
and determine whether the response to IV fentanyl, and subse-
quently spinal fentanyl if women went on to request a combined 
spinal–epidural analgesic would be different according to OPRM1 
genotype alone or in combination with p.472G/A (158Val/Met) of 
the COMT gene.43 In this North American cohort, most women 
were Caucasian, and IV analgesic success was found to be rela-
tively low (only 20% of women reported a pain score of <10/100 
at 15 minutes after dosing). The average decrease in pain scores 
15 minutes after a unique dose of IV fentanyl was only modestly 
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Figure 52.1  Influence of p.118A/G of OPRM1 on spinal fentanyl dose for labour 
analgesia. Median effective dose (ED50) of spinal fentanyl according to p.118A/G 
genotype of OPRM1 was evaluated using the up-down sequential allocation 
method. Data show effective (success) and ineffective (failure) analgesic 
outcome according to genotype; A118 homozygotes are represented within the 
upper dotted bars, women heterozygous (118A/G) or 118G homozygotes are 
represented within the lower dotted bars, with solid bars representing ED50 and 
dotted bars representing 95% confidence intervals. ED50 of spinal fentanyl was 
26.8 mcg (95% CI 22.7–30.9) in women A118 homozygotes (per-protocol analysis, 
n = 25) versus 17.7 mcg (95% CI 13.4–21.9; P < 0.001) for women heterozygous 
(118A/G) or 118G homozygotes (per-protocol analysis, n = 19). ED50 ratio (A:G) for 
genotype is 1.51 (95% CI 1.18–2.01), P = 0.009.
Adapted with permission from Landau R, Kern C, Columb MO, Smiley RM, Blouin JL., 
Genetic variability of the μ-opioid receptor influences intrathecal fentanyl analgesia 
requirements in laboring women, Pain, Volume 139, pp. 5–14, Copyright © 2008 Wolters 
Kluwer Health, Inc.
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influenced by OPRM1 genotype, but was found to be lowest 
among Met/Met158 women compared with women carrying Val/
Met or Val/Val of COMT; that genotype with the poorer analgesic 
response was carried by 31% of women. Genotypes of p.118A/G 
of OPRM1 in combination with p.472G/A (158Val/Met) of COMT 
seemed to have an impact on the analgesic outcome; IV fentanyl 
was least effective in women with the A/A–Met/Met combination 
of OPRM1 and COMT, which was carried by 18% of women in this 
cohort. The study was ultimately insufficiently powered to explore 
the hypothesis that spinal and systemic opioid dynamics are dif-
ferent and determine whether enhanced analgesia in response to 
spinal fentanyl in the presence of the variant OPRM1 G118 allele 
may not exist in response to IV fentanyl. Nonetheless, such find-
ings may have useful clinical implications, such as not offering 
IV fentanyl in labour to women who will most likely not benefit 
from it.

Overall, findings in labouring women are in disagreement 
with most if not all other studies examining p.118A/G and opi-
oid analgesia,24 whether one evaluates postoperative IV fentanyl 
consumption,44–46 spinal morphine for post-caesarean pain,41,47 
IV morphine for postoperative pain,48,49 or oral morphine for 
chronic cancer pain.50–52 Potential explanations other than eth-
nicity for such discrepant results are that labour pain is different 
from that experienced in other clinical settings (experimental, 
postoperative or chronic pain), or that the response to systemic 
rather than spinal fentanyl, is affected differently by OPRM1 
genotype. One could speculate that human spinal cord receptor 
function and signal transduction is selectively more altered by the 
G118 variant than supraspinal receptors. Another potential expla-
nation and factor to bear in mind is the different nature of the 
nociceptive stimulus in labour versus other painful syndromes. 
Indeed, similar disparate results in human genetic studies of pain 
sensitivity have been shown to occur with other polymorphisms 
commonly assessed in pain studies.53

Post-caesarean delivery pain and response 
to postoperative analgesia
The effect of p.118A/G of OPRM1 on post-caesarean analgesia 
after spinal and IV morphine was evaluated in three studies.41,47,54 
In a North American cohort, the amount of post-caesarean rescue 
analgesia after a spinal solution of 150 mcg morphine and 15 mcg 
of fentanyl according to genotype was examined and there was no 
difference in the duration of spinal morphine analgesia or need 
for analgesic supplementation over 72 hours in women carrying 
the G118 allele.41 The total median morphine equivalent dose was 
68 mg (interquartile range; 37–97) in women A118 homozygotes 
(n = 78) and 75 mg (interquartile range; 37–90) in women carrying 
at least one G118 variant allele (n = 22 118A/G heterozygotes and 
n = 3 G118 homozygotes). The time for first opioid rescue anal-
gesia was 22 hours (interquartile range; 12–24) in women A118 
homozygotes, and 22 hours (interquartile range; 15–24) in women 
carrying at least one G118 variant allele. The incidence of nausea 
was similar between groups; however, pruritus was less frequent 
in carriers of the G118 variant allele during the first 24 hours.

Sia et al. from Singapore reported that in women undergoing 
caesarean deliveries under spinal anaesthesia with a morphine 
spinal dose of 100 mcg, carriers of the G118 variant allele exhib-
ited increased 24-hour postoperative consumption of morphine 

via IV patient-controlled analgesia (PCA).47,54 In both studies, 
women were given upon arrival in the post-anaesthesia care unit 
(PACU) a morphine IV PCA pump (1 mg bolus) and no other 
analgesics were prescribed. In a first publication reporting on 588 
Chinese Singaporean women, 24 hours postoperative morphine 
IV PCA consumption was lowest in women A118 homozygotes 
(n = 288) with a mean dose of 5.9 mg (95% confidence interval 
(CI) 5.1–6.8) versus 8.0 (95% CI 6.9–91) in women 118A/G het-
erozygotes (n = 234) and 9.4 mg (95% CI 7.3–11.5) in women G118 
homozygotes (n = 82) (P = 0.0017).47 Distribution of morphine use 
over time (doses were recorded in 4-hour time intervals) demon-
strated that most of morphine use occurred in the PACU during 
the first 4 hours after spinal anaesthesia. It is possible that this 
early IV morphine use reflects lack of analgesia upon arrival in 
the PACU; indeed onset of analgesia procured by spinal morphine 
is known to be slow and has been shown to occur up to 45 min-
utes after its administration.55 Consequently, initial differences 
in IV morphine use may be due to differences in pain perception 
rather than impaired spinal morphine analgesia in women car-
rying the G118 variant allele, while differences of morphine use 
at 24 hours reflect either differences in spinal morphine duration 
and/or efficacy or more likely differences in IV morphine efficacy. 
The overall incidence of nausea was low; nonetheless incidence of 
nausea was higher in women A118 homozygotes versus the other 
two groups (9.6% vs 5.6% and 1.2% for women 118A/G heterozy-
gotes and G118 homozygotes, respectively; P = 0.02). Since pain 
scores were lower in women A118 homozygotes, it was concluded 
that nausea was unlikely to have discouraged women from using 
the IV PCA morphine button.

In a second publication by the same authors, 994 women from 
the three main ethnic groups in Singapore were evaluated (n = 617 
Chinese, n = 241 Malays, and n = 136 Indians).54 The overall geno-
type distribution in the women was 39% A118 homozygotes, 44% 
118A/G heterozygotes, and 17% G118 homozygotes, with sig-
nificant differences between ethnic groups (G118 homozygosity 
more prevalent among Malays and Indians). The average amount 
of self-administered morphine was 8.9 mg ± 9.6 over 24 hours. 
The authors report a large inter-individual range with 65 women 
not using any, 129 using only one dose, while another 122 admin-
istered two doses. The highest amount recorded was 62 mg fol-
lowed by 55 mg; the remainder of women (n = 676) used between 
3 and 40 mg. Total IV morphine use over the first 24 hours was 
significantly higher in women G118 homozygotes, and incidence 
of nausea was again lower in women with this genotype. In a 
multiple regression analysis, the most important factor contrib-
uting to morphine usage was maximum pain score, followed by 
ethnicity and p.118A/G. After correction for OPRM1 genotype, 
ethnicity was still a significant contributing factor, with Indian 
women reporting higher pain scores and using higher doses of IV 
morphine.

This apparent discrepancy between the North American study 
reporting no effect of p.118A/G of OPRM1 on spinal morphine 
analgesia and the Singaporean findings of a pharmacogenetic 
effect of this polymorphism, may be explained by differences in 
study design and primary outcomes. In Sia et al.’s studies evalu-
ating Asian women, the spinal solution did not include fentanyl 
therefore it is possible that onset of spinal analgesia occurred after 
women arrived in the PACU. Since women were given IV PCA 
morphine as the initial rescue analgesic (rather than ibuprofen as 
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in Wong et al.’s study), such study design was more likely to evalu-
ate the effect of p.118A/G of OPRM1 on IV morphine analgesia 
rather than the analgesic effect of spinal morphine, at least for the 
early morphine doses. Another obvious explanation may be that 
OPRM1 genotype interacts differently with opioid analgesia in 
different ethnic groups, as may be suggested by the recent find-
ing of an ethnicity-dependent genetic association for p.118A/G of 
OPRM1 recently described in healthy volunteers evaluated with 
an experimental model of pain.36

Finally, the risk for developing chronic pain after childbirth 
and in particular after caesarean delivery, a topic of interest and 
subject of several recent publications,56–60 has been associated 
with SNPs of the ABCB1 gene in an Asian cohort of women eval-
uated in Singapore.61 Such findings need to be validated with 
studies evaluating prospectively chronic pain, with pain out-
comes that include neuropathic pain descriptors, across multiple 
ethnicities.

Haemodynamics and vasopressor use 
during caesarean delivery
The response to vasopressor agents (α- and β-adrenergic agonists) 
to prevent and/or treat hypotension during spinal anaesthesia 
for elective caesarean delivery has been extensively studied.62 
Ephedrine is a sympathomimetic amine, the principal mechanism 
of its action relies on its direct and indirect actions on the adren-
ergic receptor system (both an α- and β-adrenergic agonist). For 
decades, ephedrine has been considered the safest and probably 
the sole acceptable agent in pregnant women, based on a semi-
nal study in the pregnant ewe that suggested deleterious effects 
of pure α-adrenergic agonists on uteroplacental blood flow.63 
Ephedrine has been widely used in a variety of regimens (different 
bolus doses, infusions, and in combination with phenylephrine) 
although no definitive consensus has ever been achieved as to 
which of these modes of administration provides the most reliable 
and effective response.

To date, only three studies have evaluated the effect of ADRB2 
genotype/haplotype on maternal haemodynamics and vasopres-
sor requirement during caesarean delivery under spinal anaes-
thesia.64–66 In a North American cohort of healthy pregnant 
women (N = 170), the incidence and severity of maternal hypo-
tension after spinal anaesthesia for caesarean delivery and the 
response to treatment was clearly affected by ADRB2 genotype/
haplotype.66 Women Gly16 homozygous and carrying one or two 
Glu at position 27 (Gln27Glu heterozygous or homozygous for the 
Glu27 variant allele) were found to require significantly less vaso-
pressors (ephedrine) for treatment of hypotension during spinal 
anaesthesia. The two haplotypes that seemed to ‘protect’ women 
from requiring higher doses of ephedrine are relatively common 
in Caucasians, and in this study 20% of the women carried either 
one of these haplotypes.

In a small Brazilian cohort (N = 50), homozygosity for Arg16 
was suggested to confer protection from hypotension and ephed-
rine requirements were lower in women with that genotype.65 
Finally in a cohort of Asian women, as expected, the haplotype 
distribution for p.16Arg/Gly and p.27Gln/Glu was found to be sub-
stantially different from that described in Caucasian individuals; 

the two haplotypes found to be associated with lower ephedrine 
requirements in the North American study mentioned above66 
were under-represented among Asian women and ADRB2 geno-
type/haplotype was not found to influence ephedrine dosage in 
that study evaluating Asian women.64

Further studies would be required to confirm this genetic and 
pharmacogenetic effect of ADRB2 genotype/haplotype on mater-
nal hypotension and ephedrine requirement; however, current 
clinical practice warrants prevention of hypotension with phe-
nylephrine, either given as a bolus or by means of a continuous 
infusion, therefore this question will most likely remain unan-
swered. Nonetheless, this possible pharmacogenetic effect may 
explain in part why two decades of multiple studies trying to 
define one single optimal strategy (fluid loading, ephedrine, or 
phenylephrine) to prevent or treat hypotension during spinal 
anaesthesia for caesarean delivery have failed to identify that one 
regimen that would ‘fit all’.

Fetal and neonatal effects of maternal 
medication
Neonatal acidosis after maternal ephedrine
The direct effects of ephedrine on the fetus have been revisited.67 
Evidence that ephedrine crosses the placenta to a greater extent 
and undergoes less early metabolism and redistribution than 
phenylephrine (a direct α-adrenergic agonist) causing direct 
fetal metabolic acidosis has made ephedrine less desirable as a 
first-line treatment.68 The proposed mechanism is that direct 
fetal β-adrenergic stimulation increases anaerobic glycolysis 
and causes a hypermetabolic state. The hypothesis that neonatal 
ADRB2 genotype may directly influence the degree of neonatal 
acidaemia in response to ephedrine given to the mother prior 
to delivery has been explored. The most clinically relevant and 
intriguing finding of a study conducted in Asian women was that 
umbilical artery (UA) pH was overall higher and UA lactate was 
lower in neonates that were Arg16 homozygous as compared to 
neonates with the two other genotypes of ADRB2.64 Furthermore, 
among babies born to mothers receiving ephedrine, ephedrine 
dose was associated with neonatal acidaemia (decreased UA pH) 
only in neonates carrying a Gly16 allele, but not in neonates who 
were Arg16 homozygous. Since there was no significant differ-
ence in ephedrine concentration as determined by maternal and 
umbilical cord assays among genetic groups, any difference in 
metabolic markers are unlikely to have resulted from differen-
tial transplacental transfer of drug or a pharmacokinetic effect. 
Arg16 homozygous neonates seem to be protected from the risk 
of developing acidaemia when exposed to ephedrine, irrespective 
of the dose given to the mother. These findings provide interest-
ing insight on fetal acidosis and metabolic responses in neonates 
born to mothers who have received β-agonists (ephedrine and/or 
other β-stimulants prescribed for tocolysis or bronchodilation) 
prior to delivery.

Neonatal abstinence syndrome after maternal opioids
In a recent prospective cohort study conducted in the Unites States, 
86 mother–infant pairs were studied to evaluate the association 
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between p.118A/G of OPRM1, p.472G/A (158Val/Met) of COMT 
genes, and three SNPs of the ABCB1 gene and the risk for neo-
natal abstinence syndrome (NAS) in neonates exposed in utero 
to methadone or buprenorphine.69 Neonates carrying the variant 
G118 allele of OPRM1 had a shorter length of hospital stay and 
were less likely to require medication compared to neonates A118 
homozygotes. Neonates carrying one or two alleles of the Val158 
variant were also protected from a longer hospital stay and the 
need for medication. There was no effect of any ABCB1 SNPs and 
neonatal outcome. The study was truly underpowered to evaluate 
the joined allelic combination for both SNPs.

This is the first study to evaluate the influence of fetal/neo-
natal genotype on neonatal outcomes after fetal exposure to 
opioids, and while epigenetic studies will be of interest as well, 
these findings do provide some insight into the mechanisms 
underlying NAS.

Neonatal death after maternal codeine
Codeine was initially prescribed because of the belief that this 
weak opioid would not result in adverse outcomes. For that rea-
son, codeine has been considered a safe alternative to other opi-
oids for outpatient pain management, and is still available in 
some countries as an over-the-counter medication, either alone 
or in combination with paracetamol (acetaminophen). Current 
use of codeine includes paediatric patients,70 and treatment 
of postoperative pain, although large-scale evidence on effi-
cacy is sparse and has been challenged by a meta-analysis.71 
Codeine is a pro-drug, and requires O-demethylation catalysed 
by CYP2D6 to be converted into morphine and become analge-
sic; this metabolic pathway accounts for 10% of codeine clear-
ance. The conversion of codeine into norcodeine by CYP3A4 
and into codeine-6-glucuronide by glucuronidation represents 
approximately 80% of codeine clearance. Morphine is fur-
ther metabolized into morphine-6-glucuronide (M6G) and 
morphine-3-glucuronide; both morphine and M6G display 
opioid activity. Individuals with an UM phenotype carry the 
risk for respiratory depression with codeine, particularly if 
CYP3A4 activity is inhibited by concomitant use of antibiotics 
or in the context of kidney dysfunction.72

In a recent pilot study, the relationship between CYP2D6 
genotype, post-caesarean pain scores, codeine consumption, 
and side effects were evaluated.73 The two extremes in CYP2D6 
genotype seemed to predict pain response and or adverse 
effects. Several reports of fatalities after codeine prescrip-
tion in paediatric cases have been published in recent years.74 
The most striking report is that of the death of a breastfed 
13-day-old neonate following a morphine overdose because 
his mother was taking codeine after childbirth.75 Toxic blood 
levels of morphine or its active metabolite M6G may arise in 
mothers and neonates that are CYP2D6 ultra-rapid or exten-
sive metabolizers. The mother was categorized as a CYP2D6 
ultra-rapid metabolizer and her breast milk had a morphine 
concentration of 87 ng/mL—the typical range being 1.9–20.5 
ng/mL at doses of 60 mg codeine every 6 hours. The infant was 
categorized as a CYP2D6 extensive metabolizer (extensively 
metabolizing the pro-drug codeine to morphine) and postmor-
tem toxicology tests using gas-chromatography mass spectrom-

etry revealed blood concentrations of morphine at 70 ng/mL.  
A daily codeine dose of 60 mg for postpartum pain normally 
results in maximum morphine plasma concentrations of 2.2 ng/
mL in breastfed neonates76 and neonates prescribed morphine 
for analgesia display serum morphine concentrations in the 
range of 10–12ng/mL.77 Codeine and morphine clearance in 
breastfeeding mothers and their relation to CYP2D6 genotypes 
have been extensively evaluated and commented on.78–86 Since 
2007, the US Food and Drug Administration (FDA) requires 
manufacturers of prescription codeine products to state in the 
‘Precautions’ section of the drug label the risks of prescribing 
codeine to breastfeeding mothers.87 An FDA-approved genetic 
test (AmpliChip CYP450, Roche Diagnostics, Palo Alto, CA, 
USA) is commercially available to test genetic variants of 
CYP2D6.88 Overall, the level of evidence linking gene varia-
tion (CYP2D6) to phenotype (increased biotransformation of 

Table 52.2  Codeine therapy recommendations based on CYP2D6 
phenotype

Phenotype Implications 
for codeine 
metabolism

Recommendations 
for codeine therapy

Classification of 
recommendation 
for codeine 
therapy

Ultra-rapid 
metabolizer 
(CYP2D5 
activity score 
>2)

Increased 
morphine 
formation

Higher risk 
of morphine 
toxicity

Avoid codeine use 
(potential for toxicity)

Consider alternative 
such as morphine or 
non-opioid

Consider avoiding 
tramadol

Strong

Extensive 
metabolizer 
(CYP2D6 
activity 
score = l–2)

Normal 
morphine 
formation

15–60 mg every 4 h  
as needed for pain

(label 
recommendation)

Strong

Intermediate 
metabolizer 
(CYP2D6 
activity 
score = 0.5)

Reduced 
morphine 
formation

Start at 15–60 mg 
every 4 h as needed 
for pain

If no response, 
consider alternative 
analgesics

Monitor tramadol  
use for response

Moderate

Poor 
metabolizer

(CYP2D6 
activity 
score = 0)

Greatly  
reduced 
morphine 
formation

Insufficient 
pain relief

Avoid codeine use 
(lack of efficacy)

Consider alternative 
such as morphine or a 
non-opioid

Consider avoiding 
tramadol

Strong

Reproduced with permission from Crews KR, Gaedigk A, Dunnenberger HM, et al., 
Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines for 
codeine therapy in the context of cytochrome P450 2D6 (CYP2D6) genotype, Clinical 
Pharmacology & Therapeutics, Volume 91, Issue 2, pp. 321–326, Copyright © 2012 John 
Wiley & Sons.
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codeine into morphine) is significant; however, there is no ran-
domized clinical trial assessing the benefits of genetic testing 
prior to codeine therapy at large. In addition, while insufficient 
morphine formation from codeine resulting in failure of anal-
gesia can currently be well predicted, extremely high morphine 
formation still requires the effort of combining genotyping 
with phenotyping.89 Finally, the CIPC published guidelines in 
2012 based on a focused review and interpretation of the lit-
erature by experts in the field (Table 52.2).7 Because of a wide 
inter-ethnic genotype distribution not only for CYP2D6 but 
also of most SNPs assessed in this chapter (Table 52.3), it is 
important to identify the cohorts in which pharmacogenetic 
effects and genetic association have been reported, and avoid 
generalizing findings from one study to different ethnicities.

Conclusion
Overall, whether in the perioperative period or in a more chronic 
setting, defining relevant clinical outcomes in pain and anal-
gesia studies—or, in other words, identifying meaningful dif-
ferences in pain perception and opioid response—remains the 
problem to solve; 25 this has proven to be even more complex 
in the context of obstetric pain.22,90 Phenotyping is key in all 
association studies and designing clinical studies to assess the 
genetic contribution to pain is challenging. In addition, inter-
preting results, particularly when multiple genes are evaluated, 
requires large sample sizes and appropriate statistical analysis to 
avoid misconstrued findings.91,92 Last but not least, the genetic 
contribution to labour pain or even that of pharmacogenet-
ics to explain differences in analgesic response is probably not 

simple and straightforward,90 and we are at the beginning of our 
explorations. On the positive side, these pharmacogenetic stud-
ies have enlightened us and have taught us that one should no 
longer design clinical studies with the sole goal to find ‘the one 
dose for one drug that will fit all’ because genetic variants do 
influence drug response in ways that have clinical implications. 
Unfortunately, firm recommendations to tailor opioid regimens 
based on patients’ individual genetic profile are not available and 
are unlikely to become available in the near future other than for 
the prescription of codeine.93

The concept of mathematical modelling of labour progress is 
certainly promising, and may in the future allow identification of 
some of the genetic contributions that are important for the pro-
gression of labour and the risk for dystocia and will perhaps one 
day predict labour outcome and labour pain perception. Large 
prospective studies, well designed, and interpreted with the nec-
essary caution are needed to thoroughly investigate this fascinat-
ing topic; meanwhile genome-wide association studies or exome 
sequencing to examine well-known and yet undiscovered genetic 
variants resulting in women being outliers for the various pheno-
types during labour will be of interest.
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Table 52.3  Genotype frequency of selected SNPs studied in the context of obstetric outcomes, labour analgesia and post-caesarean pain

Gene Nucleotide Polymorphism Genotype frequency by ethnicity

Caucasian African American Asian

OPRM1 c.118A/G rs1799971—p.40Asn/Asp AA 65–70%27

AG 25–30%

GG 0–5%

AA = 100%94

AG = 0

GG = 0

AA = 35%47

AG = 45%

GG = 20%

COMT c.472G/A rs4680—p.158Val/Met GG = 22%43

GA = 47%

AA = 31%

GG = 52%95

GA = 44%

AA = 4%

GG = 62%96

GA = 32%

AA = 5%

CYP2D6 80 SNPs affecting enzymatic activity

CYP2D6*1—normal

CYP2D6*2—increased

CYP2D6*3, –*4, –*5—none

CYP2D6*9, –*10, –*17—decreased

UM = 5–10%97

EM = 65–80%

IM = 10–15%

PM = 5–10%

UM = 4097

EM = 50%

IM = 9%

PM = 1%

UM = 2–5%97

EM = 90%

IM = 5%

PM = 2–5%

ABCB1 c.3435C/T rs1046542—synonymous p.1145Ile CC = 24%98

CT = 48%

TT = 28%

CC = 68%98

CT = 31%

TT = 1%

CC = 31%61

CT = 51%

TT = 18%

ABCB1, ATP binding cassette sub-family B member 1 gene; COMT, catechol-O-methyltransferase gene; CYP2D6, cytochrome P450 2D6; EM, extensive metabolizer; IM, intermediate 
metabolizer; OPRM1, μ-opioid receptor gene; PM, poor metabolizer; rs, RefSNP; SNP, single nucleotide polymorphism; UM, ultra-rapid metabolizer.

Data from various sources (see references).
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CHAPTER 53

Simulation
Mark Wigginton, Miguel Garcia, Timothy J. Draycott,  
and Neil A. Muchatuta

An introduction to simulation
Simulation enables healthcare professionals to acquire knowledge, 
attitudes and skills in an environment that is safe both for them 
and for patients. It is ‘a technique to replace or amplify real-patient 
experiences with guided experiences, artificially contrived, that 
evokes or replicates substantial aspects of the real world in a fully 
interactive manner’.1

Primum non nocere: ‘Above all, do no harm’. This cornerstone 
principle of medical practice is undone when patients are exposed 
to avoidable error.2 In 1999, the Institute of Medicine in the United 
States produced the landmark report To Err is Human which 
revealed that up to 98,000 deaths a year occurred as a consequence 
of medical error.3 Medical simulation aims to reduce errors by 
improving individual and team performance, and offering the 
opportunity to improve systems. In obstetric anaesthesia, simula-
tion has been used widely from routine task training to multidisci-
plinary teamwork training for high risk, rarely occurring events.4

History of simulation
It is a common misconception that simulation training in anaes-
thesia, obstetrics, and medicine is a late twentieth-century concept 
that has been refined and improved to produce the high-fidelity 
mannequins in use today. On the contrary, the history of simula-
tion has a long and complex story, to the extent that much of its 
earliest use has been irrevocably lost to time. When reviewing the 
history of simulation for which records still remain, it is useful to 
make a distinction between purely anatomical models and those 
interactive simulation models that allow an element of feedback 
to the trainee.

Anatomical models
Anatomical stone sculptures exist from approximately 
24,000 years BC but it is difficult to separate the educational value 
of early models from their likely artistic, religious, or entertain-
ment objectives.5 The ancient Egyptian and Mayan civilizations 
produced partially dissected human models in a variety of media 
displaying good knowledge of anatomy but their use was most 
likely to be spiritual in nature.5 Similarly, memento mori are 
carved dissected or skeletal figures, popular throughout the eight-
eenth and nineteenth centuries, intended primarily as a reminder 
of the transient and fragile nature of life.5

The first anatomical models used specifically for medical train-
ing purposes were probably from the Chinese Song dynasty. Wang 

Wei-Ye (987–1067), the imperial physician, was responsible for 
standardizing the teaching of acupuncture. He commissioned 
two life-sized bronze figures with organs; it is believed that the 
figures were then covered in wax. Students would have to identify 
acupuncture points from the surface anatomy, and were rewarded 
if the needle passed through a hole in the bronze structure and 
emerged with a drip of fluid from the mannequin.5

The European development of anatomical models was stimu-
lated by the publication of De Humani Corporis Fabrica Libri 
Septum by Andrea Vesalio in 1543.6,7 The artistry of wax and 
bronze models produced after this time compares favourably with 
models of today. A detailed understanding of anatomy was consid-
ered essential training for renaissance artists. Therefore, through-
out the seventeenth and eighteenth centuries, European medical 
students were instructed using écorché (‘flayed man’ models) in 
addition to cadaveric dissection.7 By the end of the seventeenth 
century, the use of polychromatic wax in decaying figures created 
by Gaetano Giulio Zumbo were said to be so realistic as to ‘evoke 
a sense of overwhelming stench’.5

The practice of casting anatomical detail in a variety of media 
has continued. In some cases, pathological details were cast 
directly from patients. Wealthy medical schools across the world 
have built up large collections; some are still used for teaching 
purposes, whilst others have been consigned to antiquity.

Interactive models
To practise a specific task, or to evaluate the consequences of one’s 
actions using simulated physiology, is clearly an entirely different 
concept to pure anatomical teaching. What we might now refer to 
as task trainers or physiological simulators are intended for this 
purpose. These creations frequently appear far simpler in outward 
appearance than anatomical models but the ingenuity of internal 
design or their suitability for a specific training need is what gives 
them value.

Obstetric simulation has a particularly rich history in the devel-
opment and widespread use of task trainers. The eighteenth and 
nineteenth centuries were a prolific era with the introduction of 
the first simulators to address an identified training need, and 
also the first recognized regional simulation programme. In 1739, 
the first British maternity hospital opened with a promise that the 
students would be taught using an obstetric simulator whereby 
‘all the inconveniences which might otherwise happen to women 
from pupils practising too early on real objects will be entirely pre-
vented: for by this method and contrivance each pupil will become  
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in a great measure proficient in his business before he attempts a 
real delivery’.5

Mid-eighteenth-century surgeon Giovanni Antonio Galli was 
concerned that surgical trainees had theoretical knowledge but 
limited practical experience and that the midwives assisting with 
births may also have very limited practical experience. He devel-
oped a birthing simulator consisting of a glass uterus in a pelvis 
with a flexible fetus. This was designed specifically to address a 
training need and was also used for assessment as students were 
made to deliver the fetus blindfolded.5

No history of simulation could be considered complete without 
mentioning Angélique Marguerite Le Boursier du Coudray. Tasked 
by Louis XV to stem the decline in the population of rural France, 
she developed and ran two-month courses comprised of 40 ses-
sions with an accompanying course manual. For practical train-
ing she developed life-sized mannequins with removable uterus, 
interchangeable nulliparous and multiparous os which could sim-
ulate dilatation by means of a silk drawstring, and sponges which 
released red or clear fluid to simulate blood or amniotic fluid. From 
1760, Madame du Coudray toured the country for two decades 
with her ‘machines’ and, to facilitate repeated training, left courses 
running in various places with regional supervisors.8

By 1831, we have evidence of sophisticated obstetric simula-
tors in use which are in many ways comparable to some of today’s 
high-fidelity models. Dr Ozenne presented to the French Royal 
Academy of Medicine a whole-body simulator that had a uterus 
with radial and longitudinal fibres able to contract. The strength 
and rate of contractions could be controlled manually. It also had 
an amniotic sac and an artificial fetus with fontanelles.5

By the latter half of the nineteenth century, obstetric simulation 
had made its way into American medical schools. However, by the 
start of the twentieth century, damning reports were published on 
the state of simulation equipment around the country. The Medical 
Education in the United States and Canada report, published 
in 1909, referring to Southwestern University Medical College, 
Texas, remarked ‘in a corner of one [lecture theatre] is an abused 
manikin’.9 This comprehensive report was critical of large sec-
tions of the North American medical school system, and served 
as a damning indictment of medical education as a whole. These 
attitudes towards medical education were reflected in a neglect of 
simulation as a teaching modality. An era sometimes referred to 
as ‘the dark age of simulation’ began. For much of the twentieth 
century medical advances were made by practice on real patients. 
Mistakes and adverse outcomes may have been commonplace but 
it is difficult to be critical when materials and facilities were made 
scarce by the ravages of two worldwide conflicts.

During the second half of the twentieth century, there was rec-
ognition that significant improvements in safety achieved by the 
airline industry came as a result of highly technical and realis-
tic simulation training.10 Medicine again looked to simulation 
in order to emulate these safety improvements. Resusci-Anne is 
a mannequin developed by Laerdal, a toy manufacturer, in the 
1960s.11 It has been widely used to teach cardiopulmonary resus-
citation (CPR) since then and probably represents the early stages 
of a simulation resurgence that has subsequently gathered pace 
and momentum. The 1960s also saw the development of the first 
computer-controlled patient simulator; although Sim One, as it 
was called, may have been ahead of its time and never became 
commercially available.12

Since then simulation centres, point-of-care simulation, mul-
tidisciplinary team training, and physiological remote-con-
trolled mannequins have become commonplace terms in the 
burgeoning simulation field. Up-to-date educational theory is 
now incorporated into courses and instructors are tutored on 
effective methods of instructing. There is a small but grow-
ing evidence base for the usefulness of simulation in reducing 
adverse events and improving outcome, as well as evidence of 
its limitations.13–16 To refer to the latest simulation technology 
as high-fidelity leaves little scope for superlatives to describe 
future innovations in a rapidly evolving field. Medicine, art, 
engineering, and computer technology have come together, 
working in synergy to produce experiences as close as possible 
to the real thing. Nevertheless, the human body is potentially 
the most complex and heterogeneous machine known. To sim-
ulate it fully will take many more years of development, and 
could well prove impossible.

Simulation technology for obstetric 
anaesthesia
Simulators provide the physical interface between the simulation 
and its user. Whilst simulators are commonly thought of as a piece 
of expensive high-technology equipment, tools for simulation 
form a wide spectrum. At one end are increasingly complex, com-
puter-driven mannequins that can replicate maternal anatomy, 
physiology, and pathology; at the other are verbal techniques, such 
as role-play and narrative discussions.17

Simulators can be categorized in a number of ways, such as by 
the way the user interacts with them, by the skill they are used to 
examine, and by the participants involved.18–21 Gaba described a 
spectrum that is based on the technology employed:17

◆	 Verbal (role play)
◆	 Standardized patients (actors)
◆	 Part-task trainer (physical or virtual reality)
◆	 Computer patient (screen based)
◆	 Electronic patient (mannequin based)

There have always been examples that cross between these cat-
egories, and the march of modern technology is blurring the 
boundaries still further. Each technique has its own particular 
advantages, and their relative strengths and weaknesses will help 
the operator decide which best to employ.

Role play
Verbal role play forms the basis of much of the teaching that 
occurs in labour wards and obstetric theatres on a daily basis, 
such as getting a trainee to work through an invented problem 
or discussing ‘what ifs’. By projecting a mental scenario for the 
learner to temporarily inhabit, the trainer can achieve many of the 
benefits of a full-scale simulation without relying upon a physical 
simulator or props.

Standardized patients
Standardized patients, or patient actors, are people who have been 
coached to portray a specific patient. They appear in medical edu-
cation literature from the early 1960s22 and are most commonly 
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used to teach communication skills, although they can also used 
to teach clinical skills.23 One of the recent drivers for their use in 
medical training is an increasing focus on the patient’s perspec-
tive of the medical care they receive.24

Using a patient actor can be at least as effective as using a 
high-fidelity mannequin. In one study of eclampsia training, 
groups trained with a patient actor and those trained with a 
high-end simulator both improved their performance to a simi-
lar degree.25 The same investigators looked at the simulated 
management of postpartum haemorrhage, where training using 
patient actors and mannequins were compared.26 Again the teams 
improved similarly in terms of clinical outcomes, but the percep-
tion of safety and communication were significantly improved in 
the group trained using a patient actor.

Standardized patients enable a degree of fidelity that is not cur-
rently possible with mannequin technology. They can be used to 
simulate a wide variety of physical findings, although there can 
be limitations in their use in terms of performing invasive or 
embarrassing procedures. More recently, patient actors have been 
combined with part-task trainers to enhance fidelity and patient 
interaction whilst performing medical interventions, thus creat-
ing a convincing learning environment.27,28 An obstetric part-task 
trainer has recently been developed which has been specifically 
designed for use with patient actors (Figure 53.1). It can be used 
to replicate a variety of obstetric conditions such as postpartum 
haemorrhage, and further blurs the boundary between patient 
actors, part-task trainers, and mannequins.

The efficacy and cost-effectiveness of standardized patients, 
especially when combined with part-task trainers, is an important 
consideration during times of budgetary constraint. This is par-
ticularly true in the developing world, where access to expensive 

technology is impractical, but effective training is particularly 
crucial.29

Part-task/skills trainers
Part-task trainers are simulators that recreate only a portion of 
the process or system being examined. They are traditionally used 
to practice psychomotor skills, but have also been successfully 
employed to improve higher-level skills such as teamwork and 
clinical judgement. They have been used to allow the participant 
to focus upon a particular facet of a scenario, thereby building 
simple tasks into a complex skill.30 Part-task trainers are available 
in a range of levels of complexity; an example of the lowest level 
could include using the palm of the hand to simulate structures 
in the palate encountered whilst inserting a laryngeal mask air-
way,31 whilst highly complex examples include some virtual real-
ity devices. They can be used for a number of applications relevant 
to obstetric anaesthetists:

Epidural trainers
Epidural insertion is a core obstetric anaesthetic skill, and many 
trainees learn or refine their skills whilst on the delivery suite. 
A simulated spine has the potential to allow novices to safely prac-
tise epidural insertion without putting patients at risk. A num-
ber of homemade and commercially available devices have been 
described,32–34 although few studies have evaluated them against 
alternatives means of training. One study compared the use of a 
homemade device with a high-fidelity mannequin to train junior 
anaesthetists in epidural insertion, and then went on to observe 
them carrying out epidurals on patients.35 They were able to 
show that the homemade version was as good for training as the 
high-end device.

Figure 53.1  Example of an obstetric part-task trainer that can be combined with a patient actor to enhance simulation fidelity.
Reproduced with permission by Laerdal.
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Although no study has yet established whether there is an 
advantage to training with an epidural trainer over traditional 
patient-based training methods, one study of junior physicians 
training for lumbar puncture showed improved skills after train-
ing with a similar device.36

Estimating maternal haemorrhage
Maternal haemorrhage remains an important cause of mater-
nal death in the United Kingdom,37 and is a leading cause of 
preventable maternal death worldwide.38 The successful man-
agement of obstetric haemorrhage relies upon an accurate 
estimation of blood loss. Studies have shown that clinicians 
underestimate blood loss using visual inspection by as much as 
33–50%.39 Simulation has been used both to demonstrate this 
discrepancy, and to train staff in how to better recognize the 

degree of haemorrhage. Bose et al.40 used simulated stations 
(Figure 53.2) to replicate the blood lost at the time of delivery; 
all groups underestimated, with their assessments becoming 
less accurate with worsening degrees of haemorrhage. Toledo 
et al.41,42 demonstrated that simulation stations, both live and 
web-based, could improve the estimation of blood loss to a clini-
cally insignificant degree of error. However these improvements 
decayed by 9 months, suggesting that training of this nature 
needs to be regularly repeated.43

Airway trainers
A decline in the use of general anaesthesia for caesarean deliv-
ery,44,45 and the increased risk of failed intubation in the obstet-
ric population,46,47 means that maintaining competent airway 
skills in this setting is especially vital. Simulators have been used 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Soiled sanitary towel
(30 ml)

Saturated sanitary towel
(100 ml)

Saturated small swab 10 × 10 cm
(60 ml)

Incontinence pad
(250 ml)

Saturated large swab 45 × 45 cm 
(350 ml)

100-cm diameter floor spill
(1500 ml)

PPH on bed only
(1000 ml)

PPH spilling to floor
(2000 ml)

Full kidney dish
(500 ml)

Figure 53.2  Simulation tools used to replicate varying degrees of obstetric blood loss.
Reproduced with permission from Bose P, Regan F, Paterson-Brown S, Improving the accuracy of estimated blood loss at obstetric haemorrhage using clinical reconstructions, BJOG: An 
International Journal of Obstetrics and Gynaecology, Volume 113, Issue 8, pp. 919–924, Copyright © 2006 John Wiley & Sons.
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to assess and train all aspects of airway management relevant to 
obstetrics, including to teach the correct application of cricoid 
pressure.48

Goodwin and French 49 used a part-task simulator to assess 
trainees’ management of failed intubation during caesarean deliv-
ery. The initial results were mediocre, but improved significantly 
following training using the simulator. Similarly, using simula-
tors to train for cricothyroidotomy in the event of ‘can’t intubate 
can’t ventilate’ scenarios improved anaesthetists’ management 
of this life-threatening crisis,50,51 including with real patients.51 
Investigators have found that a single simulation session improved 
skills for at least 1 year in one study,50 although this degree of per-
sistence of learning has not been replicated universally.

There are numerous airway trainers available, with complexi-
ties ranging from a disposable plastic coffee cup52 to high-fidelity 
devices designed to replicate all aspects of airway anatomy. Truly 
accurate replication of airway anatomy may not be achievable 
even with the most expensive devices;53 however, current evidence 
suggests that it is the quality of the training, rather than the tech-
nology employed, that allows effective learning to take place.54,55

Cardiopulmonary resuscitation in pregnancy
Studies that have looked at CPR in pregnancy have demonstrated 
that even experienced clinicians have inconsistent knowledge,56,57 
and that the performance of CPR in simulated scenarios is often 
poor.58 However, there is evidence emerging that simulation can 
be successful in improving the management of simulated maternal 
cardiac arrest,59 and possibly in the management of cardiac arrest 
in real patients.60 As a result there are calls to further improve 
resuscitation in pregnancy by developing a simulation-based 
life support course especially designed for obstetrics.61 MOET 
(Managing Obstetric Emergencies and Trauma) is one such 
course, and has been credited with improving knowledge of man-
aging obstetric emergencies and contributing to an increased use 
of perimortem caesarean delivery at maternal cardiac arrest.60

Ultrasound for epidural insertion
The use of ultrasound is becoming ubiquitous in anaesthesia, and 
the National Institute for Health and Care Excellence (NICE) 
in the United Kingdom has suggested that it might be helpful in 
achieving correct placement of epidural catheters for labour.62 
Evidence suggests that ‘phantoms’, part-trainers for the acquisi-
tion of skills in ultrasound-guided techniques, can facilitate the 
training of anaesthetists in ultrasound for regional anaesthesia.63 
Further research is needed to see whether the phantoms for epi-
dural insertions that have recently been developed can be success-
fully used in obstetric anaesthesia.

Virtual reality devices
Virtual reality simulators, in which screens or specialized head-
sets replicate a physical environment, have been used successfully 
to train surgical trainees and interventional radiologists for real 
operations and procedures.14 Their earliest application within 
anaesthesia came in the form of vascular access trainers,21 and 
they are now used to train for airway management, resuscita-
tion, and spinal anaesthesia.64–66 One of the pitfalls of virtual 
reality simulations has been providing convincing haptic (touch) 
feedback, which is becoming a key area of research and develop-
ment.67 Whilst still a relatively nascent form of technology it holds 

much promise, and further research will help determine its place 
amongst other available simulation modalities.

Screen-based simulators
Screen-based technology has been used as a simulation tool in a 
number of ways, ranging from interactive tutorials to whole-body 
simulators.21 Numerous websites provide access to simulation 
programmes, and simulation applications (‘apps’) for smart-
phones and tablet computers are now becoming well established. 
The use of electronically supported learning (‘e-learning’), which 
often includes elements of simulation, has also become wide-
spread within medicine.

The use of screen-based technology seems to provide more 
effective learning than traditional didactic teaching when prepar-
ing for the successful management of medical emergencies.68–70 
It has also been used successfully as a bridging tool for learners 
before exposing them to a higher-fidelity environment.68 Indeed 
the technology has the potential to be at least as effective as highly 
complex simulation mannequins when training for certain key 
anaesthetic emergencies.71

The widespread use of smartphones and tablets has increased 
the accessibility and portability of simulation technology sig-
nificantly, with many apps that support simulation being free or 
readily affordable. They can also be effective, with studies show-
ing that they can help improve resuscitation skills over traditional 
teaching methods.72,73 Some apps allow a smartphone or tablet 
to replicate a patient monitor, thereby allowing users to create a 
high-fidelity environment using a low-fidelity mannequin.74 Such 
accessible, portable, and affordable technology has the potential to 
transform the way that simulation is delivered, although its famil-
iarity should not prevent application-based tools being assessed 
and researched as vigorously as any other simulation modality.

Mannequin-based simulators
The use of patient mannequins has a long history in obstetrics, 
as the life-sized mannequins used by Madame du Coudray to 
teach the art of childbirth to doctors in the eighteenth century 
French court attest. The use of highly technological mannequins 
to deliver simulation for anaesthesia has grown rapidly from 
Sim One, a one-off computerized patient mannequin designed 
and constructed in the 1960s,12 to the plethora available from 
various manufacturers today. As mannequin technology has 
expanded and become more complex, the taxonomy to describe 
them has become equally complicated.21 Terms such as high- and 
low-fidelity are often described, but are variably used, and are 
often relative to the technology of the era.

All mannequins share the same basic hardware:  a life-sized 
patient model. Those designed for use in anaesthesia typically 
have a realistic head, an airway that can accept airway devices and 
adjuncts, and lungs that can be ventilated. More complex models 
may also allow cannulation of peripheral, central, and arterial ves-
sels; airways that can be manipulated to simulate airway obstruc-
tion and failed intubation; chests that permit decompression of 
pneumothoraces; and many more features. Modern mannequins 
for obstetrics may combine a full-body anaesthetic simulator with 
a female pregnancy simulator (Figure 53.3), further enhancing 
the realism as well as making multidisciplinary interaction more 
practicable.
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The software that drives the simulation can also vary in com-
plexity. Many mannequins have no intrinsic software; they rely on 
the use of display screens, verbal cues, pre-prepared graphics, or 
other simulating devices to present their physiology.

For mannequins that do have software, the physiological param-
eters are usually computerized.21 These can be script-controlled, 
where the changes occur according to a predetermined script or plan, 
and can be altered in response to the interventions of the participant. 
This allows the user to retain a degree of control of the simulation and 
its intended objectives. Alternatively they can be model controlled, 
where a mathematical model determines the mannequin’s physiology 
and its response to interventions. This can result in a more accurate 
physiological response, but is sometimes unpredictable and therefore 
having a manual override available may be helpful.

Fidelity
Fidelity is the degree to which a real environment is simulated.75 
This can be applied in a number of domains, of which the simula-
tion tools themselves form only one part (Figure 53.4). Therefore 
simulation technology on its own cannot be the key to successful 
simulation. Equal thought needs to be given to the environment 
in which the simulation occurs, and the preparation of the partici-
pants and those running it.

The ideal level of fidelity for effective simulation is unclear,76 and 
most evidence would suggest that increasing the fidelity of the sim-
ulator itself does not improve the intended outcomes.18,35,54,55,77 
Concentrating on the complexity of the simulator may be the 
wrong priority:  ultimately, it is the learning requirements that 
drive the choice of simulation tool. The key to effective simulation 
is in successfully marrying these.

Conclusion
As technology advances, the options available for simulation are 
increasing exponentially. Life-sized patient mannequins are able 
to replicate human anatomy and physiology with ever increasing 
levels of accuracy and sophistication. Innovative uses for patient 
actors, part-task trainers, and combinations of both continue to 
be found. However, it is within screen-based technology that the 
next explosion of developments is likely to emerge. Smartphones 

Figure 53.3  Example of a high-fidelity obstetric and anaesthetic mannequin.
Reproduced with permission by Laerdal.

Equipment
fidelity

Environment
fidelity

Psychological 
fidelity

Figure 53.4  The domains of fidelity within simulation.
Adapted by permission from BMJ Publishing Group Limited. BMJ Quality and Safety, The use 
of simulation for training teamwork skills in health care: how low can you go?, JM Beaubien, 
DP Bake, volume 13, suppl 1, pp. i51–i56, copyright © 2004.

 

 



Part 10  recent advances in obstetric anaesthesia858

and portable computing devices have become commonplace in 
healthcare environments, and developers are feeding the frenzy 
for novel ways to incorporate them into simulation. Since the pro-
gramming software that creates applications is relatively accessi-
ble, this places the future of simulation technology into the hands 
of people who run simulation.

This is a responsibility as well as an opportunity. The choice of 
simulation tool must be determined by the learning objectives, 
and evidence needs to be sought as to how this technology should 
best be applied. Further research needs to focus on how best to 
apply the myriad tools available within simulation to improving 
patient outcomes.

Simulation delivery methods
Simulation centres
Simulation can take place in specifically purpose-built facilities 
or in any other space refurbished or adjusted to accommodate a 
simulation facility. Simulation centres are expensive to build and 
develop. They can usually accommodate many different types of 
simulation training such as part-task training, full-scale manne-
quins, and computer-based simulation. In addition, more advanced 
simulation training for laparoscopic procedures, robotic surgery, 
or using virtual reality devices may also be available. They some-
times focus on different specialties depending on clinical leader-
ship, local interests, and politics.78 The Swiss Centre for Medical 
Simulation at the University Hospital in Basel, Switzerland was 
amongst the first simulation centres to be established in Europe in 
1994.79 Since then simulator centres have become commonplace, 
and are available in most major cities in the United Kingdom.

Simulation centres can vary from single rooms placed within a 
hospital to an entire building with rooms that accommodate differ-
ent methods of simulation delivery. Rooms designed for full-scale 
simulation are often flexible allowing them to be converted into 
different areas such as theatres, emergency resuscitation rooms, 
or ward bays. This flexibility allows setting up multiple scenar-
ios when performing simulation. Rooms are usually equipped 
with functioning oxygen and suction equipment. The simulation 
room may have video and audio links to a control room, which is 
typically fitted with a one-way mirror (smoked glass) so that the 
operator or simulation technician can visualize the entire room. 
Whilst the scenario is being run, the operator can manage the 
mannequin’s physiology, control its voice, and allow the simula-
tion to respond appropriately to the participant’s actions. Video 
and sound equipment are often used to capture images in order to 
give feedback to participants. Multiple video camera recordings 
can be synchronized with monitor readings to make the debrief-
ing process more efficient.80

Simulation in situ
In situ simulation is arguably as old as the medical profession 
where apprentices would be observed interrogating patients, fol-
lowing the instructions of their masters. In modern medical edu-
cational terms, in situ simulation is simulation that is physically 
integrated into the normal clinical environment. In situ simula-
tion has enabled the transfer of simulation into hospitals; this 
allows the potential benefits of training using the environment, 
equipment, and clinical teams that might be encountered when 
dealing with real patients. In situ training has the potential to 

enhance individual and team learning experiences, with the addi-
tional benefit of allowing organizations to test their safety systems 
without exposing patients to potential harm.

One of the main advantages of in situ simulation over the use of 
a simulation centre is its low cost. Compared with traditional sim-
ulation, it often involves a wider range of participants, potentially 
including allied health professionals, porters, clerks, and adminis-
trators. In contrast with simulation centres, the primary audience 
is usually practising providers rather than trainees.81

Simulating in the normal working environment has the poten-
tial to unmask organizational factors that contribute to latent 
errors, thereby promoting a culture where safety is paramount.82 
It has been shown to be an effective tool to improve organiza-
tional performance in trauma as shown by Steinmann and col-
leagues, with a 76% improvement in task completion and 16% 
improvement in resuscitation times.83 It has also shown benefits 
in obstetrics: Riley and colleagues showed a reduction in perina-
tal mortality in hospitals trained with in situ simulation alongside 
teamwork training, when compared to hospitals who trained with 
the teamwork training alone.84

In the United Kingdom, the SaFE study (Simulation and Fire 
drill Evaluation) compared training for obstetric emergencies 
using high-technology training at simulation centres with in situ 
training. Both teams improved their performance after training. 
However, training in the simulation centre conferred no addi-
tional benefit. Following the SaFE study, the investigators contin-
ued to do their obstetric team training in situ. Their continued 
use of in-house simulation has been credited with a reduction 
in brachial plexus injuries in neonates born following deliveries 
with shoulder dystocia.85 Since instituting the training, they have 
also found a reduction in babies born with low Apgar scores and 
a decreased incidence of hypoxic-ischaemic encephalopathy.86–88 
This is a powerful demonstration of the potential for successful in 
situ simulation training to translate to improved patient outcomes.

Simulation as a teaching tool
Teaching professionals can be difficult, and using simulation as 
a teaching tool for professionals is a potentially complex issue. 
Unlike schoolchildren, adult learners attending a simulation 
course often do so because they want to learn and improve their 
skills. They are invariably highly motivated. The common mistake 
made when teaching professionals is to assume that a lack of learn-
ing is due to a lack of motivation and therefore a little inspiration 
(i.e. simulation) will solve the problem. In fact, perhaps more than 
any other modality of teaching, simulation must have a secure 
footing in educational theory. Candidates are placed in potentially 
stressful situations; they may be tested beyond their current level 
of expertise in the company of their peers. This combination of cir-
cumstances can be potentially damaging. Professionals are used 
to being successful; consequently they can have great difficulty 
learning from their own errors. Reactions to errors made in stress-
ful situations include anxiety, embarrassment, and ‘defensive rea-
soning’.89 Defensive reasoning describes the action of justifying 
errors by looking at them as the inevitable result of external cir-
cumstances or the actions of others. The term was coined by Chris 
Argyris, an acclaimed educational thinker. Much of his educa-
tional theory is relevant to simulation, as are other educational 
theories too numerous to cover fully here. However it is possible to  
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illustrate with examples some of the educational theory relevant 
to teaching with simulation.

Behaviourism describes perhaps the most basic of learning 
strategies; the classic example being Pavlov’s conditioning experi-
ments in which the association of the sound of a bell with food 
eventually lead to the physiological response in dogs of salivation 
at only the sound of the bell.90 Operant conditioning introduces 
the concept of reward and punishment. If an operator performs 
a task repeatedly and receives reward for doing so then they are 
conditioned to perform that task again in the same way. This way 
of learning can often be seen when using task trainers.

Obviously, this is an oversimplification. Cognitive learning, 
where conceptual knowledge and experience from other areas 
influence the learning process, also plays a role. Nevertheless, it 
has been demonstrated that even novice practitioners, who would 
be expected to have a limited internal cognitive structure upon 
which to base the learning, will increase their skill at performance 
on a task trainer with repeated attempts. Crucially though, this 
does not necessarily translate to increased skill at performance of 
the task on real patients. Clearly real patients are much more het-
erogeneous than the average part-task trainer.

One might expect that the higher fidelity the trainer is, the more 
likely it would be to increase performance on real patients. This 
is not necessarily the case; Freidman and colleagues35 took 24 
anaesthetic trainees and randomized them into two groups. One 
group received epidural training with a high-fidelity, anatomically 
correct, commercially produced simulator that was coupled with 
a virtual reality display of the needle progression. The other group 
practised their loss-of-resistance technique by inserting needles 
into a banana. Blinded expert examiners, utilizing a validated 
manual skills checklist and global ratings scale, found no differ-
ence in subsequent performance of epidural insertion in actual 
patients between the two groups.

Simulation is often used to increase a participant’s knowledge 
or to train them for a particular skill. It can also be used to train 
teams of clinicians in crisis resource management (CRM) or 
‘human factors’ training. This type of training has gained popu-
larity due to the realization that decision-making, interpersonal 
behaviour, and team management can have just as significant an 
effect on outcome as an individual’s knowledge of the algorithms 
involved.91

Different teaching modalities tend to suit different learn-
ing environments, candidate selection, and scenario set-up. For 
example, whilst running knowledge-based teaching scenarios, 
candidates that will be involved in the scenario at a later stage 
can benefit from being wallflowers in the room. Conversely, for 
CRM or human factors training, part of the educational objec-
tive is often to examine the flow of information through different 
members of the team. Obviously this will not happen in a realistic 
manner if a candidate has been in the room watching the scenario 
unfold. However, regardless of the simulation modality, the mech-
anism of learning probably adheres to a similar structure.

In 1984, David Kolb published his experiential learning styles 
model.92 It suggests that the learning process cycles through four 
separate stages and also that people have different learning styles 
(see Figure 53.5). Kolb proposed that in order to learn it was not 
sufficient to have the experience, but that reflecting on that experi-
ence is a necessity. Learners can engage in the learning process at 
any part of the cycle. The part of the cycle in which they are likely 

to engage, and the scale of this engagement, may relate to the type 
of learner. The Kolb cycle has been elaborated, augmented, and 
criticized since its inception. The stages may be less distinct than 
the cycle suggests and learners probably have many styles of learn-
ing rather than a clear predilection for one.93 However, by map-
ping the stages of simulation to the Kolb cycle, it should be possible 
to engage all types of learners and complete the learning cycle.

As important as addressing people’s learning styles and the 
learning cycle, is creating an environment in which learn-
ing is possible. Maslow’s hierarchy of needs (Figure 53.6) is a 
well-established psychological theory, which asserts that for 
self-actualization to take place an individual must first have physi-
ological well-being, feel safe, be satisfied in interpersonal relation-
ships and have a sense of self-esteem.94 It can be argued that many 
of our most vivid memories are from emotionally charged experi-
ences where in fact we feel unsafe.95 Indeed many clinicians might 
attest that much of the ‘traditional’ practice of medical teaching 
seemed to be based on seniors undermining their student’s sense 
of self-esteem. Teaching by humiliation is thankfully dying out 
but, if set up incorrectly, simulation can be equally humiliating.

The aim of increased fidelity is to achieve a situation as close as 
possible to the real thing. Suspension of disbelief is a term used 
in the literary, film, and television industries. For example, if a 
viewer is not able to suspend disbelief and look upon something as 
‘real’ then they will never truly engage with a film. Conversely, if 
they can view the action as real, then not only will the filmmaker 
be able to truly immerse them in the story, but may also elicit 
actual physiological and emotional responses along the way. The 
same is true for simulation. During high-fidelity simulation, can-
didates can become anxious and stressed, relieved when things 
go well, and frustrated even saddened when things go badly. The 
key is to be able to moderate these feelings to such an extent that 
learning can take place.

To help understand this there are a number of emotional mod-
els: Russell’s circumplex model of affect is an accessible and useful 
example (Figure 53.7).96 Studies have demonstrated that stim-
uli that create either an arousal or valence response can lead to 
increased memory retention.95 Valence in this respect refers to a 
scale of positive or negative feeling. For example, feeling happy 
has a positive valance response, whereas feeling excited would 
have both positive valance and arousal. High arousal states can 
be as damaging to effective learning as those in the low end of the 
spectrum, such as sleepiness or boredom. If candidates become 
overstimulated by a perceived excess of information, their atten-
tion and focus can become narrowed to the extent that they miss 
the relevant teaching points of the scenario. So the aim is to create 
realism in simulation that stimulates both arousal and a positive 
emotional response; to design simulation that will be challenging, 
but not to the extent that anxiety interferes with the educational 
objectives.

An interesting case study in this regard is the Managing 
Emergencies in Paediatric Anaesthesia (MEPA) course that is in 
widespread use in the United Kingdom and now taught in several 
centres around the world. The scenarios for MEPA are based on 
real events and, as occurred in real life, if a certain cue is missed 
in a scenario, the stress level will build as the simulated patient 
progressively deteriorates. This can be frustrating, even distress-
ing, for the candidate for whom the scenario is going badly. From 
the previous discussion it might be assumed that this situation 
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is less than ideal on a simulation course. However, the learning 
objectives of the scenario are to teach the cues for that particular 
adverse event, to localize the cause of the problem using a sys-
tematic method, and to warn of the dangers of task fixation in 

high-stress situations. Therefore, despite the poor outcome, the 
arousal and emotion has helped encode and consolidate the learn-
ing point. Nevertheless in the eyes of the candidate that outcome 
may be seen as a failure. As previously stated, professionals and 
high achievers can have great difficulty learning from failure. How 
then is it possible to address inevitable failures of judgement and 
action that will arise during simulation scenarios? This is achieved 
through debriefing.

The debrief is one of the most crucial aspects of simulation,76,97 
and as Kolb suggested, it is an integral part of the learning pro-
cess. There are some basic practical points to be borne in mind 
when considering how to debrief effectively. From a time alloca-
tion perspective, an effective and thorough debrief should run for 
approximately the same duration as the scenario itself. Ideally it 
should take place away from the area of simulation so that candi-
dates are not constantly distracted by the equipment and faculty 
setting up for the next group. From the instructor’s perspective, 
the aim of the debrief is firstly to understand the candidates’ 
perceptions of their own actions and then to understand their 
reasons for acting as they did, before facilitating a group under-
standing of how things can be done differently to achieve a dif-
ferent result.

This process is more complex than it sounds. Often when some-
one is asked their reasons for doing something, they will often 
respond with an ‘espoused’ theory.98 That is, they respond with 
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the theory that they think is the correct answer to the question 
rather than the ‘theory-in-use’, which is their underlying personal 
reason for their actions. For example, if an anaesthetic trainee is 
asked, ‘Why did you use an ultrasound machine to identify ves-
sels for central venous cannulation?’ they may respond ‘Using 
ultrasound for this purpose is associated with a reduced risk of 
inadvertent arterial cannulation’. Which is correct; but it is an 
espoused theory. The real reason may be that it is the only method 
they know for identifying the vessel location. To identify the 
theory-in-use is critical in order to understand the motivation 
of the candidates. Without an appreciation of a candidate’s moti-
vation, a debrief will be didactic and may never serve to change 
actions in real life.

In 2006, Jenny Rudolph et al. published a debriefing strategy 
they termed ‘debriefing with good judgment’.99 In essence, the 
instructor is advised to establish a genuine stance of curiosity in 
order to elicit the knowledge, assumptions, and feelings that drive 
the trainee’s actions. Following this disclosure the instructor is 
then able to reframe those feelings and generalize them, which 
opens up the discussion making it relevant for the entire group, 
before examining ways of addressing the misapprehensions and if 
necessary altering behaviour.

Video debriefing has a particular role to play in CRM or human 
factors training scenarios. Candidates’ perception of what hap-
pens in high-stress scenarios can differ significantly from that of 
the impartial observer. Video footage can illustrate this, some-
times quite spectacularly. For this, specialist equipment and a 
smooth information technology interface is required. Often there 
is insufficient time when debriefing to scroll through minutes of 
footage to find a particular incident. Despite the challenges, video 
debriefing has its enthusiasts.

Simulation as a teaching tool is the topic of various ‘Train the 
Trainers’ courses. Teaching theory, mannequin/equipment set-up 
and use, and lecture and debriefing skills are all covered to vary-
ing degrees. Such courses signal that the incorporation of educa-
tional theory into simulation design should now be considered a 
necessity for instructors.

Simulation as an assessment tool
Assessing healthcare providers
Assessments for healthcare providers are generally divided into 
summative and formative. Formative assessment is a self-reflective 
process that highlights an individual’s strengths and weaknesses, 
and in simulation typically involves direct observation followed 
by feedback. Summative assessment is a formal assessment of 
learning with a specific end point and includes exams, accredita-
tion, and revalidation.100 Fitness to practice based on simulation 
assessment is a developing field but to date it is not supported by 
the current state of simulation knowledge and simulation should 
not be used with this purpose outside of research.101

The current literature of simulation-based assessments describes 
two main types of scoring, those for explicit process (i.e. based on 
marking each aspect of a performance) and those for implicit pro-
cess (marking the process as a whole). Checklists are commonly 
used to assess explicit processes. Checklists denote the key actions 
that candidates should successfully accomplish in order to opti-
mally manage the patient. These actions are predetermined by an 
experienced practitioner and are usually supported by recognized 
guidelines. Checklists have several limitations. Any single action 
might have the same weight in the final score, which may not 
take into account that certain actions are more important than 
others. Secondly, there is not usually a sequential order in which 
to achieve the different actions, and thus appropriate prioritiza-
tion may not be rewarded. Finally, checklist scoring can prompt 
the candidate into quick-fire action in order to score as highly as 
possible.

Implicit process scoring is designed to grade the entire scenario 
in a holistic way, taking in to consideration many factors including 
non-technical skills. One of the advantages of this type of scoring 
is the freedom to make observations of overall performance and 
it is more appropriate for multidimensional complex scenarios.102

Studies comparing these two scoring modalities in simulation 
have found that they are equivalent in their ability to rank the 
ability of participants in simulation.103 The main advantages of 
checklists are their simplicity to mark and their reproducibility. 
In practice, a combination of assessing implicit and explicit pro-
cesses is used through a checklist of key actions, and global rating 
of non-technical skills in the different domains. This seems to be 
the strategy mostly used to assess participants in simulation.104

The use of assessment using simulation is developing rapidly. 
It is important that the assessment of a participant is reliable and 
reflects their capability in real clinical practice. Good candidates 
can be put off by simulation and perform below their abilities; 
some who are less able may actually do well in the simulation 
environment, especially as widespread use of simulation means 
candidates can be ‘primed’ from past experience during the same 
or similar scenarios. Before any summative assessment is put in 
place, rigorous quality assurance needs to be performed to ensure 
that its outcomes are valid.

Assessing healthcare systems
Simulation-based assessment of healthcare systems is probably 
best done through in situ simulation. This can unmask latent 
errors within systems, and allow assessment of the interactions 
between different areas of the hospital such as laboratories and 
other support services in real time and place.81
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More than half of the obstetric units in England and Wales con-
duct in situ simulation on a regular basis.105 There is evidence that 
drill training improves readiness and reaction times during emer-
gencies, and its frequent use can also improve the availability of 
equipment and drugs at the point of care.101

Setting up a simulation programme
The construction of an effective and enduring simulation pro-
gramme is rarely a simple and stress-free task. Frequently 
enthusiasm and good intentions are squandered, along with sig-
nificant amounts of work, on programmes that either peter out 
soon after conception or indeed never get past the design stage. 
Unfortunately there is little empirical evidence to serve as a road-
map to a successful programme. However, testimony from experi-
enced individuals involved in simulation around the world serves 
to outline the common pitfalls and obstacles encountered when 
putting a simulation programme together.

Firstly, be realistic with your aims. In a centre with no infra-
structure, constructing a unique, self-funding, international 
programme of simulation may take decades or may even not be 
possible. On the other hand, a local programme, tailored to address 
specific issues within your unit could be achievable in a reasonable 
time frame. If targeted correctly, it could become invaluable and 
serve as a stepping-stone to future simulation development.

Avoid simulation for simulation’s sake. Some individuals 
are simulation enthusiasts; some are not. Simulation is not the 
answer to all training needs. It is worthwhile remembering that 
a poorly constructed simulation can serve to worsen outcome. 
Expensive high-fidelity simulators are not always the best simula-
tors to teach a specific task. Nevertheless, any type of simulation 

often necessitates a considerable investment in man-hours if 
nothing else.

Achieving and maintaining that man-hour investment can 
make the difference between a short-lived venture and a sustain-
able training tool, so the importance of involving and encourag-
ing individuals who express enthusiasm for simulation cannot be 
overstated. If your institution has enthusiastic teachers and train-
ers, or if there is a local simulation centre, their involvement in the 
project can be invaluable. Conversely the inception of a simula-
tion programme is not the time to convert sceptics to your cause; 
their cynicism is only likely to increase as the inevitable faults of a 
naïve programme are uncovered.

Once these initial considerations have taken place it is time to 
commit to a repetitive cycle of course or scenario development 
(Figure 53.8). Each individual stage helps to ensure a robust final 
product.

Needs assessment
Your needs assessment might examine data from audit, critical 
incident reporting, feedback survey, or staff perceptions of inef-
ficiency. There are many different models of systematic needs 
assessment; however, the key with regards to simulation is to 
be able to target resources with the aim of beneficially affecting 
outcome.

Scenario/course design
The educational objectives will be determined by the needs assess-
ment. The scenario/course design must draw on the educational 
theory in order to achieve these objectives. When constructing 
scenarios it is useful to use a scenario proforma. Not only does 
this aid in the construction of the scenario but it also enables 
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Figure 53.8  The stages required to successfully set up a simulation programme.
Reproduced with permission from Dr. Peter Weinstock.
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immediate quantification of the diversity of faculty and equip-
ment required to run the scenario.

Source equipment/optimize fidelity
Equipment may be available from local simulation or education 
centre. You may be able to borrow from other departments. You 
may also need to be creative to achieve the desired level of fidelity. 
Some caveats need to be remembered when sourcing equipment. 
If ward stock is used it must be documented and replaced so as 
not to leave clinical areas short of equipment. Similarly, particu-
larly when using point-of-care simulation, a robust system must 
be in place to ensure simulation equipment is not confused with 
ward stock after the course has run, with potentially catastrophic 
consequences.

Attention must be paid to sources of danger in simulation as in 
real life. Sharps and drugs must be safely disposed of, defibrilla-
tors and other electrical devices must be managed appropriately. 
Also the use of cadaveric products should be carefully considered; 
cultural and religious objections should be borne in mind.

Pilot the scenario/course
Test runs are important to iron out unanticipated glitches in 
the running of the course. These teething problems would oth-
erwise have the ability to seriously detract from the course’s 
educational value.

Refine and focus the scenario/course
Following the pilot stage there may be areas that require redesign 
or elements that clearly need addressing. These should be imple-
mented prior to launching the course.

Prepare pre-course material
The type and scope of pre-course material will depend on vari-
ous factors including the educational objectives of the course, 
time constraints for delivering the course, whether the scenarios 
are to form part of an assessment, and the ratios of human fac-
tors to skills and/or knowledge training involved in the course. 
Resuscitation courses now employ a large degree of online learn-
ing and formative assessment to be completed prior to attendance 
on their courses. This strategy has the advantage of allowing can-
didates to learn in their own time but crucially aims to ensure that 
candidates reach a baseline level of knowledge prior to participa-
tion. This sort of approach can be important for courses designed 
primarily to test knowledge and its application. Courses designed 
to test systems or involve a greater degree of human factors train-
ing might benefit from less detailed pre-course material.

Advertise/publicize the course
Intrapartum update simulations have been shown to improve out-
comes106 but to achieve this they are run at least yearly and have 
100% participation. If you wish to attract candidates from out-
side of your unit you will need to publicize your course. In order 
for that publicity to be successful your own needs assessment will 
have to be in line with the needs of the potential candidate.

Implement the scenario/course
The faculty for early versions of the course is likely to comprise pri-
marily of the development team. As the course evolves, it becomes 

increasingly important to develop flexible and motivated faculty 
members to help with the running and further development of 
the course. This faculty may be previous candidates on the course 
or staff with an interest in simulation and training. Either way, 
encouraging the involvement of new faculty will allow the course 
to be sustainable. Numerous ‘Train the Trainers’ courses are avail-
able to ensure that faculty is appropriately trained for the various 
simulation modalities that may be needed, and to ensure that they 
can deliver the sessions and the feedback in a standardized way.

Feedback
Feedback from candidates and faculty is important to ascertain 
which parts of the course/scenarios are working and which need 
to be changed. This is also an appropriate stage to review which 
bits of simulation equipment require servicing or replacement.

Assess the interventional outcome
There is precious little data on the ability of simulation training to 
change patient outcome. You should aim to demonstrate that the 
simulation course fulfils the original needs assessment. To facili-
tate this process establishing an audit trail alongside the training 
programme would be appropriate.

The process is cyclical. As the needs of training evolve, so does 
the course. As the course evolves, so does the course material and 
the faculty.

The key elements of successful simulation
Whilst ‘success’ in simulation may be described in many ways, 
the intended outcome of most medical simulation is to improve 
patient outcomes. The other key component is a consistent dem-
onstration of improved learning.

Educational outcomes
Issenberg, McGaghie, and their colleagues have examined the out-
comes of simulation-based medical education from 1969 onwards, 
through a systematic review of the published literature.76,97 They 
have identified key features and best practices that are found in 
papers that given rise to effective learning. Those from their latest 
work, which covers 2003–2009, are summarized in Table 53.1.107

Patient outcomes
Given that improving patients’ outcomes is the primary aim of 
most medical simulation, it may seem surprising that there is a 
paucity of data to support the translation of simulation train-
ing into better clinical results.14 Much of the published evidence 
demonstrates that simulation training improves performance in 
future simulations. Does this mean that clinical performance will 
also improve? And why are there so few data?

Part of the difficulty is that simulation is often geared to pre-
pare for rare emergencies. Rare and unpredictable emergencies 
are challenging to monitor and capture, their outcomes are often 
hard to neatly encapsulate, and to ascribe a causal relationship 
between the clinical outcome and the training can be tenuous. 
Randomized controlled studies, the highest level of evidence, are 
difficult to perform in this setting and would likely require multi-
centre collaboration. Much of the evidence we do have comes from 
retrospective studies, and even here the discovery of improved 
patient outcomes has sometimes been fortuitous. However, there 
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are a number of studies where simulation training has been shown 
to improve patient outcomes (Table 53.2).

With regard to obstetrics, eight key components are shared by 
all the hospitals in which obstetric training has yielded improved 
patient outcomes. These are summarized in Box 53.1.

It is challenging to identify the elements of training pro-
grammes that give rise to the best outcomes. This is especially true 

in simulation, where ‘success’ can be difficult to quantify, and the 
clinical denominator is often relatively low. No one can be cer-
tain precisely what is required in the ideal simulation recipe, nor 
in what quantities, nor how much ‘cooking’ is required, and how 
often. Using the above components is a good start, but more data 
needs to be collected about which training leads to improved out-
comes in the real world.

Gaba has rightly argued that ‘no industry in which human lives 
depend on the skilled performance of responsible operators has 
waited for unequivocal proof of the benefits of simulation before 
embracing it. In my opinion, neither should anesthesiology’.111 
However, unless more irrefutable evidence of real-world benefit is 
collected, there is a limit to how long we can continue to argue for 
the investments of manpower, time, and money that good quality 
simulation requires. Simulation in obstetrics and obstetric anaes-
thesia probably does save lives; those working in the specialty 
instinctively believe it, but there is also a need to produce high 
quality data in order to prove it.
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Table 53.1  Features and best practice for effective learning 
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Feature Relevance

Feedback given The most valuable component for 
learning

Deliberate practice (expert-level 
learning)

Continuously challenges learners

Integrated into the whole curriculum Complements other education

Outcomes measured Required for valid research

Simulation fidelity appropriate Technology should be matched to the 
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Skill acquisition and maintenance Repetition is needed to ensure the 
learning lasts
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Team training In addition to clinical tasks

High-stakes testing Simulation for summative assessment 
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Instructor training Ability to facilitate is not innate

Set in the learner’s educational and 
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Should be relevant to the leaner’s 
needs
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Clinical improvement Type of training
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Reduction in brachial plexus injury after 
shoulder dystocia16

In situ multidisciplinary team 
training

Reduction in hypoxic-ischaemic

encephalopathy in infants15

In situ multidisciplinary team 
training

Safer insertion of central venous 
catheters108

Part-task training with 
screen-based teaching

Reduced catheter-related bloodstream

infections from central venous catheters109

Part-task training with 
screen-based teaching

Reduction in complications during eye 
surgery110

Part-task training and structured 
curriculum

Data from various sources (see references).

Box 53.1  The components shared by hospitals with obstetric 
simulation programmes that have led to improved patient 
outcomes

◆	 Institution-level incentives to training
◆	 Relevant, in situ training
◆	 Non-threatening assessment
◆	 100% penetration: train the entire workforce
◆	 Train in multiprofessional teams
◆	 Clinical training and teamwork training combined
◆	 Realistic tools (high fidelity rather than high technology)
◆	 Self-directed infrastructural change:  local solutions to 

national problems.

Data from Siassakos D et al., The active components of effective training 
in obstetric emergencies, BJOG: An International Journal of Obstetrics and 
Gynaecology, Volume 116, Issue 8, pp. 1028–1032, Copyright © 2009 Jon 
Wiley & Sons
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CHAPTER 54

Ultrasound
Sudhir Immani and John Loughrey

Introduction
The use of ultrasound in medical practice was first reported in 
the 1950s with one of the first descriptions of its use in clinical 
anaesthesia practice dating back to the late 1970s.1 A number of 
reviews have recommended its usefulness in anaesthesia.2–4 The 
most obvious and current application for ultrasound for obstet-
ric anaesthetists is in the improvement of the safety, quality, 
and success of neuraxial anaesthesia. The description of current 
technique comprises the main content of this chapter. Cork and 
Currie both published initial reports of ultrasound application 
for pre-neuraxial block landmark assessment in obstetric popula-
tions in the 1980s.5,6 However, there remains a relative paucity of 
good data charting the developing utility of ultrasound in obstet-
ric anaesthesia practice and many published studies are from a 
small number of enthusiasts (Table 54.1). In fact, to date there 
is only one meta-analysis on benefits of ultrasound-guided neu-
raxial procedures.7

There are other applications of ultrasound in obstetric anaes-
thesia practice including vascular access, cardiac assessment, and 
possibly even gastric volume assessment.

Neuraxial blockade equipment
From the technical perspective, spinal ultrasound imaging is 
difficult, as the area of interest is protected by bone. As the ultra-
sound beam does not pass through bone very well, the acoustic 
window towards the area of interest is relatively narrow. Bony 
surfaces ref lect most of the waves back so structures beyond 
bone are not ‘seen’ with ultrasound and a black/grey area is 
observed behind a thick white line on the image screen. High-
frequency transducers produce high-resolution images but 
with poor tissue depth penetration as more sound is absorbed. 
Low-frequency transducers have greater tissue penetration 
but resolution is poorer. Most anaesthetists use a linear high-
frequency ultrasound probe for superficial vascular access and 
brachial plexus anaesthesia. However, these probes are gener-
ally insufficient for neuraxial imaging. A curved or curvilinear 
array low-frequency (2–5 MHZ) probe provides depth penetra-
tion required for imaging the Ligamentum f lavum(LF)–Dural 
(D)complex with some compromise on image quality. Linear 
probes can be programmed to utilize lower-frequency ultra-
sound, but usually down to a limit of 5–7 MHz.

Basic vertebral anatomy
A review of the anatomy of the lumbar spine is worthwhile before 
highlighting the sonoanatomy of the spine.

A typical vertebra can be divided into two parts (Figure 54.1): the 
body and the arch. The vertebral arch is made up of the following 
elements: pedicles, laminae, transverse processes, spinous process, 
and the superior and inferior articular processes8 (Figure 54.1).

The vertebrae articulate at the facet joints (zygapophyseal joints) 
between the superior and inferior articular processes and at the 
intervertebral discs between vertebral bodies. The posterior longi-
tudinal ligament runs along the length of the anterior wall of the 
vertebral canal.

The LF is a dense connective tissue ligament that bridges the 
interlaminar spaces. It is arch-like in cross-section and is thick-
est in the midline. The LF attaches to the anterior surface of the 
lamina above but splits to attach to both the posterior surface 
(superficial component) and anterior surface (deep component) of 
the lamina below. The spinous processes are connected at their 
tips by the supraspinous ligament, which is a strong fibrous cord, 
and along their length by the interspinous ligament, which is thin 
and membranous.

Within the vertebral canal lie the thecal sac (formed by the dura 
mater and arachnoid mater) and its contents (spinal cord, cauda 
equina, and cerebrospinal fluid). The epidural space is the space 
within the vertebral canal but outside the thecal sac.

The anatomy of the epidural space is more complex than is fre-
quently conceptually visualized by practitioners.9 It is divided 
into anterior, lateral, and posterior epidural spaces with respect 
to the thecal sac, with the posterior epidural space being of most 
interest in neuraxial blockade.

The posterior epidural space is not continuous. Instead, it is seg-
mented into a series of fat-filled compartments in the interlaminar 
areas. The lateral epidural spaces are located at the level of each 
intervertebral foramen and contain spinal nerves, radicular ves-
sels, and fat. The primary structure of importance in the anterior 
epidural space is the internal vertebral venous plexus.

The lumbar spine
The posterior surface of the laminae of the five lumbar vertebrae 
slopes in an anterosuperior direction (Figure 54.2). The spinous 
processes are broad and flat in the vertical dimension and project 
posteriorly, with only a slight inferior angulation.

 

 

 

 

 

 



Table 54.1  Clinical studies assessing the utility of ultrasound relevant to the obstetric population

Study design Methods Findings

Sahota et al.26 Observational Labouring women

n = 60, BMI > 30

Ultrasound depth measured both in PSO and 
TM plane

Another anaesthetist measured actual needle 
depth—midline approach

The ultrasound estimate in the PSO and TM planes, and the actual 
needle depth were 6.5 (1.2) cm, 6.5 (1.1) cm, and 6.6 (1.3) cm, 
respectively

A mean difference of 0.05 cm and 95% limits of agreement of ±1 cm

Good quality of images in TM plane were 68.3% where as in PSO 
plane were 86.7%

Average BMI 39.6

Arzola et al.28 Observational Labouring women

(N = 61)

Pre-puncture ultrasound in all

Successful identification of epidural space at pre-marked insertion 
point in 91.8%

Agreement between ultrasound and needle depth statistically 
significant. 95% limits of agreement were –0.666 to 0.687 cm. 
Average BMI 29.7 ± 4.8. Mean needle depth to epidural space was 
4.65 ± 0.72 cm

Balki et al.16 Observational Labouring women with BMI >30 (N = 46)

Pre-puncture ultrasound depth measured with 
anaesthetist performing blinded

76% epidural placement at first attempt. 95% interval correlation 
between ultrasound and needle depth 1.3 to −0.7 cm

Mean needle depth to epidural space was 6.6 ± 1.0 cm

Currie6 Observational Labouring women

(N = 75)

High degree of correlation between ultrasound measurements and 
subsequent depth of insertion of needle

Grau T25 Randomized Labouring women (N = 300)

Pre-puncture ultrasound vs control

All epidurals performed by a single anaesthetist

Number of puncture attempts: ultrasound 1.3 ± 0.6 vs control 2.2 ± 
1.1 (P < 0.013)

Effective analgesia: ultrasound 98% vs control 92% (P < 0.03)

Grau et al.26 Randomized Labouring women with poorly palpable bony 
landmarks (N = 72)

Number of puncture attempts: ultrasound 1.5 ± 0.9 vs control 2.6 ± 
1.4 (P < 0.001)

Epidural failure: ultrasound 0% vs control 5.5% (P > 0.05)

Grau et al.20 Randomized Women scheduled for Caesarean. 3 groups

(N = 30)

Pre-puncture ultrasound vs real-time ultrasound 
vs control

Significant reduction in the number of attempts in both ultrasound 
groups (P = 0.036)

Grau et al.59 Observational Labouring women cohort with 9-month 
follow-up assessment

(N = 53)

In labour, soft-tissue channel between the spinal processes was 
narrower and skin–epidural space distance was greater in labour

Grau et al.60 Observational Labouring women

(N = 100)

Strong correlation between distances measured by ultrasound and 
needle puncture

Grau et al.27 Randomized Labouring women

(N = 120)

Assessment of ultrasound as teaching aid 
for residents performing first epidurals with 
pre-puncture ultrasound vs control.

Ultrasound group started with 86% ± 15% success rate and 
increased to 94% after 50 epidural insertions

Control group started at 60% ± 16% and increased to 84% after 50 
epidural insertions (P < 0.001)

Lee et al.38 Randomized Postpartum women with previous dural 
puncture (N = 36)

Higher incidence of abnormal ligamentum flavum anatomy in dural 
puncture group (P < 0.0001). Sonographers were not blinded

Schlotterbeck et al.32 Observational Postpartum women

Accuracy of documented interspace assessment 
using ultrasound (N = 99)

Correct identification of puncture level in only 36.4%

Wallace et al.29 Observational Obese women for caesarean

(N = 36)

Pre-puncture assessment

Successful anaesthesia in all patients and correlation between 
ultrasound assessment and needle depth. No control group was 
used

Shaikh et al.7 Meta-analysis Randomized control trial = 14 (N = 1334)

Obstetric studies = 7

Lumbar puncture = 5 studies

Epidural catheterization = 9 studies

Ultrasound imaging decreased number of failed procedures (risk 
ratio (RR) = 0.21), traumatic procedures (RR = 0.27), insertion 
attempts (mean difference(MD) = −0.44), needle redirections 
(MD = −1.00)

Data from various sources (see references).
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Thus, accessing the vertebral canal in the midline via the inter-
spinous and interlaminar spaces is relatively easy, with the inter-
laminar (paramedian) aperture being the larger. These spaces are 
further enlarged by forward flexion.10 The transverse processes 
arise anterior to the articular processes and project posterolaterally; 
the L3 transverse process is characteristically the longest.8 The facet 
joints and transverse processes lie in approximately the same trans-
verse plane as the interlaminar space, and the inferior edge of the 
spinous process overlies the widest part of the interlaminar space.

The LF arches over the interlaminar space; deep to it lies the 
fat-filled compartment of the posterior epidural space. The poste-
rior epidural space has a triangular cross-section (typically 7 mm 
deep in the midline anteroposterior dimension) in the lumbar 
region and narrows away to a virtual space anterior to the lami-
nae.10. Within the thecal sac, the conus medullaris in the adult is 

most often located at the level of the first lumbar (L1) vertebral 
body; however, its location in any individual patient follows a nor-
mal distribution and may range from the middle of the 12th tho-
racic (T12) vertebra to the upper third of L3.11

The conus medullaris gives rise to the cauda equina and filum 
terminale. The thecal sac typically ends at the midpoint of the sec-
ond sacral vertebra (S2), although in the individual patient this 
can range from the upper border of S1 to the lower border of S4.12

Sonographic assessment of the lumbar spine
Lumbar spine ultrasound scanning can be done either as a:
◆	 ‘pre-puncture’ procedure to demarcate the landmarks or with
◆	 ‘real-time’ scanning to provide dynamic images during epi-

dural placement.

Spinous process

Spinous process

Lamina

(A)

(B)

Superior articular process

Superior articular process

Inferior articular process

Inferior articular process

Pedicle

Pedicle

Vertebral body

Vertebral body

Spinal canal

Transverse process

Transverse process

Figure 54.1  Lumbar vertebra.
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Currently, the ‘pre-puncture’ method is the most widely prac-
tised, as it is relatively simple and easy to perform and provides 
clinically reliable information.13 It is important to ensure that the 
scanning is performed with the patient in the same position as for 
the needle placement. The following information can be obtained 
during pre-puncture ultrasound scanning:
◆	 The correct level of the interlaminar space
◆	 The midline of the bony spine
◆	 The skin puncture point corresponding to a good starting 

approach point for a needle
◆	 The angle for needle insertion
◆	 The depth to the epidural space
◆	 The potentially difficult or variant anatomy.

Preparation for scanning
During pre-procedure scanning of the lumbar spine, patients 
should be placed in the position in which the block is to be per-
formed. An initial screen depth setting of 7–8 cm for a normal size 
patient or 9–11 cm for patients with higher body mass should be 
set as appropriate. The depth, focus, and gain settings of the ultra-
sound machine should be adjusted as needed during the scanning 
process to produce an optimal image.

There are two basic orientations of the ultrasound probe 
and beam:

1.	 Paramedian sagittal oblique (PSO) plane , when the beam is 
oriented in the sagittal plane of the spine lateral to the median 

(midline) sagittal plane with a slight tilt towards the median 
plane (Figure 54.3)

2.	 Transverse median (TM) plane, when the beam is orientated 
parallel to the transverse or horizontal plane (Figure 54.4).

Paramedian sagittal oblique views
Identifying the sacrum
There are two ways of reaching the desired interlaminar 
space: identifying the level by noting the thoracic level above (by 
finding the 12th rib) and then counting caudally to the desired 
level; alternately the sacrum can be identified from below. The 
horizontal white hyperechoic line found 2–3 cm lateral to the mid-
line in the PSO plane is the upper border of sacrum (Figure 54.5).

Counting the interlaminar spaces
Once the upper border of sacrum is identified, the probe should 
be advanced in the cephalad direction in the same PSO plane. The 
first indentation or ‘dip’ of the hyperechoic white line usually is 
the L5–S1 interlaminar space.

This image is then followed by a ‘saw-tooth’ pattern (Figure 54.6) 
wherein the teeth of the saw represent the lamina interrupted by 
interspaces. Hence the next dip after the L5–S1 interlaminar space 
is the L4–5 interlaminar space and so on. If the probe is over the 
midline, the spinous processes are observed instead of laminae. 
These appear more superficial and rounded than laminae and are 
more difficult to use when assessing the correct interspace.

Selecting the ideal interlaminar space
Once the interlaminar space count is established, the 
preferred level below L2 is chosen based on the ease of 

Posterior longitudinal
Ligament

Ligamentum flavum

Interspinous ligament

Supraspinous ligament

Skin Intervertebral disc

Vetebral body

Anterior longitudinal
ligament

Posterior Anterior

Figure 54.2  Lumbar spine.
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visualization of certain structures. These structures are seen as 
two parallel (dorsal and ventral) hyperechoic lines (an ‘equal’ 
sign—Figure 54.7).

The dorsal line is of more significance to the anaesthetist and 
consists of the LF–dura mater (D)  (posterior complex). These 
two structures are generally seen as one line but in certain 
patients with a better acoustic window, they can be seen split 
into two hyperechoic lines with the hypoechoic epidural space 
in between them.

The ventral line consists of three structures namely ventral 
dura, posterior longitudinal ligament, and vertebral body (ante-
rior complex). Clear visibility of the anterior complex predicts 
an easy neuraxial placement compared with partial or no vis-
ibility, which is associated with difficult spinal or epidural 
anaesthesia.14

Ideally, the interlaminar space with both lines visualized should 
be considered for neuraxial anaesthesia, but even if only the ven-
tral line is visible the chances of success are still high.14 The depth 
of LF–D from skin can be measured here and should be noted, but 
it is also accurately measured in the TM view.

Marking the selected interlaminar space
Once the interlaminar space is selected, it has to be carefully 
marked. The middle of the probe corresponds to the midpoint 
of the image on screen. Fixed markings on the probe help here 
and smaller probes in future would reduce inaccurate marking. 
Stabilize the probe with one hand and with the other hand mark 
the midpoint of the probe and draw a horizontal line lateral to it 
(Figure 54.8). This marking is essential because when the probe 
is shifted to the TM approach, it is very easy for it to drift over a 
space above or below.

Transverse midline views
Once the interlaminar space is chosen and marked, the ultra-
sound probe is rotated by 90° to lie on the same interlaminar space 
horizontally.

Pattern recognition in TM plane
In this plane we see the structures classically described as the ‘fly-
ing bat’. This pattern recognition is of key importance as the point 

(A) (B)

Figure 54.4  (A) Ultrasound probe orientation in transverse median plane (TM PLANE) (B) Utrasound probe orientation in transverse median plane (TM PLANE )—
Lateral view in relation to Spine.
(B) This figure was published in Anesthesiology Clinics, Volume 26, Jose Carlos Almeida Carvalho, Ultrasound-Facilitated Epidurals and Spinals in Obstetrics, pp. 145–158, Copyright (2008).

(A) (B)

Figure 54.3  (A) Ultrasound probe orientation in paramedian saggital oblique position (PSO plane) (B) Ultrasound probe orientation in PSO plane in relation to spine.
(B) This figure was published in Anesthesiology Clinics, Volume 26, Jose Carlos Almeida Carvalho, Ultrasound-Facilitated Epidurals and Spinals in Obstetrics, pp. 145–158, Copyright (2008).
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of needle entry is based on this. The structures that can be visual-
ized in this plane include the LF–D (posterior complex), the ven-
tral dura/posterior longitudinal ligament/vertebral body (anterior 
complex), the articular processes comprising facet joints, and the 
transverse processes (Figure 54.9).

The posterior complex and the anterior complex can be visu-
alized as midline structures, which also produce a hyperechoic 
‘equal’ (=) sign in the middle of the interspace. The articular pro-
cesses and transverse processes appear as the bilateral symmetric 
hyperechoic structures in a more lateral position.15 The transverse 
processes appear as the lateral elongations of the LF–D unit reflec-
tions and are not seen well in thin patients where the curved probe 
loses contact with the skin.

Marking the midline
In the TM plane, as the transducer is moved cephalad or cau-
dad to the interspace, the upper or lower spinous processes can be 

visualized. Hence, the midline of the spine can be identified as cor-
responding to the spinous processes, which produces a hyperechoic 
signal below the skin with a hypoechoic triangular shadow under-
neath (Figure 54.10).

Thus, scanning in this plane can determine both the midline of 
the spine and the middle of the interspace. In obese parturients 
this may be the only discernible bony structure, which helps with 
identifying the true midline when this is not palpable.

Estimating the depth of dura (skin to LF–D distance)
Once the best image of the interspace structures or the ‘=’ sign is 
captured in the TM plane, the image is frozen on the screen. With 
the aid of a built-in caliper on the ultrasound machine, the depth to 
the epidural space can be measured as the distance from the skin to 
the ventral border of the LF–D complex (Figure 54.11). It is advis-
able to measure the depth in the TM plane and to confirm the meas-
urement with scanning in the PSO plane. It should be noted that the 
depth to the epidural space continues to increase as we scan down 

Figure 54.5  Ultraound view of Sacrum in Paramedian saggital oblique view 
(PSO plane).

Figure 54.6  Sawtooth pattern.

Figure 54.7  The ‘equal’ sign comprising the ligamentum flavum and the anterior 
border of the vertebral body.
This figure was published in Anesthesiology Clinics, Volume 26, Jose Carlos Almeida Carvalho, 
Ultrasound-Facilitated Epidurals and Spinals in Obstetrics, pp. 145–158, Copyright (2008).

Figure 54.8  Marking the interlaminar space.
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the lumbar intervertebral spaces. The information obtained from 
both the PSO and TM planes can complement each other. It has 
been suggested that measuring the anteroposterior diameter of the 
dural sac may provide information regarding dose requirements.

The compression of the skin from ultrasound probe should be taken 
into account while measuring the depth, and generally in a normal 
pregnant patient would account for 0.5 cm,16 but in obese patients 
depth measurement to the epidural space may be less accurate.
Noting the angle of ultrasound probe
In addition to marking the insertion point, the angle of the 
transducer providing the best image of the interspace structures 
must be replicated by the needle trajectory. If the beam can pass 
through to the thecal sac, the needle will make its way through 
the same passage to the target if on the same trajectory and plane.

Marking the point of entry
With the transducer kept still, and making sure that the hyper-
echoic ‘=’ sign is visualized, the skin is marked at the centre of both 
the upper and the lateral aspects of the transducer. The transducer 
is then removed, and lines are drawn to connect these marks. The 
insertion point is determined by the intersection of these two lines 
(Figure 54.12).

In this manner, the insertion point for both the midline and 
the paramedian punctures can be determined by scanning in the 
transverse and the paramedian sagittal planes, respectively. The 
needle insertion point is marked by indenting the skin as antisep-
tics will erase the marker. Since midline punctures are commonly 
performed in the obstetric population, a transverse approach is 
preferred to determine the insertion point.

Figure 54.9  Flying bat pattern. The ears of the ‘bat’ comprise the articular processes comprising facet joints and the ‘head’ of the bat comprises the ligamentum 
flavum/dura line.

Figure 54.10  Spinous process.
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Variant sonoanatomy
Certain patients with abnormal sonoanatomy, patients with mor-
bid obesity, scoliosis, and spinal instrumentation, may pose a con-
siderable challenge for the placement of neuraxial anaesthesia. 
Pre-procedural ultrasound in these patients can help us to deter-
mine the presence of anatomy amenable to neuraxial anaesthe-
sia and to choose the best intervertebral space or avoid a difficult 
intervertebral space.

In obese patients, subcutaneous fat makes it difficult to palpate 
the landmarks and hence ultrasound can be utilized to mark the 
midline of the intervertebral space and the appropriate interverte-
bral level is marked best in the PSO plane. Care should be taken not 
to compress the ultrasound probe too hard on to the skin as it can 
underestimate the depth to the LF–D complex. In most patients, 
the depth to the dura is less than 8 cm. If the ultrasound predicts 
a depth of more than 8 cm a long needle may be selected for these 
patients.16

In patients with scoliosis, there is variable degree of axial rota-
tion of the vertebral bodies and angulation of spinous processes. 
The sonographic image in these patients can reveal the location 
of the spinous process lateral to the virtual midline of the patient, 
asymmetry of the articular and transverse processes, and discon-
tinuous LF in the TM plane (Figure 54.13 and Figure 54.14).

In such situations, several interspaces should be scanned, and 
the interspace with normal sonoanatomy and continuous LF 
should be chosen for the neuraxial block.17

In patients with spinal instrumentation, ultrasound can help in 
determining the intervertebral space with preserved anatomy and 
thus neuraxial anaesthesia can still be contemplated in this group 
of patients.18

Learning curve
A great deal of training is required before one can be efficient in 
ultrasound-guided spinal and epidural anaesthesia. Margarido 
et  al.19 have shown that even after attending lectures and 

workshops, novices requires more than 20 attempts to master criti-
cal tasks necessary for locating accurate ultrasound landmarks. 
Common flaws included missing the L5–S1 space, not marking 
the skin meticulously, and inadvertently sliding the transducer to a 
lower segment while marking the skin insertion point. Thus, ultra-
sound should not be reserved for technically difficult cases because 
it requires experience in routine cases with easily identified pal-
pable landmarks before it can be used effectively in difficult cases.

Real-time scanning
Real-time ultrasound scanning can be performed as an out-of-
plane technique by scanning in the PSO approach and insert-
ing the epidural needle in the midline or as part of an in-plane 
technique.20,21 The obvious limitations of this technique include 
poor demarcation of individual structures, such as the LF and D, 
and the need for an assistant to perform scanning if an epidural 
with loss-of-resistance is used. An operator has to revert to stand-
ard blind loss-of-resistance using both hands when the needle is 
sent on a satisfactory path. However, the utilization of epidural 
syringes with an auto detect loss-of-resistance function may facil-
itate a single skilled operator in performing ultrasound-guided 
epidural placement.22 A single operator combined spinal–epidural 
technique has been described in a case series which involves a 
modification of the ultrasound transducer with biopsy bracket 
and needle guide using geometrical principles.23 A  GPS nee-
dle tracking system is also described, which allows the operator 
to make adjustments to needle trajectory during advancement, 
which ensures greater precision in reaching the target.24 At pre-
sent, the role of neuraxial real-time ultrasonography is clinically 
restricted and advances in the transducer design and technology 
are required to establish its clinical relevance.

Efficacy of ultrasound-guided procedures
A 2013 meta-analysis7 has shown that ultrasound imaging 
can reduce the risk of failed lumbar punctures and epidural 

Figure 54.11  (A) Depth, PSO plane. (B) Depth, TM plane.
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catheterizations as well as reduce the risk of traumatic procedures 
and the number of needle insertions and redirections.

Grau et al. demonstrated that ultrasound guidance improved the 
success of blocks, minimized the complication rate, and improved 
overall patient satisfaction when compared with the conventional 

palpationmethod.20,25–27 Such benefits were also demonstrated in 
many other studies.28–30

The inaccuracy of clinical palpation to confirm an interverte-
bral level is well documented, as have the risks of an inadvert-
ently high intervertebral space selection for spinal anaesthesia.31 
Ultrasound imaging has been shown to be superior to palpation in 
correctly identifying lumbar intervertebral level, with traditional 
landmark palpation techniques erring to select a higher level than 
was intended or recorded in up to 50% ofcases.32,33 As ultrasound 
equipment becomes more widely available, documentation of its 
use may become the accepted standard of care.

Several studies involving obstetric patients have shown an 
excellent correlation between the ultrasound-estimated depth 
to the epidural space and the actual needle depth. The expected 
depth to the epidural space can be predicted within a range of 
± 0.7 cm in non-obese parturients and ±1 cm in obese parturi-
ents with a 95% confidence interval.16,28 In obese parturients, 
the quality of image capture in the TM plane is generally inferior 
to the PSO plane and this requires excessive pressure form the 
ultrasound transducer which, in turn, can measure a false low 
value. The depth to epidural space can reasonably be estimated 
in the PSO plane and this corresponds well with the depth esti-
mated from the TM plane.34

Ultrasound guidance has also been used for placement of 
an epidural blood patch,35–37 and Lee et al. have suggested that 
pre-puncture imaging may identify defects in LF predisposing 
some parturients to unintended dural puncture at that inter-
space.38 In addition to reduced skin punctures and needle redirec-
tions, enhanced analgesic success of ultrasound-guided epidural 
placement has also been reported.38 Thecal sac anteroposterior 
diameter can be measured using ultrasound although a correlation 
between this and predicted height of spinal anaesthesia has not 
been demonstrated.39 The length of the lumbar spine determined 
by ultrasound, rather than the lumbar spine volume, combined 
with the weight or body mass index of the subject, is of particular 
value in predicting the intrathecal spread of local anaesthetic dur-
ing combined spinal–epidural analgesia for labour.40

Concerns regarding the potential for increased time required 
to site an epidural where ultrasound is utilized are overstated as 
ultrasound leads to fewer attempts at epidural space localization 
and is likely to reduce overall procedure time in patients with dif-
ficult anatomic landmarks.41

Clinical guidelines
On the basis of the available studies which included paediatric 
practice, in 2008 the UK National Institute for Clinical Excellence 
(now National Institute of Health and Care (NICE)) published 
a recommendation stating that ultrasound may be effective in 
achieving correct placement of epidural catheters.42 Reduced nee-
dling time enhances safety and the patient experience and this 
appears to be the main benefit of incorporating ultrasound assess-
ment into obstetric anaesthesia practice.

Vascular access
Ultrasound-guided central venous cannulation gained signifi-
cance following a meta-analysis by Randolph et  al. in 1996.43 
This showed a reduction in placement failure, decreased inci-
dence of multiple attempts, and decreased rate of complications 
with ultrasound-guided cannulation compared to standard 

(A)

(B)

(C)

Figure 54.12  Marking point of entry.
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landmark techniques. These results were confirmed by another 
meta-analysis in 2003 comparing the use of two-dimensional 
ultrasound guidance with an anatomical landmark technique.44 
Based on these and other studies, NICE recommended that 
two-dimensional ultrasound guidance should be considered in 
most clinical circumstances where central venous cannulation 
is indicated.45 Ultrasound-guided placement facilitates accurate 
central vascular access with more limited patient positioning for 
comfort. Ultrasound for central venous cannulation has proven 
to be most valuable in complicated cases, such as patients with 
coagulopathy, obese or hypovolaemic patients, those who can-
not tolerate recumbent position, or who have had multiple pre-
vious cannulations.46 For central venous catheterization, it has 
been shown that real-time ultrasound guidance is better than 
the pre-puncture imaging of anatomy.47 The common technique 
for ultrasound-assisted central vein cannulation is the short-axis 
out-of-plane view. In addition to central venous catheters, ultra-
sound guidance is increasingly used for peripheral venous cannu-
lation in patients with difficult venous access,48 and for insertion 
of arterial catheters for invasive blood pressure monitoring. 
This has obvious potential in obese parturients although central 
venous line insertion has become less common.

General anaesthesia
O’Sullivan et al. have published on effects of labour and opioids 
on gastric emptying and residual gastric volumes in parturients. 
Ultrasound-based technology in many of these studies was used 
to assess gastric volumes.49 Perlas et al. have shown that the gas-
tric antral cross-sectional area, as measured by ultrasonography 
correlates well with gastric volume and also can provide accurate 
qualitative information regarding gastric content type. Bedside 
ultrasonography could potentially become a clinically useful 
non-invasive tool to stratify perioperative aspiration risk.50 As 
skills among obstetric anaesthetists improve, the idea of using 
ultrasound technology to assess gastric volumes in a non-elective 
case outside a research setting is thought-provoking and may 
guide clinical decision-making with respect to anaesthesia 
technique.

Location of the cricoid cartilage for correct application of cri-
coid pressure during rapid sequence induction is traditionally 
performed by the landmark technique, but may also be identified 
using ultrasound. Ultrasound technology may useful to identify 
the cricothyroid membrane, which may lead to improved safety 
when considering percutaneous tracheal cannulation.51

(A) (B)

Figure 54.13  (A) Scoliosis. (B) Scoliosis—note the planes:

1. Midline plane: the spinous process is at an angle to midline
2. Plane of right articular process
3. Plane of left articular process plane
4. PLL–VB: visible only on the right side.

(A) (B)

Figure 54.14  (A) Normal vertebra. (B) Scoliosis.
This figure was published in Anesthesiology Clinics, Volume 26, Jose Carlos Almeida Carvalho, Ultrasound-Facilitated Epidurals and Spinals in Obstetrics, pp. 145–158, Copyright (2008).
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Cardiac evaluation
Transthoracic cardiac imaging is now feasible with the 
higher-resolution equipment now utilized in most centres for 
regional anaesthesia. Bedside ultrasound evaluation of the 
hypotensive parturient may help to differentiate non-invasively 
between hypovolaemia and other conditions such as cardiomyo-
pathy or pulmonary embolism.52

Acute and chronic pain control
There has been some interest in the literature in abdominal wall 
infiltration techniques for post-caesarean analgesia.53 Field blocks 
such as the transversus abdominis plane (TAP) block, may be per-
formed with enhanced accuracy using ultrasound. Although the 
block was originally described without ultrasound, using a land-
mark technique, complications such as peritoneal injection or 
haematoma are possible. The sonoanatomy of the muscle planes is 
more clearly defined in the area between the level of the anterior 
superior iliac crest, the subcostal margin and the umbilicus.54 The 
TAP block as originally described uses clinical landmarks at the 
mid-axillary line, above the iliac crest, at the lumbar triangle of 
Petit.55 However, the sonoanatomy, in terms of identifying muscle 
and fascial planes at this point are less clear. Performance of the 
block in a more anterior site with ultrasound may yield compara-
ble efficacy and studies are awaited. Though McMorrow et al.56 
have shown that TAP block using a landmark technique does 
not provide comparable analgesia or additional benefit to spinal 
morphine for post-caesarean analgesia, they have concluded that 
lack of ultrasound for their block could have erroneous place-
ment of the drug either too superficially or too deep (i.e. intra-
peritoneal) and further studies are warranted using ultrasound. 
Furthermore, it is likely that clinically useful catheter-based tech-
niques may demonstrate the most benefit in postoperative analge-
sia, rather than single-shot techniques. Nevertheless, ultrasound 
will undoubtedly have a role in the evolution and development of 
abdominal field anaesthesia for post-caesarean analgesia as part of 
a multimodal balanced analgesic plan.

Pelvic girdle pain syndromes, which involve pubic symphysis, 
sacroiliac, and coccygeal-related pain, are a relatively rare but disa-
bling constellation of syndromes which have been treated with 
local application of anaesthetic and steroid agents. Ultrasound may 
be used to avoid fluoroscopy and the risks of radiation to the fetus. 
Obturator nerve blockade, which has been described for chronic 
perineal pain syndromes, has been performed using ultrasound.57

Cost
The cost of purchasing high-resolution equipment with at least 
two different probes and accessories can be substantial and in the 
region of EUR 50,000. More basic ultrasound technology sufficient 
for central venous catheterization is less expensive and justified on 
safety grounds. Access to devices commonly used by obstetricians 
may be readily available in patient areas and with appropriate 
specification, be sufficient to explore initial neuraxial assessment. 
Ultrasound has been suggested as one area with improvement 
potential on future reductions in anaesthesia-related maternal 
mortality.58 A reduced potential for neuraxial injury from inad-
vertent high intervertebral space selection where spinal anaesthe-
sia is planned may justify more widespread use. Until more data 

are available of the benefits to high-risk parturients, the cost of the 
equipment will be the main barrier to wider implementation in 
addition to limited technical expertise.

Conclusion
Placement of epidural catheters or spinal needles is an area 
where widespread use of ultrasound will potentially become 
more commonplace. Ultrasound may become increasingly use-
ful in other invasive procedures such as vascular access and field 
blocks. The pace of development in portable ultrasound technol-
ogy brings new refinements to image quality and we can expect 
wider availability of ultrasound technology on our delivery 
suites and operating theatres and further innovations in clinical 
application.
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CHAPTER 55

International outreach
Gordon Yuill and Simon Millar

Maternal mortality and morbidity: a global 
problem
Maternal mortality
The tenth and current revision of the International Classification 
of Diseases, Injuries and Causes of Death (ICD-10) defines mater-
nal mortality as ‘the death of a woman while pregnant or within 
42  days of termination of pregnancy, from any cause related 
to or aggravated by the pregnancy or its management, but not 
from accidental or incidental causes’.2 Both the World Health 
Organization (WHO) and the Centre for Child and Maternal 
Health Enquiries (CMACE) further divide deaths into those that 
are directly related to pregnancy and conditions that are unique 
to pregnancy, and those that are indirectly related to pregnancy 
where an existing or developing disease is exacerbated by the 
pregnancy.

The maternal mortality ratio (MMR), the number of direct and 
indirect maternal deaths per 100,000 live births, is an often used 
health indicator when discussing national and global progress and 
comparisons (Figure 55.1). When the WHO determined that its 

Millennium Development Goal 5 (MDG 5) was to improve mater-
nal health, the headline target it chose was to reduce the MMR by 
three-quarters between 1990 and 2015. This may prove to be an 
ambitious objective, yet by 2010 there were an estimated 287,000 
deaths worldwide representing a MMR of 240 and a decline of 
47% from the 1990 levels (Figure 55.2).3 The difference between 
developing and developed regions is highlighted by a MMR that is 
15 times higher in the former (Figure 55.3). Even this is probably 
an underestimate in countries with poorly developed data collec-
tion and death registration systems.4

Beyond the Numbers is a WHO programme that encompasses 
a maternal mortality review tool kit.5 It encourages countries to 
review their maternal mortalities and offers a number of ways to 
do this allowing for varied logistical and financial circumstances. 
The longest running example of such a review is the Confidential 
Enquiries into Maternal Deaths in the United Kingdom, coordi-
nated by CMACE. The most recent of its eight triennial reports 
was published in 2011 reviewing the years 2006–2008,6 and 
calculated the MMR in the United Kingdom as 11.39 (95% 
confidence interval (CI) 10.09–12.86)/100,000 maternities. 
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Figure 55.1  (See colour figure section). Maternal mortality ratio per 100,000 live births, 2008.
Reprinted from The Lancet, Volume 375, number 9726, Margaret C Hogan et al., Maternal mortality for 181 countries, 1980–2008: a systematic analysis of progress towards Millennium 
Development Goal 5, pp. 1609–1623, Copyright (2010), with permission from Elsevier.
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Figure 55.2  (See colour figure section). Yearly rate of decline in maternal mortality ratio, 1990–2008.
Reprinted from The Lancet, Volume 375, number 9726, Margaret C Hogan et al., Maternal mortality for 181 countries, 1980–2008: a systematic analysis of progress towards Millennium 
Development Goal 5, pp. 1609–1623, Copyright (2010), with permission from Elsevier.
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Figure 55.3  Regional variation in maternal mortality ratio and number of maternal deaths.
Reprinted from The Lancet, Volume 368, number 9542, Ronsmans C, Graham W, Maternal survival 1. Maternal mortality: who, when, where and why, pp. 1189–1200, Copyright (2006), with permission 
from Elsevier. Data from WHO, UN Children’s Fund, UN Population Fund. Maternal mortality in 2000: estimates developed by WHO, UNICEF, UNFPA. Geneva: World Health Organization; 2004.
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This was a statistically significant decline from 13.95 (95% CI 
12.45–15.64)/100,000 reported in the previous triennium. By con-
trast, the WHO reported in 2010 that the MMR in sub-Saharan 
Africa was 500/100,000 live births.

Another way to qualify the disparity between countries is to 
look at the lifetime risk of maternal death, which estimates the 
probability of maternal death during a women’s reproductive life. 
In 2010, Save the Children quoted the lifetime risk in Afghanistan 
as 1/6, compared to 1/47,600 in Ireland.7

Such discrepancies between the developed and developing 
countries are alarming and have been cited as ‘the largest dis-
crepancy of all public-health statistics’.8 It is substantially greater 
than that for child or neonatal mortality, and some of the reasons 
behind it will be explored later in this chapter.

Causes of maternal death
The vast majority of maternal deaths occur around labour, deliv-
ery, and the immediate postpartum period, with a substantial 
number occurring in hospital.9 Such data as demonstrated in 
Figure 55.4 confirms that professional and trained care should 
be focused on this period. In 2006, a WHO systematic review of 
causes of maternal death found that direct causes accounted for 
most of the deaths, with haemorrhage, hypertensive diseases, and 
infections being the main causes (Figure 55.5).10 This is despite 
haemorrhage being described as the ‘ one major cause of maternal 
mortality in which women were dying needlessly for want of com-
mon skills that every midwife and practitioner should posses’.11 
Deaths due to unsafe abortion remain close to 13% of all maternal 
deaths, representing an actual number of 47,000.12 The WHO esti-
mates that 21.6 million unsafe abortions took place worldwide in 
2008, with almost all of them in developing countries.

Human immunodeficiency virus (HIV), malaria, tuberculosis, 
and hepatitis undoubtedly contribute to the indirect causes of 
maternal mortality, especially in sub-Saharan Africa. The sheer 
prevalence of such diseases and the associated lack of available 
testing, under-diagnosing, and under-reporting make it difficult 
to assess their importance as a cause of death. However, ‘in coun-
tries that are most severely affected by HIV the AIDS epidemic 
has thought to have reversed previous gains in maternal mortal-
ity’.9 In Uganda, the overall MMR is around 900/100,000 but is 
reported as 1300/100,000 in HIV-infected mothers.9

Although deaths from accidents, murders, or suicides are 
classed as incidental and excluded from maternal mortality sta-
tistics, there is evidence from India and Bangladesh that the preg-
nancy may have played a role.9

Where women die
Many of the worldwide maternal deaths occur in hospital and fall 
into one of three scenarios: they arrive in a moribund state too 
late to benefit from emergency care; they arrive with complica-
tions and could have been saved if they had received timely and 
effective interventions; and those that are admitted for normal 
delivery who subsequently develop serious complications (natu-
ral or iatrogenic) and die with or without receiving emergency 
care.9 The latter two scenarios raise concerns regarding the qual-
ity of hospital care. Numerous studies have shown that delays in 
recognition and treatment of life-threatening complications, as 
well as substandard practices, contribute directly to maternal 
deaths.13,14 In cases where women arrive in a moribund state, it 
is likely that problems exist with referrals between facilities, or 
there are community barriers to accessing care, such as physical, 
cultural, or financial.9,15
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Figure 55.4  Mortality during pregnancy and by time since end of pregnancy in Matlab, Bangladesh.
Reprinted from The Lancet, Volume 368, number 9542, Ronsmans C, Graham W, Maternal survival 1. Maternal mortality: who, when, where and why, pp. 1189–1200, Copyright (2006), with 
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Maternal morbidity
For every maternal death in the developing world, it is estimated 
that 30 women suffer morbidity during childbirth, such as chronic 
anaemia, infertility, stress incontinence, vaginal fistulae, chronic 
pelvic pain, emotional depression, and physical exhaustion.16

Reasons for differences between the developed 
and the developing world
The gap in the delivery of healthcare between the developed and 
developing nations is mainly caused by economic, geographical, 
sociobehavioural, cultural, and clinical factors.

Economic factors
Health planners face formidable challenges in the poorest coun-
tries. There are limited material and human resources, low gov-
ernment spending on health (often less than US$10/person/year), 
weak administrative and managerial support and a huge burden 

of disease.17 One of the main focuses of MDG 5 is to increase the 
number of deliveries that are attended by skilled health person-
nel. The regions with the highest maternal mortality, sub-Saharan 
Africa and Southern Asia, are also those with the lowest coverage 
of births by skilled health personnel. In developing regions over 
all, the proportion of deliveries attended by skilled health person-
nel rose from 55% in 1990 to 65% in 2010.18

Even if obstetric services are accessed they are severely lim-
ited. Most anaesthetics are provided by non-physicians, nurses, 
or unqualified personnel facing erratic electrical supplies, incon-
sistent oxygen delivery, paucity of drugs or equipment, and even 
lack of running water.17 The inadequate public spending on health 
has led to a poor quality of care characterized by long waiting 
times, lack of medication, and inappropriately trained staff. There 
is often an erosion of ethical values and professional conscience 
and a general culture of impunity. There are major problems with 
procurement, storage, and management. Corruption is increas-
ingly recognized as a consequence.19 Workforce issues such as 
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Figure 55.5  (See colour figure section). Maternal mortality ratios for 2000 by medical cause and world region.
Reprinted from The Lancet, Volume 368, number 9542, Ronsmans C, Graham W, Maternal survival 1. Maternal mortality: who, when, where and why, pp. 1189–1200, Copyright (2006), with permission 
from Elsevier. Data from WHO, UN Children’s Fund, UN Population Fund. Maternal mortality in 2000: estimates developed by WHO, UNICEF, UNFPA. Geneva: World Health Organization; 2004.
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emigration of skilled workers, absenteeism through illness, and 
migration away from the health sector due to poor working con-
ditions leads to a further burden on the healthcare system and 
economies of developing countries.20

Geographical factors
Although one might expect that differences in maternal mortality 
between world regions may be explained by economic growth, it is 
not that simple. Despite similar gross national incomes per head, 
Vietnam and Sri Lanka have achieved much lower MMRs than 
Yemen and Ivory Coast.9 Indeed, internal variations such as geo-
graphical, economic, and social factors, are not just confined to 
the developing world, and hence inequalities in the risk of mater-
nal death are found everywhere.

Differences in maternal mortality between urban and rural 
areas within poor countries are also substantial. In Egypt, the 
MMR was more than twice as high in the nomadic Frontier region 
than in the Metropolitan region (120 vs 48 deaths/100,000).21 In 
Afghanistan, the differences were even more striking, with mor-
tality being 418/100,000 in the capital city of Kabul compared 
with 6507/100,000 in the remote district of Ragh.22

Sociobehavioural and cultural factors
In addition to financial and physical access to obstetric services 
there are sociobehavioural and cultural factors. Such barriers 
include late recognition by women and families of the need to 
seek care that is either intentional or unintentional and trans-
portation difficulties in reaching hospitals.15 Most women 
labour in their houses for several days and go to hospital only 
as a last resort because delivery is considered ‘natural’, not as an 
‘illness’ requiring hospitalization. Unfortunately, death during 
labour or delivery may also be accepted as normal and inevi-
table.15 Additionally, a lack of health education and/or poor 
reputation of healthcare facilities leave many patients uncon-
vinced or frankly afraid of the value of modern obstetric man-
agement.15,23 A random questionnaire administered to a group 
of rural women in the Akosombo district of Ghana revealed 
that about 70% of women associated hospital confinement with 
severe discomfort, especially related to caesarean delivery.23 
Others have a natural disinclination towards caesarean deliv-
ery because their peer groups insult them openly if they have 
been unable to deliver vaginally, considered the ‘natural’ way.23 
A lack of support and privacy in the hospital is a factor keeping 
some away and women may associate surgery with mortality.15 
Furthermore, it is a status symbol to have large families and 
women believe that caesarean delivery will limit the number 
of children that they may bear.23 In some cultures, a pregnant 
woman with complications or a woman in labour cannot be 
taken to the hospital without the husband’s consent, further 
delaying care.15,23 These social issues, along with the physical 
impediments of travel to referral centres, put the lives of the 
mother and the fetus at risk.

Figure 55.6 shows the barriers to uptake of professional birth-
ing care faced by countries with marginal exclusion and those 
with massive deprivation. In both settings, all of these barriers 
play a part in coverage. The scarcity of providers, supportive 
infrastructure, and policies are the primary barriers for women 
in sites of massive deprivation; however, reluctance to use ser-
vices and poor quality care detract from use where services are 
available.24

Clinical factors
Anaesthetists are an integral part of the obstetric team in the 
United Kingdom, and participate in over 50% of parturients care.25 
Anaesthetists have knowledge of acute physiology and are skilled 
at fluid management, invasive monitoring, and the other aspects 
of critical care that are essential when dealing with a critically 
ill mother with obstetric haemorrhage, sepsis, and eclampsia. In 
the developing world, many women present with life-threatening 
complications and could be saved if the anaesthetic provider was 
skilled at recognizing the need for, and able to carry out, prompt 
and effective resuscitation.16

Most studies, however, identify the same issues—few medically 
qualified anaesthetists, lack of appropriate training and supervi-
sion for non-medical anaesthetists, limited monitoring of anaes-
thesia, and inadequate supplies of drugs and equipment, including 
blood for transfusion.26 The lack of trained anaesthetic person-
nel also seems to have an impact on caesarean delivery rates. The 
WHO may recommend a caesarean delivery rate of between 5% 
and 10%, but in reality it is often below 1% for the poorest popula-
tions, often in sub-Saharan Africa.27 In India, medical officers are 
discouraged from practising anaesthesia—there are few training 
positions, remuneration and working conditions are poor, and 
most doctors prefer to work in private practice in urban areas or 
migrate.28 Medical migration is also rife in sub-Saharan Africa. 
Currently in Uganda, for example, there are 14 physician anaes-
thetists in a population of 30 million—approximately 1 anaesthe-
tist per 2 million people.29 By comparison, in the United States, the 
ratio is 1/4000 and in the United Kingdom, 1/5000. Most Ugandan 
anaesthesia providers work in cities, in conditions that would 
still be considered austere by Western standards. Postgraduate 
training programmes in Uganda remain unfilled because of dif-
ficulty recruiting and funding trainees. In 2010, there were only 
12 anaesthesia residents in training although 47 positions were 
available.30 The annual cost of training is approximately US$3500, 
nearly ten times the estimated mean annual household income 
in Uganda.30 In neighbouring Kenya (population 32  million), 
there are 120 anaesthetists, but only 13 of these are employed in 
the public sector. The remainder work in private practice in the 
capital, Nairobi. There are several hundred surgeons at Kenyatta 
National Hospital, the national referral and teaching hospital, but 
only nine anaesthetists.30 Thus the vast majority of anaesthetics 
are administered by non-physician anaesthetic providers working 
alone, unsupervised, and often with limited training. This should 
be considered when reading some reports of worryingly high 
perioperative mortality rates for caesarean deliveries in Africa in 
the region of 1–2%.31–35 Most of these deaths were avoidable and 
one-third of deaths are directly attributable to anaesthesia, mainly 
due to airway problems. Another significant cause is the lack of 
access to blood transfusion.

As well as staffing concerns, health facilities are also woe-
fully lacking. Two surveys in Uganda showed that few facilities 
had running water, electricity, a functional operating theatre, or 
midwives. Also that only 23% of anaesthetists had the facilities 
to deliver safe anaesthesia to an adult having major surgery, 13% 
to deliver safe anaesthesia to a child, and 6% had the facilities to 
deliver safe anaesthesia to a mother undergoing caesarean deliv-
ery (spinal needles, blood for transfusion, oxytocic agents, anti-
hypertensive agents, or magnesium sulphate). Furthermore, ten 
anaesthetists were working without oxygen supplies.29,36
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Context

Massive deprivation

Major barriers to use of care

Only the richest escape
exclusion from services

Lack of service availability
• Shortfalls of trained and skilled personnel (midwives,
   obstetricians, anaesthetists)
• Ineffective deployment, retention, and care
   configurations

• Lack of support and managerial staff
• Lack of availability of supplies, equipment, electricity,
  water, fuel, and vehicles

• Dilapidated and unusable buildings
• Unsupportive policies and regulations

Poor quality of care
• No effective licensing and regulation
• User fees within facilities and additional payments
   delaying timely care
• Low technical standards and poor supervision
• Poor staff attitudes, performance knowledge,
   and skills
• Low salaries and motivation, ineffective management
• Unpredictable supplies, lack of drugs, and
   malfunctioning equipment
• Lack of referral coordination
• Inadequate service information and accountability

Reluctance to use services
• Culturally inappropriate care
• Discriminatory, abusive services
• Lack of women’s autonomy
• Lack of support for women family, community
• High costs of care
• Perception that care costs will be high
• Delays in recognition of danger signs, decision-making,
   and access to care

Marginal exclusion
Most can access services but
the poorest are excluded

Figure 55.6  Barriers to scaling up according to context.
Reprinted from The Lancet, Volume 368, number 9544, Koblinsky M, Matthews Z, Hussein J et al., Maternal Survival 3: Going to scale with professional skilled care, pp. 1377–1386, Copyright 
(2006), with permission from Elsevier.

Outcome would be better if a few common needs were 
met: access to a suitable facility to receive care, a sufficient number 
of competently trained medical staff, and a sustainable source of 
supplies and equipment.

International outreach: a global response
A concern for human welfare means that the developed world 
cannot be passive and inactive whilst such a global disparity 
exists. Thus aid, humanitarian and outreach organizations, and 
programmes have developed allowing nations and individuals to 
help. Some examples of an exhaustive list are discussed below.

National governmental aid
As long ago as 1970, the General Assembly of the United Nations 
agreed that ‘each economically advanced country will progres-
sively increase its official development assistance (ODA) to the 

developing countries and will exert its best efforts to reach a mini-
mum net amount of 0.7% of its gross national product at market 
prices by the middle of the decade’.37 However, in economic crises, 
aid to foreign countries is often the first victim of cutbacks. In 2014, 
only five countries (Sweden, Luxembourg, Norway, Denmark, and 
the United Kingdom) had met this target (see Figure 55.7).

The Department for International Development (DFID) is the 
UK department with responsibility for managing Britain’s aid to 
poor countries.38 ODA is the internationally agreed standard defi-
nition of aid, with the UK ODA in 2011 being £8,570 million or 
0.56% of UK gross national income (GNI).39 The UK government 
is committed to raising ODA to 0.7% of GNI by 2013.39 However, 
in the current economic crisis, aid to foreign countries is often the 
first victim of cutbacks. The DFID contributes to the running costs 
of United Nations Agencies such as the WHO. It also supports the 
World Bank and Regional Development Banks, and the European 
Commission. It further supported a number of global health 

 

 

 



Part 10  recent advances in obstetric anaesthesia886

initiatives, and allocations directly to countries are based on need, 
historical relationships, the governance and policy environment, 
and their strategic importance for regional development.38 The 
DFID works with national governments in countries where the 
annual health budget is nearer to £5–10 per person rather than the 
£1500 in the United Kingdom, to address the challenges already 
mentioned in this chapter and to help strengthen the systems 
that underpin delivery of basic health services—the trained staff, 
infrastructure, drug and commodity supply, and management 
and information systems. Where possible this is done by directly 
funding the national budget to support countries to implement 
their own health plans that reflect national priorities.38

World Health Organization
The WHO has been promoting safety and quality in healthcare 
since its inception.40 In response to mounting attention that iatro-
genic harm represented a public health problem comparable with 
deaths and injuries from road traffic accidents, the WHO estab-
lished a programme for action called the Global Patient Safety 
Challenge. The first challenge, Clean Care is Safer Care, made a 
major impact in improving hand washing and thereby prevent-
ing the spread of infection. The aim of the second challenge, Safe 
Surgery Saves Lives, is to reduce errors in surgical care to avoid 
injury.

Safe surgery saves lives
The goal of the Safe Surgery Saves Lives challenge is to improve 
the safety of surgical care around the world by ensuring adher-
ence to proven standards of care in all countries.41 In 2007 and 
2008, a WHO pilot study involving hospitals in eight cities around 

the globe demonstrated that the use of a simple surgical checklist, 
developed by the WHO, can lower the incidence of surgery-related 
deaths and complications by one-third during major operations. 
This has since been reproduced in the Netherlands showing that 
with the use of the checklist, surgery complications were reduced 
by more than one-third and deaths were reduced by almost half.42 
Since the release of the WHO Surgical Safety Checklist globally 
more than 3900 hospitals representing more than 122 countries 
have registered as Safe Surgery Saves Lives participating hospi-
tals.41 If there are an estimated 234 million operations performed 
globally each year then at least half a million deaths per year 
would be preventable with effective implementation of the WHO 
Surgical Safety Checklist worldwide.41

Safe childbirth checklist
Following the success of the Surgical Safety Checklist the WHO 
has developed a pilot edition of the Safe Childbirth Checklist, to 
support the delivery of essential maternal and perinatal care prac-
tices. It contains 29 items addressing the major causes of maternal 
death (haemorrhage, infection, obstructed labour and hyperten-
sive disorders), intrapartum-related stillbirths (inadequate intra-
partum care), and neonatal deaths (birth asphyxia, infection, and 
complications related to prematurity) in low-income countries. It 
was developed following a rigorous methodology and tested for 
usability in ten countries across Africa and Asia.43 A  collabo-
ration was launched in November 2012 inviting organizations 
to study the implementation and usefulness of the checklist in 
diverse health-care settings. It is hoped to have as much of an 
impact, if not more, than that seen by the implementation of the 
Surgical Safety Checklist.
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Anaesthesia societies
The World Federation of Societies of Anaesthesiologists
The World Federation of Societies of Anaesthesiologists (WFSA) 
was formed in 1955. It’s objectives are ‘exclusively educational, 
scientific, and charitable in nature and are to make available the 
highest standards of anaesthesia, pain medicine, trauma man-
agement, resuscitation, and preoperative/critical care medicine 
to all peoples of the world and to disseminate the same amongst 
them’.44 This is achieved by dissemination of scientific informa-
tion, recommending standards of training, encouraging research 
into all aspects of anaesthesia, establishing safety measures 
including standardization of equipment, and by providing infor-
mation regarding opportunities for postgraduate training and 
research.45 The WFSA is a federation of 126 national societies of 
anaesthesia and is part funded by an annual subscription from 
each national society (US$2 per member), 50% of any profit from 
the World Congress, and charitable funds collected by the WFSA 
Foundation.45

The ‘Global Oximetry project’ Lifebox of the Safety & Quality of 
Practice Committee will be discussed later in this chapter.
International Standards for the Safe Practice of Anaesthesia
In 1992, the WFSA adopted the International Standards for the 
Safe Practice of Anaesthesia, revisions of which have been ratified 
in 2008 and 2010.46 These standards are recommended for anaes-
thesia professionals throughout the world. They are intended to 
provide guidance and assistance to anaesthesia professionals, 
their professional societies, hospital and facility administrators, 
and governments for improving and maintaining the quality and 
safety of anaesthesia care. For some, these standards will repre-
sent a future goal, while for others they may have already been 
implemented and be regarded as mandatory. In settings where 
the standards regarded as mandatory are not met, the WFSA rec-
ommend that the provision of anaesthesia should be restricted to 
procedures which are absolutely essential for the urgent or emer-
gency saving of life or limb. In addition, provision of anaesthesia 
care at standards lower than those outlined as mandatory for elec-
tive surgical procedures cannot be construed as safe acceptable 
practice.46 Table 55.1 gives a detailed outline of the integration of 
the practice standards with the levels of facilities/infrastructure, 
the goal being that all providers meet the ‘Highly Recommended’ 
standards and striving to meet as many of the ‘Recommended’ 
and ‘Suggested’ standards as well.46

The Publication Committee of the WFSA has a number of activ-
ities, including Update in Anaesthesia—a twice-yearly journal 
produced in English, French, Spanish, Chinese, and Russian dis-
tributed free of charge; and Anaesthesia Tutorial of the Week—an 
electronic peer-reviewed tutorial which is emailed out, free of 
charge, around the world. They have also encouraged the dona-
tion of books and journals from anaesthetists to colleagues with-
out access to them.45

The Obstetric Committee of the WFSA has formed strong 
links with the Obstetric Anaesthetists’ Association (OAA) and 
the Association of Anaesthetists of Great Britain and Ireland 
(AAGBI), successfully delivering projects such as the Obstetric 
Anaesthesia for Developing Countries textbook—specifically tar-
geted at anaesthetic providers in resource-poor areas; Obstetric 
Anaesthesia Resource Discs—including a webcast of the 2008 
OAA 3-day course with slides and abstract book, video of how 

spinals work, back copies of the International Journal of Obstetric 
Anaesthesia (IJOA), Update in Anaesthesia, and Anaesthesia 
Tutorial of the Week; and the Safer Anaesthesia From Education 
(SAFE) Obstetric Anaesthesia training course (see below).

Association of Anaesthetists of Great Britain and Ireland
The Association of Anaesthetists of Great Britain and Ireland 
(AAGBI) was a founder member of the WFSA in 1955 and has 
long assisted its members and colleagues working elsewhere in 
more challenging circumstances.47

The International Relations Committee of the AAGBI promotes 
education, research, and safety in international anaesthesia. Its 
aims are to support anaesthetists who train, work, or undertake 
research in low- and middle-income countries, distribute educa-
tional materials and develop high-quality anaesthesia training 
courses, and to promote access to safe surgery and anaesthesia 
as a public health priority.48 Their many activities include offer-
ing funding for projects, individual travel grants, and long-term 
voluntary work. They administer the Overseas Anaesthesia 
Fund to support a book donation project, anaesthesia fellows in 
Uganda, the SAFE Obstetric Anaesthesia course and the global 
pulse oximetry project, Lifebox. The SAFE Obstetric Anaesthesia 
course is a 3-day refresher course in obstetric anaesthesia that 
has been developed in consultation with the WFSA. It is aimed at 
non-physician anaesthetists in developing countries and consists 
of short lectures, interactive sessions, and workshops that focus 
on recognition and management of the leading causes of mater-
nal death in resource poor settings, and includes the principles 
of the WHO Safe Surgery Saves Lives project. It was successfully 
piloted in Uganda in June 2011 and with grants from the British 
Council and the WFSA, in conjunction with the WHO and the 
Director General of Maternal and Child Health, further training 
in Uganda, Bangladesh, and Liberia is to be rolled out.48,49

Many collaborations exist with government bodies, other 
organizations, and charities to establish educational programmes 
in Liberia, Zambia, and Kenya.48

Obstetric Anaesthetists’ Association
The OAA was formed in 1969 to promote the highest standards of 
anaesthetic practice in the care of the mother and baby and has an 
international membership of over 2450. The OAA provides both 
education and training for anaesthetists in the United Kingdom 
and overseas and a resource for women seeking information about 
pain relief in labour and anaesthesia for caesarean delivery, trans-
lated into up to 37 languages.50 The OAA and its membership have 
a long history of supporting obstetric anaesthesia around the world 
including nations with under-resourced healthcare systems where 
maternal mortality and the provision of safe obstetric anaesthe-
sia remain challenging problems. As well as offering grants and 
bursaries, the OAA targets obstetric issues specifically—aiming to 
provide more focused educational outreach and support, mainly 
by running short lecture-based refresher courses.51

The Global Oximetry project
The Global Oximetry project is a great example of various organi-
zations, bodies, networks and industry working together for the 
greater good.

Pulse oximetry is accepted as an essential part of modern anaes-
thesia practice and use of a pulse oximeter has been regarded as 
standard for many years.52,53 Unfortunately it is either unavailable 

 

 

 

 

 

 

 



Table 55.1  Guide to infrastructure, supplies and anaesthesia standards at three levels of healthcare facility, infrastructure, and supplies

Level 1 (Should meet at least HIGHLY 
RECOMMENDED anesthesia standards)
Small hospital/health centre

Level 2 (Should meet at least HIGHLY 
RECOMMENDED and RECOMMENDED anesthesia 
standards) District/provincial hospital

Level 3 (Should meet at least HIGHLY 
RECOMMENDED, RECOMMENDED and SUGGESTED 
anesthesia standards) Referral hospital

Rural hospital or health centre with a small number of 
beds (or urban location in an extremely disadvantaged 
area); sparsely equipped operating room (OR) for 
‘minor’ procedures

Provides emergency measures in the treatment of 
90–95% of trauma and obstetrics cases (excluding 
cesarean section)

Referral of other patients (for example, obstructed 
labour, bowel obstruction) for further management at 
a higher level

District or provincial hospital (e.g. with100–300 
beds) and adequately equipped major and minor 
operating rooms

Short-term treatment of 95–99% of the major 
life-threatening conditions

A referral hospital of 300–1000 or more beds with 
basic intensive care facilities.

Treatment aims are the same as for Level 2, with the 
addition of: Ventilation in OR and ICU

Prolonged endotracheal intubation

Thoracic trauma care

Hemodynamic and inotropic treatment

Complex neurological and cardiac surgery

Basic ICU patient management and monitoring for 
up to 1 week: all types of cases, but possibly with 
limited provision for: Multi-organ system failure

Hemodialysis

Prolonged respiratory failure

Metabolic care or monitoring

Essential procedures Essential procedures Essential procedures

Normal delivery

Uterine evacuation

Circumcision

Hydrocele reduction, incision and drainage

Wound suturing

Control of hemorrhage with pressure dressings

Debridement and dressing of wounds

Temporary reduction of fractures

Cleaning or stabilization of open and closed fractures

Chest drainage (possibly)

 Abscess drainage

Same as Level 1 with the following 
additions: Cesarean section

Laparotomy (usually not for bowel obstruction)

Amputation

Hernia repair

Tubal ligation

Closed fracture treatment and application of plaster 
of Paris

Acute open orthopedic surgery: e.g. internal fixation 
of fractures

Eye operations, including cataract extraction

Removal of foreign bodies: e.g. in the airway

Emergency ventilation and airway management for 
referred patients such as those with chest and head 
injuries

Same as Level 2 with the following additions:

Facial and intracranial surgery

Bowel surgery

Pediatric and neonatal surgery

Thoracic surgery

Major eye surgery

Major gynecological surgery, e.g. vesicovaginal 
repair

Personnel Personnel Personnel

Paramedical staff/anesthetic officer (including 
on-the-job training) who may have other duties  
as well

Nurse-midwife

One or more trained anesthesia professionals

District medical officers, senior clinical officers, 
nurses, midwives

Visiting specialists or resident surgeon and/or 
obstetrician/gynecologist

Clinical officers and specialists in anesthesia and 
surgery

Drugs Drugs Drugs

Ketamine 50 mg/mL injection

Lidocaine 1% or 2%

Diazepam 5 mg/mL injection, 2 mL or midazolam 
1 mg/mL injection, 5 mL

 Pethidine 50 mg/mL injection, 2 mL Morphine  
10 mg/mL, 1 mL

Epinephrine (Adrenaline) 1 mg

Atropine 0.6 mg/mL

Appropriate inhalation anesthetic if vaporizer  
available

Same as Level 1, but also:

Thiopental 500 mg/L g powder or propofol.

Suxamethonium bromide 500 mg powder

Pancuronium

Neostigmine 2.5 mg injection

Ether, halothane or other inhalation anesthetics

Lidocaine 5% heavy spinal solution, 2 ml

Bupivacaine 0.5% heavy or plain, 4 mL

Hydralazine 20 mg injection

Same as Level 2 with these additions:

Propofol

Nitrous oxide

Various modern neuromuscular blocking agents

Various modern inhalation anesthetics

Various inotropic agents

Various intravenous antiarrhythmic agents

Nitroglycerine for infusion

Calcium chloride 10% 10 IM injection



Furosemide 20 mg injection

Dextrose 50% 20 mL injection

Aminophylline 250 mg injection

Ephedrine 30/50 mg ampoules

Hydrocortisone

(?) Nitrous oxide

Potassium chloride 20% 10 mL injection for 
infusion

Equipment: capital outlay Equipment: capital outlay Equipment: capital outlay

Adult and pediatric self-inflating breathing bags 
with masks

Foot-powered suction

Stethoscope, sphygmomanometer, thermometer

Pulse oximeter

Oxygen concentrator or tank oxygen and a draw-over 
vaporizer with hoses

Laryngoscopes, bougies

Complete anesthesia, resuscitation and airway 
management systems including:

Reliable oxygen sources

Vaporizer(s)

Hoses and valves

Bellows or bag to inflate lungs

Face masks (sizes 00–5)

Work surface and storage

Pediatric anesthesia system

Oxygen supply failure alarm; oxygen analyzer

Adult and pediatric resuscitator sets

Pulse oximeter, spare probes, adult and pediatric*

Capnograph*

Defibrillator (one per O.R. suite / ICU)* ECG 
(electrocardiograph) monitor* Laryngoscope, 
Macintosh blades 1–3(4)

Oxygen concentrator[s]‌ [cylinder]

Foot or electric suction

IV pressure infusor bag

Adult and pediatric resuscitator sets

Magill forceps (adult and child), intubation styler 
and/or bougie

Spinal needles 25 G

Nerve stimulator

Automatic non-invasive blood pressure monitor

Same as Level 2 with these additions (per operating 
room or per ICU bed, except where stated):

ECG (electrocardiograph) monitor*

Anesthesia ventilator, reliable electric power source 
with manual override

Infusion pumps (2 per bed)

Pressure bag for IV infusion

Electric or pneumatic suction

Oxygen analyzer*

Thermometer [temperature probe*]

Electric warming blanket

Electric overhead heater Infant incubator

Laryngeal mask airways sizes 2,3, 4 (3 sets per O.R)

Intubating bougies, adult and child (1 set per O.R)

Anesthetic agent (gas and vapour) analyser

Depth of anesthesia monitors are being increasingly 
recommended for cases at high risk of awareness 
but are not standard monitoring in many countries.

Equipment: disposable Equipment: disposable Equipment: disposable

Examination gloves

IV infusion/drug injection equipment

Suction catheters size 16 FG

Airway support equipment, including airways and 
tracheal tubes

ECG electrodes

IV equipment (minimum fluids: normal saline, 
Ringer’s lactate and dextrose 5%)

Pediatric giving sets

Suction catheters size 16 FG

Sterile gloves sizes 6–8

Same as Level 2 with these additions:

Ventilator circuits

Yankauer suckers

Giving sets for IV infusion pumps

Disposables for suction machines

Oral and nasal airways Nasogastric tubes sizes 10–16 FG

Oral airways sizes 000–4

Tracheal tubes sizes 3–8.5 mm

Spinal needles sizes 22 G and 25G

 Batteries size C

Disposables for capnography, oxygen analyzer, in 
accordance with manufacturers’ specifications:

 Sampling lines

 Water traps

 Connectors

 Filters—fuel cells

*It is preferable to combine these modalities all in one unit.

Note: drug concentrations and quantities are indicative only. All equipment should be appropriate for patients’ age and size

Reproduced from Springer and the Canadian Journal of Anaesthesia, volume 57, 2010, pp. 1027–34, International Standards for a Safe Practice of Anesthesia 2010, Merry AF, Cooper JB, 
Soyannwo O, Wilson IH, Eichorn JH, With kind permission from Springer Science and Business Media.
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or is only patchily available in many low- and middle-income coun-
tries, with an estimated 77,700 operating theatres worldwide cur-
rently working without pulse oximeters.54 The Global Oximetry 
initiative was launched in 2004, as a partnership between AAGBI, 
WFSA, and GE Healthcare, promoting oximetry in low-resource 
countries.53 Since then, WHO patient safety has worked with 
the Harvard School of Public Health, WFSA, AAGBI, and many 
other partners around the world to facilitate the development of 
pulse oximetry technical standards that led to the development 
of a high-standard, low-cost pulse oximeter. This had led to the 
development of a charity project, Lifebox, that addressed the pulse 
oximeter gap by making pulse oximeters available to low- and 
middle-income countries. The Lifebox statement of purpose is ‘to 
preserve and protect the health of patients worldwide by provid-
ing and assisting in the provision of equipment and support ser-
vices in low-resource and lower–middle-income countries at no 
or reduced cost; and to advance the education in healthcare of the 
general public and especially those in the medical or similar pro-
fessions by the provision of education and training worldwide’.55

Anaesthesia outreach and educational mission
There is no doubt that there is a hunger for advancement in obstet-
ric anaesthesia amongst practitioners in the developing world. 
This is matched by a considerable interest from individuals in the 
developed world in helping support a change for the better.56 In 
the earlier sections in this chapter, some of the ways that govern-
ments and large global and national organizations can support, 
help, and influence change on a wider and more general scale 
have been discussed. However, significant work and change can 
be achieved by more focused educational outreach and support. 
Howell describes four key components to making a project really 
effective, worthwhile, sustainable, and successful:56

1.	 Local champions. The local practitioners must be enthusi-
astic, keen to listen, learn, and drive change forward them-
selves. Identifying these key people is crucial, requiring a good 
deal of planning, often including a reconnaissance trip or a 
fact-finding mission.

2.	 Teaching and supporting appropriate concepts, in an appropri-
ate way. This needs intuition, sensitivity, and an ability to listen 
and to grasp the local needs and possibilities. It is unwise to 
assume to know what local practitioners need without estab-
lishing the local circumstances.

3.	 Team members must be flexible, able to engage with the local 
practitioners well, and quickly adapt to an unaccustomed envi-
ronment, which may be a considerable culture shock.

4.	 Ongoing support and follow-up are needed to cement relation-
ships between organizations and to provide continual rein-
forcement and encouragement for the local practitioners.

Kybele, Mothers of Africa, and the Tropical Health and Education 
Trust (THET) are successful examples of such focused educational 
outreach in obstetric anaesthesia.

Kybele
Kybele is a non-profit humanitarian organization dedicated to 
improving childbirth safety worldwide through educational part-
nerships. The role of Kybele is to bring professional medical teams 
into host countries, to work alongside doctors and nurses in their 

home hospitals, to improve healthcare standards.57 Since 2004, 
Kybele has conducted medical training in Turkey, Croatia, Ghana, 
Georgia, Armenia, Romania, Egypt, Mongolia, and Brazil. Kybele 
has sponsored 16 major in-country medical conferences and has 
trained hundreds of doctors and nurses. It has developed an edu-
cational model to quickly implement sustainable interventions at a 
minimal cost, whilst being culturally sensitive and country specific.

A programme is initiated by an invitation submitted by a physi-
cian from a prospective country. A site visit is then arranged and 
a small team and the host observe conditions and practices within 
several hospitals. As already mentioned, the enthusiasm and 
friendship that develops between the host and the team is crucial 
in the development of a successful and sustainable programme. 
Then a project is designed with the host physician to fit the spe-
cific needs of the country for return with a full multidisciplinary 
team about 12 months later. A full trip generally lasts 10–14 days, 
comprising of a national conference and on-site training, work-
ing alongside doctors and nurses within their home hospitals. 
Kybele maintains collaboration with host countries and repeat 
visits are encouraged to sustain development, growth and change. 
Following this format, Kybele has shown a significant increase 
in the uptake of regional anaesthesia in Croatia, Armenia, and 
Georgia.58–60 Kybele has also seen a reduction in the MMR of a 
large regional hospital in Ghana from 496/100,000 live births in 
2007 to 328/100,000 in 2009, a period of sustained visits from their 
multidisciplinary team.61

Mothers of Africa
Mothers of Africa is a medical educational charity that trains med-
ical staff in sub-Saharan Africa to care for mothers during preg-
nancy and childbirth. It was initially established as a link between 
the academic departments in Togo and Benin and the academic 
and NHS departments of the University Hospital of Wales in 2005. 
Since then educational visits to Togo, Benin, Liberia, Zambia, 
Ethiopia, and Tanzania have been completed, providing a mixture 
of seminars, lectures, workshops, and in-theatre teaching.62,63

Tropical Health and Educational Trust
THET is a specialist global health organization that educates, 
trains, and supports health workers through global health part-
nerships, strengthening health systems and enabling people in 
low- and middle-income countries to access essential healthcare. 
It encourages and supports links between hospitals and health-
care training institutions in the countries of the southern hemi-
sphere and their counterparts in the United Kingdom, or indeed 
any economically developed country. These links can be used to 
equip staff with essential skills, including anaesthetic skills, to 
improve morale, to increase their motivation, and thus to contrib-
ute to a strengthened infrastructure.64,65 Throughout the dialogue 
between the northern and southern partners it remains essential 
that the southern partner defines the needs of their hospital or 
training school, and that the northern partner remains sensitive 
to the southern partner’s superior knowledge of the local context. 
Both partners have to be innovative, adaptable, and ready to adopt 
methods that are new and that may not yet have been tested in 
the context of a developing country.65 Advantages of a link are 
that it can be flexible, adapt to changing needs, and provide for a 
wide range of healthcare workers and service development. They 
do have to be long-term if they are to contribute to international 
development, short-term interventions do not work.65
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Anaesthesia in developing 
countries: the experience
This chapter has already discussed some of the problems in devel-
oping countries due to a critical shortage of staff and resources, 
and how stretched healthcare services are by diseases such as 
malaria and HIV, the loss of trained staff to developed countries, 
and the insecurities and economic effects of long-term conflict.29 
These factors ensure that a visiting anaesthetist from the devel-
oped world will experience a very different anaesthetic environ-
ment in the developing world.

Hodges et  al. conducted a survey of Ugandan anaesthetists 
in 2006 to demonstrate the reality of anaesthesia in developing 
countries.29 They found that only 6% of anaesthetists were able 
to provide a safe anaesthesia service for caesarean delivery by 
both general and spinal anaesthesia. The hospitals unable to pro-
vide safe anaesthesia for caesarean delivery had a total estimated 
caseload of 32,784 cases. Seventy-eight per cent of anaesthetists 
worked in hospitals where magnesium sulphate was unavailable 
for at least some of the time. Thirteen per cent worked without 
oxytocin or ergometrine for some of the time.29 With regards to 
spinal anaesthesia, 59% of anaesthetists had no spinal anaesthetic 
solution at least some of the time, and comments included ‘the 
surgeons do not like the technique’ and ‘there is no spinal anaes-
thesia performed since there are no spinal needles. The district 
cannot afford to buy such needles’.29 Table 55.2 and Table 55.3 
illustrate what drugs are available, showing that anaesthesia is 
largely ketamine based, with ether as the main volatile agent. 
Supplies of suxamethonium were unreliable and non-depolarizing 
neuromuscular blocking drugs were not commonly used. Very 
worryingly, blood for transfusion was only available to 23% of 
anaesthetists, and 10% of anaesthetists always worked without 
oxygen.29

Equipment
The design of anaesthesia equipment for use in hospitals in the 
developing world must take into account the local conditions, 
particularly whether reliable supplies of compressed oxygen and 
electricity are available.66

Equipment for delivery of inhalational anaesthesia
The developing world often has to cope with extremes of tempera-
ture, humidity, and dust, and thus an anaesthetic machine must 
be physically robust, easy to understand and operate, require min-
imal servicing and have affordable, readily available spare parts. It 
should also be capable of functioning without compressed gases 
or electricity. In the developed world, a continuous flow plenum 
machine is favoured for many reasons:  its accurate delivery of 
volatile agents, presence of a reservoir bag acting as a respiratory 
indicator, the use of a T-piece, nitrous oxide, and circle circuit 
systems. However, there are many drawbacks when considering 
the developing world, especially the requirement of compressed 
gas supplies that may well be scarce. In addition, nitrous oxide 
and soda lime supplies are problematic and expensive. Thus it is 
not unusual to come across an ‘anaesthetic machine graveyard’ 
within many hospitals in Africa.66

One solution to these problems is draw-over anaesthesia, con-
sisting of a low-resistance breathing circuit with one-way valves 
to prevent re-breathing, a self-inflating bag or bellows to ventilate 
the patient, and a draw-over vaporizer such as the EMO (Epstein, 
Macintosh, Oxford) or the OMV (Oxford Miniature Vaporiser) 
vaporizers seen in Figure 55.8. This system is usually robust, port-
able, easy to assemble, and requires minimal maintenance.67,68

Table 55.2  Availability of anaesthetic drugs. Values are number 
(%) of anaesthetists

n = 91 Always 
available

Sometimes 
available

Never 
available

Don’t 
know

Ketamine 84 (92%) 3 (3%) 4 (4%) 0

Thiopental 54 (59%) 22 (24%) 14 (15%) 1

Suxamethonium 50 (54%) 21 (23%) 18 (19%) 2

Non-depolarizing 
relaxant

14 (15%) 11 (12%) 63 (69%) 3

Neostigmine 15 (16%) 6 (6%) 63 (69%) 7

Halothane 35 (38%) 15 (16%) 36 (39%) 5

Ether 62 (68%) 19 (20%) 9 (9%) 1

Pethidine/morphine 41 (45%) 28 (30%) 20 (21%) 2

Naloxone 9 (9%) 15 (16%) 55 (60%) 12

Atropine 77 (84%) 6 (6%) 6 (6%) 2

Reproduced with permission from Hodges SC, Mijumbi C, Okello M et al. Anaesthesia 
services in developing countries: defining the problems. Anaesthesia, volume 62, pp. 4–11, 
Copyright © 2007 John Wiley and Sons.

Table 55.3  Availability of other essential drugs. Values are number 
(%) of anaesthetists

n = 91 Always Sometimes Never Don’t 
know

Adrenaline 68 (74%) 17 (18%) 3 (3%) 3

Ephedrine/metaraminol/
phenylephrine

41 (45%) 20 (21%) 26 (28%) 4

Spinal local anaesthetic 36 (39%) 26 (28%) 28 (30%) 1

Local anaesthetics for blocks 64 (70%) 17 (18%) 7 (7%) 3

Magnesium 18 (19%) 35 (38%) 36 (39%) 2

Hydralazine 28 (30%) 31 (34%) 28 (30%) 4

Diazepam 74 (81%) 16 (17%) 0 (0%) 1

Labetalol 27 (29%) 27 (29%) 28 (30%) 9

Oxytocin 52 (57%) 29 (31%) 7 (7%) 3

Ergometrine 74 (81%) 13 (14%) 1 (1%) 3

Oxygen 58 (63%) 23 (25%) 10 (10%) 0

Intravenous fluid 62 (68%) 25 (27%) 2 (2%) 0

Nitrous oxide 0 (0%) 3 (3%) 84 (92%) 4

Blood for transfusion 21 (23%) 54 (59%) 15 (16%) 1

Reproduced with permission from Hodges SC, Mijumbi C, Okello M et al. Anaesthesia 
services in developing countries: defining the problems. Anaesthesia, volume 62, pp. 4–11, 
Copyright © 2007 John Wiley and Sons.
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Oxygen concentrators
An oxygen concentrator will produce oxygen at 95% concentration 
by passing atmospheric air through zeolite to adsorb nitrogen, thus 
reducing dependence on cylinder supplies. If excessive flows are 
demanded, the delivered concentration is reduced. Small concen-
trators, which meet WHO’s standards can deliver 4 L/min of oxy-
gen (>90%) consuming approximately 350 watts (thus electricity or 
an AC generator are required). Concentrators are usually the cheap-
est source of oxygen at roughly 30–50% the cost of cylinders.69

The Glostavent®

The Glostavent® (Diamedica, Barnstaple, Devon, UK) is the first 
anaesthetic machine that meets the WFSA performance standard 
for anaesthetic equipment for low- and low–middle-income coun-
tries.70 It combines an oxygen concentrator, gas-driven ventilator, 
low-resistance vaporizer, modified draw-over breathing circuit, 
uninterruptible power supply (UPS), and a reserve oxygen cylin-
der (see Figure 55.9).66 It is robust, able to withstand extremes of 
temperature and humidity, does not require nitrous oxide or soda 
lime, and accidental delivery of a hypoxic mixture is impossible.69 

It can be used in either draw-over or continuous flow mode, with 
any breathing circuit, on any size patient using most of the com-
monly used inhalational agents.

Ketamine
Ketamine is a very versatile inexpensive drug and plays an inval-
uable role in the developing world. In regions where access and 
funding for a wider range of drugs is problematic, its broad range 
of clinical applications is ideal. Its good safety profile and ease of 
storage makes it ideal for use in areas where refrigerators, complex 
monitoring, electricity, and oxygen may all be in short supply or 
unreliable.71

Ketamine is a phencyclidine derivative that has an antagonistic 
action at N-methyl-D-aspartate receptors throughout the central 
nervous system. Being both water- and lipid-soluble, ketamine 
may be administered by a number of routes, and indeed intrave-
nous (IV), intramuscular (IM), oral, rectal, subcutaneous, epi-
dural, and transnasal routes have all been described.71

Typical doses for ketamine are induction of anaesthe-
sia:  0.5–1.5 mg/kg IV or 4–10 mg/kg IM; maintenance of 
anaesthesia:  10–30  mcg/kg/min via IV infusion; sedation and 

(A)

(B)

Figure 55.8  (A) An Epstein, Macintosh, Oxford (EMO) ether vaporizer. (B) An 
Oxford Miniature Vaporiser (OMV).
Reproduced with permission from McCormick BA, Eltringham RJ., Anaesthesia equipment 
for resource-poor environments, Anaesthesia, volume 62, Suppl1, pp. 54–60. Copyright © 
2007 John Wiley and Sons.

Figure 55.9  The Glostavent®.
Reproduced with permission from McCormick BA, Eltringham RJ., Anaesthesia equipment 
for resource-poor environments, Anaesthesia, volume 62, Suppl1, pp. 54–60. Copyright © 
2007 John Wiley and Sons.
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analgesia: 0.2–0.75 mg/kg IV or 2–4 mg/kg IM followed continu-
ous infusion of 5–20 mcg/kg/min with or without supplemental 
oxygen.72

Ketamine anaesthesia usually maintains the airway with some 
preservation of pharyngeal and laryngeal reflexes. As this is not 
guaranteed, airway protection must still be a priority in circum-
stances where aspiration is a risk, such as induction of general 
anaesthesia for caesarean delivery. Partial airway obstruction 
may be overcome by simple airway manoeuvres, and apnoea after 
a rapid IV bolus may require a brief period of bag–mask ventila-
tion. Bronchodilation is a useful effect that is used in the man-
agement of moderate to severe asthma, most likely mediated by 
a central effect inducing catecholamine release and secondly via 
inhibition of vagal pathways to produce an anticholinergic effect 
acting directly on bronchial smooth muscle.71

Ketamine produces an increase in blood pressure, stroke vol-
ume, and heart rate whilst maintaining systemic vascular resist-
ance, making it an ideal agent for the shocked patient but less 
appropriate for patients with severe ischaemic heart disease.71

It produces a dissociative anaesthesia, characterized by the 
patient often having their eyes open and making reflex move-
ments during anaesthesia and surgery. Hallucinations occur dur-
ing recovery in up to 30% of patients, particularly in females and 
after large and or rapid IV boluses. These can be reduced by pre-
medication with benzodiazepines.

Its potent analgesic qualities mean it can be used as the sole 
analgesic agent intraoperatively, although a balanced technique 
will reduce the amount of ketamine required. Some studies have 
shown that its intraoperative use has led to a decreased opiate 
requirement postoperatively, and it is extremely useful itself as a 
postoperative, acute pain, and chronic pain agent.

Neuraxial anaesthesia
In modern anaesthesia practice, neuraxial techniques are pre-
ferred to general anaesthesia for many types of surgery, particu-
larly in obstetric care. Improved outcomes have been recorded in 
the United Kingdom, but the techniques remain underutilized in 
many parts of the world. With encouragement, training, and a 
regular supply of appropriate needles and local anaesthetic agents, 
the advantages of regional techniques in the developing world 
could be realized.73

Drugs are in short supply in the developing world, funding can 
be erratic, and storage and stock-keeping inadequate.73 As already 
discussed, Hodges et al. found that 30% of Ugandan anaesthetists 
stated that they never had, and 28% stated that they only some-
times had, local anaesthetic solution for spinal anaesthesia in their 
hospitals.29 Unfortunately, that can lead to practitioners using 
multidose vials of local anaesthesia putting the patient at risk 
of infection. A series of 27 patients over 18 years with iatrogenic 
meningitis in a referral hospital in India has been reported. All 
cases followed spinal anaesthesia, often caesarean delivery. The 
mortality rate was 36%.74

The prevailing hot and humid climate of much of the devel-
oping world can also cause a problem with storage of drugs and 
equipment. This was noticed to devastating effect in Sri Lanka 
after the 2004 tsunami when five women contracted Aspergillus 
fumigatus meningitis following spinal anaesthesia for caesarean 
delivery. Unfortunately three of these women died. Subsequent 
examination of supplies confirmed that 43 syringes from three 

different manufacturers were contaminated with Aspergillus 
fumigatus. The Ministry of Health stores were found to be full of 
post-tsunami donations and the regular procurements were being 
kept in a poorly maintained humid warehouse.75

Lack of equipment, or inadequate or inappropriate equipment, 
for neuraxial anaesthesia is an ongoing problem. The most com-
monly used needle in Zambia is the 22 G Quincke needle, for cost 
reasons.73 A study in Ghana using the same needle found an inci-
dence of 33% postdural puncture headache in women having cae-
sarean delivery, and the headaches were generally rated as mild to 
moderate.76

There is also a lack of training in neuraxial anaesthesia, exacer-
bated by the lack of access to textbooks. This is demonstrated by 
the poor understanding of physiological changes that occur dur-
ing spinal anaesthesia for caesarean delivery. It is not uncommon 
for a woman to undergo this operation without any form of left 
lateral tilt applied.73 It can only be hoped that this can be over-
come with increased Internet access and other teaching.

What about epidural analgesia? It is argued that analgesia in 
labour is a fundamental human right and that an epidural may 
also be a medical necessity in some parturients. Once again, 
however, lack of equipment, drugs, and monitoring prevent the 
establishment of many epidural programmes. There is also resist-
ance from many obstetricians who are unfamiliar with these 
techniques and are impatient to wait for onset of analgesia and 
anaesthesia. These challenges can be overcome, especially with 
the ambition, drive, and support of key team players of the health 
institution.77

Critical care
The provision of obstetric critical care in developing nations is 
a huge task for medical professionals and health administrators. 
The gap in delivery of obstetric critical care between developing 
and developed nations is similarly caused by economic, sociobe-
havioural, clinical, and cultural factors.78 However, the value of 
allocating increased nurse/patient ratios, appropriate monitoring 
and greater medical supervision to a percentage of hospital beds 
is equally valid in the resource limited location as any other.79 
Eighty per cent of perioperative caesarean delivery deaths occur 
in the postoperative period on the general world, so it is appro-
priate to consider how to identify and observe these vulnerable 
patients at this critical time.33 Some isolated studies from the 
developing world have shown very high mortality (16.8–68.4%) 
among obstetric patients admitted to the intensive care unit.78 The 
disparity in the quality of care within developing countries is very 
wide though, with the practice in some private urban institutions 
rivalling those in the developed world.79

Conclusion
As we have entered the twenty-first century, the rate of globali-
zation, technical development, and interdependence between 
countries and economies has increased at an incredible pace, 
and yet we are still faced with ‘the largest discrepancy of all 
public-health statistics’; the lifetime risk of maternal death for 
some women in this world is as high as 1 in 6. This is an unac-
ceptable scar on the world’s conscience that demands a humani-
tarian response from us all, not just as nations but as individuals 
as well.
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Guidelines
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and Roshan Fernando

Anaesthesia
Association of Anaesthetists of Great Britain 
and Ireland. Consent for Anaesthesia. Revised 
Edition, 2006
http://www.aagbi.org/sites/default/files/consent06.pdf

This guideline from the Association of Anaesthetists of Great 
Britain and Ireland (AAGBI) aims to address the conduct of 
obtaining consent for anaesthesia and the amount of information 
which is necessary to ensure that a patient can give fully informed 
consent prior to an anaesthetic intervention.

Key points

◆	 Patients for elective surgery should be given information about 
their anaesthetic prior to meeting the anaesthetist on the day 
of surgery. The anaesthetic room is not an appropriate place to 
provide such information.

◆	 Information given to a patient should be tailor made to each 
patient’s individual needs and preferences.

◆	 Issues discussed should be clearly document by the anaesthe-
tist. There is presently no requirement for formal signed con-
sent before anaesthesia.

◆	 If a patient lacks capacity, then anaesthetists should act in 
accordance with the Mental Capacity Act 2005 (http://www.
legislation.gov.uk/ukpga/2005/9/contents).

◆	 Every effort should be made to minimize harm and maximize 
benefit to the patient, especially if a trainee is to perform a prac-
tical procedure on the patient.

The Mental Capacity Act 2005
http://www.legislation.gov.uk/ukpga/2005/9/contents
◆	 Capacity can be defined as the ability to understand and retain 

any information which is given, use the information to make 
an informed decision, and communicate any decision made fol-
lowing such consideration of information.

◆	 A  person may lack capacity on either a temporary or 
permanent basis.

◆	 Any decision made or performed under this act must be in the 
best interests of the patient. When determining what may be in 
the patient’s best interests, it may be necessary to take into con-
sideration any prior wishes expressed, any legal documentation 

signed by the patient (e.g. Lasting Power of Attorney), or carry 
out a consultation with the patient’s friends, family, or carers.

◆	 All efforts must be made to help the patient communicate with 
the medical team.

◆	 A patient must not be deemed to lack capacity simply because 
they make an unwise decision. Likewise, a patient must not 
be considered to lack capacity simply based on their age or 
appearance.

AAGBI Guideline: Pre-Operative Assessment and 
Patient Preparation—The Role of the Anaesthetist, 
January 2010
http://www.aagbi.org/sites/default/files/preop2010.pdf
This guideline describes the role of anaesthetists in preoperative 
services.

Key points

◆	 Anaesthetists should lead the preoperative assessment service 
to ensure that the patients are pre-assessed and optimized 
appropriately for their operations.

◆	 In addition, high-risk patients should be identified at this stage 
and counselled about their risks for the surgery. The level of 
care required at the postoperative phase must also be identified 
at this stage.

◆	 Skilled nurse practitioners can provide a cost-effective 
pre-assessment service. They should communicate effectively 
with anaesthetists and the rest of the perioperative team in 
order to prepare the patients appropriately for their surgery.

◆	 Children and their families must be provided with suitable pre-
operative information. They should be admitted to the desig-
nated children ward for the perioperative period.

◆	 Preoperative tests should be requested according to national 
and local guidelines.

◆	 Anaesthetic departments should arrange one consultant 
whole-time equivalent to run high-risk pre-assessment clinics 
on a daily basis.

◆	 High standards of perioperative care should be maintained for 
the patients who are admitted for emergency surgery.

◆	 All departments should have a lead consultant for the 
pre-assessment service.
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AAGBI Guideline: Recommendations for Standards 
of Monitoring During Anaesthesia and Recovery, 
March 2007
http://www.aagbi.org/sites/default/files/standardsofmonitor-
ing07.pdf

Key Points

◆	 The patient must be monitored and cared for continuously by 
an appropriately trained anaesthetist throughout the conduct 
of anaesthesia.

◆	 Standard monitoring equipment and the alarm limits must be 
checked by the anaesthetist before use.

◆	 The anaesthetist must document the monitoring devices used 
and the information they provided on the anaesthetic record.

◆	 The following monitoring devices are essential for the safe con-
duct of anaesthesia:

•	 Minimum monitoring for neuraxial anaesthesia or sedation 
for an operative procedure: electrocardiogram (ECG), pulse 
oximetry, and non-invasive blood pressure monitoring.

•	 Minimum monitoring for induction and maintenance of gen-
eral anaesthesia:  ECG, pulse oximetry, non-invasive blood 
pressure monitoring, airway gases (O2, CO2 and anaesthetic 
volatile agent), and airway pressures.

•	 Devices that should be immediately available: a nerve stimu-
lator if a muscle relaxant is used, a device to check the tem-
perature, capnograph, and ECG.

•	 Minimum monitoring for recovery from anaesthesia: pulse 
oximetry and non-invasive blood pressure monitoring.

Difficult Airway Society Guideline: Unanticipated 
Difficult Intubation During Rapid Sequence 
Induction, 2004
http://www.das.uk.com/files/rsi-Jul04-A4.pdf

The Difficult Airway Society (DAS) has produced algorithms 
for the management of the difficult airway during intubation and 
extubation. The algorithm for the management of unanticipated 
difficult intubation during rapid sequence induction can be found 
via the above-mentioned link.

DAS Guideline: Rescue Techniques for ‘Can’t Intubate, 
Can’t Ventilate’ Situation, 2004
http://www.das.uk.com/files/cvci-Jul04-A4.pdf

DAS has produced algorithms for the management of the diffi-
cult airway during intubation and extubation. Rescue techniques 
for ‘can’t intubate, can’t ventilate’ situation can be found via the 
above link.

National Institute for Health and Care Excellence. 
Inadvertent Perioperative Hypothermia: The 
Management of Perioperative Hypothermia in Adults. 
Clinical Guideline 65, April 2008
http://guidance.nice.org.uk/cg65

The National Institute for Health and Care Excellence (NICE) 
has issued this guideline to prevent and manage inadvertent 
hypothermia in surgical patients.

Perioperative care
Patients and their carers should be informed that:
◆	 keeping warm during the perioperative period will reduce the 

risk of surgical complications such as bleeding.
◆	 they should bring additional warm clothing.

When measuring patient temperature, healthcare professionals 
should:
◆	 remember that they may need to make some adjustments in 

certain devices to estimate core temperature.

Preoperative phase

◆	 Patients are regarded as high risk for developing perioperative 
hypothermia if they have any two of the following factors:

•	 ASA grade higher than II.

•	 Temperature before the surgery is lower than 36.0°C.

•	 Require both general and neuraxial anaesthesia.

•	 Having major surgery.

•	 Risk factors to develop cardiovascular complications during 
the perioperative period.

◆	 If the patient's temperature is below 36.0°C, they should be 
actively warmed preoperatively and intraoperatively.

Intraoperative phase

◆	 The patient’s temperature should be measured preoperatively 
and every 30 minutes intraoperatively.

◆	 If the patient requires intravenous fluid (500 mL or more) or blood 
products, a fluid warming device must be used and set at 37°C.

◆	 If the anaesthesia and surgery is longer than 30 minutes, the 
patient must be actively warmed during the procedure.

Postoperative phase

◆	 Temperature monitoring must be continued in the recovery. It 
should be measured every 15 minutes.

◆	 Patients should not be discharged from the recovery if their 
temperature is below 36.0°C.

AAGBI Guideline: Infection Control in Anaesthesia, 
October 2008
http://www.aagbi.org/sites/default/files/infection_control_08.pdf

Also published as Association of Anaesthetists of Great Britain 
and Ireland. Infection control in anaesthesia. Anaesthesia 2008; 
63:1027–36.

Key points

◆	 Every anaesthetic department should have a named consultant 
to liaise with the hospital infection control team.

◆	 Standard precautions must be applied to prevent the transmis-
sion of infection between patients and staff or between patients.

◆	 Effective hand washing must take place immediately before 
every episode of direct patient contact.

◆	 Every anaesthetist must follow the hospital infection control policy. 
All sharps must be discarded into an approved sharps container.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.aagbi.org/sites/default/files/standardsofmonitoring07.pdf
http://www.aagbi.org/sites/default/files/standardsofmonitoring07.pdf
http://www.das.uk.com/files/rsi-Jul04-A4.pdf
http://www.das.uk.com/files/cvci-Jul04-A4.pdf
http://guidance.nice.org.uk/cg65
http://www.aagbi.org/sites/default/files/infection_control_08.pdf


Appendix 1  guidelines 899

◆	 Single-use disposable equipment should be used wherever 
appropriate. All reusable anaesthetic equipment must be decon-
taminated as per national standards.

◆	 Anaesthetic facemasks, oral and nasal airways, and endotra-
cheal tubes should be single use. A new, effective bacterial/viral 
breathing circuit filter must be placed between the anaesthetic 
machine and the patient. Breathing circuits should be changed 
on a daily basis.

◆	 Anaesthetists must use maximum barrier precautions for 
certain invasive procedures. These include insertion of 
central venous catheters, spinals, epidurals, and caudals. 
Chlorhexidine or iodine-based preparations can be used to 
clean the procedure site.

Glahn KP, Ellis FR, Halsall PJ, et al. Recognizing and 
managing a malignant hyperthermia crisis: guidelines 
from the European malignant hyperthermia group. Br J 
Anaesth 2010; 105:417–20
http://bja.oxfordjournals.org/content/105/4/417.full.pdf

The authors of this article have produced consensus guidelines 
for the recognition and the management of malignant hyperther-
mia (MH). This is of particular use in countries which do not have 
their own guideline. The AAGBI have produced their own MH 
flowchart (see http://www.aagbi.org/sites/default/files/mh_guide-
line_for_website.pdf).

Popat M, Mitchell V, Dravid R, et al. Difficult airway 
society guidelines for the management of tracheal 
extubation. Anaesthesia 2012; 67:318–40
http://www.das.uk.com/content/das-extubation-guidelines

DAS has produced algorithms for the management of the dif-
ficult airway during intubation and extubation. The algorithm 
for the management of tracheal extubation can be found via the 
above-mentioned link.

AAGBI Safety Guideline: Immediate Post-Anaesthesia 
Recovery 2013, March 2013
http://www.aagbi.org/sites/default/f i les/immediate_post-  
anaesthesia_recovery_2013.pdf

Also published as Association of Anaesthetists of Great 
Britain and Ireland. Immediate post-anaesthesia recovery 2013. 
Anaesthesia 2013; 68:288–97.

Key points

◆	 After general or neuraxial anaesthesia, patients should be trans-
ferred to a designated recovery area, compliant with national 
standards.

◆	 There must be a formal handover from the anaesthetist to an 
appropriately trained and registered practitioner.

◆	 All departments must have agreed, written criteria that patients 
should fulfil before being discharged to the ward.

◆	 All recovery areas must have an emergency call system, which 
is tested on a regular basis.

◆	 If a patient, who does not fulfil the discharge criteria, is in the 
recovery area, there must be at least two staff present. One of 
them must be a trained, registered practitioner.

◆	 All recovery practitioners should have appropriate training to 
the standard set by the UK National Core Competencies for 
Post-Anaesthesia Care.

◆	 An anaesthetist or a registered recovery practitioner should 
give one-to-one care to the patient until he or she regains con-
trol of the airway, the cardiovascular and respiratory param-
eters are stable, and he/she is able to communicate.

◆	 It is the anaesthetist’s responsibility to remove an endotracheal 
tube. Capnography must be applied if an endotracheal tube is 
still in situ.

◆	 Recovery areas for children must be appropriately equipped 
and staffed.

◆	 All the above-mentioned standards should be applied to all 
post-anaesthetic care areas including those in obstetric units, 
endoscopy, radiology, cardiology, dental units, and psychiatric 
units. Only registered post-anaesthesia care unit practitioners 
should recover the patients in those areas.

◆	 Patient safety should be a primary concern. Patient privacy and 
dignity should be respected.

◆	 If a critically ill patient is managed in the recovery area due to 
intensive care bed shortage, the critical care team should take 
the primary responsibility of that patient’s care.

◆	 There must be regular audits and incident reporting systems in 
all recovery units.

Royal College of Anaesthetists: Raising 
the Standard: A Compendium of Audit Recipes 
(Section 8.8 Technique of Anaesthesia for Caesarean 
Section), 2012
http://www.rcoa.ac.uk/system/files/CSQ-ARB-section8.pdf

In this audit recipe book, the Royal College of Anaesthetists rec-
ommends the proposed standard for quality improvement audits 
that should be carried out in individual hospitals.

Proposed standards for the technique of anaesthesia 
for caesarean delivery 

◆	 Greater than 95% of elective caesarean deliveries should be per-
formed under neuraxial anaesthesia.

◆	 Greater than 85% of emergency caesarean deliveries should be 
performed under neuraxial anaesthesia.

◆	 The conversion rate from neuraxial to general anaesthesia in 
elective caesarean deliveries should be less than 1%.

◆	 The conversion rate from neuraxial to general anaesthesia in 
emergency caesarean deliveries should be less than 3%.

The American Society of Anesthesiologists task 
force on obstetric anesthesia. Practice guidelines 
for obstetric anesthesia. Anesthesiology 2007; 
106:843–863
http://anesthesiology.pubs.asahq.org/article.aspx?articleid= 
1923100

Summary of recommendations
◆ 	Peri-anaesthetic evaluation

•	 History—maternal health, anaesthetic and obstetric history.
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•	 Examination—airway, cardiovascular, respiratory, and 
examination of the back.

•	 A system of communication must be in place to encourage 
early referral to the anaesthetist from other members of the 
multidisciplinary team.

•	 A  routine intrapartum platelet count is not required in a 
healthy parturient.

•	 A group and screen or cross-match must be requested, based 
on the maternal history and risk factors for bleeding.

•	 Fetal heart rate should be monitored before and after neurax-
ial analgesia.

◆ 	Aspiration prophylaxis

•	 Uncomplicated labouring women are allowed to drink 
clear liquids. Solid foods should be avoided in labouring 
patients.

•	 For those undergoing an elective caesarean delivery, modest 
amount of clear liquids can be allowed up to 2 hours before 
the induction of anaesthesia, and solid food is allowed up to 
6–8 hours before the induction.

•	 Non-particulate antacids and H2 receptor antagonists for 
aspiration prophylaxis are recommended before surgical 
procedures.

◆ 	Anaesthetic care for labour and delivery

•	 Resources must be available to treat complications resulting 
from local anaesthetic and opioid drugs.

•	 Intravenous fluid should be started before the neuraxial anal-
gesia or anaesthesia and continued throughout the duration 
of the neuraxial block.

•	 Early neuraxial analgesia should be considered in the follow-
ing women if there is no contraindication:

• Women who are attempting vaginal birth after previous cae-
sarean delivery.

• Women with twin pregnancies or pre-eclampsia.

• Women with anticipated airway problems or obese women.

•	 When continuous infusion of epidural analgesia (CIE) is 
used, the lowest concentration of local anaesthetic that pro-
vides adequate analgesia should be used. An opioid may be 
added to improve the analgesic quality, reduce local anaes-
thetic concentration, and minimize motor block.

•	 Single injection of spinal opioid with or without local anaes-
thetic or combined spinal epidural (CSE) can be used for 
labour analgesia.

•	 Patient-controlled epidural analgesia (PCEA) is preferable 
to CIE as it is effective and flexible and causes less motor 
blockade.

◆ 	Manual removal of retained placenta (MRP)

•	 There is no preferred anaesthetic technique for the MRP. The 
woman should be haemodynamically stable before receiving 
neuraxial anaesthesia.

•	 Nitroglycerine may be used to relax the uterus for the removal 
of retained placenta.

◆ 	Anaesthetic choices for caesarean delivery

•	 The delivery suite should have equipment and support per-
sonnel comparable to main operating theatres.

•	 Neuraxial anaesthesia is preferable to general anaesthesia for 
most caesarean deliveries. However, in situations such as per-
sistent fetal bradycardia, suspected ruptured uterus, severe 
haemorrhage, and placental abruption, general anaesthesia 
may be the most suitable choice.

•	 Left lateral tilt position should be applied in all caesarean 
deliveries to achieve uterine displacement.

•	 Both phenylephrine and ephedrine can be used to treat hypo-
tension related to neuraxial blockade.

•	 Neuraxial opioids are preferred over parenteral opioids.
◆ 	Postpartum tubal ligation

•	 Patients should follow routine fasting guidelines prior to sur-
gery and aspiration prophylaxis should be considered.

•	 Neuraxial anaesthesia is preferred to general anaesthesia.
◆ 	Management of obstetric and anaesthetic emergencies

•	 All institutions offering obstetric care should have facilities to 
manage major haemorrhage. In emergencies, O-negative or 
type-specific blood can be used. When blood is not available or a 
patient refuses blood products, cell salvage should be considered.

•	 The anaesthetist should be familiar with the difficult intuba-
tion drill. If an intubation attempt fails, one should continue 
ventilating with a face mask and cricoid pressure or with a 
laryngeal mask airway. If ventilation is not possible, a surgical 
airway should be instituted.

•	 Delivery suites should also have basic and advanced life sup-
port facilities. Uterine displacement should be applied during 
cardiopulmonary resuscitation. If spontaneous circulation is 
not achieved within 4 minutes, perimortem caesarean deliv-
ery should be performed.

Working Party on Obstetric Anesthesia of the Belgian 
Association for Regional Anaesthesia (BARA). Belgian 
guidelines and recommendations for safe practice 
in obstetric anesthesia. Acta Anaesthesiol Belg 2003; 
54:119–125
http://www.bara2001.be/guidelines/belgian-guidelines-and-  
recommendations-for-safe-practice-in-obstetric-anesthesia.aspx

Guideline 1: Pre-anaesthetic evaluation

•	 The entire parturient file should be available to the attending 
anaesthetist.

•	 If a parturient has significant medical problems (ASA III or 
above), her obstetrician should inform the anaesthetic team 
as soon as feasible.

•	 A  repeat platelet count is not necessary in women with 
uncomplicated pregnancies if the platelet counts were normal 
in the third trimester.

•	 If a woman is booked for caesarean delivery or if she has any 
risk factor for bleeding, group and screen should be performed.

 

http://www.bara2001.be/guidelines/belgian-guidelines-and-recommendations-for-safe-practice-in-obstetric-anesthesia.aspx
http://www.bara2001.be/guidelines/belgian-guidelines-and-recommendations-for-safe-practice-in-obstetric-anesthesia.aspx
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Guideline 2: Equipment

•	 An operating theatre should be available 24/7 for caesarean 
deliveries and obstetric emergencies.

•	 All labour and delivery rooms should have the following 
facilities:  oxygen supply, suction, emergency call buzzer, 
adequate lighting, electric power points, electronic fetal heart 
rate monitoring, non-invasive blood pressure and maternal 
heart rate monitoring. and continuous pulse oximetry.

•	 An operating theatre should have all standard anaesthetic equip-
ment including those required to deal with difficult intubation.

•	 A well-equipped resuscitation cart and uterine displacement 
equipment should be available on all delivery suites.

Guideline 3: Sterile technique

•	 Before the neuraxial block, the parturient’s back should be 
cleaned with an antiseptic solution and allowed to dry for 2 
minutes. All injectable solutions should be aspirated from the 
original ampoule in a sterile manner. The anaesthetist should 
wear a facemask, a cap, and sterile gloves.

Guideline 4: Anaesthetic staffing and availability

•	 An anaesthetist must ensure maternal observations and 
fetal heart rate are normal, and they must be available for at 
least 30 minutes after the initiation of neuraxial analgesia.

•	 The level of the blockade and quality of the analgesia should 
be documented on the observation chart at least every hour.

•	 An anaesthetist and other appropriate staff must be readily 
available for an urgent caesarean delivery.

Guideline 5: Midwifery tasks

•	 There should be a written hospital policy for the maintenance 
of neuraxial analgesia.

•	 Midwives are responsible for the continuous care and moni-
toring of the mother and the fetus during the period of epi-
dural blockade.

•	 Midwives should be trained to assist anaesthetists with 
administering neuraxial and general anaesthesia in theatre, 
and to care for parturients in the immediate postoperative 
period.

Guideline 6: Monitoring of mother and fetus during neuraxial 
labour analgesia

•	 Before the start of the neuraxial block:

•	 Fetal heart rate, maternal blood pressure and pulse

•	 After the initiation of neuraxial block:

•	 Maternal blood pressure and heart rate pulse every 5 minutes 
for 30 minutes and until the parameters are stable• Fetal heart 
rate continuously for at least 30 minutes

Guideline 7: Monitoring during anaesthesia for caesarean 
delivery

•	 Anaesthetists should use standard monitoring for caesarean 
delivery as for any surgical procedure.

•	 Parturients must be positioned with 30° left lateral tilt.

Guideline 8: Ambulation

•	 Parturients are allowed to ambulate after neuraxial analge-
sia if there is no contraindication. However, a parturient’s 
ability to mobilize need to be assessed by a midwife or an 
anaesthetist.

•	 The parturient must be accompanied by a responsible adult 
when she ambulates.

Guideline 9: Fluid intake, nil per oral-policy and aspiration 
prophylaxis

•	 Uncomplicated parturients are allowed to drink clear fluid in 
labour.

•	 Women on the elective caesarean delivery list are allowed to 
eat solid food up to 6 hours before the operation and clear 
liquid up to 2 hours before the procedure.

•	 All caesarean delivery patients must have aspiration 
prophylaxis.

Guideline 10: Caesarean delivery

•	 Neuraxial anaesthesia is the recommended technique for 
elective caesarean delivery.

•	 General anaesthesia should not be started until the surgeon is 
scrubbed and ready to perform the procedure.

•	 Prophylactic antibiotics should be given as per hospital policy.

•	 Anaesthetic trained staff must be available throughout the 
procedure.

Guideline 11: Maternal and neonatal resuscitation

•	 The anaesthetist should direct maternal resuscitation in a 
shared effort with the obstetricians.

•	 The anaesthetist may assist in neonatal resuscitation after 
having considered the benefit for the newborn against the risk 
to the mother under his or her care.

Guideline 12: High-risk pregnancies

•	 Any high-risk parturient must be referred to the anaesthe-
tist as soon as possible. An anaesthetic plan should be docu-
mented in advance of the delivery.

•	 Invasive monitoring facilities should be available in the deliv-
ery suites.

ACOG Practice Bulletin 36: Obstetric Analgesia 
and Anaesthesia, July 2002
http://www.acog.org/~/media/List of Titles/PBListOfTitles.pdf?d
mc=1&ts=20140222T1342330971 (ACOG practice bulletins may 
be viewed by ACOG members or with a valid ATHENS password)

This guideline is produced to give obstetricians a better under-
standing of available methods of analgesia and anaesthesia.

Available methods of anaesthesia and analgesia
Parenteral

•	 Opioid drugs can be given as intermittent doses or as 
patient-controlled analgesia.

•	 When compared with neuraxial analgesia, parenteral agents 
result in higher pain scores on a visual analogue scale.
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•	 Patients should be aware of the risks of aspiration and mater-
nal and fetal respiratory depression.

•	 All parenteral drugs have significant transplacental passage.
•	 Norpethidine, an active metabolite of pethidine has a 

long neonatal half-life, and can cause prolonged neonatal 
sedation.

Epidural

•	 Indications for epidural analgesia include maternal request 
and medical indications.

•	 Medical indications are anticipated airway difficulty, malig-
nant hyperthermia, selected forms of respiratory and cardio-
vascular disease, and prevention of autonomic hyperreflexia 
in patients with high spinal cord lesion.

•	 Epidural preparations usually consist of low-dose local anaes-
thetic with an opioid drug to decrease the risk of motor block-
ade and increase the chance of spontaneous vaginal delivery.

•	 Prospective cohort studies (see Practice Bulletin for details) 
have found no significant association between epidural anal-
gesia and chronic back pain.

•	 The mechanism of epidural-related fever is unclear. 
Intrapartum fever results in a significant risk of maternal and 
neonatal antibiotic treatment.

•	 Epidural analgesia can prolong the labour by 40–90 min-
utes. It can also increase the need for oxytocin to augment 
labour.

•	 There is also a higher risk of prolongation of the second stage 
of labour. The rate of operative vaginal delivery is increased in 
women who use epidural analgesia.

•	 Most anaesthetists will perform an epidural block if platelet 
counts are higher than 100,000/μL.

•	 If patients are on a once-daily regimen of low-molecular-weight 
heparin (LMWH), neuraxial analgesia or anaesthesia should 
not be offered within 12 hours of the last dose.

•	 If patients are on twice-daily LMWH, a neuraxial procedure 
should not be performed within 24 hours of the last dose.

•	 Routine platelet count is, however, not necessary in uncom-
plicated women in labour.

•	 Neuraxial analgesia and anaesthesia are preferred in patients 
with pre-eclampsia if there is no contraindication.

•	 Breastfeeding success is not affected by intrapartum epidural 
analgesia.

Spinal

•	 Single-shot spinals can be used for pain relief in the second 
stage of labour and for procedures such as caesarean delivery 
and tubal ligation.

Combined spinal–epidural

•	 This method provides rapid-onset analgesia and ability to 
insert an epidural catheter to continue the analgesia. It can also 
be used for caesarean delivery and post-caesarean pain relief.

General anaesthesia

•	 Induction to delivery time should be reduced when using gen-
eral anaesthesia.

•	 All inhaled anaesthetic agents can cause neonatal depression, 
uterine relaxation, and increase the risk of haemorrhage.

Local anaesthesia

•	 Various local anaesthetics are used for infiltration for per-
ineal and vaginal repairs.

•	 Obstetricians also use local anaesthetics in pudendal nerve 
blocks for operative vaginal deliveries.

Maternal mortality

•	 Failed intubation rate in the obstetric population is tenfold 
higher than that of the non-obstetric population.

•	 In patients with a higher risk of requiring caesarean deliv-
ery, neuraxial analgesia should be recommended early during 
labour.

Postoperative analgesia

•	 Opioids are administered with local anaesthetic intrathecally 
or epidurally at the time of caesarean delivery. They can pro-
vide analgesia for 12–24 hours after delivery.

•	 Non-steroidal anti-inflammatory drugs (NSAIDs) should 
also be given if there is no contraindication.

Obstetric Anaesthetists’ Association Clinical 
Guideline: Inadequate Regional Block, 2011
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=173
◆	 Inadequate neuraxial block has clinical and medicolegal 

consequences.
◆	 The Obstetric Anaesthetists’ Association (OAA) clinical 

guideline page has example guidelines on inadequate neu-
raxial block from three UK National Health Service (NHS) 
hospitals.

◆	 In order to prevent inadequate block in the operating theatre, 
it is advised that the duty anaesthetist ensures labour epidurals 
are working effectively at the beginning of the shift and replaces 
any ineffective epidurals early.

◆	 Upper block levels vary among different guidelines, ranging 
from ‘T4 cold’ to ‘T4 cold and T5 touch’.

◆	 The anaesthetist must ask the obstetrician to stop the surgery 
once the patient complains of pain.

◆	 Choice of pain-relieving strategies depends on the stage of the 
operation. Options include Entonox®, intravenous opioids such 
as alfentanil, other analgesics such as ketamine, local infiltra-
tion by the obstetrician, and general anaesthesia.

◆	 All guidelines emphasize the importance of accurate 
documentation.

◆	 It is good practice to visit the mother after surgery to explain 
the events that occurred in theatre.

Royal College of Anaesthetists. Report and 
Findings of the Third National Audit Project 
(Chapter 16: Complications after Obstetric CNB), 
January 2009
http://www.rcoa.ac.uk/nap3

Summarized under ‘Neurology’.

 

 

http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=173
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Fourth National Audit Project. Major Complications 
of Airway Management in the UK: Results of the 
Fourth National Audit Project of the Royal College 
of Anaesthetists and the Difficult Airway Society. 
London: Royal College of Anaesthetists, 2011
http://www.rcoa.ac.uk/nap4

Learning points and recommendations for obstetric cases are 
summarized.

Learning points

1.	 Physiological changes in pregnancy, active labour, and isolated 
location increase the complexity of management of airway 
complications when they occur.

2.	All theatre personnel (obstetricians, midwives, and operating 
department practitioners) should be aware of the considerable 
difficulty in managing airway complications in obstetric patients.

3.	Three out of four parturients were obese and had complex 
obstetric, medical, and anaesthetic issues.

4.	While preparing failed intubation strategies, it should be recog-
nized that it is not always possible to wake the patient up.

5.	Decisions regarding management of complex patients require 
multidisciplinary collaboration when forming initial and 
backup plans.

Recommendations

1.	 Obstetric anaesthetists should maintain airway skills which 
include the management of difficult and failed tracheal intuba-
tion and ‘can’t intubate, can’t ventilate’ scenario.

2.	Obstetric anaesthetists should be competent in the use of 
second-generation supraglottic airway devices, which give bet-
ter protection against aspiration and facilitate ventilation and/
or intubation.

3.	Anaesthetic departments should ensure airway skills and 
equipment are available whenever awake fibreoptic intubation 
is indicated.

4.	Recovery staff including midwives should be trained and be 
competent to recover patients following an anaesthetic.

AAGBI Safety Guideline: Management of Severe Local 
Anaesthetic Toxicity, December 2010
http://www.aagbi.org/sites/default/files/la_toxicity_2010_0.pdf

Summarized under ‘Critical Care and Resuscitation’.

Analgesia
Committee of Origin: Obstetrical Anaesthesia 
(Approved by the ASA House of Delegates). 
Statement on Pain Relief During Labour, last amended 
in October 2010
http://www.asahq.org/~/media/legacy/for%20members/docu-
ments/standards%20guidelines%20stmts/statement%20pain%20
relief%20labor.pdf

This is a joint statement from the American Society of 
Anesthesiologists (ASA) and the American College of 
Obstetricians and Gynecologists (ACOG).

Summary of the statement

◆	 Labour causes severe pain for many women. Maternal request 
should be a sufficient indication for the provision of pain relief 
in labour provided there is no contraindication. Pain relief 
should also be offered when clinically indicated.

◆	 Neuraxial analgesia is the most effective method of analge-
sia and it is also the least depressing to the central nervous 
system.

◆	 The American Society of Anesthesiologists (ASA) and the 
American College of Obstetricians and Gynecologists (ACOG) 
believe that women should not be deprived of labour analgesia 
and anaesthesia services due to the lack of health insurance or 
inadequate nursing participation.

◆	 Labour nursing personnel should be able to manage epidural 
infusions, adjust dosage and discontinue infusions under the 
supervision of a physician.

NICE.  Intrapartum Care: Care of Healthy Women 
and their Babies During Childbirth (Section 8: 
Coping with Pain in Labour: Non-Epidural). Clinical 
Guideline 190, December 2014
http://w w w.nice.org.uk/guidance/cg190/evidence/cg190-  
intrapartum-care-full-guideline3

Pain-relieving strategies

•	 Women who wish to use breathing and relaxation techniques 
and massage therapy in labour should be supported.

•	 Use of birthing pool is recommended for pain relief. Maternal 
and water temperatures need to be monitored hourly. The 
water temperature should not rise above 37.5°C. The bath 
or birthing pool should be cleaned as outlined in a protocol 
agreed with the microbiology department.

•	 Acupuncture, acupressure, and hypnosis should not be pro-
vided but if women wish to use them, they should not be pre-
vented from doing so.

Non-pharmacological analgesia

•	 Transcutaneous electrical nerve stimulation (TENS) is not an 
effective analgesic technique in established labour.

Inhalational analgesia

•	 Entonox® should be accessible in all birthing areas. However, 
women should be informed about the side effects of Entonox®, 
which include nausea and dizziness.

Intravenous and intramuscular opioids

◆	 All birthing units should have commonly used opioids such as 
diamorphine and pethidine as options for pain relief. However, 
women should be made aware about possible side effects associ-
ated with these drugs and that these side effects may affect both 
her and her unborn child. (See section 8.6.4.1.4 on page 347 of 
NICE guidance for a full list of side effects.)

◆	 Women should be made aware that if they have received an opi-
oid analgesic, they should avoid using a birthing pool within 
2 hours of administration or if they feel drowsy.
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American Society of Anesthesiologists task 
force on neuraxial opioids. practice guidelines 
for the prevention, detection, and management 
of respiratory depression associated with neuraxial 
opioid administration. Anesthesiology 2009; 
110(2):218–30
http://www.guideline.gov/content.aspx?id=15133 [currently being 
updated] http://www.asahq.org/~/media/Sites/ASAHQ/Files/
Public/Resources/standards-guidelines/practice-guidelines-
for-the-prevention-detection-and-management-of-respiratory-
depression.pdf

This guideline was produced to prevent and manage respiratory 
depression after the administration of neuraxial opioids.

Identification of patients at increased risk of respiratory 
depression

•	 Anaesthetists should carry out a focused history and exami-
nation before giving neuraxial opioids. Anaesthetists should 
enquire about symptoms of sleep apnoea and current medica-
tion history, including preoperative opioid use.

Prevention of respiratory depression after neuraxial opioids

•	 Patients with sleep apnoea, on non-invasive positive airway 
pressure ventilation treatment, should bring their own equip-
ment to the hospital.

•	 Epidural opioids have a lower risk of respiratory depression 
compared to parenteral opioids.

•	 Neuraxial morphine should not be given to outpatient surgi-
cal patients.

•	 The lowest effective dose of neuraxial opioids should be given, 
in order to reduce the risk of respiratory depression.

•	 In patients who have had neuraxial opioids, parenteral opi-
oids should be used cautiously, if necessary.

Detection of respiratory depression

•	 All patients receiving neuraxial opioids should be monitored 
for the adequacy of ventilation, oxygenation, and sedation 
(Table A1.1).

Management and treatment

•	 Oxygen should be given if patients have reduced conscious-
ness, respiratory depression, or hypoxaemia.

•	 Reversal agents should be available.

•	 If severe airway obstruction or hypoxia occurs, non-invasive 
positive-pressure ventilation should be commenced.

OAA clinical guideline: Remifentanil
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=191

Remifentanil PCA guidelines from five NHS trusts were 
described on the OAA website.
◆	 Some hospitals offer remifentanil PCA as one of the routine 

analgesic options while others offer it if women have any con-
traindications to neuraxial analgesia.

◆	 Remifentanil PCA should be set up by an anaesthetist.
◆	 Typical remifentanil PCA protocols consist of doses rang-

ing from 20 mcg to 40 mcg delivered stat with a lockout of 

2 minutes. Background infusions should not be used. A dedi-
cated cannula must be used for the PCA.

◆	 A  midwife must be present in the room to provide constant 
one-to-one care.

◆	 Continuous pulse oximetry should be applied. Observations 
including heart rate, blood pressure, respiratory rate, sedation, 
and pain scores should be monitored and documented every 30 
minutes.

◆	 The midwife should start oxygen supplementation if the oxy-
gen saturation is less than 93% or the woman becomes drowsy. 
Criteria that warrant an anaesthetist’s presence include oxygen 
saturation of less than 90% despite oxygen therapy, sedation 
score more than 2, and respiratory rate of less than 8 breaths per 
minute.

◆	 Sedation score:
1:	Fully awake

2:	Drowsy

3:	Eyes closed but rousable by voice

4:	Eyes closed but rousable by physical stimulus

5:	Eyes closed and not rousable.
◆	 Contraindications to remifentanil PCA include opioid allergy, 

opioid analgesia administration in the last 4 hours, premature 
labour, and ASA III and above.

◆	 Remifentanil PCA use should be regularly audited.

Royal College of Anaesthetists: Raising 
the Standard: A Compendium of Audit Recipes 
(Section 8.9: Pain Relief after Caesarean Section), 2012
http://www.rcoa.ac.uk/system/files/CSQ-ARB-section8.pdf
◆	 It is vital to provide adequate pain relief after caesarean deliv-

ery (CD) so that the mother can start mobilizing and look after 
the baby.

◆	 Patients after surgery should have a pain score of 3 cm or less on 
a visual analogue scale (VAS) of 0–10 cm.

Table A1.1  Monitoring required for neuraxial opioids

Type of neuraxial 
opioid administration

Monitoring

Single-injection 
neuraxial lipophilic 
opioids (e.g. fentanyl)

Monitoring for a minimum of 2 h

Continuous monitoring for first 20 min, then once 
per hour until 2 h have passed

After 2 h, monitoring should depend on the clinical 
condition

Continuous infusion 
or patient-controlled 
epidural analgesia 
(PCEA) with neuraxial 
lipophilic opioids

Monitoring during the entire time of infusion

Continuous monitoring for the first 20 min, then 
once per hour until 12 h has passed

From 12 to 24 h, monitor once every 2 h

After 24 h, monitor at least once every 4 h

Continuous infusion or 
PCEA with neuraxial 
hydrophilic opioids 
(e.g. morphine)

Monitoring during the entire time of infusion

Monitoring once per hour for the first 12 h after 
initiation

From 12 to 24 h, monitor once every 2 h

After 24 h, monitor at least once every 4 h
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◆	 Proposed standards by the Royal College of Anaesthesia are:

•	 Nine out of ten women should have a pain score of 3 or less 
when assessed with a 10 cm VAS.

•	 Regular NSAIDs should be given to all postoperative women 
if there is no contraindication.

•	 Opioids should be given epidurally or intrathecally in all 
women who undergo CD under neuraxial anaesthesia.

•	 The following observations should be performed every hour 
after an administration of opioids.

• Respiratory rate

• Sedation score

• Pain score.

•	 There should be adequate perioperative pain relief in over 
90% of women undergoing CD.

MotherToBaby: a service of the organization 
of teratology information specialists
http://www.otispregnancy.org/
◆	 The Organization of Teratology Information Specialists pro-

vides evidence-based information about drug and substance 
exposures in pregnancy.

◆	 Teratology information of the drugs related to the anaesthetic 
practice is described as follows:

•	 Acetaminophen (paracetamol). It is safe to take during preg-
nancy and during breastfeeding. There is no evidence to cause 
miscarriage or birth defects.

•	 Ibuprofen and other NSAIDs. There is some evidence that 
NSAIDs may have a negative effect on the implantation of 
the early fetus. If NSAIDs are taken in the first and second 
trimesters, there is a possible association with certain birth 
defects, such as gastroschisis. During the third trimester, 
NSAIDs can cause premature closure of ductus arteriosus. 
NSAIDs are safe to use in breastfeeding mothers. NB Use of 
aspirin in pregnancy is not discussed in their factsheet.

•	 Opioids. There is no strong evidence of causing miscarriage 
or birth defects. If a mother has been on prescription opi-
oids, signs of withdrawal should be monitored in the baby. 
When opioids are used for a short period in recommended 
doses during breastfeeding, they are unlikely to cause harm 
to the baby.

•	 Benzodiazepines. They do not significantly increase the risk 
of birth defects. There is some evidence that benzodiazepines 
can increase the risk of preterm birth and low birth weight in 
infants when the mother takes them during pregnancy. Signs of 
withdrawals should also be monitored in the neonates. During 
breastfeeding, long acting benzodiazepines should be avoided.

Crews KR, Gaedigk A, Dunnenberger HN, et al. Clinical 
Pharmacogenetics Implementation Consortium 
(CPIC) guidelines for codeine therapy in the context 
of cytochrome P450 2D6 (CYP2D6) genotype. Clin 
Pharmacol Ther 2012; 91:321–6
http://onlinelibrary.wiley.com/doi/10.1038/clpt.2011.287/epdf

This evidence-based guideline aims to look at the effect that 
individuals with different variations of the cytochrome P450 2D6 
genotype have on codeine metabolism. It makes recommenda-
tions regarding the use of codeine in these individuals.

Key points

◆	 Ultrametabolizer phenotype:  1–2% of the population. These 
individuals are more likely to produce morphine after codeine 
administration, so increasing their risk of toxicity. It is advis-
able that codeine and perhaps tramadol should be avoided in 
these individuals.

◆	 Extensive metabolizer phenotype:  77–92% of the population. 
These individuals have normal codeine metabolism and can 
safely be given codeine according to the manufacturer’s recom-
mendations (15–60 mg every 4 hours).

◆	 Intermediate metabolizer phenotype:  2–11% of the popula-
tion. These individuals have reduced morphine formation 
after codeine. In such patients, the analgesic effect should be 
monitored after administration of 15–60 mg of codeine every 
4 hours. If there is no benefit, then consider changing to mor-
phine or another analgesic. Tramadol metabolism may be simi-
larly affected.

◆	 Poor metabolizer phenotype:  5–10% of the population. These 
individuals have severely reduced morphine formation after 
codeine and thus derive no analgesic benefit from codeine. 
Tramadol should also be avoided in these individuals.

Rigg JR, Jamrozik K, Myles PS, et al.; MASTER 
anaesthesia trial study group. epidural anaesthesia and 
analgesia and outcome of major surgery: a randomised 
trial. Lancet 2002; 359(9314):1276–82
http://www.thelancet.com/journals/lancet/article/PIIS0140-  
6736(02)08266-1/fulltext
◆	 In this multicentre trial, 915 high-risk patients undergoing 

major abdominal surgery were randomized to epidural and 
control (alternative analgesic regimen) groups.

◆	 Most adverse outcomes were not reduced by the use of general 
anaesthesia combined with an epidural or by postoperative epi-
dural analgesia.

◆	 However, lower pain scores and a reduction in respiratory fail-
ure were seen in the epidural group.

Cardiovascular
NICE.  Hypertension in Pregnancy: The Management 
of Hypertensive Disorders During Pregnancy. Clinical 
Guideline 107, August 2010
http://www.nice.org.uk/guidance/cg107

Primary or secondary hypertension may present in women of 
childbearing age. Hypertensive disease in pregnancy is associ-
ated with significant maternal morbidity, as it increases the life-
time cardiovascular risk. Hypertensive disorders in pregnancy 
may also have a significant impact on neonatal outcomes: 5% of 
all stillbirths result from pre-eclampsia, whereas hypertension in 
pregnancy accounts for 8–10% of all preterm births. This guide-
line covers the diagnosis and management of hypertension during 
conception, pregnancy, labour, and the postpartum period.
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Key points

◆	 Women at high risk of pre-eclampsia should be advised to take 
aspirin 75 mg from 12 weeks’ gestation until delivery.

◆	 Proteinuria in pregnancy should be monitored using an auto-
mated reading-strip or a spot urea:creatinine ratio, especially if 
in secondary care setting.

◆	 Women who are taking angiotensin-converting enzyme inhibi-
tors (ACEIs) or angiotensin receptor blockers (ARBs) should be 
advised of the risk of teratogenicity with these drugs and efforts 
should be made to substitute them with safer alternatives.

◆	 Women with uncomplicated chronic hypertension should aim 
to keep their blood pressure below 150/100 mmHg.

◆	 Patients with gestational hypertension and pre-eclampsia 
should be offered an integrated care package, which covers 
monitoring and management in the community, admission 
to hospital for inpatient treatment, and plans for labour and 
delivery.

◆	 Following consultation with an obstetric consultant, biochemi-
cal and clinical parameters to expedite delivery before 34 weeks’ 
gestation should be documented in the notes of all women with 
pre-eclampsia.

◆	 All women with pre-eclampsia should be offered a follow-up 
appointment 6–8 weeks postpartum.

◆	 Women need to be warned of the risks of recurrence of ges-
tational hypertension (13–53%) and pre-eclampsia (16–55%) in 
future pregnancies.

Action on Pre-eclampsia. PRECOG: The Pre-Eclampsia 
Community Guideline, 2004
ht t p : //a c t i o n - o n - pr e - e c l a mp s i a . o r g .u k / w p - c o nt e nt /
uploads/2012/07/PRECOG-Community-Guideline.pdf

This guideline has been written to assist healthcare providers 
in the community with the surveillance, diagnosis, and man-
agement of pregnant women, who may be at risk of or have been 
diagnosed with hypertensive disease of pregnancy and possi-
ble pre-eclampsia. The guideline was developed in collaboration 
with the Royal College of Midwives, the Royal College of General 
Practitioners, and the National Childbirth Trust.

Key points

◆	 Pre-eclampsia is a major cause of maternal and fetal morbidity 
and mortality.

◆	 According to the Magpie collaborative group, pre-eclampsia 
is associated with stillbirth, fetal growth restriction, and 
preterm birth.

◆	 Most deaths associated with pre-eclampsia are secondary to 
substandard care, a failure to identify and act on risk factors 
at booking, and a failure to recognize and treat the signs and 
symptoms of pre-eclampsia after 20 weeks’ gestation.

◆	 Recommendation 1:  Identifiable risk factors for pre-eclampsia 
at booking include primiparity, maternal age greater than 
40, multiple pregnancy, maternal obesity, previous history of 
pre-eclampsia, family history of pre-eclampsia, or proteinuria at 
booking.

◆	 Recommendation 2: Early referral to a centre which manages 
pre-eclampsia should be made for women with a multiple preg-
nancy, pre-existing medical conditions which predispose to 
pre-eclampsia, a history of pre-eclampsia, or two of the risk 
factors mentioned in recommendation 1.

◆	 Recommendation 3:  women with a higher risk of developing 
pre-eclampsia should be reviewed more frequently (e.g. every 
3 weeks) than those with a low risk. Women should be made 
aware that pre-eclampsia can develop at any time after 20 weeks 
and that they can self-refer.

◆	 Recommendation 4: At every assessment, the following five fac-
tors should be looked for: new hypertension (diastolic blood 
pressure (BP) > 90  mmHg), new or significant proteinuria, 
maternal headache or visual disturbance, epigastric pain or 
vomiting, and reduced fetal movements or small growth.

◆	 Recommendation 5:  the subsequent management of protein-
uria detected on screening will depend on the presence of 
hypertension and other symptoms. Women with new protein-
uria after 20 weeks with a diastolic BP greater than 90 mmHg 
or a systolic BP greater than 170 mmHg associated with visual 
disturbances or headaches require immediate admission for 
further assessment.

◆	 Recommendation 6: an appropriate sized BP cuff needs to be used, 
with the patient in a semi-recumbent position with the arm at the 
level of the heart. Korotkoff sound V should be used to determine 
the diastolic BP and palpation to estimate the systolic BP.

◆	 Recommendation 7: all staff measuring proteinuria need to be 
suitably trained to use and interpret a dipstick result. Using an 
automated dipstick reader may reduce error. Twenty-four-hour 
urine collection should be used to quantify the amount of 
excreted urine.

◆	 Recommendation 8:  fetal growth needs to be assessed in the 
community but there is no evidence to suggest which method 
of assessment is superior.

The task force on the management of cardiovascular 
diseases during pregnancy of the European 
Society of Cardiology (ESC). ESC guidelines 
on the management of cardiovascular diseases 
during pregnancy. Eur Heart J 2011; 32:3147–97.
http://www.escardio.org/static_file/Escardio/Guidelines/publica-
tions/PREGN Guidelines-Pregnancy-FT.pdf

This guidance was developed by the European Society 
of Cardiology and is endorsed by the European Society of 
Gynaecology, the Association for European Paediatric Cardiology, 
and the German Society for Gender Medicine.

Key points

◆	 Surveillance:  offer pre-pregnancy counselling in all women 
with known or suspected cardiovascular system disease. 
Echocardiography, exercise testing, and magnetic resonance 
imaging (MRI) without contrast may be used to assess cardiac 
function in pregnant women. Echocardiography to assess for 
fetal cardiac abnormalities should be undertaken from week 13 
of gestation. Where possible, radiation, catheter techniques and 
surgical interventions should be avoided.
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◆	 Congenital heart disease:  care should be individualized and 
the risks of pregnancy depend on the underlying disease 
itself. A vaginal delivery remains possible. Pregnancy should 
be avoided in patients with pulmonary hypertension and 
Eisenmenger syndrome due to the high risk of maternal mor-
tality. Maternal cyanosis (SpO2 < 85%) is associated with a low 
probability of fetal survival (<12%). Fontan circulation remains 
a moderate to high risk to pregnancy.

◆	 Aortic disease: when aortic dissection occurs in high-risk indi-
viduals, it is more likely to occur in the last trimester (50%) 
or early postpartum (33%). Pregnancy should be discouraged 
in patients with Marfan syndrome, who have an aortic root 
diameter of greater than 45 mm. About 50% of patients with a 
bicuspid aortic valve and aortic stenosis have dilatation of the 
ascending aorta and remain at risk of dissection. A caesarean 
delivery should be considered when the aortic root diameter is 
greater than 45 mm.

◆	 Valvular heart disease: moderate to severe mitral stenosis will 
need treatment prior to conception. Treatment for aortic ste-
nosis before pregnancy is dependent on symptoms and cardiac 
function. Regurgitant lesions are better tolerated in pregnancy 
than stenotic lesions. Patients with metallic heart valves will 
need their oral anticoagulation modified to reduce fetal terato-
genicity and to minimize the risk of bleeding.

◆	 Coronary artery disease: primary percutaneous coronary inter-
vention (PCI) with a bare metal stent is the treatment of choice 
in pregnant women, presenting with an acute coronary syn-
drome (ACS) or ST elevation myocardial infarction (STEMI). 
Women with coronary artery disease may consider pregnancy 
if there is no ongoing ischaemia and left ventricular ejection 
fraction (LVEF) greater than 40%.

◆	 Cardiomyopathies: peripartum cardiomyopathy may develop 
in the last trimester or immediately postpartum. If the ejec-
tion fraction has not normalized after delivery, then a subse-
quent pregnancy should be discouraged due to a recurrence 
risk of 30–50% and the chance that left ventricular (LV) func-
tion may deteriorate by up to 50% during pregnancy. Patients 
with dilated cardiomyopathy have a high risk of deteriora-
tion, whilst those with hypertrophic cardiomyopathy tolerate 
pregnancy well.

◆	 Arrhythmias: these may occur in pregnant women, though the 
incidence of life-threatening arrhythmias is rare. Direct car-
dioversion should be considered in unstable patients and pace-
maker insertion is recommended in the presence of complete 
heart block.

◆	 Hypertension: drug treatment in severe gestational hyperten-
sion is beneficial. Alpha-methyldopa is the agent of choice 
during pregnancy. Labetalol has comparable efficacy to 
alpha-methyldopa and may be used in severe hypertension. 
Calcium channel blockers are second choice agents.

◆	 Venous thromboembolism: all pregnant women should undergo 
a risk assessment in pregnancy. High-risk patients should 
receive antenatal prophylaxis with LMWH, which should con-
tinue for 6 weeks postpartum.

◆	 Drug therapy during pregnancy: no specific recommendations. 
In the case of an emergency, drugs which are not recommended 

in pregnancy and breastfeeding should not be withheld from 
the mother.

NICE.  Hypertension: Clinical Management of Primary 
Hypertension in Adults. Clinical Guideline 127, 
August 2011
http://www.nice.org.uk/guidance/cg127

This link to the updated quick reference guide replaces NICE 
Clinical Guideline 34 from 2006.

Key points

◆	 Definitions (see Table A1.2):
◆	 Patients with stage 1 hypertension should be considered for 

referral to specialist services for further investigation if:

•	 Less than 40 years of age

•	 No evidence of end-organ damage

•	 No cardiovascular disease

•	 No renal disease

•	 No diabetes.

◆	 Antihypertensive agents should be started in patients with 
stage 2 hypertension or above.

◆	 The choice of antihypertensive agent will depend on age, race, 
and response to treatment.

◆	 Lifestyle changes such as exercise and alcohol consumption 
should be addressed in the management of hypertension.

Chronic maternal infections
Royal College of Obstetricians and Gynaecologists. 
The Prevention of Malaria in Pregnancy. Green-Top 
Guideline No. 54A, April 2010
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg54apreventionmalariapregnancy0410.pdf

This guideline is designed to provide evidence-based medicine 
for the treatment of women living in the United Kingdom who 
may travel to malarial regions whilst pregnant.

Key points

◆	 Malaria infection in pregnancy may be harmful to both the 
mother and the fetus. Where there is low immunity to malaria 

Table A1.2  Definition of different grades of hypertension

Grade of 
hypertension

Measured clinic readings Average ambulatory 
or home BP readings

Stage 1 140/90 mmHg or higher 135/85 mmHg or 
higher

Stage 2 160/100 mmHg or higher 150/95 mmHg or 
higher

Severe Systolic BP reading 180 mmHg 
or higher or diastolic BP reading 
110 mmHg or higher
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(e.g. in the UK), infection is associated with maternal mortality, 
miscarriage, stillbirth, and premature labour. In regions where 
malaria is endemic, the infection may lead to babies with low birth 
weights and the concomitant health problems associated with it.

◆	 It is advisable that where possible, a trip to a region where 
malaria is endemic should be postponed or avoided for a 
woman who is planning to become pregnant or who is preg-
nant. If travel is unavoidable, the woman should be encouraged 
to seek advice from a centre experienced in treating malaria 
regarding risks and avoidance strategies.

◆	 Pregnant women returning from an malaria-endemic region 
should be advised that a fever or flu-like illness after travelling or 
up to a year after return may be suggestive of malaria infection.

◆	 Malaria prevention may be divided into for components using 
the ‘ABCD’ formula:

•	 Awareness of risk—women should be made aware of the signs 
and symptoms of malaria and be warned that even despite 
prophylaxis, they may still develop malaria.

•	 Bite prevention—the use of 20% DEET repellent in pregnant 
women has not been associated with any adverse effects, even 
though DEET may be found in the cord blood of 8% of fetuses. 
Given that the consequences to the fetus may be devastating in 
malaria, 50% DEET should be used. Pyrethroid sprays quickly 
kill mosquitoes whereas permethrin sprays repel and kill 
mosquitoes and both may be used when pregnant. Bed nets 
impregnated with long-lasting pyrethroids have been recom-
mended for use by the WHO (Level 1++ evidence). After sun-
set, long-sleeved clothing and long trousers should be worn. 
Presently, there is not enough evidence to recommend the use 
of any herbal remedies in the prevention of mosquito bites.

•	 Chemoprophylaxis—there is no one drug which offers 100% 
protection against malaria. It is advisable to avoid travel to a 
malaria-endemic region whilst pregnant and not to become 
pregnant whilst taking chemoprophylaxis. However, chemo-
prophylaxis appears to be associated with a low risk of tera-
togenicity. In the second and third trimesters and whilst 
breastfeeding, mefloquine 5 mg/kg once a week is the recom-
mended chemoprophylaxis. It may also be used in the first 
trimester, but specialist opinion should be sought before 
starting it. All other available drugs for chemoprophylaxis are 
not recommended for use during pregnancy.

•	 Diagnosis and treatment—malaria should be suspected if a 
woman complains of a flu like illness or has a temperature 
of 38°C or above. Suspected malaria is a medical emergency 
and should be treated as soon as possible is with quinine 600 
mg three times a day for 7  days and clindamycin 450 mg 
three times a day for 5–7 days. Once this course has been 
completed, mefloquine should be started 1 week after the last 
treatment dose of clindamycin and quinine.

Royal College of Obstetricians and Gynaecologists. 
The Diagnosis and Treatment of Malaria in Pregnancy. 
Green-Top Guideline No. 54B, April 2010
https://www.rcog.org.uk/globalassets/documents/guidelines/gtg-
54bdiagnosistreatmentmalariapregnancy0810.pdf

This guideline offers advice regarding the drug treatment of 
malaria in pregnant women.

Key points

◆	 Diagnosis of malaria may be difficult due to the lack of spe-
cific signs and symptoms. A travel history to a malaria-endemic 
region should be sought in all women presenting with a pyrexia 
of unknown origin.

◆	 A blood film should be performed in all suspected cases to con-
firm the diagnosis. Rapid diagnostic tests which detect malarial 
antigen or enzyme in the blood may be used but are less specific 
than a blood film.

◆	 A  delay in diagnosis or treatment are common reasons for 
deaths in Europe and the United States due to malaria.

◆	 If a patient who is febrile has had three negative malarial blood 
films more than 12–24 hours apart may have malaria excluded 
as a possible diagnosis.

◆	 Women with uncomplicated malaria should be admitted to 
hospital whereas those with severe and complicated malaria 
should be admitted to the intensive care unit.

◆	 The drug treatment for the different types of malaria are sum-
marized in Table A1.3, which is from the guideline:

◆	 Complications of malaria in pregnancy include the following:

•	 Hypoglycaemia less than 2.2 mmol/L: may be profound and 
persistent and be a result of treatment with quinine.

•	 Pulmonary oedema or acute respiratory distress syndrome 
(ARDS): regularly monitor jugular venous pressure or central 
venous pressure, and aim to keep right atrial pressure below 
10 cmH2O.

•	 Severe anaemia less than 8 g/100 mL: slowly transfuse 1 unit 
of packed red cells with frusemide or consider exchange 
transfusion.

•	 Secondary bacterial infection: this should be suspected espe-
cially if the patient becomes hypotensive.

◆	 Cases of severe malaria should be managed by a multidiscipli-
nary team which includes an obstetrician, anaesthetist, and 
intensive care physician to ensure the best care is provided to 
both the mother and the baby.

◆	 Uncomplicated malaria is not an indication for induction of 
labour.

◆	 The woman should be made aware of the possibility of vertical 
transmission to the baby and blood films should be performed 
on the placenta, cord, and baby’s blood as well as sending the 
placenta off for histological examination.

◆	 The risks of thromboprophylaxis should be considered in such 
cases and should be withheld if the platelet count is falling or 
below 100, which is suggestive of thrombocytopaenia.

◆	 Babies born to mothers with a confirmed diagnosis of malaria 
in pregnancy should be screened with standard blood films at 
birth and every week for 28 days.

Guidelines for the Management of Syphilis. 
In James D, Steer P, Weiner C, et al. (eds) High 
Risk Pregnancy: Management Options (2nd ed). 
Philadelphia, PA: WB Saunders; 2003
Guidelines for treatment of syphilis are shown in Table A1.4.
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Table A1.3  UK treatment guidelines for malaria in pregnancy

Severity Indication Drug and dosage

Severe or 
complicated 
malaria

Any species Artesunate IV 2.4 mg/kg at 0, 12, and 24 hours, then daily thereafter. When the patient is well enough to 
take oral medication she can be switched to oral artesunate 2 mg/kg (or IM artesunate 2.4 mg/kg) once 
daily, plus clindamycin. If oral artesunate is not available, use a 3-day course of Riamet® or Malarone® or 
a 7-day course of quinine and clindamycin at 450 mg 3 times a day for 7 days

Alternative:
Quinine IV 20 mg/kg loading dose (no loading dose if patient already taking quinine or mefloquine) in 
5% dextrose over 4 hours and then 10 mg/kg IV over 4 hours every 8 hours plus clindamycin IV 450 mg 
every 8 hours (maximum dose quinine 1.4 g). When the patient is well enough to take oral medication 
she can be switched to oral quinine 600 mg 3 times a day to complete 5–7 days and oral clindamycin 
450 mg 3 times a day for 7 days (an alternative rapid quinine-loading regimen is 7 mg/kg quinine 
dihydrochloride IV over 30 minutes using an infusion pump followed by 10 mg/kg over 4 hours)

Note: quinine dosing should be reduced to 12-hourly dosing if IV therapy extends more than 48 hours 
or if the patient has renal or hepatic dysfunction. Quinine is associated with severe and recurrent 
hypoglycaemia in late pregnancy

Uncomplicated 
malaria

Plasmodium falciparum Oral quinine 600 mg 8-hourly and oral clindamycin 450 mg 8-hourly for 7 days

or Riamet® 4 tablets/dose for weight > 35 kg, twice daily for 3 days

or Malarone® 4 standard tablets daily for 3 days

Vomiting but no signs of severe 
or complicated malaria

Quinine 10 mg/kg dose IV in 5% dextrose over 4 hours every 8 hours plus IV clindamycin 450 mg every 
8 hours. When the patient is well enough to take oral medication she can be switched to oral quinine 
600 mg 3 times a day to complete 5–7 days and oral clindamycin can if needed be switched to 450 mg 
3 times a day 7 days

Non-falciparum 
malaria

P. vivax, P. ovale, P. malariae Oral chloroquine (base) 600 mg followed by 300 mg 68 hours later. Then 300 mg on day 2 and again 
on day 3

Resistant P. vivax As for uncomplicated malaria P. falciparum

Preventing relapse during 
pregnancy

Chloroquine oral 300 mg weekly until delivery

Preventing relapse after delivery Postpone until 3 months after delivery and G6PD testing

P. ovale Oral primaquine 15 mg single daily dose for 14 days

P. vivax Oral primaquine 30 mg single daily dose for 14 days

G6PD (mild) for P. vivax or 
P. ovale

Primaquine oral 45–60 mg once a week for 8 weeks

Table A1.4  Recommended treatment for drug treatment of different stages of syphilis

Stage of disease Recommended treatment

Early syphilis (primary, secondary, or latent 
syphilis of <1 year duration)

Benzathine penicillin G 2.4 million units IM in a single dose

Alternatives:

◆	 Tetracycline 500 mg orally 4 times daily for 2 weeks

◆	 Erythromycin 500 mg orally 4 times daily for 2 weeks

◆	 Ceftriaxone 1 g IM daily for 10 days

Late latent syphilis (> 1 year duration and 
cardiovascular syphilis)

Benzathine penicillin G 2.4 million units IM weekly for 3 consecutive weeks

Alternative:

◆   Tetracycline 500 mg orally 4 times daily for 4 weeks

Neurosyphilis �Aqueous crystalline penicillin G, 3–4 million units IV every 4 h for 10–14 days, followed by benzathine penicillin G 
2.4 million units IM weekly for 3 consecutive weeks

Alternative:

◆   �Aqueous procaine penicillin G 2.4 million units IM daily and probenecid 500 mg orally 4 times daily, both for 
10–14 days
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Complications or problems in reproductive 
medicine
Royal College of Obstetricians and Gynaecologists. The 
Management of Ovarian Hyperstimulation Syndrome. 
Green-Top Guideline No. 5, 2006
https://www.rcog.org.uk/en/guidelines-research-services/
guidelines/gtg5/

This guideline aims to provide an evidence-based approach 
to managing ovarian hyperstimulation syndrome (OHSS). 
Healthcare workers may be unfamiliar with the presentation of 
OHSS as it is a disease associated with assisted conception, which 
may take place at sites separate to acute hospitals. This guideline 
includes outpatient management, admission criteria, and basic 
inpatient management of OHSS.

Key points

◆	 OHSS is a systemic disease, which results from increased capil-
lary permeability leading to leakage of fluid from the vascu-
lar compartment and accumulation in third spaces. In severe 
cases, the condition can lead to organ dysfunction, thrombosis, 
and ARDS.

◆	 OHSS may occur in up to 33% of pregnancies in a mild form.
◆	 Diagnosis of OHSS is usually clinical, associated with a history 

of taking gonadotrophins or antioestrogens.
◆	 Any death resulting from OHSS must be reported to the 

Confidential Enquiries into Maternal Deaths (now MBRRACE).
◆	 There are four grades of OHSS:  mild, moderate, severe, and 

critical.
◆	 Mild and moderate OHSS may be managed in the outpatient 

setting. Advice, antiemetics, and analgesia should be offered to 
these patients.

◆	 Severe and critical OHSS require inpatient admission and 
management by a multidisciplinary team, which may include 
intensive care. Daily assessment should include measuring 
abdominal girth and assessing hydration state.

◆	 Intravenous fluid replacement may be indicated if there is evi-
dence of haemoconcentration (Hb > 14g/dL, haematocrit > 45%).

◆	 Ultrasound-guided drainage of ascites may need to be per-
formed if there is abdominal distension and oliguria despite 
adequate volume replacement.

◆	 Thromboprophylaxis should be started on all women admit-
ted with OHSS and may need to be continued after discharge, 
depending on other risk factors.

NICE.  Ectopic Pregnancy and Miscarriage. Clinical 
Guideline 154, 2012
https://www.nice.org.uk/guidance/cg154/resources/guidance-  
ectopic-pregnancy-and-miscarriage-pdf

Fetal loss in early pregnancy accounts for over 50,000 admis-
sions each year in the United Kingdom. The rate of ectopic preg-
nancy in the United Kingdom is about 11/1000 pregnancies, with 
a mortality rate of about 0.2/1000 pregnancies. This guideline 
addresses the pastoral, medical, and surgical management of 
ectopic pregnancy and miscarriage.

Key points

◆	 These women must be treated sympathetically, with care and 
dignity. Throughout the management process, the patient 
and her partner must be given the opportunity to ask questions 
and seek advice regarding their care.

◆	 Where an early pregnancy assessment unit exists, the woman 
should be able to self-refer and access the facility 7 days a week. 
Staff working in these units should be appropriately trained in 
communication with and management of such patients.

◆	 Staff should be aware that clinical presentation in these cases 
may be varied. There should be access to pregnancy tests in 
all units.

◆	 If ultrasound scanning is required, then a transvaginal scan 
should be offered. If this scan is unacceptable, then a transab-
dominal scan may be performed and the patient must be made 
aware of the limitations of the scan.

◆	 Serum human chorionic gonadotropin (hCG) measurement 
should not be used to determine the viability of the pregnancy. 
Rather, it should be used to guide subsequent management.

◆	 Management of miscarriage may be expectant (where no treat-
ment is given and the patient is observed to see if the condition 
resolves), medical or surgical.

◆	 Misoprostol, not mifepristone, should be offered for incomplete 
or missed miscarriage. This ideally should be given vaginally, 
but oral is an acceptable alternative. Analgesics and antiemetics 
should be offered concurrently.

◆	 Surgical management of miscarriage includes manual vacuum 
aspiration under local anaesthetic or general anaesthetic.

◆	 Systemic methotrexate should be offered as first-line treatment 
of ectopic pregnancy where appropriate.

◆	 Surgical treatment should be first-line treatment of ectopic 
pregnancy in certain circumstances including the presence of 
severe pain and a fetal heart beat on ultrasound. The surgery 
should be performed laparoscopically where possible and this 
may include salpingectomy or salpingotomy.

◆	 Anti-D should be offered to all Rhesus-negative women 
undergoing surgical management of miscarriage or ectopic 
pregnancy.

◆	 A pregnancy of unknown location (PUL) is one where there is 
a positive serum hCG test but no embryo can be seen on ultra-
sound scanning. An ectopic pregnancy cannot be ruled out in 
these cases. Serial serum hCG testing should be taken 48 hours 
apart and must be used to guide subsequent management rather 
than try to determine the position of the embryo. If there is an 
increase of 63% in serum hCG after 48 hours, a viable intrau-
terine pregnancy is possible. A decrease of serum hCG by more 
than 50% after 48 hours is suggestive of a miscarriage.

Royal College of Obstetricians and Gynaecologists. The 
Investigation and Treatment of Couples with Recurrent 
First-trimester and Second-trimester Miscarriage. 
Green-Top Guideline No. 17, 2011
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/  
gtg17/
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Miscarriage is defined as ‘the spontaneous loss of pregnancy 
before the fetus reaches viability’. Recurrent miscarriage is defined 
as ‘the loss of three or more consecutive pregnancies’ and affects 
1% of couples trying to conceive.

Key points

◆	 Increasing parental age is associated with an increased risk of mis-
carriage. The association with other epidemiological risk factors 
like caffeine intake, smoking, and anaesthetic gases is equivocal.

◆	 Lupus anticoagulant, anticardiolipin antibodies, and anti-B2 
glycoprotein I antibodies are collectively known as antiphos-
pholipid antibodies and are detected in 15% of women with 
recurrent miscarriage.

◆	 Genetic factors include parental chromosomal rearrangements 
and chromosomal abnormalities of the embryo.

◆	 Uterine malformations and cervical weakness may also cause 
miscarriage but the true incidence is unknown.

◆	 Bacteraemia or viraemia resulting from a severe infection can 
lead to miscarriage. The organisms screened for in TORCH (tox-
oplasmosis, rubella, cytomegalovirus, herpes simplex, HIV) do 
not fulfil this criteria and such screening should be abandoned.

◆	 Both inherited and acquired thrombophilias (e.g. factor V 
Leiden, deficiencies in protein C/S) have been associated with 
recurrent miscarriage as a result of promoting thrombosis.

◆	 Investigations for recurrent miscarriage:

•	 Test the woman for antiphospholipid antibodies and screen 
for thrombophilias.

•	 Perform cytogenetic analysis on products of conception of 
the third and subsequent miscarriage.

•	 Perform a pelvic ultrasound scan to assess uterine anatomy.

◆	 Treatment options for recurrent miscarriage:

•	 Refer patient to a specialist clinic.

•	 Consider treatment with low-dose aspirin and heparin in 
women with antiphospholipid syndrome. There is no benefit 
from the use of corticosteroids in these patients.

•	 Refer for genetic counselling should abnormal karyotyping 
be found.

•	 Serial cervical ultrasonography to assess cervical weakness. 
Cerclage should only be performed if it is deemed to benefit 
the woman.

•	 Presently, there is insufficient evidence to support the use of 
hormonal or metformin supplementation.

Royal College of Obstetricians and Gynaecologists. 
The Management of Early Pregnancy Loss. Green-Top 
Guideline No. 25, 2006
This guideline has now been superseded by NICE Clinical 
Guideline 154 as referenced earlier in this section.

Royal College of Obstetricians and Gynaecologists. The 
Management of Tubal Pregnancy. Green-Top Guideline 
No. 21, 2010
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg21_230611.pdf

The annual rate of ectopic pregnancies is about 11.1/1000 preg-
nancies. During the triennium of 1997–1999, there were 13 maternal 
deaths from a tubal pregnancy. Management of such pregnancies 
must be provided on an individual basis, taking into account the clin-
ical presentation and the future fertility requirements of the woman.

Key points

◆	 Management may be surgical (laparotomy or laparoscopy), 
medical, or, occasionally, by observation alone.

◆	 In the stable patient, laparoscopic surgery is preferable to the 
open approach.

◆	 In the unstable patient, surgical management must be by the 
most expedient method. Usually this is the open approach.

◆	 In suitable cases (serum hCG < 3000 IU/L and minimal symp-
toms), methotrexate may be offered as medical management of 
an ectopic pregnancy in an outpatient setting.

◆	 Expectant management (observation alone) is suitable for 
women who are stable, with minimal symptoms and the loca-
tion of the pregnancy is unknown or is identified on ultrasound 
and is associated with a falling serum hCG which was less than 
1000 IU/L to start with.

◆	 All Rhesus-negative women who have a suspected or confirmed 
ectopic pregnancy should be given anti-D immunoglobulin.

Royal College of Obstetricians and Gynaecologists. 
The Management of Gestational Trophoblastic Disease. 
Green-Top Guideline No. 38, 2010
https://www.rcog.org.uk/globalassets/documents/guidelines/
gt38managementgestational0210.pdf

Gestational trophoblastic disease (GTD) refers to a group of 
conditions encompassing complete and partial molar pregnan-
cies, as well as malignant conditions of invasive mole, choriocar-
cinoma, and placental site trophoblastic tumour. The incidence of 
GTD in the UK is 1/714 live births.

Key points

◆	 Complete moles are diploid and are formed solely from paternal 
genetic tissue and usually arise when a single sperm duplicates 
after fertilizing an ‘empty’ ovum. Partial moles, on the other 
hand, are triploid in origin and are formed from both paternal 
and maternal genes.

◆	 A  molar pregnancy typically presents with erratic vaginal 
bleeding, severe vomiting, disproportionate uterine enlarge-
ment, and early miscarriage. Although ultrasound is useful, 
histological examination of the tissues of conception is required 
to confirm the diagnosis.

◆	 Medical evacuation of a molar pregnancy should be avoided, 
as there is a theoretical risk of trophoblastic tissue emboliza-
tion, and dissemination from the use of oxytocic drugs. Suction 
evacuation is the treatment of choice and anti-D should be 
given where appropriate.

◆	 Should a woman develop persistent vaginal bleeding following 
a pregnancy, they should be investigated for gestational tropho-
blastic neoplasia (GTN).

◆	 All women diagnosed with GTD should be given written infor-
mation regarding their condition and referred to a trophoblastic 
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screening centre for follow-up. They should be advised not to 
try to conceive until their follow-up is complete.

◆	 Women who receive chemotherapy as treatment for GTN 
should not try to conceive for at least a year after completion of 
treatment. These women are also at risk of early menopause and 
of developing secondary tumours.

Royal College of Obstetricians and 
Gynaecologists. Cervical Cerclage. Green-Top Guideline 
No. 60, 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg_60.pdf

Cervical cerclage is used to manage women who are at high risk 
of mid-trimester loss. Preterm birth is defined as delivery before 
37 weeks’ gestation and is the leading cause of perinatal death 
and disability, especially in those born before 33 weeks. The rate 
of preterm births continues to rise globally despite interventions 
aimed at preventing it.

Key points

◆	 There are several different indications for the insertion of a cer-
vical cerclage:

•	 History-indicated cerclage—inserted at 12–14 weeks’ gesta-
tion in women who have had three or more previous preterm 
births and/or second trimester losses.

•	 Ultrasound-indicated cerclage—sonographic assessment of 
the cervix occurs between 14–24 weeks’ gestation. A  cer-
clage may be indicated in cases of shortened cervical length 
without exposed fetal membranes, associated with a previ-
ous history of preterm birth or spontaneous mid-trimester 
miscarriage.

•	 Rescue cerclage—this is used as a salvage procedure when 
there is premature cervical dilatation with exposed fetal 
membranes in the vagina. The decision to insert one must be 
made by a senior obstetrician and once inserted, it may delay 
delivery by up to 5 weeks.

•	 Transvaginal cerclage (McDonald)—a purse-string suture is 
placed where the cervix meets the vaginal without mobilizing 
the bladder.

•	 High transvaginal cerclage (Shirodkar)—a transvaginal 
purse-string suture placed following bladder mobilization, to 
allow insertion above the level of the cardinal ligaments.

•	 Transabdominal cerclage—a suture is performed at lapa-
rotomy or laparoscopy and is placed it at the junction of the 
cervix and isthmus. This method is associated with increased 
maternal morbidity. It needs to be inserted preconceptually 
or in early pregnancy and may be considered when vaginal 
cerclage has failed.

•	 Occlusion cerclage—a continuous non-absorbable suture is 
placed to occlude the external os so that the mucus plug may 
be retained.

◆	 There is no evidence to support the use of history or 
ultrasound-indicated cervical cerclage in women with mul-
tiple pregnancies, as the cerclage itself is associated with an 
increased risk of preterm delivery and pregnancy loss.

◆	 There is insufficient evidence to support the routine use of a 
cervical cerclage to prevent preterm delivery in women with 
uterine anomalies.

◆	 The use of preoperative antibiotics and the type of anaesthetic 
used to insert a cerclage should be made at the discretion of the 
theatre team.

◆	 Routine bed rest, abstinence from sexual intercourse, and 
ultrasound surveillance is not recommended. Post-procedural 
care should be decided on an individual basis.

◆	 A cerclage should be removed before labour, typically between 
36 and 37 weeks, unless delivery is by caesarean delivery, where 
the suture may be removed after delivery.

◆	 In cases of preterm premature rupture of membranes between 
24 and 34 weeks’ gestation where there is no evidence of infec-
tion, removal of the suture may be delayed by 48 hours.

NICE.  Fertility: Assessment and Treatment for People 
with Fertility Problems. Clinical Guideline 156, 
February 2013
https://www.nice.org.uk/guidance/cg156/resources/guidance-  
fertility-pdf

Key priorities for implementation

◆	 A woman of reproductive age who fails to conceive after unpro-
tected sex for a year, in the absence of any cause of infertility, 
should be assessed along with her partner.

◆	 Early specialist referral is recommended for those women who 
are over 36 years of age or those who have a known cause of (or 
known risk factor) for infertility.

◆	 Oral ovarian stimulation agents should not be offered to those 
with unexplained infertility.

◆	 In vitro fertilization (IVF) treatment should be offered to 
women with unexplained infertility, who have not conceived 
after 2 years of regular unprotected sex.

◆	 People with unexplained infertility, mild endometriosis, or 
mild male factor infertility should be advised to try to conceive 
for a total of 2 years before IVF is offered.

◆	 A full cycle of IVF treatment should include one episode of ovar-
ian stimulation and the transfer of any fresh and frozen embryo(s).

◆	 Criteria for referral for IVF are shown in Table A1.5.
◆	 The recommended number of fresh or frozen embryos to be 

transferred are described in Table A1.6.

Table A1.5  Referral criteria for IVF

Age Previous history and treatment Recommended 
treatment

<40 years 2 years of regular unprotected sex or

12 cycles of artificial insemination

3 full cycles of IVF

40–42 years 2 years of regular unprotected sex or

12 cycles of artificial insemination

No previous IVF

No history of low ovarian reserve

1 full cycle of IVF

 

 

 

 

 

 

http://https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_60.pdf
http://https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_60.pdf
http://https://www.nice.org.uk/guidance/cg156/resources/guidance-fertility-pdf
http://https://www.nice.org.uk/guidance/cg156/resources/guidance-fertility-pdf
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Critical care and resuscitation
AAGBI Safety Guideline: Blood Transfusion 
and the Anaesthetist: Management of Massive 
Haemorrhage, November 2010
http://www.aagbi.org/sites/default/f i les/massive_haemor-
rhage_2010_0.pdf

This guideline by the AAGBI covers massive haemorrhage from 
a variety of causes, and is not limited to just the obstetric popula-
tion. The guideline was designed to address the fact that at the 
time of initial writing, only 16% of emergency departments had a 
massive haemorrhage protocol in place.

Key points

◆	 Emphasis is made on good clinical leadership, good teamwork, 
and clear communication with various departments in the hos-
pital, including the telephone operator, blood bank, and por-
ters, in order to provide coordinated care for the critically ill 
patient.

◆	 The main treatment points are to:

•	 stop the bleeding

•	 assess the patient

•	 alert other team members of the massive haemorrhage 
incident

•	 transfer the patient to an appropriate place for ongoing care.

◆	 Resuscitation of the patient involves inserting wide-bore can-
nulae, taking baseline bloods including a cross-match sample 
and infusing intravenous fluids. Near-patient testing of bloods 
(e.g. TEG®/ROTEM®/Hemocue®) may be used if available.

◆	 Once control of the bleeding has been achieved, resuscita-
tion should continue to normalize blood pressure, acid–base 
balance, and temperature. The use of vasopressors should be 
avoided where possible and active warming should be started 
as soon as convenient.

◆	 Patients with a massive haemorrhage almost certainly develop a 
coagulopathy and this must be anticipated during resuscitation. 
A fibrinogen less than 1 g/L or prothrombin time and activated 
partial thromboplastin time greater than 1.5 times normal are 

suggestive of coagulation problems and are predictive of micro-
vascular bleeding. Early use of 15 mL/kg fresh frozen plasma 
(FFP) may address these issues. Established coagulopathy may 
need more than 15 mL/kg of FFP. Fibrinogen concentrate is an 
alternative and if fibrinogen is unavailable, cryoprecipitate may 
be used.

◆	 A platelet count below 50 × 109/L is suggestive of microvascular 
bleeding and platelets should be kept above 75 × 109/L where 
possible.

◆	 The military regimen of 1:1:1 red cell:FFP:platelet is not routinely 
recommended in the management of massive haemorrhage in a 
hospital setting, unless the patient has had coincidental severe 
trauma.

◆	 Tranexamic acid, correction of hypocalcaemia and hypomag-
nesaemia, and recombinant factor VIIa may be considered for 
use in the management of massive haemorrhage.

◆	 Venous thromboprophylaxis should be started as soon as pos-
sible after the haemorrhage has been controlled due to the fact 
that these patients develop a procoagulant state afterwards.

◆	 A  system for collecting blood, checking blood, and tracing 
transfused blood products must be in place in each hospital.

European resuscitation council. european resuscitation 
guidelines. Resuscitation 2005; 6751:51–2
The Resuscitation Council UK advocates (https://www.resus.org.
uk/pages/GL2010.pdf, p. 73), that intraosseous access is now an 
acceptable route of drug administration and should be performed 
should there be two unsuccessful attempts at intravenous cannu-
lation during resuscitation. Both the tibial and humeral routes are 
acceptable.

Royal College of Obstetricians and Gynaecologists. 
Maternal Collapse in Pregnancy and the Puerperium. 
Green-Top Guideline No. 56, January 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg56.pdf

This publication from the Royal College of Obstetricians and 
Gynaecologists provides a succinct account of the aetiology of 
maternal collapse and the physiological changes which occur in 
pregnancy. It offers practical information regarding the initial 
resuscitation, as well as the subsequent management and investi-
gation of such patients, including the need for a perimortem cae-
sarean delivery.

Key points

◆	 Early modified warning scores should be used for all patients 
on the delivery suite to help early identification of the ill patient.

◆	 There are many causes of maternal collapse. The following are 
discussed in the guideline:

•	 Haemorrhage

•	 Thromboembolism

•	 Amniotic fluid embolism

•	 Cardiac disease

•	 Sepsis

Table A1.6  Recommended number of embryos to be transferred

Age First cycle Second cycle Third 
cycle

<37 years Single Single if top quality 
embryos are available

Double if there is no 
top quality embryo

No more 
than 2 
embryos

37–39 years Single if top quality 
embryos are 
available

Double if there is no 
top quality embryo

Single if top quality 
embryos are available

Double if there is no 
top quality embryo

No more 
than 2 
embryos

40–42 years Double

 

 

 

 

 

 

 

 

http://www.aagbi.org/sites/default/files/massive_haemorrhage_2010_0.pdf
http://www.aagbi.org/sites/default/files/massive_haemorrhage_2010_0.pdf
http://https://www.resus.org.uk/pages/GL2010.pdf
http://https://www.resus.org.uk/pages/GL2010.pdf
http://https://www.rcog.org.uk/globalassets/documents/guidelines/gtg56.pdf
http://https://www.rcog.org.uk/globalassets/documents/guidelines/gtg56.pdf
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•	 Drug toxicity or overdose

•	 Eclampsia

•	 Intracranial haemorrhage

•	 Anaphylaxis.

◆	 All staff who may be responsible for looking after a pregnant 
patient should be aware of the physiological changes of preg-
nancy and the impact these have on resuscitation.

◆	 Maternal resuscitation should follow the resuscitation algo-
rithms provided by the Resuscitation Council (UK), with some 
modification.

◆	 A perimortem caesarean delivery should be performed within 
5 minutes of the collapse. This should not be delayed by mov-
ing the woman to theatre. The obstetrician should use the cae-
sarean technique which they are most familiar with to deliver 
the baby.

◆	 Clear documentation of the events, with timings, should 
be undertaken. All maternal deaths should be reported to 
MBRRACE-UK.

◆	 A debriefing session should occur with the patient and their 
family as well as the staff involved in the management of the 
incident.

AAGBI Safety Guideline: Management of Severe Local 
Anaesthetic Toxicity, December 2010
http://www.aagbi.org/sites/default/files/la_toxicity_2010_0.pdf

Key points

◆	 Recognize signs of local anaesthetic toxicity. These are usually 
neurological and cardiovascular.

◆	 Immediate management: stop local anaesthetic injection and 
provide supportive treatment.

◆	 Control seizures with benzodiazepines, thiopental, or propofol 
in incremental doses.

◆	 In circulatory arrest, start cardiopulmonary resuscitation, treat 
arrhythmia as per standard advanced life support protocol, and 
commence lipid emulsion therapy.

◆	 In the absence of circulatory arrest, use conventional therapies 
to treat hypotension and arrhythmia, and consider lipid emul-
sion therapy.

◆	 Lipid emulsion therapy:

•	 Give an initial intravenous bolus of 20% lipid emulsion (1.5 
mL/kg over 1 minute).

•	 Start an intravenous infusion of 20% lipid emulsion at 15 mL/
kg/h.

•	 After 5 minutes, give a maximum of two further boluses 
(same dose) and double the rate of infusion to 30 mL/kg/h if 
cardiovascular stability has not been restored or an adequate 
circulation deteriorates. Leave 5 minutes between boluses.

•	 A cumulative dose should not exceed 12 mL/kg.

•	 Continue the infusion until an adequate circulation is 
restored or maximum dose of lipid emulsion is given.

◆	 Patient should be transferred to a clinical area with appropriate 
equipment and suitably trained staff.

◆	 Exclude pancreatitis by regular review, including daily amylase 
or lipase assays for 2 days.

◆	 Report cases in the United Kingdom to the appropriate regula-
tory authority.

OAA Clinical Guidelines: Modified Early Obstetric 
Warning Score (MEOWS), 2009
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=186

Key points

◆	 The early warning score was introduced in order to recognize 
deteriorating patients early and to instigate treatment at the 
earliest opportunity.

◆	 Examples of MEOWS from four NHS hospitals are described 
on the OAA website.

◆	 Physiological parameters measured are pulse, blood pressure, 
oxygen saturation, respiratory rate, conscious level, tempera-
ture, and urine output. Some units also incorporate pain scores 
and partograms into the MEOWS charts.

◆	 Colour triggers are usually used at the upper and lower limits 
to alert midwives to take action. (Red colour as an alert to take 
urgent action and amber to suggest that the patient’s condition 
is worsening, and an escalation of treatment is required.)

◆	 A clear algorithm of the action plan required for different levels 
of triggers needs to be available.

◆	 The algorithm should include whom to call for help, how to 
escalate if help is not immediately available, and frequency of 
observations required if a patient’s condition deteriorates.

◆	 Regular audit is required to check staff compliance with 
the MEOWS.

Centre for Maternal and Child Enquiries (CMACE). 
Saving mothers’ lives: reviewing maternal deaths 
to make motherhood safer: 2006–2008. The eighth 
report of the confidential enquiries into maternal 
deaths in the United Kingdom. BJOG 2011; 
118(Suppl 1):1–203.
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-  
Repor t s/6 .-Ma rch-2 011-Sav i ng-Mot hers-L ive s-re v iew
ing-maternal-deaths-to-make-motherhood-safer-2006-2008.pdf

The top ten overall recommendations are summarized here:

1.	 Women of childbearing age with a pre-existing medical con-
dition should be made aware throughout their pregnancy that 
their condition may worsen and require a change in medication 
which may affect their unborn child. Such counselling services 
should be an integral part of the commissioning of community 
care of the pregnant woman.

2.	All pregnant women who do not speak English should have 
access to professional interpretation services.

3.	All referrals made to other specialties for a pregnant patient 
should be regarded as urgent and it should be clearly docu-
mented on the referral that the patient is pregnant. Such 

 

 

 

 

 

 

 

 

http://www.aagbi.org/sites/default/files/la_toxicity_2010_0.pdf
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=186
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/6.-March-2011-Saving-Mothers-Lives-reviewing-maternal-deaths-to-make-motherhood-safer-2006-2008.pdf
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/6.-March-2011-Saving-Mothers-Lives-reviewing-maternal-deaths-to-make-motherhood-safer-2006-2008.pdf
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/6.-March-2011-Saving-Mothers-Lives-reviewing-maternal-deaths-to-make-motherhood-safer-2006-2008.pdf
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	 referrals should be made following consultation with senior 
clinicians.

4.	 All women whose pregnancies are likely to be complicated 
by serious medical or mental health conditions, regardless of 
whether the condition existed prior to pregnancy, should be 
referred to specialist centres for expert care in a timely fash-
ion. Those providing care of the parturient in the commu-
nity should be allowed to make such referrals without prior 
approval from an obstetrician. However, the obstetrician 
should be kept informed if any such referrals are made.

5.	 All clinical staff must complete regular training for the iden-
tification and initial management of serious obstetric condi-
tions or other medical emergencies, such as sepsis. Clinical 
staff must also take regular training for basic, intermedi-
ate, and advanced life support skills appropriate for their 
positions.

6.	 There should be a routine use of a national modified early 
obstetric warning score (MEOWS) chart in all pregnant or 
postpartum women who become unwell. MEOWS was intro-
duced to recognize deteriorating patients early and to insti-
gate treatments at the earliest opportunity. The management 
of pregnant or postpartum women with an acute severe ill-
ness requires a multidisciplinary team approach. Obstetric 
trainees should seek help early from senior medical, anaes-
thetic and critical care staff.

7.	 All pregnant women with pre-eclampsia and a systolic blood 
pressure of 150–160 mmHg or higher require urgent antihy-
pertensive treatment in line with the guidelines from NICE. 
Antihypertensive treatment may be considered in women 
who do not fulfil the BP criteria but are otherwise high risk 
of becoming seriously unwell from hypertensive disease in 
pregnancy.

8.	 All pregnant and recently delivered women should be 
informed of the risks and signs of genital tract infection and 
how to prevent its transmission. All clinical staff should follow 
local infection control policy, and be aware of the signs and 
symptoms of sepsis. High-dose intravenous broad-spectrum 
antibiotics should be given within the first hour of recogni-
tion of septic shock or severe sepsis.

9.	 A high-quality local review must take place when there is a 
maternal death. The results of the review must be discussed 
with all maternity staff. The recommendations from the 
review process must be implemented and audited at regular 
intervals.

10.	 Specialist pathologists who perform maternal autopsies 
should have this agreed in their job plans. Furthermore, the 
provision of such services should be streamlined so fewer 
centres are able to perform high quality autopsies.

Key points

◆	 All anaesthetic practitioners should have regular drills in the 
management of failed intubation to maintain this core skill.

◆	 The multidisciplinary team should be involved in the manage-
ment of the acutely unwell parturient with early anaesthetic 
and critical care involvement.

◆	 If a woman has had a fully working epidural during labour and 
the decision is made for an operative delivery, then her epidural 
should be topped up as soon as is possible to provide surgical 
anaesthesia. If this is established outside the theatre environ-
ment, then appropriate monitoring and necessary precautions 
should be implemented.

◆	 If a serious untoward incident occurs, all the drugs and equip-
ment used should be kept for review until the cause of the inci-
dent has been determined.

◆	 A woman should be fully awake before extubation if she has 
been given a general anaesthetic with a potentially full stom-
ach. The insertion of an ‘in and out’ nasogastric tube to decom-
press the stomach prior to extubation may be considered in 
such cases.

◆	 Parturients with severe pre-eclampsia should have BP control 
instigated early with regular monitoring in a high dependency 
unit environment. Anaesthetic and where necessary critical 
care input should be instituted early on.

◆	 A  parturient with sepsis should be managed with 
broad-spectrum antibiotics, cardiovascular support including 
inotropes, and appropriate fluid resuscitation to prevent circu-
latory collapse. Transfer to critical care and surgery should be 
considered in management of severe sepsis.

◆	 Women with known risk factors for major haemorrhage should 
be managed in specialist maternity units. Management of major 
haemorrhage may require the use of cell salvage and specialist 
services such as interventional radiology or critical care.

◆	 The acute anaphylaxis management algorithm should be imme-
diately available in all clinical areas.

◆	 There must be a clear escalation pathway to provide additional 
skilled assistance, if the medical staff on the delivery suite 
are busy and a woman with an acute, severe illness requires 
high-dependency care.

Confidential Enquiry into Maternal and Child Health. 
Why Mothers Die 2000–2002: The Sixth Report of the 
Confidential Enquiries into Maternal Deaths in the 
United Kingdom (Chapter 17: Trends in Intensive 
Care), 2004
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-
Reports/33.-2004-Why-Mothers-Die-2000-2002-The-Sixth-Report-
of-the-Confidential-Enquiries-into-Maternal-Deaths-in-the-UK.
pdf

This chapter discusses the importance of early recognition of 
the sick parturient. It also stresses the significance of the early 
involvement of senior help, to assist in the resuscitation and man-
agement of the acutely unwell parturient.

Key points

◆	 As with other surgery, elective cases requiring intensive care 
postoperatively should be pre-arranged with the intensive care 
unit. This may require the cancellation of other planned sur-
gery if bed capacity is reached.

◆	 Aggressive resuscitation and treatment for the sick parturient 
should begin on the ward prior to arriving in intensive care. 

 

 

 

 

http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/33.-2004-Why-Mothers-Die-2000-2002-The-Sixth-Report-of-the-Confidential-Enquiries-into-Maternal-Deaths-in-the-UK.pdf
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/33.-2004-Why-Mothers-Die-2000-2002-The-Sixth-Report-of-the-Confidential-Enquiries-into-Maternal-Deaths-in-the-UK.pdf
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/33.-2004-Why-Mothers-Die-2000-2002-The-Sixth-Report-of-the-Confidential-Enquiries-into-Maternal-Deaths-in-the-UK.pdf
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-Reports/33.-2004-Why-Mothers-Die-2000-2002-The-Sixth-Report-of-the-Confidential-Enquiries-into-Maternal-Deaths-in-the-UK.pdf
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Appropriate lines and invasive monitoring should be instituted 
on the ward where possible.

◆	 A blood gas should be performed as soon as possible and a met-
abolic acidosis must be treated seriously.

◆	 Early communication with the intensive care consultant should 
occur when there is a sick patient on the delivery suite.

◆	 Appropriately modified early warning scores should be used 
on labour ward. Tachypnoea is an early sign of a deteriorating 
patient and should always be investigated.

◆	 It is possible to provide a higher level of care in obstetric thea-
tres if there is a delay in admission to the intensive care unit.

◆	 Where available, intensive care outreach teams must be utilized 
to assist with maternal resuscitation.

◆	 In the management of major obstetric haemorrhage, the priori-
ties are to stop the bleeding, correct the haemoglobin and clot-
ting, and to call for senior anaesthetic help as soon as possible.

This theme continues to be important in the global care of the 
sick parturient and is reiterated in Chapter  16  ‘Critical Care’, 
pp.173–180 of the Eighth Report of the Confidential Enquiries into 
Maternal Deaths in the UK (http://www.oaa-anaes.ac.uk/assets/_
managed/editor/File/Reports/2006-2008%20CEMD.pdf):
◆	 Severe sepsis remains an important cause of significant morbid-

ity and mortality and should be managed with early protocol-
driven care based on the Sepsis Care Bundles prior to transfer 
to intensive care (see following ‘Surviving Sepsis Campaign’ 
section).

◆	 The use of modified early warning scores for pregnant women 
can assist in the detection of the deteriorating parturient.

◆	 Where available, the early involvement of critical care outreach 
teams would assist in maternal resuscitation.

◆	 Maternal resuscitation in major obstetric haemorrhage should 
include early use of clotting factors and blood products to 
reduce the volume of crystalloids infused. A  coordinated 
response from the wider multidisciplinary team ensures that 
appropriate products are given in a timely fashion. More 
information can be found from reading the Royal College of 
Obstetricians and Gynaecologists Green-Top Guideline No. 
52 (May 2009):  Prevention and Management of Postpartum 
Haemorrhage (http://www.rcog.org.uk/files/rcog-corp/
GT52PostpartumHaemorrhage0411.pdf), which is summa-
rized in Chapter 35 of this book.

◆	 Simulation scenarios should be used to help train staff and 
maintain their skills in managing obstetric emergencies.

Surviving Sepsis Campaign. Sepsis Six Care Bundle
http://www.survivingsepsis.org/SiteCollectionDocuments/  
SSC_Bundle.pdf

This two-page care bundle outlines the goals, investigations, 
and treatment strategies that need to be established within the 
first hour of presentation, when managing the acutely unwell sep-
tic patient.

Key points

◆	 Give high-flow oxygen via facemask

◆	 Obtain blood cultures (ideally before giving antibiotics)
◆	 Prescribe and administer broad-spectrum antibiotics
◆	 Give intravenous fluid boluses as needed
◆	 Take bloods including haemoglobin and serum lactate
◆	 Measure hourly urine output.

Endocrine
Scottish Intercollegiate Guidelines Network. 
Management of Diabetes: A National Clinical Guideline. 
SIGN 116, March 2010
http://www.sign.ac.uk/pdf/sign116.pdf

This guideline by the Scottish Intercollegiate Guidelines 
Network (SIGN) encompasses the management of type 1 and 
type 2 diabetes in pregnant and non-pregnant patients. Good gly-
caemic control before conception and during pregnancy can lead 
to good maternal and fetal outcomes. Diabetes is associated with 
miscarriage, pre-eclampsia, maternal infection, fetal congenital 
malformation, and late intrauterine death. The following points 
summarize the management of diabetes in pregnancy.

Key points

◆	 The care of a pregnant woman with diabetes should involve a 
multidisciplinary team, which includes an obstetrician and a 
physician with an interest in diabetes. There should be good 
communication between team members.

◆	 The choice of contraception should be decided on an individual 
basis. The oral contraceptive pill (OCP) may not be suitable for 
all women due to the presence of diabetic vascular complica-
tions. Intrauterine devices and hormonal implants are effective 
alternatives.

◆	 Pre-pregnancy care with a multidisciplinary team leads 
to improved maternal and fetal outcomes. Pre-pregnancy 
glycaemic control should aim for an HbA1c of less than 
7%. The higher the HbA1c, the higher the risk of fetal 
malformations.

◆	 High-dose folic acid 5 mg should be given to diabetic women 
prepregnancy and continued up to 12 weeks’ gestation.

◆	 The use of metformin and glibenclamide in early pregnancy is 
not associated with any additional risk of teratogenesis or preg-
nancy loss. The use of other types of sulphonylureas should be 
avoided due to their ability to cross the placenta.

◆	 The use of statins and ACEIs should be avoided due to the 
increased risk of fetal malformations.

◆	 Dietetic advice should be available to women pre- and during 
pregnancy to ensure optimum glycaemic control. Postprandial 
glucose monitoring should be advised in women with gesta-
tional diabetes (GDM) and may be considered in women with 
type 1 or 2 diabetes.

◆	 The choice of insulin therapy should be made on an individual 
basis. Human insulins are licensed for use during pregnancy 
but oral hypoglycaemic agents are not.

◆	 Pregnancy-induced hypertension and thromboembolism 
should be screened for and managed accordingly.
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◆	 Women and their partners should be educated in recogniz-
ing the signs of hypoglycaemia and ketoacidosis, as these may 
be associated with fetal death. Appropriate treatment advice 
including self-referral to hospital should be given.

◆	 Retinopathy may deteriorate during pregnancy and monitor-
ing is advocated prepregnancy and in each trimester in women 
with type 1 and 2 diabetes. Early referral to an ophthalmologist 
is recommended.

◆	 Pre-existing diabetic nephropathy is associated with poorer 
pregnancy outcomes. Close attention should be given to moni-
toring and managing blood pressure in these patients.

◆	 Both macrosomia and intrauterine growth restriction (IUGR) 
are more likely in women with diabetes. In cases of suspected 
IUGR, fetal monitoring with growth scans and umbilical artery 
Doppler should be carried out.

◆	 Once diagnosed with GDM, dietary advice to lower blood glu-
cose should be offered. Treatment with oral hypoglycaemic 
agents and/or insulin may be needed.

◆	 In women with diabetes, delivery should occur within 40 
weeks. These women have a higher rate of caesarean delivery 
compared with the normal population. An agreed plan should 
be made in advance regarding insulin management in labour 
and intravenous insulin and dextrose may be necessary to 
maintain blood glucose between 4 and 7 mmol/L in labour.

◆	 There is no need to routinely admit babies born to mothers with 
diabetes to the neonatal unit, but they should be monitored 
closely for neonatal hypoglycaemia. This is defined as a blood 
sugar below 2.6 mmol/L and is associated with neurodevelop-
mental problems. In the postpartum period, women with type 
1 and 2 diabetes will need to be followed up and their doses of 
insulin may need to be adjusted. Dietary advice, weight loss, 
and lifestyle changes need to be given to women with GDM 
postpartum as they are at risk of developing type 2 diabetes in 
later life. They will also need to be given good preconception 
counselling in subsequent pregnancies.

NICE. Diabetes in Pregnancy. Clinical Guideline 63, 
March 2008
http://www.nice.org.uk/guidance/CG063

In England and Wales, 2–5% of all pregnancies are complicated 
with diabetes, 87.5% of which are due to GDM. This guideline con-
tains best practice advice regarding women with diabetes who are 
either planning to become pregnant, who are pregnant, or who 
have recently delivered. Poorly managed diabetes of any type dur-
ing pregnancy can have serious implications for both the mother 
and fetus.

Key points

◆	 Preconception advice needs to be offered to all diabetic women 
of childbearing age, with emphasis on good glycaemic control 
in order to minimize effects on the developing fetus. Women 
with diabetes should be encouraged to take folic acid 5 mg a day 
before conception and up to 12 weeks’ gestation to minimize 
the risk of neural tube defects.

◆	 Women should be encouraged to keep and maintain their 
HbA1c below 6.1% to minimize the likelihood of congenital 

malformations. . Women with an HbA1c more than 10% need 
to be strongly discouraged from getting pregnant.

◆	 Metformin and fast-acting insulins (aspart and lispro) are safe 
to use in early pregnancy. All other oral hypoglycaemics should 
be stopped and substituted with insulin. Statins and ACEIs 
should also be discontinued before conception.

◆	 Digital retinal assessment with tropicamide should be offered 
to women either preconception or at their first appointment 
after conception.

◆	 An assessment of renal function should also be made early in 
pregnancy and referral to a nephrologist where proteinuria is 
greater than 2 g/day.

◆	 Risk factors for GDM include previous history of GDM, fam-
ily history of GDM, and body mass index (BMI) greater than 
30  kg/m2. Diet and exercise may reduce the likelihood of 
developing GDM.

◆	 Ten to 20% of women with GDM will require treatment with 
metformin or insulin during pregnancy.

◆	 Screening for GDM should be in the form of a 2-hour oral glu-
cose tolerance test at 24–28 weeks’ gestation.

◆	 Any woman with suspected diabetic ketoacidosis should 
be admitted to a level 2 facility, with both medical and 
obstetric input.

◆	 All women with diabetes should be offered ultrasound scan-
ning with a four-chamber view of the fetal heart and outflow 
tracts between 18 and 20 weeks’ gestation.

◆	 Fetal well-being should be assessed using ultrasound to deter-
mine the rate of growth and volume of amniotic fluid every 4 
weeks between 28 and 36 weeks’ gestation.

◆	 During pregnancy, the diabetic team should aim to contact the 
woman every 1–2 weeks to assess maternal well-being.

◆	 Beta-mimetic drugs should not be used for tocolysis in this group.
◆	 Delivery should be offered after 38 weeks’ gestation where pos-

sible, by elective caesarean delivery or induction of labour.
◆	 Anaesthetic assessment of women with diabetes should occur 

in the third trimester.
◆	 During labour and delivery, blood glucose should be main-

tained between 4 and 7  mmol/L. In women treated with 
insulin, an intravenous insulin and dextrose infusion may be 
required.

◆	 If a general anaesthetic has been given, the maternal blood glu-
cose should be checked every 30 minutes from induction until 
she is fully conscious.

◆	 Fetal blood glucose should be measured 2–4 hours after deliv-
ery. Women should be encouraged to start early feeding and at 
2–3-hourly intervals until the pre-feed neonatal blood glucose 
is greater than 2 mmol/L.

◆	 The baby may be looked after by the mother after birth, unless 
there is an indication for neonatal intensive care admission.

◆	 Women with type 1 diabetes should reduce their insulin post-
partum and be aware that they are at risk of hypoglycaemia, 
particularly if they are breastfeeding.

 

 

 

http://www.nice.org.uk/guidance/CG063
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◆	 Women with GDM should be given exercise, dietary, and life-
style advice in the postpartum period, a fasting blood glucose 
check 6 weeks after delivery, and annually thereafter.

CMACE/Royal College of Obstetricians and 
Gynaecologists Joint Guideline: Management of Women 
with Obesity in Pregnancy, March 2010
http://www.hqip.org.uk/assets/NCAPOP-Library/CMACE-
Reports/15.-March-2010-Management-of-Women-with-Obesity-in-
Pregnancy-Guidance.pdf

Maternal obesity is defined as a BMI of greater than 30 kg/m2 
at the first antenatal appointment. Obesity in pregnancy is associ-
ated with serious adverse outcomes including miscarriage, GDM, 
pre-eclampsia, postpartum haemorrhage, and neonatal death. It is 
also associated with a higher caesarean delivery and lower breast-
feeding rate when compared with women with a normal BMI.

Key points

◆	 Advice on weight loss, exercise, and diet should be given in pri-
mary care to all women of childbearing age. They should also 
be made aware of the risks and complications associated with 
obesity in pregnancy.

◆	 Women should be encouraged to take 5 mg of folic acid a day 
during preconception and the first trimester and 10 mcg of 
vitamin D daily during pregnancy and breastfeeding.

◆	 All antenatal clinics should have provision to manage obese 
patients.

◆	 Women with a BMI greater than 40 kg/m2 should have an ante-
natal appointment with an obstetric anaesthetist to discuss the 
potential plan and anticipate any difficulties during labour and 
delivery.

◆	 Antenatal thromboprophylaxis should only be given if there 
is a specific indication following appropriate assessment. 
Postpartum, these women should be encouraged to mobilize as 
soon as possible. All women with a BMI greater than 40 kg/m2 
should be offered thromboprophylaxis for a week postpartum, 
regardless of the mode of delivery.

◆	 During antenatal assessment of blood pressure, an appropri-
ately sized cuff needs to be used and the size of the cuff should 
be documented in the notes. Surveillance for pre-eclampsia 
should be in accordance with the PRECOG (Pre-eclampsia 
Community Guideline) guidelines (see earlier in the 
‘Cardiovascular’ section).

◆	 All women with a booking BMI of greater than 30  kg/m2 
should be screened for gestational diabetes as per NICE guide-
lines (see NICE Clinical Guideline 63, summarized earlier in 
this section).

◆	 Women with obesity should have an antenatal appointment to 
discuss plans for labour and delivery and the potential compli-
cations which may occur. An individual plan should be made in 
each case. Delivery should occur in a consultant-led unit where 
there are appropriate neonatal support services.

◆	 When admitted in labour, it is important to inform the duty 
anaesthetist and an experienced obstetrician early, so that they 
are able to assess the patient and make the necessary plans for 
labour and delivery.

◆	 Midwifery care should continue throughout labour. These 
patients should have an intravenous line inserted early and 
have active management of the third stage of labour.

◆	 The theatre team should be informed if the woman weighs more 
than 120 kg and is due to have an operative procedure in theatre.

◆	 Antibiotic prophylaxis should be given before caesarean deliv-
ery due to the higher risk of poor wound healing.

◆	 Where there is more than 2 cm of subcutaneous fat, suturing 
of the subcutaneous space should occur to minimize the risk of 
wound infection and separation.

◆	 Postpartum, women should be encouraged to breastfeed and 
advice offered regarding lifestyle, weight management, and diet.

NICE.  Obesity: The Prevention, Identification, 
Assessment and Management of Overweight and 
Obesity in Adults and Children. Clinical Guideline 43, 
December 2006
http://www.nice.org.uk/guidance/CG43

This guideline offers advice on the prevention, identification, 
assessment, and management of overweight and obesity in adults 
and children.

Key points

◆	 Local authorities, schools, and nurseries should endeavour to 
provide facilities and activities, which promote a more healthy 
and less sedentary lifestyle.

◆	 Health practitioners should be able to offer advice and sup-
port to overweight adults and children regarding diet, lifestyle 
changes, and weight management programmes. Referral to spe-
cialists may be needed in individuals with complex care needs.

◆	 Drug treatment to assist with weight loss should only be started 
in adults following a full discussion of the risks and benefits.

◆	 Bariatric surgery is recommended as a treatment option in the 
following circumstances:

•	 A BMI of 40 kg/m2 or more or a BMI between 35 and 40 kg/
m2 with other significant disease (e.g. hypertension or diabe-
tes) which would be improved with weight loss.

•	 All other appropriate weight loss measures have been tried and 
failed to produce or maintain weight loss for at least 6 months.

•	 The person has been or will be managed by a specialist obesity 
service.

•	 The person is generally fit for anaesthesia and surgery.

•	 The person is motivated and will commit to long term follow-up.

•	 Surgery may be offered as a first-line treatment in patients with 
a BMI of 50 kg/m2 in whom surgery would be appropriate.

Fetal
Royal College of Obstetricians and Gynaecologists. 
Management of Monochorionic Twin Pregnancy. Green-
Top Guideline No. 51, 2008
https://www.rcog.org.uk/globalassets/documents/guidelines/
t51managementmonochorionictwinpregnancy2008a.pdf

This is summarized under ‘Intrapartum Care’.
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Royal College of Obstetricians and Gynaecologists. 
The Management of Breech Presentation. Green-Top 
Guideline No. 20b, 2006
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg-no-20b-breech-presentation.pdf

This is summarized under ‘Intrapartum Care’.

NICE.  Antenatal Care: Routine Care for Healthy 
Pregnant Women. Clinical Guideline 62, March 2008
http://www.nice.org.uk/guidance/cg62

Key points on antenatal fetal assessments

◆	 For a woman who is nulliparous with an uncomplicated preg-
nancy, ten antenatal appointments should be offered.

◆	 For a woman who is multiparous with an uncomplicated preg-
nancy, seven appointments should be adequate.

◆	 An early ultrasound scan should be carried out to determine 
the gestational age and to detect multiple pregnancies.

◆	 An ultrasound scan to screen for structural anomalies should 
be offered ideally between 18 and 20 weeks’ gestation. This 
should be done by an appropriately trained sonographer and 
with equipment of an appropriate standard.

◆	 By April 2007, pregnant women should be offered screening for 
Down’s syndrome with a test, which provides a detection rate of 
above 75% and a false-positive rate of less than 3%.

◆	 Pregnant women should be offered an estimation of fetal size 
by measuring the symphysis–fundal distance at each antenatal 
appointment.

◆	 Fetal presentation should be examined by abdominal palpa-
tion at 36 weeks or later, when presentation is likely to influence 
the birth plan. Suspected fetal malpresentation should be con-
firmed by an ultrasound.

◆	 Routine formal fetal-movement counting is not recommended.
◆	 Routine auscultation of the fetal heart is not recommended. 

However, when requested by the mother, an auscultation of the 
fetal heart may give reassurance.

◆	 Routine use of antenatal electronic fetal heart rate monitoring 
(cardiotocography) should not be offered to women with an 
uncomplicated pregnancy.

NICE.  Intrapartum Care: Care of Healthy Women and 
their Babies During Childbirth. Clinical Guideline 190, 
December 2014
http://www.nice.org.uk/guidance/CG190

Key points on intrapartum fetal monitoring
First stage of uncomplicated labour in low-risk women

•	 Intermittent auscultation of the fetal heart after a contraction 
should be carried out for at least 1 minute, at least every 15 
minutes.

•	 Fetal heart rate (FHR) should be recorded as an average.

•	 Maternal pulse should be monitored hourly to differentiate 
the two heart rates.

Second stage of labour in low-risk women

•	 Intermittent auscultation of the fetal heart should be done 
after a contraction for at least 1 minute, at least every 5 
minutes.

•	 The maternal pulse should be palpated if fetal bradycardia or 
any other FHR anomaly is suspected.

Low-risk women should be monitored using continuous electronic 
fetal monitoring (EFM) for the following circumstances:

•	 Significant meconium-stained liquor (should also be consid-
ered for light meconium-stained liquor)

•	 Abnormal FHR (<110 bpm, >160 bpm or any decelerations 
after a contraction)

•	 Maternal pyrexia

•	 Fresh bleeding in labour

•	 Augmentation of labour with oxytocin

•	 Maternal request.

Complicated labour

•	 Continuous EFM should be done in complicated labour.

•	 A  systematic assessment of EFM should be undertaken 
every hour.

•	 In cases of suspected or confirmed acute fetal compromise, 
delivery should be done within a time appropriate for the 
condition.

•	 If fetal death is suspected, fetal viability should be confirmed 
with a real-time ultrasound assessment.

•	 Fetal blood sampling is advised in the presence of a pathologi-
cal trace, unless there is acute compromise.

Fetal monitoring after epidural analgesia

•	 Continuous EFM should be carried out for at least 30 min-
utes during the establishment of neuraxial analgesia and after 
each bolus of 10 mL or more of a 0.1% bupivacaine solution 
(10 mg).

ACOG Practice Bulletin No. 88, December 2007. 
Invasive prenatal testing for aneuploidy. Obstet Gynecol 
2007; 110(6):1459–67
http://www.acog.org/~/media/List of Titles/PBListOfTitles.pdf?d
mc=1&ts=20140223T0705285265

Summary of recommendations

◆	 Amniocentesis is not recommended before 15 weeks of gesta-
tion due to the high risk of miscarriage and complications.

◆	 Pregnancy loss rate after mid-trimester amniocentesis is less 
than 1/300–500.

◆	 In experienced centres, pregnancy loss rate after chorionic vil-
lus sampling is the same as that of amniocentesis.

◆	 Risk factors for fetal aneuploidy include:

•	 One major or at least two minor structural defects on the fetal 
ultrasound scan
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•	 previous fetus or child with an autosomal trisomy or sex 
chromosome abnormality

•	 parental aneuploidy, chromosomal translocation, or chromo-
somal inversion.

◆	 Invasive diagnostic testing to detect aneuploidy should be 
available to all women.

International Society of Ultrasound 
in Obstetrics and Gynecology (ISUOG) Practice 
Guidelines: Performance of First-Trimester Fetal 
Ultrasound Scan, January 2013
http://www.isuog.org/NR/rdonlyres/9225E408-C904-4A7F-8
4AE-812E456FBDDD/0/ISUOG1stTguidelines2013.pdf

Key points

◆	 First-trimester fetal ultrasound scan is performed for the fol-
lowing reasons:

•	 To confirm viability

•	 To establish an accurate gestation age

•	 To determine the number of fetuses

•	 To assess chorionicity and amnionicity if it is a multiple 
pregnancy

◆	 At the end of first trimester, an ultrasound scan can be used to 
detect gross fetal abnormalities and to measure nuchal translu-
cency as part of aneuploidy screening.

◆	 Many malformations may, however, develop later in pregnancy.
◆	 The scan is offered between 11 and 13+6 weeks’ gestation.
◆	 The sonographer should have specialized training that is 

suitable for the practice of diagnostic ultrasound scans for 
pregnant women.

◆	 B and M mode ultrasound scans are safe for all stages of pregnancy.
◆	 The following assessments should be performed during 

first-trimester ultrasound scans:

•	 Viability—confirm the presence of an embryo with cardiac 
activity and the presence of an intrauterine gestational sac.

•	 Early pregnancy measurements—crown–rump length (CRL) 
provides a more accurate assessment of gestational age when 
compared with mean gestational sac diameter.

•	 First trimester measurements—CRL, biparietal diameter and 
head circumference are usually measured.

•	 Fetal anatomy assessments for first trimester are described in 
the appendices.

•	 Chromosomal anomaly assessment—Nuchal translucency 
measurement should be done between 11 and 13+6 weeks.

International Society of Ultrasound 
in Obstetrics and Gynecology (ISUOG) Practice 
Guidelines: Performance of Routine Mid-Trimester Fetal 
Ultrasound Scan, 2010.
http://www.isuog.org/NR/rdonlyres/EA865840-6CA3-45AC-9
E99-FBAF775119A9/0/ISUOGGuidelinesmidtriscan20101210.pdf

Key points

◆	 Mid-trimester ultrasound is performed to give accurate diag-
nostic information to optimize the antenatal care for the 
mother and fetus.

◆	 The following assessments should be made during mid-trimester 
ultrasound scan:

•	 Cardiac activity

•	 Fetal size/age

•	 Number of fetuses

•	 Basic fetal anatomy

•	 Placental appearance and location.

◆	 A mid-trimester ultrasound is usually performed between 18 
and 22 weeks’ gestation.

◆	 The sonographer should have specialized training that is 
suitable for the practice of diagnostic ultrasound scans for 
pregnant women.

◆	 Prenatal ultrasound scans are safe for mothers and fetuses.
◆	 Biparietal diameter, head circumference, abdominal circumfer-

ence, and femur diaphysis length are used to assess gestational 
age and fetal size.

◆	 Amniotic fluid volume can be assessed subjectively or objec-
tively using ultrasonographic measurements.

◆	 In the case of multiple pregnancy, the following additional eval-
uations should be carried out.

•	 Visualization of placental cord insertion

•	 Chorionicity

•	 Distinguishing features (gender, unique markers, and posi-
tion in uterus).

◆	 Recommended minimum requirements for basic mid-trimester 
fetal anatomical survey are described in the appendices of the 
guidelines.

Advice from the Health Protection Agency, 
the Royal College of Radiologists and the College 
of Radiographers: Protection of Pregnant Patients 
During Diagnostic Medical Exposures to Ionizing 
Radiation, 2009
http://www.rcr.ac.uk/docs/radiology/pdf/HPA_Diagnostic_
Pregnancy.pdf

Key points

◆	 The radiation dose from any diagnostic procedure does not 
pose any significant risk to the mental and physical develop-
ment of the fetus or death.

◆	 Exposure of the fetus to radiation up to 1 milligray gives a 
childhood cancer risk of less than 1 in 10,000. This is consid-
ered to be an acceptable risk.

◆	 The risk of childhood cancer is doubled with increasing levels 
of radiation exposure greater than a few milligrays. As a result, 
all investigations involving radiation should be avoided in 
pregnancy. However, if they are necessary or performed inad-
vertently, the childhood cancer risk remains below 1 in 200.
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◆	 Examples of high-dose procedures are barium enema, lumbar 
spine X-ray and computed tomography (CT), 99mTc bone scan, 
abdominal CT, and pelvis CT.

◆	 There is a negligible risk of radiation-induced hereditary condi-
tions in the offspring of an unborn child.

ACOG Practice Bulletin 106: Intrapartum Fetal Heart 
Rate Monitoring: Nomenclature, Interpretation, and 
General Management Principles, July 2009
http://www.acog.org/~/media/List of Titles/PBListOfTitles.pdf?d
mc=1&ts=20140228T0623236788

The American College of Obstetricians and Gynecologists has 
published this guideline to describe the role of intrapartum fetal 
heart rate monitoring in the decision-making process of obstetric 
and gynaecology care.

Summary of recommendations

◆	 The use of electronic fetal monitoring (EFM) is associated with 
an increased rate of instrumental and caesarean delivery.

◆	 EFM has a high false-positive rate for predicting cerebral 
palsy (>99%) The use of EFM does not reduce the incidence of 
cerebral palsy.

◆	 When EFM tracing shows recurrent variable decelerations, 
amnioinfusion should be performed to relieve umbilical cord 
compression. (Amnioinfusion is a procedure in which a needle 
is introduced into the uterine cavity under ultrasound guidance 
and saline is infused to increase the volume of amniotic fluid.)

◆	 Pulse oximetry is not clinically useful for evaluating fetal 
status.

◆	 Reinterpretation of the FHR tracing, especially if the neonatal 
outcome is known, may not be reliable.

◆	 A three-tiered system for the categorization of fetal heart rate 
patterns is recommended. (See ‘A Three-Tiered System for the 
Categorization of Fetal Heart Rate Patterns’ in Appendix 2 in 
this book.)

◆	 High-risk labouring women should be monitored with 
continuous EFM.

Gastrointestinal
Royal College of Obstetrician and Gynaecologists. 
Obstetric Cholestasis. Green-Top Guideline No. 43, 
April 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg_43.pdf

Obstetric cholestasis may complicate up to 1.5% of pregnancies, 
with an increased risk in parturients of Indian and Pakistani-Asian 
origin. This guideline summarizes the evidence for the fetal risks 
associated with obstetric cholestasis, which include preterm birth 
and fetal death.

Key points

◆	 Unexplained pruritus, especially of the palms and soles of the 
feet, with deranged liver function tests (LFTs), which resolve 
after delivery, suggests obstetric cholestasis. In suspected cases, 

LFTs should be repeated every 1–2 weeks in pregnancy and 
resolution of LFTs confirmed 10 days after delivery.

◆	 Compared with uncomplicated pregnancies, there is an 
increased risk of neonatal death associated with obstetric chol-
estasis, though this risk has not been quantified.

◆	 A woman with obstetric cholestasis should be considered ‘high 
risk’ and her care and delivery of the baby should be conducted 
in a hospital by a consultant-led specialist team. Those provid-
ing intrapartum care should be aware of the risks of premature 
delivery, increased risks of passage of meconium, caesarean 
delivery, and postpartum haemorrhage.

◆	 Continuous fetal monitoring during labour should be used. 
There is no one specific test or imaging modality, which can 
reliably predict fetal outcome.

◆	 Regarding delivery, a discussion with the woman about both 
the maternal and fetal risks associated with induction of labour 
at 37+0 weeks’ gestation should take place. In those with severe 
derangement of LFTs, there may be a stronger case in favour of 
an early expedited delivery.

◆	 Women should be informed that there is no one test which is 
able to predict the incidence of stillbirth should the pregnancy 
continue beyond 37+0 weeks.

◆	 There is no evidence that any one specific treatment may 
affect outcome. Emollient creams and chlorpheniramine may 
provide maternal symptomatic relief, but are not proven to 
improve outcome. There is insufficient evidence to recommend 
the use of S-adenosyl methionine (SAMe); however, ursodeoxy-
cholic acid (UDCA) does appear to improve pruritus and LFTs 
in women with obstetric cholestasis, but again the maternal and 
fetal safety data concerning its use is lacking.

◆	 Women with obstetric cholestasis may become deficient in 
vitamin K so a discussion regarding the use of oral vitamin K 
supplementation should take place, especially where there is a 
prolongation of the prothrombin time.

◆	 Follow-up of women postnatally should take place with a liver 
specialist and the LFTs should be repeated.

NICE.  Antenatal Care: Routine Care  
for Healthy Pregnant Women. Clinical 
Guideline 62, 2008
https://www.nice.org.uk/guidance/cg62/chapter/1-Guidance# 
management-of-common-symptoms-of-pregnancy

Section 1.4.1 in this guidance covers the symptomatic manage-
ment of nausea and vomiting in pregnancy.

Key points

◆	 Nausea and vomiting usually resolves spontaneously between 
16 and 20 weeks’ gestation and is not associated with poor preg-
nancy outcomes.

◆	 Ginger and the acupuncture pressure point P6 on the wrist are 
recommended non-pharmacological symptomatic treatments.

◆	 Antihistamines are the recommended pharmacological 
treatment.
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Wegrzyiak LJ, Repke J, Ural SH. Treatment 
of hyperemesis gravidarum. Rev Obstet Gynecol 2012; 
5(2):78–84
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410506/pdf/
RIOG005002_0078.pdf

Hyperemesis is defined as ‘uncontrolled vomiting requiring 
hospitalization, severe dehydration, muscle wasting, electrolyte 
imbalance, ketonuria, and weight loss of more than 5% of body 
weight’ and complicates between 0.3% and 2.3% of pregnan-
cies. The symptoms are at their worst between 9 and 20 weeks of 
gestation and 5% of women may require hospital admission for 
management of hyperemesis and dehydration. Women who suffer 
from hyperemesis in their first pregnancy have a high risk of suf-
fering from hyperemesis in subsequent pregnancies.

Key points

◆	 Infants born to mothers with hyperemesis are at risk of pre-
term delivery, small for gestational age, low birth weights, and a 
5-minute Apgar score of less than 7.

◆	 The pathogenesis of hyperemesis is not fully understood but 
may be due to effects of hormones, gastrointestinal dysfunc-
tion, thyrotoxicosis, autonomic dysfunction, liver abnormali-
ties, Helicobacter pylori infection, or psychosomatic reasons.

◆	 Dietary changes to manage symptoms include reducing meal 
sizes, increasing protein and carbohydrate intake, drinking 
electrolyte beverages, and avoiding any known food triggers.

◆	 Affected women should be advised to avoid stress and rest as 
much as possible. Psychological support may be necessary as 
the condition may be very debilitating.

◆	 Intravenous fluids may be necessary to treat dehydration. 
Electrolytes should be monitored and replaced as necessary.

◆	 Thiamine 1.5 mg/day should be given routinely to all women 
with prolonged vomiting.

◆	 Antiemetics should not be used before 12–14 weeks’ gesta-
tion due to the possible risk of teratogenicity. First-line treat-
ment, as recommended by the 2004 guidelines produced by 
the American Congress of Obstetricians and Gynecologists, 
should be intravenous dimenhydrinate, metoclopramide, or 
promethazine.

◆	 Droperidol, ondansetron, and methylprednisolone have also 
been used in the research literature.

◆	 Ginger has also been shown to reduce nausea and vomiting, 
most likely by increasing gastric motility and decreasing stim-
uli to the chemoreceptor trigger zone.

◆	 Supplementary feeding via a nasogastric tube or total parental 
nutrition may need to be considered in severe cases.

◆	 The use of acupuncture at the pressure point P6, which is 5 cm 
proximal to the wrist crease, has been shown to reduce the inci-
dence of nausea and vomiting, by presumably blocking nocic-
eptive transmission and autonomic reflexes.

◆	 Hypnosis to control autonomic responses has been studied to 
assess its possible use to manage the symptoms of nausea and 
vomiting in pregnancy.

NICE.  Hepatitis B (Chronic) Diagnosis and 
Management of Chronic Hepatitis B in Children, Young 
People and Adults. Clinical Guideline 165, 2013
http://www.nice.org.uk/guidance/cg165

Chronic hepatitis B infection is characterized by detection of 
hepatitis B surface antigen (HBsAg) in the serum for 6 months or 
longer. It is a condition, which may have a variable clinical presen-
tation which range from no symptoms to the development of liver 
fibrosis, cirrhosis, and hepatocellular carcinoma. Treatment with 
antivirals is aimed at preventing these serious complications of 
chronic hepatitis B infection by reducing the amount of hepatitis 
B virus (HBV) DNA present in the blood.

With regards to pregnancy and breastfeeding, the guideline 
advises that tenofovir disoproxil should be offered to women who 
have HBV DNA levels greater than 107 IU/mL in the third trimes-
ter to reduce the likelihood of HBV transmission to the fetus.

British Liver Trust Factsheet: Acute Fatty Liver 
of Pregnancy, 2012
http://www.britishlivertrust.org.uk/liver-information/liver-  
conditions/acute-fatty-liver-of-pregnancy/

Acute fatty liver of pregnancy (AFLP) affects 1/20,000 pregnan-
cies and usually occurs in the third trimester. Risk factors include 
primiparity, male fetuses, and multiple births. The exact cause 
of the condition is unknown. Some experts believe it is related 
to pre-eclampsia whereas others have noted an association with 
fetal long-chain acyl-CoA dehydrogenase (LCHAD). LCHAD is a 
rare autosomal recessive condition where unmetabolized fetal free 
fatty acids are returned via the placenta to the maternal circula-
tion and deposit in the liver.

Key points

◆	 Symptoms of AFLP include nausea and vomiting, abdominal 
pain, general malaise, jaundice, and excessive thirst.

◆	 The differential diagnosis of AFLP includes acute viral hepati-
tis, pre-eclampsia, HELLP syndrome, and obstetric cholestasis.

◆	 Blood tests to investigate AFLP include taking LFTs and in 
particular looking for raised levels of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST). In some cases 
there may also be raised levels of alkaline phosphatase (ALP) 
and gamma-glutamyl transferase (GGT). Full blood count, 
urea and electrolytes, clotting screen, glucose, uric acid and 
lactate dehydrogenase should also be checked.

◆	 Investigations include liver ultrasound, MRI, or CT scan.
◆	 Once diagnosed, the patient should be admitted and the condi-

tion monitored with regular blood tests. The mode of delivery 
will need to be discussed with the patient and may include cae-
sarean delivery.

◆	 After delivery, the woman should continue to be monitored 
and this may require transfer to a high dependency unit. 
Complications of AFLP include infection, pancreatitis, liver 
failure, and death. In severe cases, a liver transplant may be 
necessary.

◆	 There is a risk that AFLP may recur in future pregnancies, but 
again this is poorly understood.

  

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410506/pdf/RIOG005002_0078.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410506/pdf/RIOG005002_0078.pdf
http://www.nice.org.uk/guidance/cg165
http://www.britishlivertrust.org.uk/liver-information/liver-conditions/acute-fatty-liver-of-pregnancy/
http://www.britishlivertrust.org.uk/liver-information/liver-conditions/acute-fatty-liver-of-pregnancy/


Appendix 1  guidelines 923

Ko HH, Yoshida E. Acute fatty liver of pregnancy. Can J 
Gastroenterol 2006; 20(1):25–30.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2538964/

AFLP is a condition with an incidence of 1/10,000 to 1/15,000 
pregnancies and is characterized by microvesicular fatty infil-
tration of hepatocytes without any evidence of inflammation or 
necrosis. It has a maternal mortality rate of 75% and fetal mortal-
ity rate of 85%. With prompt diagnosis and treatment, these rates 
may be reduced to 18% and 23% respectively. The mainstay of 
treatment is supportive with expedited delivery of the fetus.

Key points

◆	 The condition may present between 28 and 40 weeks of gesta-
tion, typically occurring at 35–36 weeks.

◆	 Patients may present with a variety of vague symptoms such 
as anorexia, malaise, nausea, headache, and abdominal pain, 
which makes the diagnosis of AFLP difficult. Consistent clinical 
findings suggestive of the condition include fever and jaundice. 
In severe cases, patients may present with signs of multiorgan 
involvement including renal failure, pancreatitis, encepha-
lopathy, and gastrointestinal bleeding. Women may also have 
concomitant pre-eclampsia and HELLP syndrome. Due to the 
vague symptoms, AFLP is sometimes a diagnosis of exclusion.

◆	 A maternal metabolic acidosis may develop as a result of AFLP, 
which in turn could adversely affect the fetus. Correction of 
this acidosis will help fetal well-being but early delivery may be 
indicated.

◆	 Laboratory findings of AFLP include the following:

•	 Raised white blood cell count greater than 15 × 109/L

•	 Normal haematocrit except in the presence of haemorrhage

•	 Haemolysis

•	 Thrombocytopaenia

•	 Prolonged prothrombin time and partial thromboplastic time

•	 Low fibrinogen level

•	 Disseminated intravascular coagulation

•	 Raised serum aminotransferases (ALT and AST)

•	 Raised ammonia, amino acid level, lactic acidosis, uric acid, 
bilirubin as a sign of liver failure

•	 Hypoglycaemia

•	 Raised ALP—however, this may normally occur in women in 
the third trimester

•	 Raised urea and creatinine levels as a sign of renal failure.

◆	 Investigation of the condition using liver ultrasound and CT 
scanning to identify fatty infiltration of the liver has low sensi-
tivity and specificity. However, wider availability of laboratory 
testing for viral hepatitis and other serum markers of AFLP 
have made the need for liver biopsy less critical for the diagno-
sis to be made.

◆	 Once the diagnosis of AFLP has been made, the mother 
should be admitted and resuscitated accordingly. This may 
require admission to intensive care. Fetal assessment during 

resuscitation and correction of coagulation abnormalities needs 
to also take place.

◆	 Once the mother has been stabilized, delivery of the fetus needs 
to be arranged. Vaginal delivery may be considered in uncom-
plicated cases but caesarean delivery may be needed in the more 
serious cases.

◆	 Postpartum, the woman should be closely monitored as 
coagulation defects and haemorrhage remains a risk, as does 
hypoglycaemia.

◆	 Pancreatitis may complicate AFLP, especially after hepatic and 
renal dysfunction.

◆	 Liver transplantation may be needed in cases of fulminant liver 
failure which has failed to respond to resuscitation and delivery 
of the fetus.

Riely CA. Liver disease in the pregnant patient. Am J 
Gastroenterol 1999; 94(7):1728–32
ht tp: //s3.g i .org /physic ians/gu ide l ines/L iverDisease in 
PregnantPatient.pdf

These clinical guidelines have been developed in association 
with the American College of Gastroenterology. ALP usually 
rises in the third trimester, however the rest of the LFTs remain 
unchanged by pregnancy. Therefore any changes in LFTs other 
than ALP warrant further investigation.

Key points

◆	 Liver diseases which may occur in pregnancy depend on the 
gestation:

•	 First trimester—hyperemesis gravidarum which in 
extreme cases require intravenous f luids and resuscita-
tion. Peptic ulcer disease and acute viral hepatitis needs 
to be excluded

•	 Second trimester—pre-eclampsia, variceal bleeding in associ-
ated with portal hypertension, acute viral hepatitis, obstetric 
cholestasis

•	 Third trimester—pre-eclampsia, acute viral hepatitis which 
tends to be worse in the third trimester, AFLP, HELLP

◆	 Other disorders which affect the liver may occur coincidentally 
with pregnancy:

•	 Viral or drug-induced hepatitis

•	 Gallstones

•	 Malignancy with metastases to the liver

•	 Thrombosis of outflow tracts of the liver (e.g. Budd–Chiari 
syndrome)

•	 Chronic hepatitis B or C—there is no increased risk to the 
mother, however transmission to the fetus may occur.

Alcohol intake in pregnancy
NICE guidance to the consumption of alcohol during pregnancy 
is contained in the NICE antenatal care guideline CG62 (https://
www.nice.org.uk/guidance/cg62).
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Key points

◆	 Women who are planning to become pregnant or who may be 
pregnant should avoid alcohol in the first trimester due to the 
increased risk of miscarriage.

◆	 Although there is uncertainty regarding the amount of alcohol 
which may be safely consumed during pregnancy, women who 
choose to continue to drink alcohol should limit the amount to 
1–2 units per week.

◆	 Pregnant women should avoid getting drunk or binge drink-
ing (consumption of >7.5 units in one sitting) to avoid harm to 
the fetus.

◆	 1 small glass of wine = 1.5 units.
◆	 5 small glasses of wine = 7.5 units.

Food intake in labour
NICE. Intrapartum Care: Care of Healthy Women and their 
Babies During Childbirth (Section 4.4: Eating and Drinking 
in Labour). Clinical Guidance 190, December 2014
http://www.nice.org.uk/guidance/cg190/resources/guidance-
intrapartum-care-care-of-healthy-women-and-their-babies-dur-
ing-childbirth-pdf
◆	 Women in established labour are allowed to drink as long as 

there are no complications.
◆	 Isotonic drinks may be consumed instead of water in labour.
◆	 If no opioids have been offered and there are no risk factors 

suggesting a likely operative delivery, a low-risk woman may be 
allowed to eat in labour.

OAA Clinical Guideline: Oral Intake in Labour, 2014
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=187
◆	 Selected guideline examples from two NHS trusts are shared on 

the OAA website.
◆	 Low-risk women may take clear fluids and eat a light diet dur-

ing labour.
◆	 High-risk women may drink clear fluid in labour, but they 

should not eat solid food.
◆	 Factors, which constitute high-risk pregnancy, vary marginally 

in the different trust (hospital) guidelines.
◆	 Examples of high-risk factors are morbid obesity, multi-

ple pregnancy, previous caesarean delivery or uterine scar, 
pre-eclampsia, diabetes mellitus, breech presentation, slow pro-
gress, oxytocin infusion, and signs of fetal distress.

American Society of Anesthesiologists task force on obstetric 
anesthesia. practice guidelines for obstetric anaesthesia. 
Anesthesiology 2007; 106:843–63

◆	 Low-risk labouring women are allowed to drink clear liquids. 
For those undergoing an elective caesarean delivery, modest 
amounts of clear liquids can be allowed up to 2 hours before the 
induction of anaesthesia.

◆	 Solid foods should be avoided in labouring patients. For elective 
surgical patients, solid food is allowed up to 6–8 hours before 
the induction of anaesthesia.

Aspiration prophylaxis
NICE. Intrapartum Care: Care of Healthy Women and their 
Babies During Childbirth (Section 4.4: Eating and Drinking 
in Labour). Clinical Guidance 190, December 2014
http://www.nice.org.uk/guidance/cg190/resources/guidance-
intrapartum-care-care-of-healthy-women-and-their-babies-
during-childbirth-pdf
◆	 H2 antagonists and antacids should only be offered to parturients 

who have received opioid analgesia in labour or have developed 
risk factors which make a general anaesthetic more likely. They 
should not be offered as routine to otherwise low-risk parturients.

OAA Clinical Guideline: Antacid Prophylaxis, 2010
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=168
◆	 Selected guideline examples from two NHS trusts are shared on 

the OAA website.
◆	 H2 receptor antagonists (e.g. ranitidine 150 mg to 300 mg orally 

or 50 mg intravenously) should be given to all elective surgery 
patients, emergency surgery patients and high-risk women in 
labour.

◆	 Sodium citrate 30 mL 0.3M should be given orally, before 
induction of general anaesthesia for emergency surgery.

American Society of  Anesthesiologists task force on  obstet-
ric anesthesia. practice guidelines for  obstetric anaesthesia. 
Anesthesiology 2007; 106:843–63
◆	 Administration of non-particulate antacids, H2 receptor antag-

onists, and/or metoclopramide for aspiration prophylaxis is 
recommended before surgical procedures.

Haematological
Royal College of Obstetricians and Gynaecologists. 
Antepartum Haemorrhage. Green-Top Guideline No. 
63, November 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg_63.pdf

Antepartum haemorrhage (APH) is one which occurs between 
24 weeks of pregnancy and delivery. The most important causes of 
APH are placenta praevia and placental abruption. Management 
of APH is important, as it is responsible for 50% of maternal 
deaths worldwide as well as being a cause of preterm labour in 
20% of cases with subsequent neonatal morbidity. This guideline 
is restricted to the management of antepartum haemorrhage.

Key points

◆	 Due to multifactorial causes, APH itself cannot be reliably 
predicted.

◆	 If a woman has had a placental abruption in a previous preg-
nancy, she is at increased risk of further abruption in subse-
quent pregnancies. Other risk factors for placental abruption 
include pre-eclampsia, increasing maternal age, intrauterine 
infections, multiple pregnancy, and fetal growth restriction. 
A comprehensive list of risk factors is included in the document.

◆	 There is an increased risk of bleeding later in pregnancy if it has 
occurred in the first trimester.
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◆	 Evidence suggests that the causes of placental abruption are 
related to conditions, which develop during pregnancy whereas 
factors which lead to placenta praevia tend to exist prior to 
pregnancy.

◆	 Risk factors for placenta praevia are strongly related to the num-
ber of previous caesarean deliveries and also include advanced 
maternal age and smoking.

◆	 Women should report all episodes of vaginal bleeding in preg-
nancy to their antenatal care providers.

◆	 APH should be suspected if the woman complains of continu-
ous abdominal pain and the uterus feels tense on palpation. 
If the pain is intermittent in nature, then labour should be 
suspected.

◆	 In cases of suspected placenta praevia, an ultrasound scan 
should be performed first to rule out the diagnosis before per-
forming a digital examination of the vagina.

◆	 Investigations to assess APH include Kleihauer blood test, 
coagulation screen, full blood count, cross match of 4 units, 
ultrasound scan to determine placental location and cardioto-
cograph monitoring of the fetus.

◆	 Women with bleeding heavier than spotting or streaking 
should be admitted to hospital for observation and further 
management.

◆	 If a woman presents with APH after 24 weeks of gestation and 
before 35 weeks, a course of antenatal steroids should be given.

◆	 Tocolytics are not advised for use in patients who present with 
a major APH and are clinically unstable or there is evidence of 
fetal distress.

◆	 If fetal death occurs following an APH, where possible, vaginal 
delivery is recommended.

◆	 A caesarean delivery is recommended if there is evidence of 
fetal distress.

◆	 Where possible, a neuraxial anaesthetic technique should 
be performed to facilitate operative delivery. A  consultant 
anaesthetist should be present in the management of unsta-
ble patients. A general anaesthetic may be considered in very 
unstable patients for caesarean delivery.

◆	 A woman who has suffered an APH is at risk of postpartum 
haemorrhage. Provisions should be made to manage and 
observe the woman after delivery.

◆	 Coagulopathy needs to be managed with the replacement of 
clotting factors and by seeking advice from haematologists.

Royal College of Obstetricians and Gynaecologists. 
Prevention and Management of Postpartum 
Haemorrhage. Green-Top Guideline No. 52, April 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gt52postpartumhaemorrhage0411.pdf

Primary postpartum haemorrhage (PPH) is defined as ‘the 
loss of 500 mL of blood or more from the genital tract within 24 
hours of delivery’ and is the most common form of major obstet-
ric haemorrhage. It remains one of the major causes of maternal 

deaths globally. This guideline is limited to the management 
of PPH.

Key points

◆	 Minor PPH—blood loss of 500–1000 mL.
◆	 Major PPH—blood loss of greater than 1000 mL and can be 

further subdivided into:

•	 moderate—blood loss of 1000–2000 mL

•	 severe—blood loss of greater than 2000 mL.

◆	 Once a PPH has been identified, the patient must be monitored 
and assessed for signs of haemodynamic instability and ongo-
ing bleeding and appropriate protocol-driven management 
must begin.

◆	 Most women suffering a PPH do not have any identifiable risk 
factors.

◆	 Active management of the third stage of labour and the use of 
prophylactic oxytocics (e.g. oxytocin 5 or 10 IU IM), can reduce 
the risk of PPH.

◆	 A  multidisciplinary team including a senior obstetrician, 
anaesthetist, haematologist, and senior midwife will need to be 
involved in the management of a PPH.

◆	 Once identified, there are four components to the management 
of PPH, which need to occur simultaneously:  communica-
tion, resuscitation, monitoring and investigation, and arrest-
ing the bleeding. If large amounts of fluids have been used in 
resuscitation, a coagulopathy is likely to develop. Replacement 
of clotting factors and fibrinogen will need to be considered. 
Recombinant factor VIIa, although not widely advocated, could 
be considered as a potential treatment following discussion with 
a haematologist—there is a risk of thrombosis associated with 
its use.

◆	 If anaesthesia is required, the anaesthetist will need to assess 
the woman for haemodynamic instability and provide the most 
appropriate anaesthetic as necessary. Haemodynamic instabil-
ity is a relative contraindication to neuraxial anaesthesia.

◆	 Uterine atony is the most common cause of PPH. Other causes 
include coagulation abnormalities, retained tissues, and trauma 
to the genital tract.

◆	 Uterine atony may be managed by a variety of pharmacologi-
cal methods using oxytocin, ergometrine, carboprost, and mis-
oprostol. See guideline for full dosing regimen.

◆	 Surgical methods to manage uterine atony include balloon tam-
ponade, brace suturing, bilateral ligation of uterine or internal 
iliac arteries, and selective arterial embolization.

◆	 Hysterectomy must be considered early on in the management 
of PPH and a second consultant obstetrician or gynaecologist 
should be consulted in the decision to proceed with one.

◆	 Secondary PPH is usually associated with endometritis. 
Antibiotics (ampicillin and metronidazole with gentamicin in 
certain circumstances) and surgical removal of retained prod-
ucts of conception need to be considered in the management of 
secondary PPH.
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Royal College of Obstetricians and Gynaecologists. 
Placenta Praevia, Placenta Accreta and Vasa 
Praevia: Diagnosis and Management. Green-Top 
Guideline No. 27, January 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg_27.pdf

Placenta praevia and accreta are significant causes of maternal 
and fetal morbidity and mortality. The rising rate of caesarean 
deliveries, in combination with increasing maternal age, means 
that the incidence of these conditions is going to increase. This 
guideline covers the diagnosis as well as the antepartum and peri-
partum management of these conditions.

Key points

◆	 Placenta praevia is the condition where the placenta has 
implanted wholly or in part in the lower segment of the uterus.

◆	 Placenta accreta, increta, and percreta are types of morbidly 
adherent placenta and describe the extent of the invasion of the 
myometrium by the placenta.

◆	 Vasa praevia describes the condition where fetal blood vessels 
penetrate through the membranes and appear below the pre-
senting part of the fetus. These vessels are fully exposed, and 
not protected by any placental tissue or umbilical cord. It has 
an incidence of about 1/2000 to 1/6000 pregnancies. The main 
risks are to the fetus, as these vessels are at risk of rupture and 
catastrophic haemorrhage following fetal membrane rupture, 
with a mortality rate of about 60%.

◆	 Placenta praevia should be suspected in women presenting 
with vaginal bleeding after 20 weeks’ gestation. This can then 
be confirmed with ultrasound scanning to determine the pla-
cental location. A  transvaginal scan is more accurate than a 
transabdominal scan.

◆	 Should the placenta be found to cover or overlap the cervical 
os at the 20-week scan, the patient should be followed up to 
determine the final location of the placenta closer to the time of 
delivery.

◆	 In women who have had a previous caesarean delivery, the pla-
cental location should be determined to assess the risk of a mor-
bidly adherent placenta developing.

◆	 Any antenatal anaemia should be treated and women should 
be counselled about the risks of preterm delivery and major 
obstetric haemorrhage. Outpatient care may be suitable for 
women with minor placenta praevia or who are otherwise 
asymptomatic.

◆	 If the placenta is more than 2 cm from the cervical os, then a 
vaginal delivery may be considered. Elective caesarean deliv-
ery may be considered after 38 weeks for placenta praevia and 
between 36 and 37 weeks for a suspected morbidly adherent 
placenta.

◆	 Thorough preparation involving both consultant obstetric and 
anaesthetic care along with availability of blood products must 
be in place prior to delivery. The use of cell salvage may also be 
considered.

◆	 The choice of anaesthetic is determined by the anaesthetist 
managing the case. There is insufficient evidence to recommend 

either anaesthetic technique (i.e. neuraxial block or general 
anaesthesia).

◆	 When performing the caesarean delivery, it is worth consider-
ing making the uterine incision at a site away from the placenta 
to reduce the risk of bleeding and to allow further assessment of 
the placenta to then guide further management.

◆	 Women must be warned of the risk of a hysterectomy following 
delivery of the baby.

◆	 Should the placenta not separate after the delivery of the baby, 
one strategy would be to leave the placenta in situ. In these 
cases, women must be warned of the risks of infection and 
bleeding. Prophylactic antibiotics may be given to minimize 
the risk.

◆	 At present, there are no recommendations to screen routinely 
for vasa praevia.

◆	 Colour transvaginal Doppler ultrasound may be used to con-
firm the diagnosis in suspected cases of vasa praevia.

◆	 A caesarean delivery should be performed to deliver the baby if 
bleeding occurs in a woman with known vasa praevia.

Royal College of Obstetricians and Gynaecologists. 
Blood Transfusion in Obstetrics. Green-Top Guideline 
No. 47, May 2015
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg-47.pdf

There are many conditions in obstetrics which may require the 
need for a blood transfusion. Inappropriate management of haem-
orrhage may be associated with maternal morbidity and mortal-
ity. It is accepted that a blood transfusion itself is not without 
risks, therefore strict procedures and checking policies should be 
followed, even in an emergency.

Key points

◆	 During antenatal screening, a haemoglobin (Hb) level less than 
10.5 g/dL must be investigated and treated. Oral iron supple-
mentation is the first-line treatment, with parenteral iron use in 
those patients unable to tolerate or comply with oral therapy.

◆	 Blood loss at delivery must be minimized. One way of achiev-
ing this is to actively manage the third stage.

◆	 Women who are at high risk of a peripartum haemorrhage, 
must be encouraged to deliver in hospital.

◆	 All women should have their blood group and antibodies 
checked routinely at booking and at 28 weeks’ gestation.

◆	 Ensure that a parturient has a valid cross-match sample on the 
day of delivery.

◆	 Elective use of cell salvage may be considered in cases where 
blood loss is expected to be greater than 1500 mL.

◆	 The decision to transfuse blood must be made on both clinical 
and haematological grounds. Patients with Hb greater than 10 
g/dL should not be transfused, whereas those with Hb less than 
6 g/dL almost always require transfusion.

◆	 FFP, platelets, and cryoprecipitate may be needed in the man-
agement of coagulopathy and their use should be given on 
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clinical grounds rather than waiting for formal coagulation 
screen results.

◆	 Platelets should not be allowed to fall below 50 × 109/L, so it 
is advisable to transfuse a pool of platelets when levels fall to 
75 × 109/L.

◆	 Anti-D immunoglobulin will need to be given to a 
Rhesus-negative woman if the platelets are Rhesus positive.

◆	 There is no evidence to support the prophylactic use of recom-
binant factor VIIa in caesarean delivery, but its use may be con-
sidered when managing major haemorrhage.

◆	 Transfusion should be considered in the peripartum period if 
the Hb is about 7–8 g/dL. The decision to transfuse should be 
based on symptoms and clinical examination.

◆	 In women who object to receiving a blood transfusion, their 
Hb must be optimized as much as possible in the antepartum 
period and appropriate planning for delivery should be made.

AAGBI Safety Guideline: Blood Transfusion 
and the Anaesthetist: Management of Massive 
Haemorrhage, November 2010
http://www.aagbi.org/sites/default/f i les/massive_haemor-
rhage_2010_0.pdf

This guideline is described under ‘Critical Care and 
Resuscitation’.

Lee CA, Chi C, Pavord SR. The obstetric and 
gynaecological management of women with inherited 
bleeding disorders—review with guidelines produced 
by a taskforce of UK haemophilia centre doctors’ 
Organisation. Haemophilia 2006; 12:301–36
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2516.2006 
.01314.x/full

This article summarizes the evidence around the obstetric and 
anaesthetic management of women with coagulation disorders 
who become pregnant. The main conditions of haemophilia, von 
Willebrand’s disease (vWD), and factor XI deficiency are covered.

Haemophilia

•	 All carriers of haemophilia should be offered prepregnancy 
counselling in order to discuss the options regarding con-
ception methods and prenatal diagnosis (grade C evidence, 
level IV).

•	 Chorionic villus sampling should be used to test for haemo-
philia in the fetus antenatally. Maternal clotting should be 
tested before the procedure is carried out (grade C evidence, 
level IV).

•	 It is important to determine the fetal gender as early as possi-
ble: if the fetus is female, the need for further invasive testing 
is avoided. If the fetus is male, then invasive fetal monitoring, 
forceps, and vacuum extraction should be avoided, unless the 
coagulation status of the fetus is known to be normal. The 
parents need to be informed of the need to determine fetal 
gender early in pregnancy (grade C evidence, level IV).

•	 Known carriers of haemophilia should have their clotting fac-
tors (VIII and IX) checked at booking, and 28 and 34 weeks’ 

gestation to help determine the most appropriate mode of 
delivery and to anticipate any treatment which may be needed 
(grade C evidence, level IV).

•	 Recombinant factor VIII and IX is the treatment of choice in 
pregnant carriers of haemophilia A and B (grade C evidence, 
level IV).

•	 Neuraxial blocks for labour and delivery are permitted if the 
coagulation screen is normal and the relevant factor level is 
above 50 IU/dL. The procedure should be performed by an 
experienced anaesthetist and the density and duration of the 
anaesthetic block should be monitored. Any abnormal pro-
longation in anaesthetic blockade must be investigated by 
MRI to exclude an epidural haematoma.

•	 The use of NSAIDs should be avoided if the clotting factors 
are below normal (grade C evidence, level IV).

•	 The use of a fetal scalp electrode should be avoided in male 
fetuses known to be affected or who have an unknown coagu-
lation status (grade C evidence, level IV).

•	 Factor levels should be monitored and kept above 50 IU/dL 
for 3 days after vaginal delivery and for 5 days after caesarean 
delivery.

•	 In neonates with known haemophilia or unknown coagu-
lation status, IM injections and venepuncture should be 
avoided. Vitamin K may be given orally, with routine immuni-
zations given subcutaneously or intradermally. Circumcision 
should be delayed until the coagulation status of the neonate 
is known and any treatment reviewed by the haematologist 
(grade C evidence, level IV).

•	 The risk of intracranial haemorrhage is estimated to be about 
1–4% and is associated with significant morbidity. A  cra-
nial ultrasound or CT scan should be arranged in all neo-
nates where labour has been premature, traumatic, or if there 
is any evidence of bleeding. Treatment should be given to 
raise plasma clotting levels to 100 IU/dL (grade C evidence, 
level IV).

Von Willebrand disease

•	 Prenatal diagnosis should be offered to and discussed with 
women with vWD, where there is an identifiable genetic 
mutation (grade C evidence, level IV).

•	 Patients with vWD should have the following factors checked 
at booking, and 28 and 32 weeks’ gestation: vWF:Ag, vWF:AC 
and FVIII:C and the levels should be kept above 50 IU/dL 
for any invasive procedures or delivery (grade C evidence, 
level IV).

•	 Desmopressin increases FVIII and vWF levels and may be 
used in pregnancy. However repeated doses and its use in 
pre-eclampsia should be avoided. Women need to be moni-
tored for the possibility of fluid retention after its administra-
tion (grade C evidence, level IV).

•	 Patients with vWD type 1 do not require any prophylac-
tic treatment for delivery. Those with vWD type 2 only 
need treatment for operative delivery or in cases of perineal 
trauma. Only patients with vWD type 3 need treatment for all 
modes of delivery (grade C evidence, level IV).
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•	 An epidural may be sited in patients with vWD type 1 whose 
vWF activity is above 50 IU/dL. It is not recommended in 
women with vWD types 2 and 3 (grade C evidence, level IV).

•	 Women with a vWF activity level below 50 IU/dL should 
receive prophylactic treatment before the onset of labour and 
planned caesarean delivery (grade C evidence, level IV).

•	 VWF activity and FVIII levels should be maintained above 
50 IU/dL and monitored for 3 days after vaginal delivery and 
for 5 days after caesarean delivery. Tranexamic acid may be 
considered in the management of any prolonged or intermit-
tent postpartum haemorrhage (grade C evidence, level IV).

•	 Invasive monitoring, vacuum extraction, and the use of rota-
tional or mid-cavity forceps should be avoided in all fetuses 
at risk of vWD, except in those with mild disease. The cord 
blood should be sent off for analysis (grade C evidence, 
level IV).

Factor XI deficiency

•	 Factor XI deficiency is inherited in an autosomal fashion and 
exhibits a more variable bleeding tendency compared with 
haemophilia A and B. Efforts should be made to identify the 
individual’s bleeding tendency and the existence of any con-
founding factors (grade C evidence, level IV).

•	 Factor XI levels should be checked at booking, and 28 and 32 
weeks’ gestation. Management may be expectant (‘watch and 
wait’). Only patients with very low levels or a positive bleed-
ing history should be given prophylactic treatment with FXI 
concentrate or virally inactivated FFP to cover any invasive 
procedures (grade C evidence, level IV).

•	 To minimize the risk of a haematoma, an epidural may be 
sited following consultation with a haematologist who may 
advocate the administration of FXI concentrate. An epidural 
should be avoided in women with severe disease or a signifi-
cant bleeding history.

•	 Where given, prophylactic treatment should be continued for 
3 days after vaginal delivery and for 5 days after caesarean 
delivery (grade C evidence, level IV).

NICE.  Sickle Cell Acute Painful Episode: Management 
of an Acute Painful Sickle Cell Episode in Hospital. 
Clinical Guideline 143, June 2012
https://www.nice.org.uk/guidance/cg143

Sickle cell disease affects about 12,500 to 15,000 people in the 
United Kingdom. Acute painful sickle cell episodes (or painful 
crises) may be unpredictable in nature and vary in duration. They 
result from the blockage of small blood vessels by sickle-shaped 
red blood cells. The management of these painful crises are a 
source of complaints in hospitals, as patients may experience 
long delays in analgesia, inadequate analgesia, and accusations of 
drug-seeking behaviour. This guideline aims to detail the princi-
ples of management in hospital.

Key points

◆	 An acute, painful sickle cell episode should be regarded as a 
medical emergency and analgesia should be offered within 
30 minutes of arrival in hospital. The patient and their family 

should be involved in the management of the crisis from the 
outset.

◆	 Simple analgesics such as paracetamol and NSAIDs should 
be offered in addition to opioids. Discussion with the patient 
regarding previous analgesic management should occur to help 
guide management. Pethidine should not be given in an acute 
episode.

◆	 Other causes of acute pain should be looked for and excluded 
when assessing a patient presenting with an acute crisis.

◆	 The patient should have basic observations recorded and the 
effectiveness of pain relief documented. A patient-controlled 
analgesia may be needed, especially if the patient is requiring 
frequent doses of strong opioids.

◆	 Antiemetics, laxatives, and antipruritics should be offered to 
those patients on opioids.

◆	 As the crisis resolves, the analgesia regimen may need to be 
reduced and each hospital should have local protocols to guide 
how this may be done.

◆	 Corticosteroids should not be used in the treatment of uncom-
plicated acute painful sickle cell episodes.

◆	 On discharge, patients and carers should be given information 
about how to manage the current episode, where to seek help 
and support, when to return to hospital, and any side effects 
or possible complications that may develop from any treatment 
they have received.

NICE.  Venous Thromboembolism in Adults Admitted 
to Hospital: Reducing the Risks. Clinical Guidance 92, 
January 2010
https://www.nice.org.uk/guidance/cg92

Assessing the risk of venous thromboembolism and bleeding

◆	 A venous thromboembolism (VTE) assessment must be done 
for all patients on admission.

◆	 Medical patients who have reduced mobility for more than 
3 days and have risk factors are at increased risk of VTE.

◆	 Surgical and trauma patients have an increased of VTE if they 
have prolonged surgery, reduced mobility, intra-abdominal 
pathology, or risk factors.

◆	 Risk factors for VTE include age of patient, dehydration, 
and medical comorbidities. See the guidelines for a full 
comprehensive list.

◆	 The bleeding risk must be evaluated before the patient is offered 
pharmacological thromboprophylaxis.

◆	 The bleeding and VTE risks must be reassessed within 24 hours 
of admission and whenever the clinical condition changes.

◆	 The risk of VTE may be reduced through the use of pharmaco-
logical prophylaxis until the patient is no longer at risk and by 
encouraging mobilization when it is safe to do so.

◆	 Patient and carer education regarding prevention and treat-
ment of VTE should begin before discharge planning.

◆	 Pregnant women or women who have delivered in the preced-
ing 6 weeks should be offered VTE prophylaxis if they are at 
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increased risk of developing VTE. See guidelines for maternal 
risk factors for VTE.

AAGBI, OAA, Regional Anaesthesia UK Guidance 
Document: Regional Anaesthesia and Patients 
with Abnormalities of Coagulation (RAPAC), 2011
http://www.aagbi.org/sites/default/files/rapac_2013_web.pdf

This consensus document offers guidance regarding the perfor-
mance of neuraxial blocks in patients who are taking medication 
to alter their coagulation and their recommendations are summa-
rized in four tables within the document.

Key points

◆	 The time needed to wait before performing a block is dependent 
on the anticoagulant used (see tables in guideline for further 
details).

◆	 In a patient with altered coagulation, central neuraxial blocks 
pose a higher risk compared to a superficial nerve block.

◆	 The more abnormal the coagulation, the higher the risk of 
post-procedure complications. It is advisable that an anaesthe-
tist who has experience in performing the block undertakes the 
procedure in these high-risk patients.

◆	 Coagulation may be abnormal in trauma, sepsis, uraemia, liver 
failure, massive transfusion, and disseminated intravascular 
coagulopathy. Further assessment is needed before performing 
a block in such situations.

Gogarten W, Vandermeulen E, Van Ake H, 
et al. Regional anaesthesia and antithrombotic 
agents: recommendations of the European Society 
of Anaesthesiology. Eur J Anaesthesiol 2010; 
27:999–1015
http://www.csen.com/guidelines.pdf

This guideline was produced to minimize the risk of bleeding 
complications associated with neuraxial anaesthesia techniques.

Recommended minimum time intervals between antithrom-
botic drugs and neuraxial procedures are the same as the RAPAC 
guideline for commonly used drugs such as prophylactic unfrac-
tionated heparin (UFH), prophylactic and treatment doses of 
LMWH, and aspirin.

Horlocker T, Wedel DJ, Rowlingson JC, et al. Regional 
anesthesia in the patient receiving antithrombotic or 
thrombolytic therapy: American Society of Regional 
Anesthesia and Pain Medicine Evidence-Based 
Guidelines (Third Edition). Reg Anesth Pain Med 2010; 
35(1):64–101
http://journals.lww.com/rapm/Fulltext/2010/01000/Regional_
Anesthesia_in_the_Patient_Receiving.13.aspx

This guideline describes the neuraxial anaesthetic management 
of surgical patients who are receiving common antithrombotic 
drugs and herbal medicines such as garlic, ginkgo, and ginseng.

Key points

◆	 In obstetric patients, oral anticoagulants should be changed to 
LMWH or UFH of similar dosing before 36 weeks’ gestation.

◆	 LMWH should be stopped 36 hours before the planned induc-
tion of labour or caesarean delivery. Intravenous or subcutane-
ous UFH can be used as a bridging therapy if necessary. UFH 
must be stopped 4–6 hours before the planned delivery.

◆	 If a pregnant woman on LMWH goes into labour, she should be 
instructed to stop the drug until she has been assessed by the 
obstetric team.

◆	 A  plan must be made for restarting anticoagulation in the 
postpartum period when planning neuraxial analgesia or 
anaesthesia.

◆	 Re-initiation of thromboprophylaxis should be withheld for 
12 hours after abdominal delivery or removal of the epidural 
catheter, whichever is later. If the patient requires therapeu-
tic anticoagulation, it must be started 24 hours after delivery. 
(NB These timings differ from THE AAGBI and OAA RAPAC 
guidelines discussed earlier.)

Royal College of Obstetricians and Gynaecologists. 
Reducing the Risk of Venous Thromboembolism During 
Pregnancy and the Puerperium. Green-Top Guideline 
No. 37a, April 2015
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg-37a.pdf

VTE is a preventable cause of morbidity and mortality in the 
parturient. Effective thromboprophylaxis can markedly reduce 
the risk of developing VTE in this population. VTE may occur at 
any stage during pregnancy, but the highest risk remains in the 
postpartum period.

Key points

◆	 VTE is more likely to occur following a caesarean delivery 
compared with a vaginal delivery, but the risk of VTE remains 
regardless of the mode of delivery.

◆	 Once risk assessed, VTE prophylaxis should be started as early 
in the pregnancy as is practical.

◆	 Women who are considered at very high risk of VTE will usu-
ally be on long-term oral anticoagulation prior to conception. 
They should be counselled about the teratogenic risks to the 
fetus from oral anticoagulants, such as warfarin. They require 
treatment with higher-dose LMWH (usually divided into two 
12-hourly doses) during pregnancy and 6 weeks postpartum 
or until they are converted back to their oral regimen. They 
will also need specialized care provided by haematologists 
and obstetricians throughout pregnancy and delivery. In cer-
tain situations, such as mechanical heart valves, it may be 
necessary to continue with oral anticoagulants throughout 
pregnancy.

◆	 Women at high risk of VTE require treatment with LMWH 
during pregnancy and for 6 weeks postpartum. This includes 
women who have had previous VTE (excluding VTE as a result 
from major surgery).

◆	 Women with inherited thrombophilia which have resulted 
in the development of a VTE should be managed by special-
ists with knowledge of haemostasis in pregnancy, who may 
consider monitoring anti-Xa levels and consider antithrombin 
replacement prior to delivery.
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◆	 The guideline contains more details regarding management of 
specific inherited and acquired thrombophilias.

◆	 Thrombophilia screening should be offered to women who have 
had a non-oestrogen-provoked VTE in the presence of a minor 
risk factor, as this will determine further antenatal manage-
ment and treatment.

◆	 Women with an asymptomatic inherited thrombophilia and no 
other risk factors may be monitored for VTE during pregnancy 
and be offered LMWH for at least 7 days postpartum.

◆	 A  neuraxial anaesthetic technique should not be performed 
within 12 hours of a prophylactic dose of LMWH or within 24 
hours of a treatment dose of LMWH. Suitable analgesic alterna-
tives should be offered to these women in labour.

◆	 A prophylactic dose of LMWH may be given at least 4 hours after 
a central neuraxial block or removal of an epidural catheter.

◆	 The first prophylactic dose of LMWH should be given as soon 
as possible after delivery as long as there is no haemorrhage and 
no neuraxial anaesthetic technique was used.

◆	 LMWHs are as safe and effective as UFH. Danaparoid and 
fondaparinux may be considered as alternatives in women 
who are intolerant of LMWHs, following consultation with a 
haematologist.

◆	 Low-dose aspirin may be used safely in pregnancy to man-
age antiphospholipid syndrome but it is not advised for use as 
thromboprophylaxis in pregnancy.

◆	 Graduated compression stockings may be considered for use in 
women as thromboprophylaxis where treatment with LMWH 
or an alternative is contraindicated, after a caesarean delivery, 
or if they are at high risk of developing VTE.

◆	 Each woman should be risk assessed for VTE in the postpar-
tum period. The duration of treatment may range from 10 days 
to 6 weeks after delivery depending on the number of risk fac-
tors present.

◆	 Women with a BMI greater than 40 kg/m2 should be offered 
prophylactic LMWH at an appropriate dose for their weight for 
10 days after delivery.

◆	 Following caesarean delivery, all women should be risk assessed 
to identify those who will require prophylactic LMWH for 
10 days postpartum.

Royal College of Obstetricians and Gynaecologists. 
Thromboembolic Disease in Pregnancy and 
the Puerperium: Acute Management. Green-Top 
Guideline No. 37b, April 2015
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg-37b.pdf

Venous thromboembolism (VTE) continues to be the main 
cause of direct maternal deaths during the latest Confidential 
Enquiries review (2009–2012). Although it is known that pregnant 
women are at particularly high risk of developing VTE, especially 
in the puerperium, the subjective clinical assessment of these 
patients can be unreliable. This guideline offers an evidence-based 
approach to the investigation and management of women where 
VTE is suspected.

Key points

◆	 If VTE is clinically suspected, all women should have investiga-
tions arranged promptly and LMWH started until the diagno-
sis has been excluded.

◆	 Leg elevation and compression stockings should be advised in 
addition to LMWH for the treatment of VTE.

◆	 Compression duplex ultrasound is the first-choice investigation 
for VTE in the lower leg. Should the scan be negative and clini-
cal suspicion is low, then LMWH may be discontinued. If the 
scan is inconclusive, it should be repeated on days 3 and 7 and 
LMWH continued until the diagnosis has been excluded.

◆	 If iliac vein thrombosis is suspected, magnetic resonance 
venography or contrast venography may be considered instead 
of duplex ultrasound.

◆	 Where an acute pulmonary embolus (PE) is suspected, a chest 
X-ray should be performed in the first instance. Where this is 
normal, a duplex scan should be performed. Should both these 
tests be negative and the patient still has clinical signs sug-
gestive of a PE, either a ventilation-perfusion (V/Q) scan or a 
computed tomography pulmonary angiography (CTPA) scan 
should be performed. LMWH should be continued until the 
diagnosis has been excluded.

◆	 Compared with CTPA, there is a slightly increased risk of child-
hood cancer with V/Q scanning but a reduced maternal risk of 
developing breast cancer.

◆	 Should a patient have symptoms of both PE and deep vein 
thrombosis, then duplex scan should initially be performed. 
If this scan is positive, then no further tests are necessary and 
appropriate treatment should be started.

◆	 Due to physiological changes in coagulation during pregnancy, 
especially in the later stages and the immediate postpartum 
period, performing a D-dimer test to exclude a VTE is not 
advisable as it is likely to be raised.

◆	 Prior to starting anticoagulation therapy, baseline bloods 
should be taken, including full blood count, urea and electro-
lytes, liver function tests, and coagulation screen. It is not nec-
essary to perform a thrombophilia screen.

◆	 If treatment with LMWH is required, the daily dose should be 
based on either the booking or the most recent body weight. 
LMWH does not cross the placenta nor does it increase the risk 
of severe bleeding in the peripartum period.

◆	 Anti-Xa levels to monitor the effect of LMWH should only 
be performed in women at the extremes of weight (<50 kg or 
>90 kg).

◆	 A multidisciplinary approach must be taken when managing a 
life-threatening PE. Treatment with intravenous UFH should 
be started with consideration given to thrombolysis, thoracot-
omy, or surgical embolectomy.

◆	 An inferior vena cava filter should be considered for women 
who have either an iliac VTE, are at risk of a PE or who continue 
to develop a PE despite adequate anticoagulation.

◆	 Once the diagnosis of VTE has been confirmed, treatment 
with LMWH should continue for the duration of pregnancy. 
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Presently it is not certain whether the daily dose should be 
given as a single dose or divided into two doses. Women should 
have their platelet count monitored for 14 days after starting 
therapeutic LMWH to monitor for thrombocytopaenia. Due to 
adverse effects on the fetus, it is not advisable to use oral antico-
agulants in pregnancy.

◆	 Newer agents (e.g. fondaparinux) may be considered in patients 
who have an adverse reaction to all forms of heparin or 
danaparoid.

◆	 Once a woman is in established labour, no further doses of 
LMWH should be given. For planned deliveries, LMWH should 
be stopped 24 hours prior to delivery and neuraxial anaesthesia.

◆	 After a caesarean delivery, LMWH should be restarted 3 hours 
later or more than 4 hours of epidural catheter removal. The 
epidural catheter should only be removed more than 12 hours 
after the last injection of LMWH.

◆	 Should the activated partial thromboplastin time be prolonged 
close to the time of delivery following treatment with LMWH, 
protamine sulphate can be given to correct this.

◆	 Due to the increased risk of bleeding, consideration should be 
given to leaving a wound drain in situ or using clips or intermit-
tent sutures to close the skin to allow drainage of a potential 
haematoma. Intravenous UFH should be continued postopera-
tively if there is increased risk of bleeding.

◆	 LMWH should be continued for at least 6 weeks postpartum 
and until 3 months of treatment in total has been given. Oral 
anticoagulants may be used in this period. Neither LMWH nor 
warfarin is contraindicated in breastfeeding.

◆	 Oral warfarin should be restarted on day 5 postpartum. It may 
be necessary to delay re starting warfarin longer than 5 days in 
patients who are at high risk of postpartum haemorrhage.

◆	 Using LMWH for more than 12 weeks postpartum helps pre-
vent post-thrombotic syndrome. The evidence for prolonged 
postpartum use of compression stockings in preventing 
post-thrombotic syndrome is inconclusive.

◆	 Women require follow-up and counselling on the need for fur-
ther anticoagulation treatment in subsequent pregnancies, ide-
ally in a joint obstetric haematology clinic.

Further advice regarding the management of the preg-
nant or recently pregnant patient with thromboembolic dis-
ease may be found in NICE Clinical Guideline 92  ‘Venous 
Thromboembolism:  Reducing the Risk’ (pp.31–33), published 
in January 2010 (http://www.nice.org.uk/nicemedia/pdf/
CG92NICEGuidelinePDF.pdf).

Sibai BM. Diagnosis, controversies and management 
of the syndrome of hemolysis, elevated liver enzymes 
and low platelet count. Obstet Gynecol 2004; 
103(5 Pt 1):981–91
http://www.utilis.net/Morning%20Topics/Obstetrics/HELLP,  
%20Sibai.pdf

This review article collates information from various expert 
sources to provide guidance for clinicians in the diagnosis and 
management options available to parturients with HELLP.

Key points

◆	 HELLP is an acronym which stands for H  =  haemolysis, 
EL = elevated liver enzymes, LP = low platelets. It is a condition 
which comprises of these abnormal laboratory results and is a 
separate condition to pre-eclampsia.

◆	 Haemolysis is defined as ‘the presence of microangiopathic hae-
molysis’ and is the hallmark of HELLP syndrome. Haemolysis 
may be detected using laboratory tests by an abnormal periph-
eral smear, raised serum bilirubin, raised lactate dehydroge-
nase or a significant fall in serum haemoglobin levels.

◆	 Liver enzymes used to assess the severity of HELLP include 
serum AST, ALT, and bilirubin. However, there is no consensus 
regarding which liver enzymes should be used or how elevated 
the enzymes need to be in the diagnosis of HELLP.

◆	 Again, there is no consensus in the literature regarding how low 
the platelets need to be in order to diagnosis HELLP. Low values 
in studies range from 75,000/mm3 to 279,000/mm3.

◆	 The lack of consensus of laboratory values is partly due to the 
wide range of different assays available which test for liver 
enzymes and thrombocytopaenia. The author advises that 
individuals should be familiar with the normal values for these 
laboratory tests in their own institution.

◆	 HELLP may be diagnosed during the expectant management of 
pre-eclampsia, in labour or postpartum. The maternal and fetal 
outcomes vary depending on when HELLP is diagnosed and 
how frequent blood tests are performed.

◆	 Clinical presentation is variable and women may complain 
of non-specific symptoms such as malaise, a recent viral-like 
illness, nausea, and vomiting. More specific symptoms may 
include right upper quadrant or epigastric pain, headaches, 
visual disturbances, hypertension, and proteinuria. Some 
may even present with symptoms of thrombocytopaenia. 
There is no one symptom which has been consistently found 
to be present in every woman diagnosed with pre-eclampsia 
or HELLP.

◆	 Acute fatty liver of pregnancy, antiphospholipid syndrome, 
and acute pancreatitis are some of the differential diagnoses of 
HELLP syndrome.

◆	 The presence of HELLP is associated with a maternal mortality 
rate of 1%. It is also associated with increased maternal mor-
bidity including pulmonary oedema (8%), acute kidney injury 
(3%), disseminated intravascular coagulation (15%), placental 
abruption (9%), and adult respiratory distress syndrome (< 1%). 
Pregnancies complicated by HELLP lead to an increased risk of 
wound haematoma and blood transfusion.

◆	 There is an increase in perinatal mortality rates associated with 
HELLP, with values ranging from 7.4% to 20.4%. The higher 
mortality rates tend to be in pregnancies where HELLP devel-
ops at an earlier gestational age (e.g. 28 weeks or less).

◆	 Once diagnosed, HELLP syndrome is a progressive condi-
tion with associated deterioration in the maternal condition. 
Experts agree that if the condition is diagnosed after 34 weeks’ 
gestation, then prompt delivery is indicated. There is also 
agreement that delivery is indicated if HELLP develops before 
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34 weeks and there is associated multiorgan dysfunction or evi-
dence of fetal distress.

◆	 There is disagreement in the management of women who develop 
HELLP before 34 weeks’ gestation, who are otherwise stable and 
there is no evidence of fetal distress. Some experts advocate the 
use of corticosteroids to assist with fetal lung maturation and 
delivery within 24 hours. Others advocate a more expectant 
approach with close monitoring of the woman and only expedite 
delivery when there is a deterioration in the condition or fetal 
distress develops. Regardless of the management, there remains 
an increased fetal mortality rate despite expedited delivery.

◆	 It is accepted that corticosteroid use improves fetal outcomes in 
women who develop HELLP before 34 weeks’ gestation. Some 
studies have reported improvement in platelet numbers follow-
ing corticosteroid administration, allowing women to have epi-
dural anaesthesia for delivery. However, there is good evidence 
to suggest that the use of corticosteroids results in a reduction 
in maternal morbidity.

◆	 In all patients where HELLP is suspected, immediate admis-
sion to hospital for observation on the delivery suite is advised. 
Magnesium sulphate should be given as a seizure prophylaxis 
and hypertension treated to maintain a systolic BP below 
160 mmHg or a diastolic BP below 105 mmHg. Hydralazine, 
labetalol, or nifedipine may be used to treat hypertension. 
Laboratory tests should then be taken and sent to confirm or 
exclude the diagnosis of HELLP.

◆	 Regarding when to delivery, if the diagnosis is confirmed before 
35 weeks’ gestation, then transfer to a tertiary centre is recom-
mended if the maternal condition is stable. The decision of 
when to deliver is made by determining if the maternal condi-
tion has been stabilized, fetal well-being has been assessed, and 
whether there is a need to delay delivery whilst corticosteroids 
are given to aid fetal lung maturation.

◆	 The presence of HELLP syndrome is not an indication for 
immediate caesarean delivery. The decision to delivery by cae-
sarean should be based on gestational age, presence or absence 
of labour, fetal well-being, and cervical Bishop score. Vaginal 
delivery may be indicated if the patient is in labour or there 
has been rupture of membranes and there are no obstetric con-
traindications to vaginal delivery.

◆	 Pain relief for vaginal delivery may be provided by intermittent 
boluses of systemic opioids. Pudendal block is contraindicated 
due to the risk of haematoma formation and bleeding. Epidural 
analgesia is contraindicated if the platelet count is below 75,000/
mm3. For caesarean delivery, general anaesthesia may be indi-
cated in the presence of a platelet count below 75,000/mm3.

◆	 Platelet transfusion is indicated either before or after delivery 
if there is significant bleeding or the platelet count is below 
20,000/mm3.

◆	 After delivery, close monitoring of vital signs, fluid status, lab-
oratory tests, and pulse oximetry should be continued for 48 
hours. The majority of patients show resolution of the condition 
within 48 hours of delivery.

◆	 HELLP may develop in the postpartum period within a few 
hours of delivery up to 7  days after birth, with the majority 

occurring within 48 hours. Management remains the same: the 
use of magnesium sulphate prophylaxis, BP management, and 
the use of laboratory tests to monitor the disease progression.

◆	 The rate of recurrence of pre-eclampsia in subsequent pregnan-
cies is 20%, whereas the rates of HELLP range between 2% and 
19%. Women should be counselled about the need for close 
monitoring in any future pregnancies. There is presently no 
preventative treatment against the development of HELLP in 
subsequent pregnancies.

Imaging
NICE.  Ultrasound-Guided Catheterisation of the 
Epidural Space. Interventional Procedure Guidance 
249, 2008
https://www.nice.org.uk/guidance/ipg249

This guidance acknowledges that there is limited evidence on 
the use of ultrasound to assist epidural catheter placement. It does 
support, however, that it is a safe technique and may be a helpful 
way of achieving successful localization of the epidural space. This 
guideline covers epidural catheter placement in the obstetric and 
non-obstetric populations.

Key points

◆	 Ultrasound may be used to guide the epidural needle towards 
the epidural space in real time. The conventional loss of resist-
ance technique is still used as a safeguard.

◆	 Ultrasound may also be used in a pre-puncture technique 
whereby the depth of the epidural space is located using the 
ultrasound and the ideal puncture site is marked on the back. 
The epidural catheter is then inserted using the conventional 
loss of resistance technique.

◆	 Studies suggest that the use of both pre-puncture and real-time 
ultrasound-guided techniques to assist epidural catheter place-
ment is associated with fewer attempts to locate the epidural 
space and with higher patient satisfaction.

◆	 Studies in children showed that the use of ultrasound was asso-
ciated with faster epidural catheter placement and with a higher 
success rate in terms of epidural effectiveness.

◆	 With regards to safety, the use of the ultrasound was associated 
with a lower rate of dural puncture, aspiration of blood in the 
catheter and lower number of patients reporting ‘severe’ head-
ache after an epidural.

NICE.  Guidance on the Use of Ultrasound Locating 
Devices for Placing Central Venous Catheters. 
Technology Appraisal Guidance 49, 2002
https://www.nice.org.uk/guidance/ta49/resources/guidance-
guidance-on-the-use-of-ultrasound-locating-devices-for-placing-
central-venous-catheters-pdf

Central venous catheters (CVCs) are inserted by a range of med-
ical personnel for a variety of indications. When using the land-
mark technique, the failure rate for the insertion of CVCs may 
be as high as 35%. The complications associated with the inser-
tion of CVCs include arterial puncture, pneumothorax, arterio-
venous fistula, and multiple attempts. This guidance offers advice 
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regarding the use of ultrasound to assist the insertion of CVCs, 
with a view to minimizing complications.

Key points

◆	 Ultrasound guidance should be used to assist in the insertion 
of CVCs in both elective and emergency situations. All those 
involved in inserting CVCs should undergo appropriate train-
ing in the use of ultrasound.

◆	 The use of ultrasound allows identification of the target vein, 
detection of any anatomical abnormalities, and can rule out 
vessel thrombosis.

◆	 Compared with the landmark technique, ultrasound-guided 
CVC insertion in the internal jugular vein has been 
associated with:

•	 reduced risk of failed catheter placement

•	 reduced risk of catheter placement complications

•	 reduced failure on first attempt at catheter placement

•	 fewer number of attempts to successfully place the catheter.

◆	 Similar findings were found when ultrasound was used to assist 
CVC insertion in infants.

◆	 Similar results were also found when ultrasound was used 
to assist CVC placement in the subclavian vein. However, 
the operators in this study were relatively inexperienced in 
inserting CVCs into the subclavian vein using the landmark 
technique.

◆	 Ultrasound guidance significantly reduced the number of 
attempts needed to successfully insert a CVC into a femoral 
vein compared with the landmark technique.

◆	 The use of audio-guided ultrasound technique is not 
recommended.

Intrapartum care
Safer Childbirth: Minimum Standards for the 
Organisation and Delivery of Care in Labour, 
October 2007
http://www.rcoa.ac.uk/system/files/PUB-Safer_Childbirth.pdf

Joint publication from the Royal College of Obstetricians and 
Gynaecologists, Royal College of Midwives, Royal College of 
Anaesthetists and Royal College of Paediatrics and Child Health.

This publication provides the minimum essential standards for 
staffing, training, and equipment required for providing a safe 
environment for the parturient and neonate.

Key points

◆	 CMACE, along with the Confidential Enquiry into Stillbirths 
and Deaths in Infancy (CESDI) and the Confidential Enquiry 
into Maternal Deaths (CEMD) have recommended a review 
into the organization and provision of maternity care services.

◆	 Through good teamwork, it is possible to provide safe and 
effective patient-centred care. The importance of the individual 
roles of the midwife, obstetrician, anaesthetist, paediatrician, 
and other support staff involved in the care of the pregnant 
patient is highlighted.

◆	 Changes in shift patterns and recruitment shortages have 
resulted in inadequate numbers of midwives to provide 
the appropriate care to labouring women. Appropriately 
trained maternity care assistants can assist but not substitute 
midwifery care.

◆	 ‘Modernising Medical Careers’ and changes to working times 
have reduced the availability and experience of junior medical 
staff on labour ward, thus requiring consultant obstetricians to 
be more present on labour ward.

◆	 Maternity services are associated with higher litigation costs 
than other services.

◆	 Better organization and provision of services requires good 
communication and strong leadership to maintain and boost 
staff morale.

◆	 Clear, concise documentation should be maintained at all 
times. This is especially important should an incident arise.

◆	 Due to the changing role of the anaesthetist on labour ward, 
a suitably trained anaesthetist should be available to manage 
labour analgesia and provide appropriate anaesthesia for opera-
tive delivery.

◆	 Paediatric staff on labour ward must be competent in neonatal 
life support.

◆	 Every attempt should be made to keep the mother and baby 
together after birth.

Royal College of Obstetricians and Gynaecologists. 
Placenta Praevia, Placenta Accreta and Vasa 
Praevia: Diagnosis and Management. Green-Top 
Guideline No. 27, January 2011
http://www.rcog.org.uk/f i les/rcog-corp/GTG27Placenta  
PraeviaJanuary2011.pdf

This guideline is summarized under ‘Haematological’.

Royal College of Obstetricians and Gynaecologists. 
Preterm Premature Rupture of Membranes. Green-Top 
Guideline No. 44, 2006 (Minor Amendment 2010)
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg_44.pdf

This revised guideline makes recommendations regarding the 
diagnosis, investigation, and management of preterm premature 
rupture of membranes (PPROM). PPROM occurs in about 2% 
of pregnancies but is associated with 40% of preterm deliveries, 
which in turn is associated with significant neonatal morbidity 
and mortality.

Key points

◆	 PPROM is known to be associated with preterm birth, neo-
natal sepsis, and pulmonary hypoplasia, which can lead to 
neonatal death.

◆	 Women with intrauterine infections have earlier deliveries 
and neonates born with sepsis have a mortality rate four times 
higher than neonates born without sepsis.

◆	 PPROM is best diagnosed through history and a sterile spec-
ulum examination. An ultrasound scan can be used to assist 
diagnosis in some cases.
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◆	 Once diagnosed, women should be observed for signs of cho-
rioamnionitis, which include maternal pyrexia, offensive vagi-
nal discharge, and fetal tachycardia. There is no need to carry 
out weekly high vaginal swabs or blood tests. Cardiotography 
(CTG) may be useful in assessing fetal tachycardia.

◆	 Presently there is not enough evidence to support the use of 
routine amniocentesis to detect subclinical infection in women 
with PPROM.

◆	 Erythromycin should be given for 10 days once PPROM has 
been diagnosed as this has been shown to reduce the number 
of deliveries occurring 48 hours after PPROM. Co-amoxiclav 
should be avoided as studies showed an increase in neonates 
born with necrotizing enterocolitis following maternal treat-
ment with co-amoxiclav. Penicillin or clindamycin should be 
given if group B Streptococcus is isolated in PPROM.

◆	 Corticosteroids should be given in cases of PPROM occurring 
between 24 and 34 weeks’ gestation to reduce the incidence of 
neonatal respiratory distress syndrome.

◆	 Ritodrine has been shown to delay delivery for 24 hours after 
PPROM but this effect does not persist beyond 24 hours. Other 
studies involving tocolytics did not show any benefit and their 
routine use is not recommended.

◆	 Delivery of the baby should be considered after 34 weeks. If 
delivery is to be delayed, the woman should be warned of the 
increased risk of chorioamnionitis and the reduced risk of neo-
natal respiratory problems.

◆	 It is advisable to admit women with PPROM for monitoring 
and treatment.

◆	 Amnioinfusion during labour is not recommended in 
PPROM as it does not prevent umbilical cord compression. 
(Amnioinfusion is a procedure in which a needle is introduced 
into the uterine cavity under ultrasound guidance and saline is 
infused to increase the volume of amniotic fluid.)

Royal College of Obstetricians and Gynaecologists. 
Antenatal Corticosteroids to Reduce Neonatal Morbidity 
and Mortality. Green-Top Guideline No. 7, 2010
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg_7.pdf

Antenatal corticosteroids have been previously shown to reduce 
the incidence of respiratory distress syndrome and are also ben-
eficial in preventing other complications of prematurity, such as 
intraventricular haemorrhage. This guideline aims to provide 
up-to-date information regarding the most appropriate use of 
corticosteroids antenatally and in neonates. The use of corticos-
teroids shows no benefit for the mother.

Key points

◆	 A single course of corticosteroids should be offered to women 
between 24+0 and 34+6 weeks’ gestation, who are at risk of pre-
term delivery. Corticosteroids may be considered in women less 
than 24 weeks’ gestation but the decision must be made by a 
senior clinician.

◆	 Antenatal corticosteroids have the best chance of reducing neo-
natal mortality from respiratory distress syndrome between 24 
hours and up to 7 days after the second dose has been given.

◆	 A  single course of antenatal corticosteroids does not appear 
to have any immediate or long-term adverse effects on the 
mother or fetus. There remains insufficient evidence regard-
ing the adverse effects following multiple courses of antenatal 
corticosteroids.

◆	 Antenatal corticosteroids should be used with caution in 
women with a systemic infection. Senior review should be 
sought when considering a delay in delivery for steroid prophy-
laxis in women with overt chorioamnionitis.

◆	 Antenatal corticosteroids should be given to all women who are 
at risk of preterm delivery before 34+6 weeks’ gestation and in 
all elective caesarean deliveries before 38+6 weeks’ gestation.

◆	 Diabetes mellitus is not a contraindication to giving antena-
tal corticosteroids. However, these patients need to be closely 
monitored and additional insulin may need to be given.

◆	 The corticosteroid agent of choice to enhance lung maturation 
is betamethasone 12 mg in two doses or dexamethasone 6 mg 
in four doses. Both are given intramuscularly.

Royal College of Obstetricians and Gynaecologists. 
Tocolysis for Women in Preterm Labour. Green-Top 
Guideline No. 1B, 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg1b26072011.pdf

Preterm birth is defined as delivery before 37+0 weeks’ gesta-
tion. Infant mortality in this age group was 42/1000 live births 
compared with 5/1000 live births overall. The mortality rate in the 
first year of infants born before 32+0 weeks is 144/1000 compared 
with 1.8/1000 live births of those born at term. Very preterm birth 
is defined as delivery before 32 weeks and is responsible for 51% 
of infant deaths. Commonly used tocolytic agents in the United 
Kingdom include beta-agonists, calcium channel blockers, oxy-
tocin receptor antagonists, prostaglandin synthetase inhibitors, 
nitric oxide donors, and magnesium sulphate.

Key points

◆	 The use of a tocolytic drug may prolong a pregnancy by up to 
7 days. However, there is no evidence that these drugs improve 
neonatal outcomes. Nonetheless, it is worth considering using 
them if the delay in delivery facilitates care, for example, com-
pleting a course of steroids, allowing an in utero transfer.

◆	 Both nifedipine and atosiban are effective in delaying delivery 
by up to 7 days.

◆	 Nifedipine is associated with an improvement in neonatal out-
come, when compared to beta-agonists, though the long-term 
effects are unknown.

◆	 Beta-agonists can delay birth by up to 48 hours compared to 
placebo, but there is no evidence to suggest they are superior to 
other tocolytic agents. However, they have a high frequency of 
adverse effects.

◆	 Nifedipine, atosiban, and cyclooxygenase inhibitors have fewer 
adverse effects compared to beta-agonists but it is unclear how 
these agents compare with each other.

◆	 Although there is no strong evidence to support the use of 
magnesium sulphate to reduce the risk of preterm birth, studies 
have shown it to decrease the risk of cerebral palsy following 
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preterm delivery. For this reason, magnesium sulphate should 
be given to those at risk of preterm delivery.

◆	 It is not recommended to administer more than one tocolytic 
agent at one time due to an increased risk of adverse side effects.

Royal College of Obstetricians and Gynaecologists. 
Management of Monochorionic Twin Pregnancy. Green-
Top Guideline No. 51, 2008
https://www.rcog.org.uk/globalassets/documents/guidelines/
t51managementmonochorionictwinpregnancy2008a.pdf 
(Reference 45 in chapter 33)

A monochorionic (MC) twin pregnancy is one where both twins 
share a single placenta. About 1/3 of twin pregnancies are mono-
chorionic. A major risk in MC pregnancies is the development of 
vascular placental anastomoses between the two umbilical circu-
lations, resulting in twin-to-twin transfusion syndrome (TTTS).

Key points

◆	 TTTS occurs in about 10–15% of MC pregnancies and is more 
likely due to unidirectional flow in an artery–vein anastomosis 
rather than a bidirectional artery–artery anastomosis. TTTS 
can occur in both monochorionic, monoamniotic (MCMA) 
and monochorionic, diamniotic (MCDA) twin pregnancies, 
though it is more common in MCDA due to a high number of 
protective artery–artery anastomoses in MCMA.

◆	 All women with a twin pregnancy should be offered an ultra-
sound examination at 10–13 weeks’ gestation. Chorionicity is 
best assessed before 14 weeks, with a sensitivity and specificity 
of 89.9% and 99.5% respectively.

◆	 The diagnosis of TTTS is made on specific ultrasound crite-
ria: single placenta, concordant gender, oligohydramnios.

◆	 Evidence of abnormal bladder size and haemodynamic and car-
diac compromise suggest severe TTTS.

◆	 MC twin pregnancies have a higher rate of fetal loss than dicho-
rionic (DC) twin pregnancies.

◆	 There is not enough evidence to suggest nuchal translucency 
measurements should be used routinely to predict TTTS.

◆	 All MC twin pregnancies should have a detailed ultrasound 
scan assessment, which includes views of the heart. Fetal 
echocardiography should be considered in cases of suspected 
severe TTTS.

◆	 In uncomplicated MC twin pregnancies, routine ultrasound 
scanning should be performed every 2–3 weeks after 16 weeks.

◆	 The Quintero classification system can be used to grade the 
severity of TTTS (see Appendix 2 of this book).

◆	 Severe TTTS should be treated with laser ablation if diagnosed 
before 26 weeks’ gestation. Some anastomoses may be missed 
and TTTS can recur later in the pregnancy in up to 14% of cases 
treated with laser ablation.

◆	 In severe TTTS, selective termination of one twin or complete 
termination of pregnancy are alternative options which need to 
be discussed.

◆	 Aim to deliver uncomplicated MC pregnancy at 36–37 weeks’ 
gestation. It is appropriate to aim for a vaginal delivery unless 
there are indications for a caesarean delivery.

◆	 Should one twin die in utero, the surviving twin has a 12% 
chance of death and 18% chance of neurological abnormalities. 
Such women should be referred to a specialist fetal medicine 
centre.

◆	 There is a high chance of cord entanglement in MCMA twin 
pregnancies and these are best delivered at 32 weeks by caesar-
ean delivery following a course of antenatal corticosteroids.

Royal College of Obstetricians and Gynaecologists. 
The Management of Breech Presentation. Green-Top 
Guideline No. 20b, 2006
https://www.rcog.org.uk/en/guidelines-research-services/
guidelines/gtg20b/

This guideline provides information regarding the route of 
delivery and the choice of various techniques, which may be used 
during delivery of a breech presentation. Breech presentation 
occurs in about 3–4% of term pregnancies.

Key points

◆	 A  planned caesarean delivery for a breech presentation car-
ries a reduced perinatal mortality and early neonatal morbid-
ity compared with planned vaginal delivery. However, there is 
no evidence to suggest that the long-term health of the baby is 
affected by the mode of delivery.

◆	 Compared with vaginal delivery, caesarean delivery carries a 
small increase in serious immediate complications.

◆	 Women should be assessed for suitability for a vaginal breech 
delivery. If there are any unfavourable features, then caesarean 
delivery should be considered.

◆	 A vaginal breech delivery should occur in a place where there 
are facilities to perform an emergency caesarean delivery. 
If favourable, an induction of labour may take place but the 
labour should not be augmented.

◆	 An epidural is not routinely advocated. The woman should have 
a choice regarding labour analgesia.

◆	 Continuous CTG monitoring during labour should still 
occur. However, fetal blood sampling from the buttocks is not 
recommended.

◆	 If there is a delayed second stage, a caesarean delivery should be 
considered.

◆	 The maternal position advocated to facilitate a breech delivery 
is the dorsal or lithotomy position.

◆	 There are various manoeuvres which may be performed to 
facilitate breech delivery: Lovset, Mauriceau–Smellie–Veit, and 
Burns–Marshall. (see Appendix 2 of this book).

◆	 Routine breech extraction is not recommended.
◆	 Routine caesarean delivery should not be performed for a pre-

term breech fetus or a twin pregnancy where the second twin is 
breech.

Royal College of Obstetricians and Gynaecologists. 
Birth after Previous Caesarean Birth. Green-Top 
Guideline No. 45, February 2007
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg4511022011.pdf
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◆	 Women with a previous history of caesarean birth should have 
antenatal counselling regarding the options of a planned vagi-
nal birth after caesarean (VBAC) and a repeat elective caesar-
ean delivery, if they fulfil the following criteria:

•	 Previous operation was an uncomplicated lower segment 
transverse caesarean delivery

•	 There is no complication in the current pregnancy at term

•	 There is no reason to suggest vaginal delivery would be 
unsuccessful.

◆	 The final decision for the mode of delivery should be made 
ideally by 36 weeks’ gestation. The management plan should 
be clearly documented, in case labour starts prior to the 
scheduled date.

◆	 The chances of successful planned VBAC are between 72% 
and 76%.

◆	 If a woman has had a classical caesarean delivery, elective repeat 
caesarean delivery (ERCD) should be recommended.

◆	 Women with a previous uterine incision other than a low trans-
verse caesarean delivery or two previous uncomplicated lower 
transverse caesarean deliveries should be counselled by a con-
sultant obstetrician regarding the potential risks, if they wish to 
consider VBAC.

◆	 Women considering the birth options after a previous caesar-
ean delivery, should be aware of the risks detailed in Table A1.7.

◆	 Planned VBAC should take place in an appropriately staffed 
and equipped delivery suite. Facilities for immediate caesarean 
delivery and advanced neonatal resuscitation must be avail-
able. Continuous electronic fetal monitoring should be applied. 
Continuous intrapartum care must be given so that uterine scar 
rupture can be promptly identified.

◆	 It is safe to use epidural analgesia in planned VBAC.
◆	 If labour is induced and/or augmented, there is two- to three-

fold increased risk of uterine rupture and 1.5-fold increased 
risk of caesarean delivery when compared with spontaneous 
labour.

◆	 Serial cervical assessments should be performed preferably by 
the same person to assess if there is adequate progress.

◆	 A  consultant obstetrician should discuss with the 
woman the parameters of progress that would necessitate 
discontinuing VBAC.

Royal College of Obstetricians and Gynaecologists. 
Operative Vaginal Delivery. Green-Top Guideline No. 
26, January 2011
https://www.rcog.org.uk/globalassets/documents/guidelines/
gtg26.pdf

Key points

◆	 The following factors have been shown to reduce the need for 
operative vaginal delivery:

•	 Continuous support during labour

•	 Upright or lateral positions

•	 Avoiding the use of an epidural for pain relief.

◆	 Delayed pushing should be allowed in primiparous women 
with an epidural in order to reduce the need for rotational and 
midcavity deliveries.

◆	 A standard classification of operative vaginal delivery should be 
used. (outlet, low, mid and high; see Appendix 2 in this book).

◆	 For gestations of less than 34 weeks, vacuum extraction should 
not be used.

◆	 For gestations between 34 weeks and 36 weeks, vacuum extrac-
tion should be used with caution.

◆	 All women should be given information about operative vagi-
nal delivery during the antenatal period. A  written consent 
should be signed before a trial of operative vaginal delivery in 
the operating theatre.

◆	 An experienced obstetrician, who is competent at mid-cavity 
deliveries, must be present from the outset for all rotational or 
mid-cavity operative vaginal delivery.

◆	 Operative vaginal deliveries, which have a higher chance of fail-
ure, should be performed in a place where a caesarean delivery 
can be performed immediately.

◆	 The options for rotational delivery are Kielland forceps, manual 
rotation followed by direct traction forceps or rotational vac-
uum extraction. An experienced obstetrician should perform 
the rotational delivery.

◆	 When there is no progressive descent with moderate traction dur-
ing each contraction or where delivery is not imminent following 
three contractions of a correctly applied instrument by an experi-
enced operator, operative vaginal delivery should be abandoned.

◆	 An incident form must be submitted for any adverse outcomes, 
including unsuccessful instrumental delivery.

◆	 Paired cord blood samples should be taken after all attempts at 
operative vaginal delivery.

◆	 There is an increased neonatal morbidity with failed operative 
vaginal delivery. The neonatologist should be informed when 
this occurs to ensure appropriate management of the baby.

Table A1.7  Possible birth risks after a previous caesarean delivery

Complication Planned VBAC ERCD

Uterine rupture 22–74/10,000 No risk

Blood transfusion 1% additional risk 
compared to ERCD

Birth related perinatal death 2–3/10,000 additional risk 
compared to ERCD

Neonatal hypoxic ischaemic 
encephalopathy

8/10,000 risk

Neonatal respiratory 
problems

2–3% 3–4%

Anaesthetic risk Extremely low for both

Serious complications for 
future pregnancies

Elevate the 
risks
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◆	 There is inadequate evidence to support the routine use of pro-
phylactic antibiotics in operative vaginal delivery.

◆	 Venous thromboembolism risk needs to be reassessed after 
delivery.

◆	 Regular paracetamol and diclofenac should be prescribed if not 
contraindicated.

◆	 Women should be offered physiotherapy to prevent urinary 
incontinence following operative vaginal delivery.

◆	 Individualized care should be given to all women who have sus-
tained a third- or fourth-degree perineal tear.

NICE.  Induction of Labour. Clinical Guideline 70, 
July 2008
http://www.nice.org.uk/guidance/cg70/resources/guidance-  
induction-of-labour-pdf

Key recommendations

◆	 At the 38-week antenatal visit, all women should be informed 
of the risks associated with pregnancies that last longer than 42 
weeks (e.g. placental insufficiency, meconium aspiration syn-
drome, fetal macrosomia, and birth injury).

◆	 Women should be informed about membrane sweep, induction 
of labour between 41 and 42 weeks, and expectant management.

◆	 Women offered an induction of labour, should be informed about:

•	 the reasons for induction

•	 time, place, and method of induction

•	 pain relief options

•	 alternative options if the woman does not choose to have an 
induction of labour or if an induction is not successful

•	 the risks and benefits of each induction method.

◆	 Induction of labour should be offered to the women with 
uncomplicated pregnancies between 41 and 42 weeks to avoid 
the risks associated with prolonged pregnancy.

◆	 If a woman presents with PPROM after 34 weeks, she should 
be made aware of the risks to her and the baby as well as the 
availability of neonatal facilities, prior to a decision of induc-
tion of labour. Vaginal prostaglandin E2 is the method of choice 
for induction. It is given as a gel, tablet, or controlled release 
pessary. Women should be informed about the risks of uterine 
hyperstimulation.

◆	 If the induction fails, the woman’s condition should be fully 
assessed, and electronic fetal monitoring should be instituted. 
Subsequent treatment options include a repeat attempt at 
induction or a caesarean delivery.

Royal College of Obstetricians and Gynaecologists. 
Shoulder Dystocia. Green-Top Guideline No. 42, 
March 2012
http://www.rcog.org.uk/files/rcog-corp/GTG42_25112013.pdf

Key points

◆	 Risk assessment tools for shoulder dystocia are insufficiently 
predictive to prevent the majority of cases.

◆	 Risk of shoulder dystocia can be reduced by an induction of 
labour at term in women with GDM. However, the induction 
does not prevent shoulder dystocia in non-diabetic women with 
a suspected fetal microsomia.

◆	 Elective caesarean delivery should be considered in diabetic 
women with an estimated fetal weight of more than 4.5 kg.

◆	 In women with previous history of should dystocia, a cae-
sarean or vaginal delivery may be appropriate. The manage-
ment decision ought to be made jointly by the woman and her 
medical team.

◆	 All maternity staff should be aware of the methods for diag-
nosing shoulder dystocia and the manoeuvers used to facilitate 
delivery. The birth attendant should routinely observe for the 
following signs:

•	 Difficulty with delivery of the face and chin

•	 The head remaining tightly applied to the vulva or even 
retracting (turtle-neck sign)

•	 Failure of restitution of the fetal head

•	 Failure of the shoulders to descend.

◆	 Routine traction in an axial direction can be applied in order 
to diagnose shoulder dystocia. Once shoulder dystocia is recog-
nized, help should be called immediately.

◆	 McRoberts’ manoeuvre should be the first intervention. 
Suprapubic pressure can be applied to facilitate the McRoberts’ 
manoeuvre.

◆	 Internal manoeuvres or ‘all-fours’ position are both second-line 
manoeuvres.

◆	 Third-line manoeuvres should be considered cautiously to 
avoid unnecessary morbidity and mortality.

◆	 The team should prepare for possible postpartum haemorrhage 
and severe perineal tears.

◆	 A neonatal clinician should examine the baby to rule out any 
injury.

◆	 All maternity staff should take part in the shoulder dystocia 
training every year. High-fidelity equipment should be used in 
the training.

Neonatal
Nuffield Council of Bioethics and the British 
Association of Perinatal Medicine. Guidelines 
on Giving  Intensive Care to Extremely Premature 
Babies, 2006
http://nuff ieldbioethics.org/report/neonatal-medicine-2/
guidelines-intensive-care-extremely-premature-babies/
◆	 At 25 weeks or more of gestation:  intensive care should be 

started unless the baby suffers from a severe abnormality which 
is not conducive with any meaningful duration of life.

◆	 Between 24+0 and 24+6 weeks’ gestation:  intensive care treat-
ment should be initiated apart from in circumstances where the 
clinicians and parents concur that such treatment in view of the 
neonate’s current clinical condition would not be beneficial to 
the neonate.
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◆	 Between 23+0 and 23+6 weeks’ gestation:  parents should be 
consulted for their wishes regarding intensive care therapy. 
However, the clinicians should not feel duty bound to com-
mence treatment if they feel that such treatment would cause 
more harm to the neonate and would not be of any further 
benefit.

◆	 Between 22+0 and 22+6 weeks’ gestation: due to the likelihood 
of a poor outcome, resuscitation of the neonate should not be 
attempted unless the parents repeatedly request such course 
of action after thorough discussion with doctors regarding the 
likely outcome of such actions and the doctors agree that it 
ought to be attempted.

◆	 Before 22 weeks: resuscitation should only be attempted in clin-
ical research settings.

Resuscitation Council (UK) Guideline: Newborn Life 
Support, 2010
Details of the algorithm may be found using the following 
link: http://www.resus.org.uk/pages/resuscitation-guidelines/

Neurological

OAA Clinical Guideline: Postdural Puncture 
Headache: PDPH – Diagnosis and Management, 
March 2014
http://www.oaa-anaes.ac.uk/ui/content/content.aspx?id=176

Key points

◆	 PDPH is an important cause of morbidity following obstetric 
anaesthesia.

◆	 The PDPH guidelines from three NHS hospitals in the United 
Kingdom can be found on the OAA clinical guideline page.

◆	 PDPH is typically fronto-occipital. It is usually associated with 
neck stiffness and gets worse on sitting or standing up.

◆	 When reviewing a patient with postpartum headache, the 
anaesthetist should consider differential diagnoses such as 
meningitis, intracranial haemorrhage, migraine, and cerebral 
vein thrombosis.

◆	 Conservative treatment includes hydration, simple analgesia, 
and occasionally caffeine.

◆	 If the headache is severe or if it does not improve with con-
servative management, an epidural blood patch (EBP) should 
be offered.

◆	 An EBP should be performed under full aseptic precautions.
◆	 Most hospitals advise women to lie flat for 2 hours after the 

blood patch.
◆	 All women who have received a blood patch should be offered 

aftercare instructions prior to discharge.
◆	 Patients should be informed to contact the hospital or the duty 

anaesthetist or attend the emergency department if their symp-
toms get worse or if there is any change in neurology.

◆	 All patients with PDPH should be followed up by the anaes-
thetist by telephone or outpatient appointment after discharge 
from hospital.

Royal College of Anaesthetists. Report and 
Findings of the Third National Audit Project 
(Chapter 16: Complications after Obstetric CNB), 
January 2009
http://www.rcoa.ac.uk/nap3
◆	 The initial census phase of this project identified that 45% of 

all central neuraxial blocks (CNBs) are performed for obstetric 
indications.

◆	 Out of 12 cases correctly reported after obstetric CNBs, 
five patients made a full and rapid recovery. The remaining 
seven patients were considered to have a potentially disabling 
complication.

◆	 There were no cases of paraplegia or death after obstetric CNB.

Key points

◆	 Obstetric CNB is associated with fewer major complica-
tions compared to CNBs for other indications (most notably 
perioperatively).

◆	 Obstetric causes should also be considered when neurological 
deficits occur. A neurologist’s opinion and electrophysiological 
studies may add considerable information.

◆	 Multiple attempts at performing neuraxial blockade, which is 
associated with significant bleeding, may increase the risk of 
neuraxial infection despite full aseptic precautions.

◆	 Although a headache after delivery is a common occurrence 
and is usually benign, it is important to exclude dural puncture, 
meningitis, and subdural haematoma as possible causes.

◆	 The final height of a spinal block may be difficult to predict fol-
lowing a recent effective epidural for labour analgesia. In such 
cases, a CSE may be advisable as it allows the possibility for 
block height adjustment.

◆	 Clinicians should be aware that giving drugs via the wrong 
route is more common in obstetric practice than in other 
clinical areas.

Psychiatric
Oates MR, Cantwell R. Deaths from Psychiatric 
Causes. In Centre for Maternal and Child Enquiries 
(CMACE). Saving mothers’ lives: reviewing maternal 
deaths to make motherhood safer: 2006–2008. The 
eighth report on confidential enquiries into maternal 
deaths in the United Kingdom. BJOG 2011; 
118(Suppl. 1):132–42
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/
Reports/2006-2008%20CEMD.pdf

This chapter discusses the maternal deaths resulting from sui-
cide or accidental substance overdose and makes recommenda-
tions for their management.

Key points

◆	 All women should have a full history taken including any pre-
vious psychiatric illnesses. Their current mental state should 
also be assessed. All women with a previous history of psychi-
atric illness should be referred to a psychiatrist, even if they are 
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http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/Reports/2006-2008%20CEMD.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/Reports/2006-2008%20CEMD.pdf
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currently well. These women should be followed up for a mini-
mum of 3 months after delivery.

◆	 Pregnant and recently delivered women should be able to easily 
access psychiatric services where they may be assessed, admit-
ted, and treated. Where possible, the same mental health team 
should be involved to maintain continuity of care.

◆	 There should be specialist teams in the community who are 
able to treat at-risk women in the peripartum period. Facilities 
should be made available to admit women either late in preg-
nancy or early in the postpartum period where mother and 
baby are able to be cared for together by such teams.

◆	 Good communication is necessary, especially when English is 
not the main language, when a diagnosis of a psychiatric disor-
der is made of physical symptoms, distress, or agitation.

◆	 Suicides in recently delivered women were more common in 
white, affluent women over the age of 30. It is important not 
to stereotype those from lower socioeconomic backgrounds as 
being high risk of suicide.

◆	 Women with a previous history of a serious affective disorder 
such as bipolar disease or severe depression are at increased 
risk of suicide. Such women should be closely followed up and 
monitored for signs of recurrence.

◆	 Puerperal psychosis remains rare. Healthcare providers must 
remain vigilant to this condition as the clinical symptoms may 
have a sudden onset and deteriorate rapidly, thus endangering 
the life of the mother and baby.

◆	 The welfare and safeguarding needs of the child must be con-
sidered when managing a woman with a mental illness.

◆	 Women may conceal or hide the nature or extent of their 
substance abuse. Community teams should provide support 
including regular monitoring and prescription of relevant sub-
stitutes. Such women should be referred to specialists for man-
agement of their on-going obstetric care.

NICE.  Antenatal and Postnatal Mental Health: Clinical 
Management and Service Guidance. Clinical Guideline 
192, June 2015
http://www.nice.org.uk/guidance/cg192/resources/guidance-
antenatal-and-postnatal-mental-health-clinical-management-
and-service-guidance-pdf

This evidence-based guideline covers the management of both 
new and pre-existing mental health disorders in women of child-
bearing age. It also covers the teratogenic risk of psychotropic 
medication and the risks if used while breastfeeding. Individual 
diseases including depression, generalized anxiety disorders, 
panic disorder, and obsessive–compulsive disorder are discussed 
in more detail within the guidance.

Key points

◆	 A  woman may need to be referred for preconception coun-
selling. In particular, the effects of any current psychotropic 
medication on the fetus, possible drug substitutions during 
pregnancy, and impact of the drugs on the ability to breastfeed 
should be discussed before conception. The woman should be 
counselled about the consequences of stopping such medica-
tion before or during pregnancy.

◆	 Women should be asked about any current or past mental 
health problems they or their families have encountered. This 
should be asked at the booking visit and also during the post-
partum review at 4–6 weeks and 3–4 months.

◆	 If a woman is assessed to require psychological treatment, 
this should be arranged to occur within a month of the initial 
assessment.

◆	 When starting treatment, the risks of the treatment should be 
clearly explained to the patient. This is particularly important 
when deciding which antidepressant to use, as the safety profile 
in pregnancy varies with each class of drug. An individualized 
treatment plan made in agreement with the patient should be 
implemented. Healthcare providers should be aware that the 
needs of the patient may change throughout the pregnancy and 
in the postpartum period and treatment should be adjusted as 
necessary.

◆	 There should be a network of specialist services to provide sup-
port and advice to women with mental health problems in the 
perinatal period.

◆	 Where possible, involve the patient and partner in decisions 
about her care and that of the baby.

Scottish Intercollegiate Guidelines Network. 
Management of Perinatal Mood Disorders. SIGN 127, 
March 2012
http://www.sign.ac.uk/pdf/sign127.pdf

This guideline from SIGN is an updated version of SIGN guide-
line 60  ‘Postnatal depression and puerperal psychosis’. It offers 
advice regarding the prevention, assessment, diagnosis, and treat-
ment for perinatal mood disorders. The quick reference guide 
may be accessed by this link: http://www.sign.ac.uk/pdf/qrg127.
pdf. The guideline offers advice on using various psychotropic 
drugs including antidepressants, lithium, antiepileptic drugs, and 
antipsychotics.

Key points

◆	 Mood disorders, depression, antenatal anxiety, and postpar-
tum psychosis are covered in this guideline.

◆	 All women should be asked about personal and family history 
of postpartum psychosis and any other affective disorders. 
Women who are at high risk of developing a postpartum affec-
tive disorder, should have a detailed plan regarding manage-
ment in late pregnancy and regarding psychiatric follow-up 
in the early postpartum period. There should be a multidis-
ciplinary team input in the support and management of such 
patients.

◆	 As a minimum, women should be asked about depressive 
symptoms at booking and during postpartum follow up at 4–6 
weeks and 3–4 months.

◆	 For the treatment of mild to moderate depression, cognitive 
behavioural therapy may be an option (level B evidence).

◆	 Contraception should be discussed with women of child-
bearing age who are on psychotropic medication. Valproate 
should not be routinely prescribed to women of childbearing 
age due to the risk of teratogenicity and neurobehavioural 
toxicity.

 

 

 

 

 

 

http://www.nice.org.uk/guidance/cg192/resources/guidance-antenatal-and-postnatal-mental- health-clinical-management-and-service-guidance-pdf
http://www.nice.org.uk/guidance/cg192/resources/guidance-antenatal-and-postnatal-mental- health-clinical-management-and-service-guidance-pdf
http://www.nice.org.uk/guidance/cg192/resources/guidance-antenatal-and-postnatal-mental- health-clinical-management-and-service-guidance-pdf
http://www.sign.ac.uk/pdf/sign127.pdf
http://www.sign.ac.uk/pdf/qrg127.pdf
http://www.sign.ac.uk/pdf/qrg127.pdf


Appendix 1  guidelines940

◆	 Electroconvulsive therapy administered during pregnancy is 
effective and is of low risk to the mother and fetus.

Renal
EBPG Expert Group on Renal Transplantation. 
European best practice guidelines for renal 
transplantation. Long term management of the 
transplant patient. Section IV: Pregnancy in renal 
transplant patients. Nephrol Dial Transplant 2002; 
17(Suppl 4):50–55
http://ndt.oxfordjournals.org/content/17/suppl_4/50.ful l.
pdf+html

This article offers evidence-based guidelines for the manage-
ment of renal transplant recipients who become pregnant.

Key points

◆	 Fertility is usually restored following a successful renal trans-
plantation. If the kidney is functioning well prior to concep-
tion, then pregnancy has no adverse effect on kidney function 
or the graft survival in the long term (level B evidence).

◆	 It is advisable to consider pregnancy 2 years after successful 
transplantation as long as the graft is functioning well and 
there are no adverse symptoms such as proteinuria or evidence 
of rejection (level B evidence).

◆	 A woman who has had a renal transplant and becomes preg-
nant, should be treated as a high-risk patient and managed 
jointly by a renal physician and an obstetrician. Once the preg-
nancy has been confirmed, the function of the graft should be 
closely monitored as well as continuing to monitor for signs 
of infection or rejection. Such women are at risk of premature 
delivery. Fetal well-being should be closely monitored as there 
is a risk of associated low birth weight.

◆	 Urine cultures should be performed every month throughout 
pregnancy to monitor for bacterial infections. If detected, then 
these infections should be treated to prevent further complica-
tions. There should also be monitoring for possible viral infec-
tions (level B evidence).

◆	 There is a risk of acute graft rejection following delivery. This 
should be closely monitored for and immunosuppressive 
drugs should be adjusted accordingly to prevent this (level C 
evidence).

◆	 Women with a renal transplant are at increased risk of devel-
oping pre-eclampsia, especially if they have previously suffered 
with arterial hypertension. Blood pressure along with markers 
of end-organ dysfunction must be closely monitored for every 
2–4 weeks with adjustment in any antihypertensive drugs as 
necessary (level B evidence).

◆	 Current evidence suggests that ciclosporin and tacrolimus, 
either with or without steroids, may continue to be used safely 
during pregnancy. However, it is not advisable to breastfeed 
while on these drugs due to the transfer of drugs in breast milk. 
There is insufficient evidence presently to safely recommend the 
use of other immunosuppressive agents in pregnancy (level C 
evidence).

◆	 A vaginal delivery is recommended where possible but in about 
50% of cases, a caesarean delivery is advised. These women 
should deliver in a specialist centre where both renal and 
obstetric teams are present. After delivery, monitoring of blood 
pressure, fluid balance, and graft function should continue 
(level C evidence).

Respiratory
Edenborough FP, Borgo G, Knoop C, et al. Guidelines 
for the management of pregnancy in women 
with cystic fibrosis. J Cyst Fibros 2008; 7 Suppl 1:S2–S32
http://www.sciencedirect.com/science/article/pii/S1569199307001294

As more women with cystic fibrosis (CF) are surviving to 
childbearing age, these consensus guidelines have been devel-
oped to help provide evidenced-based care for this popula-
tion. The maternal outcome following pregnancy is variable 
and emphasis is placed on maintaining optimal CF treatment 
in the preconception period and maintaining it throughout 
pregnancy.

Key points

◆	 Where possible, preconception counselling, including genetic 
testing of one or both partners, should be undertaken to fully 
prepare the couple for the realities of pregnancy and having 
a child.

◆	 Drug treatment needs to be rationalized to minimize the poten-
tial teratogenic effects.

◆	 Where possible, preconception lung function should be opti-
mized and stabilized, as both maternal and fetal outcomes are 
related to this. Optimization may include the use of antibiotics 
to suppress chronic infection, physiotherapy techniques, and 
mucolytics. In the event of an acute lung infection, additional 
contraception may be required to prevent a pregnancy occur-
ring whilst using potentially teratogenic drugs.

◆	 Where possible, preconception assessment of the adequacy of 
dietary intake with a dietician needs to take place. If subopti-
mal, then vitamin supplementation or supplementary enteral 
feeding may be needed.

◆	 Pregnant women with all forms of diabetes have been shown 
to have poorer outcomes than those without diabetes. In such 
cases, diabetes needs to be carefully controlled through diet 
and insulin.

◆	 Absolute contraindications to pregnancy are pre-existing pul-
monary hypertension and cor pulmonale. A forced expiratory 
volume in 1 second (FEV1) greater than 60% is recommended 
for pregnancy, whereas FEV1 less than 50% is an indication for 
termination of pregnancy.

◆	 Termination of pregnancy in CF patients may be medical or 
surgical. The choice of anaesthetic for surgical termination will 
need to be considered on an individual case basis, but general 
anaesthesia is generally avoided to minimize adverse effects on 
the lungs.

◆	 A coordinated, multidisciplinary approach is required to pro-
vide support for CF patients who are pregnant.
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◆	 The majority of pregnancies end with spontaneous vaginal 
deliveries. A caesarean delivery may be considered in women 
with severe CF or in those who would not tolerate a prolonged 
Valsalva manoeuvre.

◆	 Labour analgesia may be effectively provided by an epidural. 
The use of opioids and nitrous oxide needs to be carefully con-
sidered depending on the lung function of the individual.

◆	 A neuraxial anaesthetic technique is recommended for caesar-
ean delivery, followed by recovery in a high dependency setting, 
with early physiotherapy.

◆	 A  pregnancy occurring in a patient who has received a 
heart–lung transplant should be considered high risk, as the 
babies are at risk of intrauterine growth restriction and prema-
ture delivery. Such pregnancies have typically occurred 2 years 
after transplant.

◆	 Support, both physical and psychological, should be main-
tained for women with CF after delivery to help them cope with 
managing their condition and the needs of a newborn baby.

◆	 The outcomes of mothers following delivery are variable, but 
appear closely related to the severity of the CF.

Service provision
AAGBI and OAA Guidelines: OAA/AAGBI Guidelines 
for Obstetric Anaesthetic Services 2013, 2013 
http://www.aagbi.org/sites/default/files/obstetric_anaesthetic_
services_2013.pdf

This is an updated joint guideline from the AAGBI and OAA 
which is designed to ensure that obstetric patients receive the 
same standards of care as those recommended for the general sur-
gical population.

Key points

◆	 A  suitably trained ‘duty anaesthetist’ should be immediately 
available to look after patients on the delivery suite at all times. 
There must be a designated consultant in charge of the care of 
the patients on the delivery suite, who should be easily con-
tactable by the duty anaesthetist at any time.

◆	 There should be separate teams to manage elective and emer-
gency work on the delivery suite to avoid delays in both the 
elective and emergency work.

◆	 There must be an increase in the presence of a consultant anaes-
thetist on the delivery suite to match the increasing workload 
of the obstetric anaesthetist. Elective obstetric anaesthetic ser-
vices must also be consultant led. This needs to be in addition 
to the consultant sessions required to cover emergency work on 
the delivery suite.

◆	 There may need to be restructuring in the provision of mater-
nity services, with the merger of smaller units who may not 
be able to meet the demands and financial implications for a 
consultant-led service.

◆	 There should be planned outpatient antenatal review of 
high-risk parturients and anaesthetists on the delivery suite 
must be given adequate notice when a high-risk patient is 
admitted to the delivery suite.

◆	 In units that offer a 24-hour epidural service, the waiting time 
for an epidural should not exceed 30 minutes. There should 
be local guidelines in place regarding the appropriate levels of 
staffing to provide care for women with neuraxial analgesia in 
labour.

◆	 All women undergoing a caesarean delivery should be reviewed 
by an anaesthetist preoperatively.

◆	 There should be a suitably staffed recovery area to manage 
postpartum women.

◆	 Maternal critical care is a developing area and staff should be 
trained to recognize the sick parturient and know who to con-
tact should the situation arise.

◆	 There should be good communication between all members of 
the multidisciplinary team to promote effective team working 
and improve patient safety.

◆	 There should be suitable resuscitation facilities for parturients 
and neonates on the delivery suite.

Safer Childbirth: Minimum Standards for the 
Organisation and Delivery of Care in Labour, 
October 2007
http://www.rcoa.ac.uk/system/files/PUB-Safer_Childbirth.pdf

This guideline is summarized under ‘Intrapartum Care’.

General Medical Council. Consent: Patients and Doctors 
Making Decisions Together, 2008
http://www.gmc-uk.org/guidance/ethical_guidance/consent_
guidance_contents.asp

This 2008 guideline replaces Seeking Patients’ Consent:  The 
Ethical Considerations (1998). The guidance is an extension of the 
guidance, which is issued in Good Medical Practice (2013) (http://
www.gmc-uk.org/guidance/good_medical_practice.asp), which 
requires doctors to be certain to have obtained consent from the 
patient or an appropriate authority before performing any exami-
nation, investigation, or treatment on the patient.

Key points

◆	 Doctors and patients must develop a partnership based on trust 
where all aspects of treatment, no matter how minor, may be 
discussed in an informed way. If the patient has capacity, the 
doctor must respect the decision made by the patient.

◆	 A doctor should be able to assess whether a patient has capac-
ity. If the patient is deemed to lack capacity, then healthcare 
professionals must act according to the Mental Capacity 
Act 2005. Further guidance may be found at:  http://www.
legislation.gov.uk/ukpga/2005/9/contents and http://www.
justice.gov.uk/downloads/protecting-the-vulnerable/mca/
mca-code-practice-0509.pdf.

◆	 If a patient requests a treatment which the doctor believes will 
not benefit the patient, the reasons for this request should be 
explored and discussed. A doctor is not obliged to provide the 
patient with treatment which will not benefit them. The doctor 
must explain their reasons for this decision and discuss other 
treatment options with the patient including seeking a second 
opinion.
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◆	 Throughout the consultation process, patients must be given 
the opportunity to ask questions and seek advice regarding 
their treatment. At all stages, comprehension must be checked 
to ensure that the patient fully understands what they may or 
may not be agreeing to.

◆	 Reasons for withholding information from a patient must be 
clearly recorded. Furthermore, if a patient does not wish to be 
given information about their condition or their treatment, it 
must be made clear to them that their consent may not be valid 
as a result.

◆	 Before taking consent from a patient for a procedure, the per-
son taking consent must be suitably trained and act in accord-
ance with this guidance.

◆	 A patient’s consent may be implied, oral, or written. The doctor 
must ensure that the patient is giving their consent voluntarily 
and that they have been adequately informed.

◆	 A young person’s ability to give consent is based more on their 
ability to understand and consider options rather than their 
actual age. Further guidance may be found at:  http://www.
gmc-uk.org/guidance/ethical_guidance/consent_guidance_
involving_children_and_young_people.asp.

◆	 In an emergency situation, where it is not possible to obtain 
a patient’s consent, treatment may be given if it is necessary 
to save their life or to prevent further serious deterioration 
in their condition. Once the patient regains capacity, they 
should be informed about the treatment they have received and 
understand it.

General Medical Council. 0–18 years – Guidance for All 
Doctors, 2007
http://www.gmc-uk.org/guidance/ethical_guidance/children_
guidance_index.asp

Key points

◆	 Children and young adults should be treated as individuals 
who are owed a right to confidentiality and be given respect for 
any decisions they make.

◆	 It is the clinician’s responsibility to act in the child’s or young 
person’s best interests as well a safeguard them against all forms 
of harm.

◆	 The law surrounding the provision of care for children and 
young adults may be complex, so help from senior colleagues 
should be sought where necessary.

◆	 During discussions of treatment and care for a young patient, it 
is necessary to listen not only to the patient’s opinions, but also 
to those of the parents or carers.

◆	 A doctor must be prepared that, in some instances, a young 
patient may request to be seen alone, without their parents or 
carers present.

◆	 A young person may be considered as having capacity to con-
sent to a procedure if they fulfil the criteria outlined in the 
Mental Capacity Act 2005 outlined in the following points.

◆	 A  young person aged 16 or over may be presumed to have 
consent, whereas a child under 16 needs to be assessed for 
competency.

◆	 The law in the United Kingdom regarding the consent to treat-
ment in young persons aged between 16 and 17 varies according 
to which country you are in.

◆	 Parents cannot override the decision of a competent young 
person who refuses treatment. Legal advice should be sought 
if a competent young person refuses a treatment which may be 
life-saving to them.

Parental responsibility
Parental responsibility is held by all mothers. A  father may 
also have parental responsibility if he was married to the 
mother at the time of the child’s birth, if they jointly reg-
istered the birth with the mother (from 1 December 2003 
onwards), or if he attained parental responsibility through 
agreement with the child’s mother or through a court 
order. Parental responsibility may also be held by a legally 
appointed guardian, the local authority in whose care a child 
is or a person with an emergency protection order for the 
child (https://www.gov.uk/parental-rights-responsibilities/
who-has-parental-responsibility).

Royal College of Anaesthetists Website: The Risks 
of Anaesthesia
http://www.rcoa.ac.uk/patients-and-relatives/risks

This website provides a link to a series of articles written by 
anaesthetists addressing various concerns patients and their rela-
tives may have regarding to anaesthesia. The topics listed on the 
website are:
◆	 ‘Feeling sick’ http://www.rcoa.ac.uk/system/files/PI-Risk1_3.

pdf
◆	 ‘Sore throat’ http://www.rcoa.ac.uk/system/files/PI-Risk2_1.pdf
◆	 ‘Shivering’ http://www.rcoa.ac.uk/system/files/PI-Risk3_1.pdf
◆	 ‘Damage to lips, teeth and tongue’ http://www.rcoa.ac.uk/sys-

tem/files/PI-Risk4_3.pdf
◆	 ‘Damage to the eye during general anaesthesia’ http://www.

rcoa.ac.uk/system/files/PI-Risk5_0.pdf
◆	 ‘Post-operative chest infection’ http://www.rcoa.ac.uk/system/

files/PI-Risk6_2.pdf
◆	 ‘Becoming confused after an operation’ http://www.rcoa.ac.uk/

system/files/PI-Risk7_1.pdf
◆	 ‘Awareness during general anaesthesia’ http://www.rcoa.ac.uk/

system/files/PI-Risk8_1.pdf
◆	 ‘Serious allergy during an anaesthetic (anaphylaxis)’ http://

www.rcoa.ac.uk/system/files/PI-Risk9_1.pdf
◆	 Headache after a spinal or epidural injection
◆	 ‘Nerve damage associated with an operation during a general 

anaesthetic’ http://www.rcoa.ac.uk/system/files/PI-Risk10_2.
pdf

◆	 ‘Nerve damage associated with a spinal or epidural injection’ 
http://www.rcoa.ac.uk/system/files/PI-Risk11_1.pdf

◆	 ‘Nerve damage associated with peripheral nerve block’ http://
www.rcoa.ac.uk/system/files/PI-Risk12_1.pdf

◆	 ‘Equipment failure’ http://www.rcoa.ac.uk/system/files/
PI-Risk13_1.pdf
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◆	 ‘Death or brain damage’ http://www.rcoa.ac.uk/system/files/
PI-Risk14_2.pdf

Obstetric Anaesthetists’ Association Website
http://www.oaa-anaes.ac.uk/content.asp?ContentID=221

This website has information leaflets in a variety of different 
languages. These may be printed out and given to the parturient 
and their families to help facilitate understanding and aid consent 
during labour and delivery. The different information leaflets are:
◆	 ‘Pain relief in labour’
◆	 ‘Caesarean section’
◆	 ‘Epidural information card’
◆	 ‘Phrase cards’
◆	 ‘High body mass index (BMI)’
◆	 ‘Headache after epidural’
◆	 ‘Regional anaesthesia for unplanned CS (caesarean section)’
◆	 ‘General anaesthesia for unplanned CS (caesarean section).’

General Medical Council Guidance 
for Doctors: Confidentiality, 2009
http://www.gmc-uk.org/guidance/ethical_guidance/confidential-
ity.asp

This guidance is designed to aid and assist doctors in how they 
may maintain respect and confidentiality when caring for patients.

Key points

◆	 Although confidentiality is crucial to developing trust between 
a patient and a doctor, sometimes it may be necessary to share 
patient information with appropriate individuals to provide 
safe, effective care for both the individual patient and others in 
their community.

◆	 Confidentiality is an important duty but not an absolute one. 
A doctor may disclose information if there is a legal require-
ment to do so, if the patient consents, or if it is in the public 
interest to do so.

◆	 Patients have a legal right to know how their information will 
be used and to have access to or copies of their health records 
when requested. They should also be informed of any requests 
from external parties for disclosure of information, even if their 
consent is not required.

◆	 For research purposes, unidentifiable, codified data may be dis-
closed without patient consent.

◆	 When considering to disclose patient information in the public 
interest, it may be necessary to consult with a Caldicott Guardian 
or other similar advisor, who is impartial and not immediately 
connected with the use of the information to be disclosed. The 
Privacy Advisory Committee in Northern Ireland can advise 
on this matter. The Privacy Advisory Committee in Scotland, 
however, performs a different role, so the Caldicott Guardian 
should be consulted.

◆	 It should be established with the patient with whom they would 
like their information to be shared with (e.g. parents, carers, 
and other family members). Although it is not a breach of 

confidentiality to listen to concerns from other family members 
regarding a patient’s condition, a doctor should make it clear 
that they may not be able to discuss the patient’s treatment or 
condition with that relative if the patient does not wish so.

British Medical Association Guidance: Confidentiality 
and Disclosure of Information Toolkit
http://www.bma.org.uk/practical-support-at-work/ethics/
confidentiality-tool-kit

This website is made up of 16 readily downloadable cards, which 
cover specific areas relating to confidentiality including children, 
adults who lack capacity, and the deceased. The cards are designed 
to help assist the doctor regarding making decisions about patient 
confidentiality.

Surgical
Chen MM, Coakley FV, Kaimal A, et al. Guidelines 
for computed tomography and magnetic resonance 
imaging use during pregnancy and lactation. Obstet 
Gynecol 2008; 112(2 Pt 1):333–40

Key points

◆	 This article describes evidence-based guidelines for the use of 
CT, MRI, and contrast media during pregnancy for selected 
indications including suspected acute appendicitis, pul-
monary embolism, renal colic, trauma, and cephalopelvic 
disproportion.

◆	 Risks and benefits of all imaging modalities should be dis-
cussed with patients.

◆	 Suspected appendicitis—ultrasound is the investigation of 
choice. If it is negative, MRI or CT can be obtained.

◆	 Suspected pulmonary embolism—CT is the initial diagnostic 
investigation.

◆	 Suspected renal colic—ultrasound should be the initial imag-
ing of choice.

◆	 Trauma—ultrasound is the initial imaging evaluation 
for trauma. If serious injury is suspected, CT should be 
performed.

◆	 Suspected cephalopelvic disproportion—pelvimetry is rarely 
required, but if necessary, low-dose CT pelvimetry can be 
performed.

◆	 Contrast scans—iodinated contrast seems safe to use in 
pregnancy. Intravenous gadolinium is contraindicated, and 
should be used only if it is absolutely essential. It is safe to 
continue breastfeeding after receiving iodinated contrast or 
gadolinium.

Society of American Gastrointestinal and Endoscopic 
Surgeons. Guidelines for Diagnosis, Treatment, and 
Use of Laparoscopy for Surgical Problems During 
Pregnancy, 2011
http://www.sages.org/publications/guidelines/guidelines-for-
diagnosis-treatment-and-use-of-laparoscopy-for-surgical-prob-
lems-during-pregnancy/
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Key points on the surgical techniques

◆	 Laparoscopy can be performed safely in any trimester of 
pregnancy.

◆	 Pregnant patients should be positioned with left lateral tilt to 
avoid vena cava compression.

◆	 Initial abdominal access can be performed with an open tech-
nique (Hasson), Veress needle, or an optical trocar. The location 
should be adjusted according to the uterine fundal height and 
previous incisions.

◆	 CO2 insufflation pressure should be maintained between 10 
and 15 mmHg.

◆	 Intraoperative and postoperative venous thromboprophylac-
tic measures should be performed. LMWH should be given in 
patients undergoing extended major operations.

◆	 Fetal heart rate monitoring should be carried out preoperatively 
and postoperatively in patients undergoing emergency procedures.

◆	 The obstetric team should be consulted.
◆	 Tocolytics should not be given routinely. However, it should be 

considered when there are signs of preterm labour.

NICE.  Surgical Site Infection: Prevention and Treatment 
of Surgical Site Infection. Clinical Guideline 74, 
October 2008
http://www.nice.org.uk/guidance/CG74

Key points

•	 Surgical site infection is an infection which occurs in a wound 
after an invasive operation.

•	 All surgical patients and their carers should receive clear 
information on the risks of surgical site infections and meth-
ods of prevention and treatment.

Preoperative phase

•	 Routine hair removal is not recommended for clean 
non-prosthetic uncomplicated surgery.

•	 An electric clipper with a disposable head should be used on 
the day of surgery if hair removal is essential.

•	 Antibiotic prophylaxis is required for the following types of 
surgery:

•	 Clean surgery which involves an insertion of a prosthesis or 
an implant

•	 Clean surgery where there is a risk of contamination from 
other sites

•	 Contaminated surgery.

•	 Local antibiotic guidelines should be used for the surgical 
prophylaxis.

•	 When the prophylaxis is required, a single shot of intravenous 
antibiotic is given at the induction of anaesthesia, or earlier if 
the surgery involves the use of tourniquet.

Intraoperative phase

•	 The surgical site should be cleaned immediately before inci-
sion using an antiseptic solution, such as povidone-iodine or 
chlorhexidine.

Postoperative phase

•	 A  non-touch technique must be employed when changing 
surgical dressings. If the wound is left open to heal without 
surgical intervention, advice from a tissue viability nurse 
should be sought in order to choose a suitable dressing.

World Health Organization. WHO Guidelines for Safe 
Surgery 2009: Safe Surgery Saves Lives, 2009
http://whqlibdoc.who.int/publications/2009/9789241598552_eng.
pdf

Ten essential objectives and recommendations

1.	 The theatre team should confirm the patient’s identity and cor-
rect site of operation.

2.	A professionally trained anaesthesia provider must be present 
throughout the case, and monitor the patient appropriately.

3.	The team must be prepared for life-threatening loss of airway or 
respiratory function.

4.	Risk of high blood loss should be assessed. Appropriate moni-
toring, adequate intravenous access, and blood products must 
be available if the risk of bleeding is high.

5.	 Allergies must be identified preoperatively.

6.	The team should minimize the risk of surgical site infection by 
administering appropriate prophylactic antibiotics and anti-
septic skin preparation.

7.	 A full count of swabs, instruments, and other items should be 
carried out by the team.

8.	All surgical specimens must be correctly labelled with the 
patient’s details, the specimen name, and the site and side from 
which the specimen was taken.

9.	 The surgeon should inform all team members of the critical 
steps of the operation; nursing staff and the anaesthetist should 
communicate any concerns clearly.

10. � Regular audits of surgical capacity, and outcomes should be 
carried out.

NICE.  Caesarean Section. Clinical Guideline 132, 
November 2011
http://publications.nice.org.uk/caesarean-section-cg132

This guideline gives evidence-based recommendations for the 
management of women who may require a caesarean delivery.

Woman-centred care 

◆	 Pregnant women should receive evidence-based information 
about caesarean delivery (CD) during the antenatal period. The 
information should include the indications for CD, the risks, 
benefits, and implications of CD on future births.

Planned CD is offered for the following indications

◆	 Breech presentation—if external cephalic version is contraindi-
cated or unsuccessful

◆	 Multiple pregnancy—if the first twin is not cephalic
◆	 Placenta praevia—both minor and major
◆	 Morbidly adherent placenta
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◆	 Women with HIV who are not receiving antiretrovi-
ral drugs or who have a viral load of 400 copies/mL on 
antiretroviral drugs

◆	 Women who are co-infected with HIV and hepatitis
◆	 Women with primary herpes simplex infection in the third tri-

mester of pregnancy
◆	 Maternal request—after explaining the risks and benefits of CD 

and offering support including mental health support.

Factors reducing the likelihood of CD during intrapartum care

◆	 Continuous support during labour
◆	 A  partogram with 4-hour action line to monitor labour 

progress
◆	 Induction of labour beyond 41 weeks’ gestation in uncompli-

cated pregnancies.

Eating during labour 

◆	 Isotonic drinks during labour can prevent ketosis.

Procedural aspects of CD

◆	 Planned CD should not routinely take place before 39 weeks’ 
gestation.

◆	 Classification of urgency:

1.	Immediate threat to the life of woman or fetus (decision to 
delivery interval (DDI) 30 minutes)

2.	Maternal or fetal compromise, which is not immediately 
life-threatening (DDI 75 minutes in most cases)

3.	No maternal or fetal compromise but needs early delivery

4.	Delivery timed to suit woman or staff

◆	 All women should have haemoglobin assessment before the CD. 
If they are at risk of blood loss of more than 1000 mL, the CD 
should take place at a hospital where there is an on-site blood 
transfusion service.

◆	 Women should be offered neuraxial anaesthesia for CD if they 
do not have any contraindications. When general anaesthesia 
is required, it should include preoxygenation, cricoid pressure, 
and rapid sequence induction. Each maternity unit should have 
regular failed intubation drills. Antacids should be given before 
the CD and antiemetics should be offered during the CD. The 
operating table should be tilted 15°.

Surgical techniques 

◆	 Antibiotics should be given before skin incision.
◆	 The Joel Cohen transverse incision should be used.
◆	 After delivery, 5 units of oxytocin should be given as a slow 

intravenous injection. The placenta is removed by controlled 
umbilical cord traction. Exteriorization of the uterus is not gen-
erally recommended.

◆	 Umbilical artery pH should be measured after all CDs with sus-
pected fetal compromise.

◆	 Thromboprophylaxis should be offered to all women who have 
had CD.

Care of the baby born by CD

◆	 A practitioner skilled in newborn resuscitation should be pre-
sent at CD if performed under general anaesthesia or if there is 
evidence of fetal compromise.

Care of the woman undergoing CD

◆	 Women should be offered intrathecal opioids for intra- and 
postoperative analgesia. NSAIDs should be offered as an 
adjunct provided there is no contraindication.

◆	 If women are recovering well, they can eat and drink after the 
procedure. Urinary catheters should be removed 12 hours after 
the last neuraxial bolus.

◆	 Monitoring requirements for women undergoing CD are 
described in Table A1.8.

Recovery following CD

◆	 Women should be given appropriate wound care.
◆	 Healthcare practitioners should be also aware of the signs and 

symptoms for urinary problems, endometritis, and thrombo-
embolic disease.

◆	 Women should be given an opportunity to discuss the indica-
tion for CD and birth options for future pregnancies.

Pregnancy and childbirth after CD

◆	 When discussing future birth options, the following factors should 
be considered: maternal preferences, risks and benefits of repeat 
CD, and risks and benefits of planned vaginal birth after CD.

Royal College of Obstetricians and Gynaecologists and 
Royal College of Anaesthetists. Classification of Urgency 
of Caesarean Section – A Continuum of risk. Good 
Practice No. 11, April 2010
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/RCoA/
Good%20Practice%2011%20CS%20FINAL.pdf

This guideline reinforces the practice of using a nationally 
agreed classification system for grading the urgency of caesarean 
delivery and formalizes the idea that the urgency of caesarean 
delivery represents a continuum of risk.

Summary of recommendations

◆	 Delivery suites are encouraged to use the modified Lucas clas-
sification (see Appendix 2 in this book) of urgency of caesarean 

Table A1.8  Monitoring requirements for women undergoing a CD

After CD One-to-one care (until women regain 
airway control and cardiorespiratory 
stability)

After recovery from 
anaesthesia

Observations every half hour for 2 
hours and hourly afterwards (if stable)

For women who have had 
intrathecal opioids

A minimum of hourly observations for 
12 hours (after diamorphine), 24 hours 
(after morphine)

For women who have had 
epidural opioids or those 
who have patient-controlled 
analgesia with opioids

Hourly monitoring throughout the 
treatment and at least 2 hours after 
cessation of treatment
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delivery. Use of the colour spectrum from green to red signifies 
the spectrum of risk associated with caesarean deliveries.

◆	 There must be effective communication among the members of 
the multidisciplinary team in emergency cases. The team should 

reassess the category of urgency when the patient arrives to the 
theatre.

◆	 Delivery suites should organize a formal drill for ‘emergency 
caesarean delivery’ on a regular basis.



APPENDIX 2

Scores and scales
Wint Mon, York-Mui Liu, Ioanna Mavridou, 
and Roshan Fernando

Analgesia
Bromage scoring system for motor block
(Chapter 1)
The Bromage scoring system is used to measure the degree of 
lower limb motor block (see Table A2.1).

Visual Analogue Scale (VAS)
(Chapters 14, 15, and 18)
No pain 					           Severe pain

Figure A2.1  Visual Analogue Scale.

◆	 VAS is usually described as a horizontal line, 100 mm in length. 
(See Figure A2.1)

◆	 Word descriptors of pain severity are placed at each end.
◆	 The patient is asked to mark on the line where they feel repre-

sents their perception of pain.
◆	 The VAS score is obtained by measuring from the left hand of 

the scale to the point that the patient marked in millimetres.

Verbal rating scale (VRS)
(Chapters 14, 15, and 18)

1.	 No pain

2.	Mild pain

3.	Moderate pain

4.	Severe pain.

◆	 The VRS consists of a list of adjectives to describe increasing 
pain intensity.

◆	 The most common words used are no pain, mild, moderate, and 
severe pain.

◆	 Numbers are usually assigned to these adjectives to make the 
documentation easier.

Numerical rating scale (NRS)
(Chapters 14, 15, and 18)

Figure A2.2  Numerical Rating Scale.

◆	 0 on NRS scale represents no pain and 10 is for severe pain (see 
Figure A2.2).

◆	 Patient is asked to choose a number from 0 to 10 which best 
describes the intensity of his/her pain.

Antenatal care
(Chapter 6)
NICE guideline: Routine Antenatal Care for Healthy Pregnant 
Women, March 2008. http://www.nice.org.uk/guidance/cg62

For a summary of what should happen at antenatal appoint-
ments, see Table A2.2.

Assisted conception
(Chapter 9)
NICE Guideline: Fertility: Assessment and Treatment for People 
with Fertility Problems, February 2013. http://www.nice.org.uk/
guidance/CG156

See Table A2.3 for a glossary of terms used in in vitro 
fertilization (IVF).

Critical care and resuscitation
SPOILT acronym for intrauterine resuscitation

◆	 Syntocinon off 
◆	 Position—full left lateral

Table A2.1  Bromage scoring system for lower limb motor block

Grade Criteria

I Free movement of legs and feet

II Just able to flex knees with free movement of feet

III Unable to flex knees, but with free movement of feet

IV Unable to move legs or feet

Reproduced from Bromage PR. A comparison of the hydrochloride and carbon 
dioxide salts of lidocaine and prilocaine in epidural analgesia. Acta Anaesthesiologica 
Scandinavica, volume 9, Suppl. XVI: 55–69, Copyright © 1965 John Wiley & Sons.

0

No pain

1 2 3 4 5 6 7 8 9 10

Severe pain
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◆	 Oxygen 
◆	 IV—infusion of 1 L crystalloid 
◆	 Low blood pressure—consider vasopressor
◆	 Tocolysis—e.g. terbutaline.

Reprinted from International Journal of Obstetric Anesthesia, 
Volume 11, issue 2.  J.A. Thurlow, S.M. Kinsella, intrauterine 
resuscitation:  active management of fetal distress, pp. 105–116, 
Copyright © 2002 with permission from Elsevier.

Adult Advanced Life Support Algorithm Resuscitation 
Council UK, 2010
(Chapter 22)
The algorithm and an explanation of how it should be applied in 
clinical practice is detailed in the following link:  https://www.
resus.org.uk/pages/als.pdf.

Clinical features of local anaesthetic toxicity
(Chapter 1)

Table A2.2  Antenatal appointments and summary of what should 
happen at the appointments

First contact with a 
midwife or a doctor

◆	 Advice on food hygiene and lifestyle
◆	 Folic acid supplements
◆	 Antenatal screening tests

Booking 
appointments

◆	 Information on antenatal care pathway
◆	 Advice on nutrition, including vitamin D 

supplements
◆	 Information about maternity benefits and antenatal 

classes
◆	 Calculate body mass index
◆	 Measure blood pressure and test urine
◆	 Offer dating scan and screening tests

16 weeks ◆	 Review any screening tests
◆	 Measure blood pressure and test urine

18–20 weeks ◆  Anomaly scan

25 weeks ◆	 Check fundal height
◆	 Measure blood pressure and test urine

28 weeks ◆	 Check fundal height
◆	 Measure blood pressure and test urine
◆	 Offer first anti-D treatment to Rhesus D-negative 

mothers
◆	 Further blood screening tests

31 weeks ◆	 Review test results
◆	 Measure fundal height
◆	 Measure blood pressure and test urine

34 weeks ◆	 Advice on how to prepare for labour and birth
◆	 Offer second anti-D treatment to Rhesus 

D-negative mothers
◆	 Check fundal height
◆	 Measure blood pressure and check urine

36 weeks ◆	 Information on breastfeeding and how to care for 
the newborn baby

◆	 Information about vitamin K and screening tests for 
the newborn baby

◆	 Advice on postnatal depression
◆	 Measure fundal height
◆	 Assess the position of the baby and discuss about 

an external cephalic version if the baby is breech
◆	 Measure blood pressure check urine

38 weeks ◆	 Give information about prolonged pregnancy
◆	 Check fundal height
◆	 Measure blood pressure and check urine

40 weeks ◆	 Give information about prolonged pregnancy
◆	 Check fundal height
◆	 Measure blood pressure and check urine

41 weeks ◆	 Check the size of the abdomen
◆	 Measure blood pressure and check urine
◆	 Offer a membrane sweep
◆	 Offer an induction of labour

National Institute for Health and Clinical Excellence (2007) CG 62 Routine antenatal 
care for healthy pregnant women. London: NICE. Available from www.nice.org.uk/CG62   
Reproduced with permission. NICE disclaimer: information accurate at time of press.

Table A2.3  IVF glossary

AIH Artificial insemination using partner’s sperm

ART Assisted reproduction technology

It includes intrauterine insemination (IUI), in vitro fertilization (IVF), 
intracytoplasmic sperm injection (ICSI) and donor insemination 
(DI).

DET Double embryo transfer

DI Donor insemination—the placement of donor sperm into the 
vagina, cervix, or womb

ET Embryo transfer—the placement of one or more embryos in the 
uterus or fallopian tube

FSP Fallopian sperm perfusion

GIFT Gamete intrafallopian transfer—a procedure in which eggs are 
retrieved from a woman, mixed with sperm and immediately 
replaced in one of the woman’s fallopian tubes so that they fertilize 
inside the body

ICI Intracervical insemination—clinical delivery of sperm into the 
cervical os

ICSI Intracytoplasmic sperm injection—a variation of IVF in which 
a single sperm is injected into the inner cellular structure of an egg

IUI Intrauterine insemination—clinical delivery of sperm into the 
uterine cavity

IVF In vitro fertilization—a technique in which eggs are collected from 
a woman and fertilized with a man’s sperm outside the body

MESA Microsurgical epididymal sperm aspiration

OHSS Ovarian hyperstimulation syndrome

PESA Percutaneous epididymal sperm aspiration

TEFNA Testicular fine needle aspiration

TESA Testicular sperm aspiration

TESE Testicular sperm extraction

ZIFT Zygote intrafallopian transfer

National Institute for Health and Care Excellence (2013) CG 156 Fertility: assessment and 
treatment for people with fertility problems. Manchester: NICE. www.nice.org.uk/CG156  
Reproduced with permission. NICE disclaimer: information accurate at time of press.
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AAGBI safety guideline: Management of Severe Local Anaesthetic 
Toxicity, December 2010. http://www.aagbi.org/sites/default/files/
la_toxicity_2010_0.pdf

See Table A2.4 for clinical features of local anaesthetic toxicity.

APACHE—Acute Physiology and Chronic Health 
Evaluation

◆	 A  scoring system applied within 24 hours of admission to 
intensive care to generate a morbidity score

◆	 APACHE I contained 34 physiological variables. APACHE II 
and III scoring systems have further refined the data collected.

SAPS—Simplified Acute Physiology Score

◆	 12-point physiological scoring system applied 24 hours after 
admission

◆	 Integer score generated between 0 and 163 which predicts mor-
tality between 0% and 100%

◆	 SAPS II now superseded by SAPS III
◆	 Compared with APACHE II, it is much better at comparing 

patients with different diseases.

MPM—Mortality Prediction Model

◆	 Scoring system to assess risk of death in intensive care
◆	 Patients scored at 24, 48, and 72 hours after admission.

Classification of shock
See Table A2.5 for different classes of shock.

Protocol for management of minor postpartum 
haemorrhage
See Figure A2.3 for the protocol for management of minor post-
partum haemorrhage.

Blood loss 500–1000 mL, no signs of clinical shock.

Alert midwife-in-charge



Alert first-line obstetric and anaesthetic staff trained in the 
management of postpartum haemorrhage



Insert 1 × 14 G cannula and consider taking bloods 
for group & screen, full blood count, coagulation screen 

including fibrinogen



Start giving warmed crystalloids IV



Record pulse and blood pressure every  
15 minutes



Reassess the situation and keep the patient and partner 
informed



Identify the cause of the bleeding and manage  
accordingly

Figure A2.3  Protocol for management of minor postpartum haemorrhage. 
Reproduced from: Royal College of Obstetricians and Gynaecologists. Prevention and 
management of postpartum haemorrhage . Green-top Guideline No. 52. London: RCOG; 
2009, with the permission of the Royal College of Obstetricians and Gynaecologists.

Table A2.4  Neurological and cardiovascular features of local 
anaesthetic toxicity

Neurological features Cardiovascular features

Sudden change in mental status

Loss of consciousness

Agitation

Seizures—tonic clonic convulsion

Sinus bradycardia

Asystole

Conduction abnormalities

Ventricular tachyarrhythmia

Data from http://www.aagbi.org/sites/default/files/la_toxicity_2010_0.pdf.

Table A2.5  Classification of shock

Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1500 1500–2000 2000 or more

Blood loss (% blood volume) Up to 15% 15–30% 30–40% 40% or more

Pulse rate (bpm) <100 >100 >120 140 or higher

Blood pressure Normal Normal Decreased Decreased

Pulse pressure Normal/increased Decreased Decreased Decreased

Capillary refill Normal Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 >35

Urine output (mL/hour) 30 or more 20–30 5–15 Negligible

Central nervous system—mental status Slightly anxious Anxious Anxious—confused Confused—lethargic

Fluid replacement Crystalloid Crystalloid Crystalloid and blood Crystalloid and blood

Estimated Blood Loss Based on Patient’s Initial Presentation (table 3.1) page 69 of the Ninth Edition Advance Trauma Life Support Student Manual. 
Reproduced with permission of American College of Surgeons.
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Protocol for management of major postpartum 
haemorrhage
See Figure A2.4 for the protocol for management of major post-
partum haemorrhage

Blood loss more than 1000 mL and continuing to bleed or 
clinical shock.

Alert midwife-in charge AND an experienced midwife



Call obstetric middle grade and alert the consultant

Call anaesthetic middle grade and alert the consultant

Alert consultant clinical haematologist on call

Alert blood transfusion laboratory

Call porters to enable delivery to specimens  
and blood

Alert one team member to document all events, timings, drugs 
given, etc.



Assess patient using ‘ABC’ and administer oxygen via face-
mask at 10–15 L/min



Insert 2 × cannulae (14 G) and take bloods for cross-match 
(4 units minimum), full blood count, coagulation screen 
including fibrinogen, renal and liver function to check 

baseline



Lie patient flat and try to keep them warm

Monitor temperature every 15 minutes. Continuously monitor 
pulse, blood pressure, and respiratory rate

Insert a Foley catheter to measure urine output

Consider inserting an arterial line



Start giving warmed crystalloids rapidly until blood is avail-
able. Blood filters should not be used as they slow the rate of fluid 

administration



Blood products given include red cells, fresh frozen plasma, 
platelets, and cryoprecipitate. Recombinant factor VIIa should 

only be used based on coagulation results



Identify and treat the cause of the bleeding  
as appropriate



Reassess the situation and consider transfer  
and admission to high dependency or intensive  

care units when stable

Figure A2.4  Protocol for management of major postpartum haemorrhage 
Reproduced from: Royal College of Obstetricians and Gynaecologists. Prevention 
and management of postpartum haemorrhage . Green-top Guideline No. 52. 
London: RCOG; 2009, with the permission of the Royal College of Obstetricians and 
Gynaecologists.

Fetal medicine and neonates
Apgar score
(Chapter 1)
The score is assessed at 1-minute and 5-minute intervals. Initial 
resuscitation measures should not be delayed to assess the Apgar 
score at 1 minute. A score of 3 is critically low; a score of 7–9 at 5 
minutes is normal. See Table A2.6.

Fetal blood sampling results
(Chapter 4)
NICE guideline:  Fetal Blood Sampling, November 2013. http://
www.nice.org.uk/nicemedia/pdf/efmguidelinenice.pdf
◆	 pH of 7.25 or more = normal
◆	 pH of 7.21–7.24 = borderline
◆	 pH of 7.20 or less = abnormal.

National Institute for Health and Clinical Excellence (2014) CG 
190 Intrapartum care: care of healthy women and their babies dur-
ing childbirth. London: NICE. Available from www.nice.org.uk/
CG190   Reproduced with permission. NICE disclaimer: informa-
tion accurate at time of press.

Normal umbilical cord gases
(Chapter 4)
See Table A2.7 for normal umbilical cord gas values. Data pre-
sented are mean values ± standard deviation.

Cardiotocography—electronic fetal monitoring
(Chapter 6)
NICE guideline: Intrapartum Care, September 2007. http://guid-
ance.nice.org.uk/CG55/NICEGuidance/pdf/English

Table A2.6  Apgar score

Score 0 Score 1 Score 2

Activity (tone) Limp Some flexion Active motion

Pulse Absent <100/min >100/min

Grimace (reflex 
irritability)

No 
response

Grimace Cry or active 
withdrawal

Appearance 
(skin colour)

Blue Peripherally blue and 
centrally pink

Pink

Respiration Absent Weak cry or irregular respiration Good cry

Reproduced with permission from Virginia Apgar, A Proposal for a New Method of 
Evaluation of the Newborn Infant, Survey of Anesthesiology, Volume 19, Issue 4, Copyright 
© 1975 Wolters Kluwer Health, Inc.

Table A2.7  Normal umbilical cord gas values

Venous blood Arterial blood

pH 7.35 ± 0.05 7.28 ± 0.05

pCO2 (mmHg) 38 ± 5.6 49 ± 8.4

pO2 (mmHg) 29 ± 5.9 18 ± 6.2

Base excess −4 ± 2 −4 ± 2

Bicarbonate 20 ± 2.1 22 ± 2.5

Reprinted from American Journal of Obstetrics and Gynecology, Volume 151, 
issue 6, Edward R. Yeomans, John C. Hauth, Larry C. Gilstrap, Daniel M. Strickland, 
Umbilical cord pH, Pco2, and bicarbonate following uncomplicated term vaginal 
deliveries, pp. 798–800, Copyright © 1985 with permission from Elsevier.
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Table A2.8  Description of cardiotocograph (CTG) features

Description Baseline (beats/min) Variability (beats/min) Decelerations

Normal/Reassuring 100–160 ≥5 None or early

Non-reassuring 161–180 <5 for 30–90 minutes Variable decelerations
◆  dropping from baseline by ≤60 beats/min and taking ≤60 seconds to recover
◆  present for >90 minutes
◆  occurring with >50% of contractions

Or

Variable decelerations
◆  dropping from baseline by >60 beats/min or taking >60 seconds to recover
◆  present for up to 30 minutes
◆  occurring with >50% of contractions

Or

Late decelerations
◆  present for up to 30 minutes
◆  occurring with >50% of contractions

Abnormal >180 or <100 <5 for >90 minutes Non-reassuring variable decelerations
◆  still occurring 30 minutes after commencing conservative management
◆  occurring with >50% of contractions

Or

Late decelerations
◆  present for >30 minutes
◆  not improving with conservation management
◆  occurring with >50% of contractions

Or

Bradycardia or a single prolonged deceleration lasting ≥3 minutes

National Institute for Health and Clinical Excellence (2008) CG 55 Intrapartum care. London: NICE. Available from www.nice.org.uk/CG655   Reproduced with permission. NICE 
disclaimer: information accurate at time of press.

Typical fetal doses and risks of childhood cancer 
for some common imaging procedures
(Chapter 10)
Advice from the Health Protection Agency, The Royal College 
of Radiologists and the College of Radiographers: Protection of 
Pregnant Patients during Diagnostic Medical Exposures to Ionizing 
Radiation, 2009. 
ht tp://www.hpa .org.uk /webc/HPAwebFi le/HPAweb_C/  
1238230848746

Table A2.10 shows a number of common diagnostic X-ray exam-
inations with their typical fetal doses and associated cancer risks.

WHO: Breastfeeding and Maternal Medications, 2002
(Chapter 11)
World Health Organization. Breastfeeding and Maternal Medication. 
Recommendations for Drugs in the Eleventh WHO Model List of 
Essential Drugs. 2002. http://whqlibdoc.who.int/hq/2002/55732.pdf

See Table A2.11 for WHO recommendations for maternal medi-
cation during breastfeeding.

STAN analysis
(Chapter 12)
Amer-Wahlin I, Arulkumaran S, Hagberg H, et al. Fetal electro-
cardiogram: ST waveform analysis in intrapartum surveillance. 
BJOG 2007; 114:1191–3.

ST waveform analysis of fetal electrocardiogram (ECG) for intra-
partum surveillance (STAN) is a new method of fetal monitoring, 

and is used in conjunction with cardiotocography (CTG) dur-
ing labour. It has been used in the expert centres in Scandinavia. 
STAN simplified clinical guidelines recommend that if STAN 
events occur with suspicious or abnormal CTG (Table A2.12), an 
appropriate intervention should be performed within 20 minutes. 
During the first stage of labour, the interventions should include 
intrauterine resuscitation and the treatment for maternal low 
blood pressure. Caesarean section is recommended if there is no 
improvement. For the second stage of labour with active pushing, 
an appropriate intervention is an operative delivery, unless spon-
taneous vaginal delivery is imminent.

A three-tiered system for the categorization of fetal 
heart rate patterns
(Chapter 20)
ACOG Practice Bulletin 106:  Intrapartum Fetal Heart Rate 
Monitoring: Nomenclature, Interpretation, and General Management 
Principles, July 2009. http://www.acog.org/~/media/List of Titles/
PBListOfTitles.pdf?dmc=1&ts=20140228T0623236788 (ACOG 
practice bulletin may be viewed by ACOG members or with a valid
ATHENS password).

The three categories of the fetal heart rate (FHR) interpretation 
system are shown in Table A2.13.

Gastrointestinal system
Liver function tests in pregnancy
(Chapter 2)
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Table A2.9  Management for different CTG categories

Category Definition Interpretation Management

Normal/reassuring All 3 features are 
normal/reassuring

◆  normal CTG
◆ � no non-reassuring or 

abnormal features
◆  healthy fetus

◆  Continue CTG and normal care
◆  �If CTG was commenced due to concerns arising from intermittent auscultation, 

remove CTG after 20 minutes if there are no non-reassuring or abnormal 
features and no ongoing risk factors

Non-reassuring and 
CTG suggests need 
for conservative 
management

1 non-reassuring 
feature

AND

2 normal/reassuring 
features

May be associated with 
increased risk of fetal 
acidosis

(If accelerations are 
present, fetal acidosis is 
unlikely)

◆  Consider possible underlying causes
◆  �If baseline rate is >160 beats per minute, check maternal temperature and heart 

rate. If either is raised, give paracetamol and fluid
◆  Start ≥ 1 conservative measures

•  �Encourage the woman to mobilise or adopt a left lateral position and avoid 
being supine

•  Give oral or intravenous fluid

•  Stop oxytocin if being used and/or offer tocolysis
◆  Inform co-ordinating midwife and obstetrician

CTG is abnormal 
and indicates need 
for conservative 
measures and further 
testing

1 abnormal feature

OR

2 non-reassuring 
features

More likely to be 
associated with fetal 
acidosis

◆  Consider possible underlying causes
◆  �If baseline rate is > 180 beats per minute, check maternal temperature and heart 

rate. If either is raised, give paracetamol and fluid
◆  Start ≥ 1 conservative measures
◆  Inform co-ordinating midwife and obstetrician
◆  �Offer to take an FBS after starting conservative measures. Or expedite birth if an 

FBS cannot be taken and no accelerations are seen from scalp stimulation
◆  �Take action sooner than 30 minutes if late decelerations are seen with 

tachycardia and/or reduced variability
◆  Inform consultant obstetrician if any FBS result is abnormal
◆  �Discuss with consultant obstetrician if an FBS cannot be obtained or a third FBS 

is thought to be necessary

CTG is abnormal and 
indicates need for 
urgent intervention

Bradycardia or a 
single prolonged 
deceleration with 
baseline < 100 beats 
per minute lasting 
≥3 minutes

Very likely to be 
associated with 
current fetal acidosis 
or imminent rapid 
development of fetal 
acidosis

◆  Start ≥ 1 conservative measures
◆  Inform co-ordinating midwife
◆  Urgent ask for obstetric help
◆  Prepare for urgent birth
◆  Expedite birth if persists for 9 minutes
◆  �If fetal heart rate recovers before 9 minutes, reassess decision to expedite birth 

in discussion with the woman

Table A2.10  Typical fetal doses and risks of childhood cancer for some common diagnostic 
medical exposures

Procedure Fetal dose range (mGy) Childhood cancer risk

X-ray chest 0.001–0.01 <1/1,000,000

X-ray CT pulmonary angiogram 0.01–0.1 1/1,000,000 to

1/100,000

X-ray CT chest and liver 0.1 to 1.0 1/100,000 to

1/10,000

X-ray lumbar spine

X-ray CT lumbar spine

X-ray CT abdomen

1.0 to 10 1/10,000 to 1/1000

X-ray CT pelvis

X-ray CT pelvis and abdomen

X-ray CT, pelvis, abdomen, and chest

10–50 1/1000 to 1/200

CT, computed tomography.

Adapted with permission from Public Health England. Protection of Pregnant Patients during Diagnostic Medical 
Exposures to Ionising Radiation. © Health Protection Agency, The Royal College of Radiologists and the College of 
Radiographers 2009. http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1238230848746

http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1238230848746
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Haematology
Changes in coagulation
(Chapter 2)
See Table A2.15 for reference ranges for thromboelastography 
parameters.

See Table A2.16 for ROTEM reference limits.

Intrapartum care
Bishops score
(Chapter 12)
Bishops score assesses how readily patients will go into labour 
after an induction (Table A2.17):

◆	 Scores of less than 5 = unfavourable
◆	 Score of more than 5 = favourable.

The planes of Hodge
(Chapter 12)
The planes of Hodge are used to assess the progress of labour and 
to ascertain the engagement of the fetal head. There are four hori-
zontal parallel planes:

I	 the superior strait, high in the pelvis

II	 the level of the inferior aspect of symphysis pubis

III	 the level of ischial spines

IV	 the level of the tip of coccyx.

Table A2.11  WHO recommendations for drugs during breastfeeding

Compatible with 
breastfeeding

Compatible but monitor 
infants for side effects

Avoid if possible and 
monitor infants for side 
effects

Avoid if possible. May 
inhibit lactation

Avoid

Thiopentone

Ketamine

Ether

N2O

Oxygen

✓

Bupivacaine

Lignocaine

✓

Atropine ✓

Diazepam Short-acting preferable

Morphine

Codeine

Pethidine

✓
(Avoid repeated doses)

Ibuprofen

Paracetamol

✓

Chlorpheniramine ✓

Dexamethasone

Hydrocortisone

In single dose

Prednisolone ✓

Carbamazepine

Phenytoin

Sodium valproate

Phenobarbital

✓

Magnesium sulphate ✓

Beta lactam drugs ✓
(No data available for 
imipenem and cilastatin)

Erythromycin ✓

Gentamicin ✓

Metronidazole ✓

Clindamycin ✓

Reprinted from Breastfeeding and maternal medication. Recommendations for drugs in the eleventh WHO model list of essential drugs, WHO, copyright © 2002.

 

 

 

 

 



Appendix 2  scores and scales954

Kleihauer acid elution test

◆	 Also known as Kleihauer–Betke test or Kleihauer–Betke stain.
◆	 This test is used to measure the amount of fetal haemoglobin 

in the maternal blood which has been transferred during the 
pregnancy in Rhesus-negative mothers.

◆	 The percentage of fetal blood cells compared with maternal 
cells (FMH) is calculated from a blood slide which has been 
subjected to an acid bath to remove adult haemoglobin and 
Shephard’s stain to highlight fetal haemoglobin.

◆	 Flow cytometry is a more sensitive method to measure FMH 
but is not available in all hospitals.

Data from Betke K, Kleihauer E.  Fetaler und bleibender 
Blutfarbstoff in Erythrozyten und Erythroblasten von menschli-
chen Feten und Neugeborenen. Blut, volume 4, issue 4, pp. 241–249 
Copyright © 1958 Springer.

Risk factors for placental abruption 

◆	 Abruption in a previous pregnancy
◆	 Pre-eclampsia
◆	 Fetal growth restriction
◆	 Non-vertex presentation
◆	 Polyhydramnios
◆	 Increasing maternal age
◆	 Multiparity
◆	 Low body mass index
◆	 Pregnancy following assisted reproduction techniques
◆	 Intrauterine infection
◆	 Premature rupture of membranes
◆	 Abdominal trauma
◆	 Smoking
◆	 Drug misuse—in particular, cocaine and amphetamine use in 

pregnancy.

Reproduced from:  Royal College of Obstetricians and 
Gynaecologists. Antepartum Haemorrhage. Green-top Guideline 
No. 63. London: RCOG; 2011, with the permission of the Royal 
College of Obstetricians and Gynaecologists.

Risk factors of placenta praevia 

◆	 Previous placenta praevia
◆	 Previous caesarean delivery—risk increases with increasing 

number of previous caesarean deliveries
◆	 Previous termination of pregnancy
◆	 Multiparity

Table A2.12  STAN events and CTG findings that warrant 
an intervention within 20 minutes

Intermediary CTG Abnormal CTG Pre-terminal 
CTG

Episodic T/QRS 
rise

>0.15 >0.1 Immediate 
delivery

Baseline T/QRS 
rise

>0.01 >0.05

Biphasic ST Three biphasic ST 
events

Two biphasic ST 
events

Reproduced from Amer-Wahlin I, Arulkumaran S, Hagberg H, Marš a ́l K, Visser G. Fetal 
electrocardiogram: ST waveform analysis in intrapartum surveillance. BJOG: An 
International Journal of Obstetrics and Gynaecology, volume 114, issue 10, pp. 1191–1193, 
Copyright © 2007 John Wiley & Sons.

Table A2.13  Three-tier fetal heart rate interpretation system

Baseline rate Baseline FHR variability Accelerations Decelerations

Category I 110–160 beats per minute Moderate Present or absent Early deceleration—absent or present

Late or variable deceleration—absent

Category II Bradycardia—not accompanied 
by absent baseline variability

Tachycardia

Minimal baseline variability

Absent variability with no 
recurrent decelerations

Marked baseline variability

Absence of induced 
acceleration after fetal 
stimulation

Recurrent variable decelerations accompanied by 
minimal or moderate baseline variability

Prolonged deceleration >2 minutes but <10 minutes

Recurrent late decelerations with moderate baseline 
variability

Variable decelerations with other characteristics such 
as slow return to baseline, overshoots, or ‘shoulders’

Category III Absent baseline FHR variability and any of the following:

  Recurrent late decelerations

  Recurrent variable decelerations

  Bradycardia

Sinusoidal pattern

Reproduced with permission from George Macones, Gary Hankins, Catherine Spong, et al., The 2008 National Institute of Child Health and Human Development Workshop Report 
on Electronic Fetal Monitoring: Update on Definitions, Interpretation, and Research Guidelines, Obstetrics & Gynecology, Volume 112, Issue 3, pp. 661–666, Copyright © 2008 Wolters 
Kluwer Health, Inc.
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◆	 Advanced maternal age (> 40 years)
◆	 Multiple pregnancy
◆	 Smoking
◆	 Endometrial deficiency secondary to:

•	 uterine scar

•	 endometritis

•	 manual removal of placenta

•	 curettage

•	 submucous fibroid

◆	 Assisted conception.

Reproduced from:  Royal College of Obstetricians and 
Gynaecologists. Antepartum Haemorrhage. Green-top Guideline 
No. 63. London: RCOG; 2011, with the permission of the Royal 
College of Obstetricians and Gynaecologists.

Amnioinfusion
A technique used to increase the amount of amniotic fluid around 
the fetus during pregnancy. Using ultrasound guidance, a needle 
is inserted into the uterine cavity and either saline or Hartmann’s 

solution is infused until the level of amniotic fluid is normal. This 
procedure may be repeated if oligohydramnios occurs.

Atosiban
This oxytocin receptor agonist is used as a tocolytic agent to delay 
preterm delivery. It is licensed for use in the United Kingdom. It is 
significantly more expensive than nifedipine.

Nifedipine
This is a calcium channel antagonist. Although no direct com-
parison has been made comparing the efficacy of nifedipine with 
atosiban, a systematic review adjusted for indirect comparison 
showed that nifedipine was associated with a non-significant trend 
towards increased likelihood of delay in delivery by 48 hours.

Table A2.14  Liver function tests in pregnancy

Non-pregnant Pregnant

Albumin (g/L) 33–41 24–31

AST (U/L) 1–30 1–21

ALT (U/L) 1–40 1–30

Bilirubin (micromol/L) 3–22 3–14

ALP (U/L) 25–100 125–250

This table was published in Anesthesiology: Churchill’s Ready Reference, Michael Mythen 
et al, The Labour Ward, p. 163, Copyright Elsevier (2010).

Table A2.15  Preoperative and postoperative TEG 
thromboelastography parameters

Pregnant 
(preoperative) 
n = 50; mean 
(2 standard 
deviations)

Pregnant 
(postoperative) 
n = 50; mean 
(2 standard 
deviations)

Non-pregnant 
reference range; 
2 standard 
deviations

R time (min) 7.0 (1.0–13.0) 6.6 (2.4–10.8) 4–8

K time (min) 2.0 (0.2–3.8) 1.8 (0.4–3.2) 0–4

MA (mm) 75.4 (64.6–86.2) 76.4 (66.8–86.0) 54–72

Alpha angle 
(degree)

64.8 (47.6–82.0) 67.3 (53.5–81.1) 47–74

Ly30 (%) 1.6 (0–8.8) 0.7 (0–4.9) 0–8

CI 1.2 (–5.4–7.8) 1.8 (–3.4–7.0) −3–3

Reproduced from B Macafee et al, Reference ranges for thromboelastography (TEG) 
and traditional coagulation tests in term parturient undergoing caesarean section under 
spinal anaesthesia. Anaesthesia, volume 67, issue 7, pp. 741–747, Copyright © 2012 John 
Wiley & Sons.

Table A2.16  ROTEM® thromboelastometer 95% reference limits for 
third trimester parturients and non-pregnant female controls

Test Pregnant, median 
(95% reference limits)

Control,median (95% 
reference limits)

INTEM® CT (s) 140 (86–168) 151 (113–266)

CFT (s) 48 (33–108) 54 (35–120)

Alpha angle 
(degree)

81 (71–83) 79 (63–83)

MCF (mm) 71 (55–79) 64 (57–73)

EXTEM® CT (s) 47 (31–80) 48 (30–91)

CFT (s) 50 (34–86) 61 (37–104)

Alpha angle 
(degree)

80 (64–83) 78 (66–83)

MCF (mm) 73 (66–92) 66 (53–74)

FIBTEM® CT (s) 49 (20–95) 48 (29–92)

CFT (s) N/A N/A

Alpha angle 
(degree)

78 (33–86) 69 (16–81)

MCF (mm) 25 (15–38) 17 911–37)

Reprinted from International Journal of Obstetric Anesthesia, Volume 20, issue 4, 
S. Armstrong, R. Fernando, K. Ashpole, R. Simons, M. Columb, Assessment of coagulation 
in the obstetric population using ROTEM® thromboelastometry, pp. 293–298, Copyright 
(2011), with permission from Elsevier.

Table A2.17  Bishops score

Cervical features Scores

0 1 2 3

Dilatation (cm) 0 1–2 3–4 5–6

Effacement (%) 0–30 40–60 60–70 80+

Presenting part in relation 
to ischial spine (cm)

−3 −2 −1/0 +1/+2

Consistency Firm Medium Soft

Position Posterior Mid-position Anterior

Reproduced with permission from E. Bishop, Pelvic Scoring for Elective Induction, Obstetrics & 
Gynecology, Volume 24, Issue 2, p. 267 Copyright © 1964 Wolters Kluwer Health, Inc.
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The Quintero classification system of staging twin-to-
twin transfusion (TTTS)
The Quintero system of staging TTTS is shown in Table A2.18.

Lovset manoeuvre
This manoeuvre is used for a vaginal breech delivery when the 
arms are extended above the baby’s head. Once the scapula is vis-
ible, the operator holds the baby by the hips and rotates the body 
up by 180° to bring the arm in front of the face. The operator is 
then able to sweep the arms down across the face to free it. The 
body is then returned to the anterior position and the procedure 
repeated to free the other arm as needed.

Mariceau–Smellie–Veit manoeuvre
This manoeuvre is used to help deliver the fetal head in a vaginal 
breech delivery. An assistant applies suprapubic pressure on the 
mother. The operator then inserts their left hand into the vagina 
and uses their index and middle fingers to palpate and press on 
the fetal maxilla to bring the head into flexion. The palm of the left 
hand should rest on the fetal chest and the right hand is placed on 
the shoulder of the fetus and gently pulls the fetus in the direction 
of the fetal pelvis.

Burns–Marshall manoeuvre
This manoeuvre is used to facilitate the delivery of the fetal head 
in a vaginal breech delivery. Once the trunk has been deliv-
ered and the nape of the neck is visible under the pubic arch, 
the baby’s trunk is then gradually lifted and brought up to the 
mother’s abdomen by the operator holding the ankles with their 
right hand and swinging the baby upwards. The operator’s left 
hand should be there to guard the perineum as the head is being 
delivered.

Medicolegal issues
Parental responsibility
Parental responsibility is held by all mothers. A father may also 
have parental responsibility if he was married to the mother at 
the time of the child’s birth, if he jointly registered the birth with 
the mother (from 1 December 2003 onwards), or if he attained 
parental responsibility through agreement with the child’s mother 
or through a court order. Parental responsibility may also be held 
by a legally appointed guardian, the local authority who has care 
of the child, or a person with an emergency protection order for 
the child (https://www.gov.uk/parental-rights-responsibilities/
who-has-parental-responsibility).

The following cases are discussed further within Chapter 29:
◆	 Bartley v Studd [1995]
◆	 Bolam v Friern Hospital Management Committee [1957]
◆	 Bolitho v City and Hackney H.A. [1998]
◆	 R v Bateman [1925]
◆	 R v Adomako [1994]
◆	 Crawford v Board of Governors of Charing Cross Hospital 

[1953]
◆	 Early v Newham Health Authority [1994]
◆	 Wickline v California [1986]
◆	 Kent v Griffiths [2000]
◆	 Chester v Afshar [2004]
◆	 Re C [1994]
◆	 B v NHS Hospital Trust [2002]
◆	 Hewer v Bryant [1970]
◆	 Re W (A Minor) (Medical Treatment) [1992]
◆	 Gillick v West Norfolk and Wisbech Area Health Authority [1986]
◆	 Re L (medical Treatment: Gillick Competency) [1998]
◆	 Burke v United Kingdom [2006]
◆	 HE v NHS Trust [2003]
◆	 Re MB [1997]
◆	 Re S [1992]
◆	 Norfolk and Norwich NHS Trust v W [1996]
◆	 Tameside and Glossop Acute Services Trust v CH (a patient) [1996]
◆	 St George’s Healthcare NHS Trust v S, R V Collins and others, ex 

parte S [1998]
◆	 R v Bourne [1939]
◆	 Re F [1989]
◆	 X v Y [1988]
◆	 W v Egdell [1990]
◆	 Palmer v Tees HA [2000]
◆	 Nicholas Lewis v Secretary of State for Health & Michael 

Redfern [2008]
◆	 Wilsher v Essex Area HA [1988].

Table A2.18  The Quintero classification system

Stage Classification

I There is a discrepancy in amniotic fluid volume with 
oligohydramnios of a maximum vertical pocket (MVP) ≤ 2 cm 
in one sac and polyhydramnios in other sac (MVP ≥ 8 cm). The 
bladder of the donor twin is visible and Doppler studies are normal

II The bladder of the donor twin is not visible (during length of 
examination, usually around 1 hour) but Doppler studies are not 
critically abnormal

III Doppler studies are critically abnormal in either twin and are 
characterized as abnormal or reversed end-diastolic velocities in 
the umbilical artery, reverse flow in the ductus venosus or pulsatile 
umbilical venous flow

IV Ascites, pericardial or pleural effusion, scalp oedema or overt 
hydrops present

V One or both babies are dead

Reproduced from: Royal College of Obstetricians and Gynaecologists. Management of 
monochorionic twin pregnancies. Green-top Guideline No. 51. London: RCOG; 2008, with 
the permission of the Royal College of Obstetricians and Gynaecologists. Adapted by 
permission from Macmillan Publishers Ltd: Journal of Perinatology, volume 19, pp. 550–5, 
Quintero RA et al., Staging of twin-twin transfusion syndrome, copyright (1999).
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Neurology
Chiari malformations
These are malformations in the cerebellum and occur usually 
as a result of insufficient space within the posterior cranial 
fossa causing the cerebellum and brainstem to be pushed down 
through the foramen magnum and into the upper spinal canal 
(see http://www.ninds.nih.gov/disorders/chiari/detail_chiari.
htm).

There are four different types:
◆	 Type 1—there is extension of the cerebellar tonsils into the fora-

men magnum without brainstem involvement. This is the most 
common form and may be asymptomatic, with some cases 
found incidentally. This is the only type which may be acquired.

◆	 Type 2—otherwise known as ‘classic Chiari malformation’, is 
where there is extension of both cerebellum and brainstem into 
the foramen magnum. In addition, the cerebellar vermis may 
be only partially complete or absent. This type of malforma-
tion is usually accompanied by a myelomeningocele. The term 
‘Arnold–Chiari malformation’ specifically describes type 2 
malformations.

◆	 Type 3—the cerebellum, brainstem, and occasionally part of the 
fourth ventricle herniate through the foramen magnum and 
into the spinal cord. The herniated cerebellar tissue can also 
enter an occipital encephalocoele. This is the most serious form 
of Chiari malformation and is associated with severe neurolog-
ical defects.

◆	 Type 4—this is associated with an incomplete or underdevel-
oped cerebellum, otherwise known as ‘cerebellar hypoplasia’. 
The cerebellar tonsils are found in their normal position but 
parts of the cerebellum are missing and there may be visible 
portions of the skull and spinal cord.

The International Headache Society’s classification 
of headache disorders: diagnostic criteria for postdural 
(post-lumbar) puncture headache
(Chapter 27)

A.	 Any headache fulfilling criterion C

B.	 Dural puncture has been performed

C.	 Headache develops within 5 days of dural puncture

D.	 Not better accounted for by another ICHD-3 diagnosis

Reproduced with permission from The International Classification 
of Headache Disorders, 3rd edition (beta version), Cephalalgia, 
Volume 33, pp.629–808, Copyright © 2013 SAGE. http://cep.sage-
pub.com/content/33/9/629.full

Psychiatric
Risk factors for antenatal depression 

◆	 Maternal anxiety
◆	 Life stress
◆	 Prior depression
◆	 Lack of social support

◆	 Domestic violence
◆	 Unintended pregnancy
◆	 Relationship factors.

This guideline was produced only for NHS Scotland in 2010 by 
SIGN, and is due for review in 2016. The current status of SIGN 
guidelines in Scotland is available at http://www.sign.ac.uk. The 
grant of permission to any other person or body outside the UK to 
reprint or otherwise use the SIGN guidelines in any way is given 
on the strict understanding that such a person or body is not the 
intended user of the guidelines and the guidelines are used entirely 
at the person’s or body’s own risk. SIGN, Healthcare Improvement 
Scotland and NHS Scotland accept no responsibility for any 
adverse outcomes resulting from such use. Scottish Intercollegiate 
Guidelines Network (SIGN). Management of perinatal mood dis-
orders. Edinburgh: SIGN; 2012. (SIGN publication no. 127). [cited 
16 07 2015]. Available from URL: http://www.sign.ac.uk.

Risk factors for postnatal depression

◆	 Past history of psychopathology and psychological disturbance 
during pregnancy

◆	 Lack of social support
◆	 Poor relationship with partner
◆	 Recent life events
◆	 Baby blues—an emotionally labile state experienced by the 

majority of women after childbirth, which commonly presents 
on the second or third postnatal day

◆	 Obstetric complications
◆	 History of abuse
◆	 Low family income
◆	 Lower occupational status
◆	 Parents’ perceptions of their own upbringing
◆	 Unplanned pregnancy
◆	 Unemployment
◆	 Not breastfeeding
◆	 Antenatal parental stress
◆	 Antenatal thyroid dysfunction
◆	 Coping style
◆	 Longer time to conception
◆	 Depression in fathers
◆	 Having two or more children.

This guideline was produced only for NHS Scotland in 2010 by 
SIGN, and is due for review in 2016. The current status of SIGN 
guidelines in Scotland is available at http://www.sign.ac.uk. The 
grant of permission to any other person or body outside the UK to 
reprint or otherwise use the SIGN guidelines in any way is given 
on the strict understanding that such a person or body is not the 
intended user of the guidelines and the guidelines are used entirely 
at the person’s or body’s own risk. SIGN, Healthcare Improvement 
Scotland and NHS Scotland accept no responsibility for any 
adverse outcomes resulting from such use. Scottish Intercollegiate 
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Guidelines Network (SIGN). Management of perinatal mood dis-
orders. Edinburgh: SIGN; 2012. (SIGN publication no. 127). [cited 
16 07 2015]. Available from URL: http://www.sign.ac.uk.

Risk factors for postpartum psychosis

◆	 Pre-existing psychotic illness (especially bipolar disorder)
◆	 Personal history of postpartum psychosis
◆	 Antenatal admission for psychosis or bipolar disorder
◆	 Family history of affective psychosis
◆	 Discontinuation of mood stabilizer prophylaxis
◆	 Primiparity
◆	 Delivery complications.

This guideline was produced only for NHS Scotland in 2010 by 
SIGN, and is due for review in 2016. The current status of SIGN 
guidelines in Scotland is available at http://www.sign.ac.uk. The 
grant of permission to any other person or body outside the UK to 
reprint or otherwise use the SIGN guidelines in any way is given 
on the strict understanding that such a person or body is not the 
intended user of the guidelines and the guidelines are used entirely 
at the person’s or body’s own risk. SIGN, Healthcare Improvement 
Scotland and NHS Scotland accept no responsibility for any 
adverse outcomes resulting from such use. Scottish Intercollegiate 
Guidelines Network (SIGN). Management of perinatal mood dis-
orders. Edinburgh: SIGN; 2012. (SIGN publication no. 127). [cited 
16 07 2015]. Available from URL: http://www.sign.ac.uk

Renal
Renal function values in non-pregnant 
and pregnant women
(Chapter 2)
See Table A2.19 for renal reference ranges.

Criteria for considering pregnancy in renal transplant 
recipients

1.	 Good general health for about 2 years after transplantation

2.	Good stable allograft function [serum creatinine < 177μmol/L 
(2 mg/dL), preferably <133 μmol/L (<1.5 g/dL)]

3.	No recent episodes of acute rejection and no evidence of ongo-
ing rejection

4.	Normal blood pressure on minimal antihypertensive regimen 
(only one drug)

5.	 Absence of, or minimal, proteinuria (< 0.50 g/day)

6.	Normal allograft ultrasound (absence of pelvicalyceal 
distension)

7.	 Recommended immunosuppression:

a.	 Prednisolone < 15 mg/day

b.	Azathioprine ≤ 2 mg/kg/day

c.	 Cyclosporine or tacrolimus at therapeutic levels

d.	Mycophenolate mofetil (MMF) and sirolimus are 
contraindicated

e.	MMF and sirolimus should be stopped 6 weeks before con-
ception is attempted.

Reproduced with permission from IV. 10 Pregnancy in renal trans-
plant recipients, Nephrology Dialysis Transplantation, Volume 17, 
Suppl 4, Copyright © 2002 Oxford University Press.

Surgery
Classification for operative vaginal delivery
(Chapter 12)
Royal College of Obstetricians and Gynaecologists. Green-top 
guideline 26: Operative Vaginal Delivery, 2011. https://www.rcog.
org.uk/globalassets/documents/guidelines/gtg26.pdf

The classification for operative vaginal delivery, as adapted from 
the American College of Obstetrics and Gynecology 2000, has 
four classes: outlet, low, mid, and high.
OutletIn this situation the fetal head is low down in the pelvis 
so that it is in the perineum and the scalp is visible without the 
need to part the labia. The reference point is the sagittal suture 
and without exceeding rotation of 45°, it can be visualized in one 
of four positions: 
◆	 Anterioposterior diameter
◆	 Right occiput anterior
◆	 Left occiput anterior
◆	 Posterior position.

Low
The most palpable part of the fetal scalp per vaginum is at station 
2+ cm or more and is not in contact with the pelvic floor. There are 
two subcategories in this class depending on whether the degree 
of rotation is greater or less than 45° from the occipitoanterior 
position.

Mid
In this category, the most palpable part of the fetal scalp per vagi-
num is between the ischial spines and station 2+ cm. Again, there 
are two subdivisions depending on whether the degree of rota-
tion from the occipitoanterior position is greater or less than 45°. 
Abdominal palpation should only be able to detect up to 1/5 of the 
fetal head.

High
This is not included in the classification as it is not recommended 
that operative vaginal delivery should be attempted if more than 
2/5 of the fetal head may be palpated abdominally and the fetal 
head is assessed to be above the ischial spines per vaginum.

Table A2.19  Reference ranges for renal function in non-pregnant and 
pregnant women

Non-pregnant Pregnant

Sodium (mmol/L) 135–145 132–140

Potassium (mmol/L) 3.5–5.5 3.2–4.6

Creatinine (mmol/L) 0.06–0.1 0.04–0.08

Urea (mmol/L) 2.5–6.8 1.0–3.8

This table was published in Anesthesiology: Churchill’s Ready Reference, Michael  
Mythen et al, The Labour Ward, p. 163, Copyright Elsevier (2010).
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WHO surgical safety checklist
(Chapter 20)
The World Health Organization Surgical Safety Checklist is 
shown in Table A2.20.

WHO safer childbirth checklist
(Chapter 55)
The World Health Organization (WHO) developed the Safer 
Childbirth Checklist (www.who.int/patientsafety/implementa-
tion/checklists/childbirth/en/index.html) in response to the high 
mortality rate of pregnant women and neonates in low-resource 
settings, most of which were preventable. The checklist consists 
of 29 points, which address the major causes in low-income 
countries, of:
◆	 Maternal death:  haemorrhage, hypertensive disorders, 

obstructed labour, infection
◆	 Intrapartum-related stillbirths:  inadequate intrapartum 

management
◆	 Neonatal deaths: infection, asphyxia, prematurity.

The checklist is divided into four sections and the points covered 
in each section are summarized in Table A2.21. This checklist is 
currently being trialled in over 100 hospitals and this study should 
be completed by 2015.

Lucas classification
(Chapter 20)
For definitions of different grades of caesarean delivery according 
to the Lucas classification, see Table A2.22.

Dupuis classification
(Chapter 20)

Table A2.21  Summary of the WHO Safer Childbirth Checklist

Section Points covered

1.  On admission Patient identity, basic monitoring, need for any 
treatment including magnesium sulphate and 
antimicrobials

2. � Just before pushing/
caesarean delivery

Appropriate equipment for delivery present, 
need for any antibiotics or magnesium sulphate

3. � Soon after birth 
(within 1 hour)

Identify any maternal bleeding and manage 
appropriately, need for any further neonatal care

4.  Before discharge No further maternal bleeding, need for maternal 
or neonatal antibiotics, establishing feeding in 
neonate

Data from http://www.who.int/patientsafety/implementation/checklists/childbirth/en/
index.html.

Table A2.20  WHO Surgical Safety Checklist

Before induction of anaesthesia (with at least nurse and 
anaesthetist)

Before skin incision (with nurse, anaesthetist and 
surgeon)

Before patient leaves operating room 
(with nurse, anaesthetist and surgeon)

Has the patient confirmed his/her identity, site, 
procedure, and consent?

• Yes

Is the site marked?
• Yes

• Not applicable

Is the anaesthesia machine and medication check 
complete?
• Yes

Is the pulse oximeter on the patient and functioning?

• Yes

Does the patient have a:

Known allergy?

• No

• Yes

Difficult airway or aspiration risk?

• No

• Yes, and equipment/assistance available

Risk of >500m1 blood loss (7m1/kg in children)?

• No

• Yes, and two /Vs/central access and fluids planned

•  �Confirm all team members have introduced 
themselves by name and role.

•  �Confirm the patient’s name, procedure, and 
where the incision will be made.

Has antibiotic prophylaxis been given within the 
last 60 minutes?
• Yes

• Not applicable

Anticipated Critical Events
To Surgeon:

• What are the critical or non-routine steps?

• How long will the case take?

• What is the anticipated blood loss?

To Anaesthetist:

• Are there any patient-specific concerns?

To Nursing Team:

•  �Has sterility (including indicator results) been 
confirmed?

• Are there equipment issues or any concerns?

Is essential imaging displayed?
• Yes

• Not applicable (with nurse, anaesthetist and surgeon)

Nurse Verbally Confirms:

•  The name of the procedure

•  �Completion of instrument, sponge and 
needle counts

•  �Specimen labelling (read specimen labels 
aloud, including patient name)

•  �Whether there are any equipment 
problems to be addressed

To Surgeon, Anaesthetist and Nurse:
•  �What are the key concerns for recovery 

and management of this patient?

This checklist is not intended to be comprehensive. 
Additions and modifications to fit local practice are 
encouraged.

Revised 1/2009 © WHO, 2009

Reprinted with permission from WHO Surgical Safety Checklist (first edition), 2008.
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Classification for emergency caesarean delivery

◆	 Red: Very urgent caesarean delivery for life-threatening mater-
nal or fetal situation

◆	 Orange: Urgent caesarean delivery
◆	 Green: Non urgent intrapartum caesarean delivery

Reprinted from European Journal of Obstetrics & Gynecology 
and Reproductive Biology, Volume 140, edition 2, Olivier Dupuis 
et  al., Red, orange and green Caesarean sections:  A  new com-
munication tool for on-call obstetricians, pp. 206–11, Copyright 
© 2008 with permission from Elsevier.

Criteria for diagnosing persistent post-surgical pain
(Chapter 25)
◆	 Pain that develops after surgery
◆	 Pain of at least 2 months’ duration
◆	 Other causes have been excluded.

Reproduced with permission from W. A. Macrae, Chronic post-
surgical pain: 10 years on, British Journal of Anaesthesia, Volume 
101, Issue 3, pp.77–86, Copyright © 2008 Oxford University Press.

Table A2.22  The Lucas classification of caesarean delivery

Grade Definition

1. Emergency Immediate threat to life of woman or fetus

2. Urgent Maternal or fetal compromise which is not immediately 
life-threatening

3. Scheduled Needing early delivery but no maternal or fetal 
compromise

4. Elective At a time to suit the woman and maternity team

Reprinted from Lucas DN, Yentis SM, Kinsella SM, Holdcroft A, May AE, Wee M, et al. 
Urgency of caesarean section: a new classification. Journal of the Royal Society of Medicine, 
volume 93, pp. 346–50, copyright © 2000. SAGE.

 

 



A
ABC approach to neonatal 

resuscitationâ•‡ 130–42
ABCB1 (ATP-binding cassette subfamily B 

member 1 gene)â•‡ 841, 842, 846, 847, 848
abdominal bindersâ•‡ 422
abdominal wall defectsâ•‡ 140–1
abducens nerve palsyâ•‡ 442
Abiotrophia descensâ•‡ 444
abortion:

spontaneousâ•‡ see miscarriage
therapeutic:

lawâ•‡ 459
psychological aspectsâ•‡ 798–9

abscess, epiduralâ•‡ 445–6, 449, 546
absorption, drug:

fetoplacentalâ•‡ 70
maternalâ•‡ 68, 70
neonatalâ•‡ 73
see also ADME

Aburel, Eugen Bogdanâ•‡ 7, 8
accelerationsâ•‡ 88, 91, 92, 95
acetaminophenâ•‡ see paracetamol
acetylcholinesterase inhibitors in myasthenia 

gravisâ•‡ 718, 719
acetylsalicylic acidâ•‡ see aspirin
achondroplasiaâ•‡ 739–40
aciclovirâ•‡ 170, 812
acidity, gastrointestinalâ•‡ 39–40

see also pH; stomach
acid maltase deficiencyâ•‡ 732
acid mantle, neonatal skinâ•‡ 62
acidosis, neonatal, after maternal 

ephedrineâ•‡ 846
ACTHâ•‡ see adrenocorticotrophic hormone
activated partial thromboplastin time 

(aPTT)â•‡ 777
prolongedâ•‡ 778, 785
rare bleeding disordersâ•‡ 786
in von Willebrand diseaseâ•‡ 785

active transport, placentalâ•‡ 52
drugsâ•‡ 71

acupuncture and acupressure:
labourâ•‡ 206–7
postdural puncture headache treatmentâ•‡ 428
see also electroacupuncture

acute coronary syndrome (ACS)  
643, 644

acute fatty liver of pregnancy (AFLP)â•‡ 500, 567, 
580–1, 678, 680, 691, 789, 790, 792

acute injury:
kidneyâ•‡ 578, 687–92
lungâ•‡ 488

acutely-ill, critical careâ•‡ see critical care
Acute Physiology and Chronic Health 

Evaluation (APACHE):
APACHE IIâ•‡ 475–6, 477
APACHE IIIâ•‡ 476
APACHE IVâ•‡ 476

acute respiratory distress syndromeâ•‡ 488–9
acyclovir in pregnancyâ•‡ 170
ADAMTS13 (von Willebrand factor-cleaving 

protein)â•‡ 691, 791
deficiencyâ•‡ 691, 791
supplementationâ•‡ 792

Addison’s diseaseâ•‡ 760–1
adenoma:

hepatocellularâ•‡ 685
pituitaryâ•‡ 710, 755

adenosine triphosphateâ•‡ see ATP
adenosine triphosphate, fetalâ•‡ 84
adherence to guidelinesâ•‡ 455
adjuvant drugs (coanalgesics; additional 

analgesics) in neuraxial 
anaesthesiaâ•‡ 260–77

in CDâ•‡ 261, 309, 313, 326, 353–4
in labourâ•‡ 233, 260–77

clinical usesâ•‡ 261
individual agentsâ•‡ 264–73
initiation of epidural analgesiaâ•‡ 233
maintenance of analgesiaâ•‡ 245–6
mechanisms of action and routes of 

administrationâ•‡ 260–1
non-opioidsâ•‡ 233, 260, 268–73
opioidsâ•‡ see opioids

ADME (absorption; distribution; metabolism; 
and excretion)â•‡ 68, 73, 74, 166

admissions bundle (critical care)â•‡ 488
Adomako caseâ•‡ 455
ADRB2 (β2-adrenergic receptor 

gene)â•‡ 841–3, 846
adrenal glands, maternalâ•‡ 759–62

disordersâ•‡ 759–61
normalâ•‡ 44, 759

adrenalineâ•‡ see epinephrine
adrenergic receptor:

alpha, blockers in 
phaeochromocytomaâ•‡ 761

betaâ•‡ see beta adrenergic receptor
adrenocorticotrophic hormone 

(ACTH)â•‡ 757
deficiency/insufficiencyâ•‡ 760
excess/hypersecretionâ•‡ 759
syntheticâ•‡ see cosyntropin

adult polycystic kidney diseaseâ•‡ 697
Advance Decision (Advance 

Directive)â•‡ 458
birth plan as form ofâ•‡ 460

affect, Russel’s circumplex model ofâ•‡ 859
afibrinogenaemiaâ•‡ 786
Africa:

maternal morbidityâ•‡ 884
outreach and educational missionâ•‡ 890

age:
consent andâ•‡ 457
gestationalâ•‡ see gestational age
maternal:

death andâ•‡ 503
myocardial infarction risk andâ•‡ 643
postdural puncture headache andâ•‡ 420–1

aid to developing countriesâ•‡ 885–6
Aintree intubating catheter (AIC®) â•‡   

412 
air, loss-of resistance toâ•‡ 288, 420
airflow mechanics, maternalâ•‡ 34
Airtraq®â•‡ 400, 401
airways (maternal)â•‡ 393–418

difficultâ•‡ 393–418
anticipatedâ•‡ 405–9
assessment and predictionâ•‡ 395–7
definitionsâ•‡ 393–4
unanticipatedâ•‡ 399, 409–12

management in amniotic fluid 
embolismâ•‡ 600

management in general 
anaesthesiaâ•‡ 399–405

objectivesâ•‡ 393
optimumâ•‡ 399–405

management in general anaesthesia for 
CDâ•‡ 341–3, 393

trainersâ•‡ 855–6
musculoskeletal disorders involving:

ankylosing spondylitisâ•‡ 739
rheumatoid arthritisâ•‡ 737, 738

Illustrations (figures and tables) are comprehensively referred to from the text. Therefore, significant items in illustrations have only 
been given a page reference in the absence of their concomitant mention in the text referring to that illustration. 
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airways (maternal) (Cont.)
obese women, assessment  611
pregnancy/labour/delivery-related 

changes  36–7
smooth muscle (ASM), asthma and  661, 

663, 663
airways (neonatal):

adjuncts  123–4
in neutral position  131
obstructed/difficult  138

conditions causing  138
management  132, 138

alanine transaminase (ALT)  40, 676
albumin:

serum, in liver function assessment  677
urinary  687

alcohol abuse  790, 825–6
anaesthetic implications  821, 826
liver disease  682–3, 826
screening tests  819, 820

alfentanil  216, 267
maternal  168, 267

labour  216, 267
oocyte retrieval  153

alkaline phosphatase (AP)  40, 676–7
alkalinization of local anaesthetic solutions in 

epidural anaesthesia in CD  326–7
allergens triggering asthma, avoidance and 

control  662, 664
alpha-blockers, phaeochromocytoma  761
alveoli:

fetal, development  58
maternal, minimum concentration (MAC) 

of volatile agents  31
American College of Chest Physicians and 

Society of Critical Care Medicine 
definitions related to sepsis  537

American Society of Anesthesiologists (ASA):
definition of difficult mask  

ventilation  393
pulmonary aspiration precautions  40

amino acids, maternofetal transport and 
metabolism  54

aminoglycosides:
lactating women  173
pregnancy  170

aminotransferases (transaminases)  40, 676
amlodipine  690
amnesia, history  3–4, 5
amniocentesis  102
amniotic fluid embolism (anaphylactoid 

syndrome of pregnancy)  561–2, 
597–603

cell salvage and risk of  561–2, 600
deaths  500–1, 597–8
definition  597
incidence  597
management  600–2
morbidity  597–8
pathophysiology  598–9
presentation  600
registries  508
risk factors  599–600
sequelae  599

amniotomy  185
amphetamines  832–4

anaesthetic implications  821, 833–4
Europe  818

amphotericin B in pregnancy  170
anaemia  770–4

physiological  38
anaesthesia societies  22, 887
anaesthetic drugs  see drugs
analgesia (pain relief):

bleeding disorders and  786–7
fetal  112–13
history  5, 9–11

timeline  5–19
labour  see labour
non-pharmacological  see 

non-pharmacological analgesia
oocyte retrieval  152–3
opioid abusers  829–30
patient-controlled  see patient-controlled 

analgesia
postoperative  see postoperative period
specific routes  see epidural anaesthesia/

analgesia; neuraxial anaesthesia/
analgesia; spinal anaesthesia/
analgesia

ultrasound technology  878
analgesics  168–9

malignant hyperthermia susceptibility 
and  725

non-opioid  see non-opioid analgesics
opioid  see opioids

anaphylactoid syndrome of pregnancy  see 
amniotic fluid embolism

anaphylaxis with neuromuscular blocking 
agents  345

anatomy (body):
anatomical models for training  852
postdural puncture headache and  421
vertebral/spinal (lumbar)  868–70

variant, on ultrasound  875
Anderson disease  732
aneurysms, cerebral  706–8

ruptured  706–7
unruptured  707–8

angiotensin-converting enzyme (ACE) 
inhibitors:

cardiomyopathy  652
hypertension  573, 690
renal disease/nephropathy  698

diabetic  697
angiotensin receptor blockers (ARBs):

cardiomyopathy  652
hypertension  573, 690
renal disease/nephropathy  698

diabetic  697
angle of ultrasound probe, noting  874
animal-to-human transmission, 

toxoplasmosis  809
ankylosing spondylitis  739
anorexia nervosa  796, 797
antacid prophylaxis  403–4

in CD:
general anaesthesia  338–9, 614
neuraxial analgesia  301
obese women  614

antenatal (prelabour) period:
bleeding disorders in  780–1

haemophilia  783
immune thrombocytopenic purpura  789
von Willebrand disease  784

critical care  483
difficult airway and its management 

in  394, 405–7
education  208
fetal evaluation  82, 84–94

haemorrhage:
bleeding disorder-related  781
definition  551
management  555
optimization  552

harm to fetus  463
hypertensive disease management    

572, 690
pre-eclampsia risk estimation and reduc-

tion  in  570
kidney disease (chronic) in  692
mental disorders  162, 797–8
in musculoskeletal disorders:

achondroplasia  741
Ehlers–Danlos syndrome  735
myopathies  729
osteogenesis imperfecta  742
rheumatoid arthritis  737–8
scoliosis  728–9
spondylolisthesis  725–6

placenta praevia/accreta identified   
in  553

preterm delivery risk and pharmacological 
interventions during  59, 135

referral  509
screening  see screening
substance abuse  815
substance abuse management in  822

antibiotics (antibacterials):
CD, prophylactic  538–9

in general anaesthesia  347
in neuraxial analgesia  304

lactating women  173
in manual removal of placenta, 

prophylactic  183–4
pregnancy  169–70

preterm, prophylactic  525
in sepsis  544

failure to respond  545
syphilis  808–9

antibodies (in autoimmune disease incl. 
autoantibodies):

adrenal insufficiency  760
antiphospholipid syndrome    

765, 766
diabetes  749
hypothyroidism  758
systemic lupus erythematosus  764
thrombotic thrombocytopenic  

purpura  791
see also serological tests

anticholinesterases (cholinesterase inhibitors) 
in myasthenia gravis  718, 719

anticoagulants:
antiphospholipid syndrome  767
neuraxial anaesthesia  441

for CD  300–1
prosthetic heart valves  656
in thromboembolic disease    

591–2, 592–3
delivery in women treated with  594
duration and intensity of treatment  594
hepatic vein thrombosis  682
postnatal  594
pulmonary embolism  593

anti-D administration  521
antidepressants  799–800
antiemetics, hyperemesis gravidarum  520
antiepileptic drugs  704–5

mood-stabilizing  800
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antifungals  see antimycotics
antihypertensive drugs  573, 689

adrenal disorders:
Cushing’s syndrome  760
phaeochromocytoma  761, 762

gestational hypertension  571
postnatal  582–3

pre-eclampsia  571
anti-inflammatory drugs  see 

corticosteroids; non-steroidal 
anti-inflammatory drugs

antimalarial drugs  806, 807
antimycotics (antifungals):

lactating women  173
pregnancy  170

antiphospholipid syndrome  765–6, 790
antipsychotics  796, 800
antiretrovirals  170, 804, 805
antisepsis:

history  535
in neuraxial blockade  446–8

antivirals  170
CMV  811–12
HIV (=antiretrovirals)  170, 804, 805
HSV  812
influenza  670

anxiety disorders  796
anxiolytics, adverse effects  800
aorta  648–51

blood flow estimation  486
disease  648–51
dissection  648–51
stenosis (incl. aortic valve)  653–4

congenital  632
aortic valve:

bicuspid  649
regurgitation  655

in tetralogy of Fallot  627
stenosis  see aorta, stenosis

aortocaval compression  32–3, 409, 482
in general anaesthesia for CD  340
in spinal anaesthesia for CD  351–4

APACHE  see Acute Physiology and Chronic 
Health Evaluation

Apgar score  129
paracervical block and  281

apnoea:
maternal:

hypoxaemia in  34–5
safe duration (in general anaesthesia) 

(DAWD)  404
neonatal  60

primary  119
terminal  120

arachnoiditis  448
arginine vasopressin  see desmopressin
arm (posterior) removal in shoulder 

dystocia  190–1
Arnold–Chiari malformation  714
aromatherapy in labour  207–8
arousal in learning  859
arrhythmias, maternal  645–7

electrical cardioversion  162, 646
pathophysiology  645

arterial blood:
gases, maternal  34
pressure  see blood pressure

arterial pulse waveform analysis  486
arterial switch procedure  624–5
arteriovenous malformations  706–8

ruptured  706–7
unruptured  707–8

artesunate  807
arthritis, rheumatoid  737–9, 763
ascending pathways of pain  203
aseptic meningitis  448
aseptic technique in neuraxial 

analgesia  446–8
CD  303–4
labour  230

aspartate transaminase (AST)  40, 676
Aspergillus fumigatus  444, 893
asphyxia (at birth)  118, 119
aspiration (pulmonary), gastric acid (and 

Mendelson’s syndrome)  40, 402–5
amniotic fluid embolism and risk of  600
in CD (and its prevention):

general anaesthesia and  338–9, 614
neuraxial analgesia and  301–2
obese women  614

in critical care  482
history  6, 10, 12–13
prevention/risk reduction  12, 40, 402

in CD,  see subheading above
aspiration (pulmonary), meconium  132
aspirin (acetylsalicylic acid)  169

antiphospholipid syndrome  766
bleeding disorders and  786
postnatal  594

lactation/breastfeeding and  173
pre-eclampsia prevention  570, 694

of recurrence  569
assessment (of skills), 

simulation-based  861–2
assisted reproduction  149–56, 515
Association of Anaesthetists of Great Britain 

and Ireland (AAGBI)  460, 465, 561, 
887, 890

Association of Anaesthetists of Great Britain 
and Ireland, birth plans  460

associations and societies (of 
anaesthesia)  22, 887

asthma  661–8
asystole (neonatal), prolonged  141
ataxia, Friedreich (spinocerebellar)  727
atherosclerosis  644
atonic postpartum haemorrhage  555–6, 642–3
atosiban  525, 526
ATP (adenosine triphosphate):

fetal  84
myocyte production  730, 731

ATP-binding cassette subfamily B 
member1 gene (ABCB1) 841, 842, 
846, 847, 848

atracurium:
pharmacokinetics  69
placental transfer  55

atrial balloon septostomy  623
atrial flutter and fibrillation  646
atrial septectomy, Blalock–Hanlon  623
atrial switch procedure  623–4
atriopulmonary Fontan procedure  630
atrioventricular (AV) concordance  622
atrioventricular (AV) node re-entry 

tachycardia and AV re-entry 
tachycardia  646

atropine:
lactating women  173
pregnancy  170

attention focusing in labour  208

audioanalgesia in labour  208
audit:

confidentiality issues  464
maternal mortalities  19–21

auscultation, intrapartum  95
Australia, maternal deaths  504
autoimmune disease  762–6

thyroid (Hashimoto’s thyroiditis)    
757–8

see also antibodies
autoimmune mechanisms:

diabetes type  1 762–3
haemolysis  774
musculoskeletal disease  737–9

automated mandatory boluses of epidural 
analgesics in labour  247–8

autonomic dysreflexia in paraplegia or 
quadriplegia  715

autonomic nervous system, maternal  32
see also parasympathetic nervous system; 

sympathetic nervous system
autonomy  456
Avertin®  5
awake fibreoptic intubation  343, 406, 407, 409

ankylosing spondylitis  739
equipment  399, 407

awareness (and its avoidance), historical 
perspectives  12

a-wave (Doppler)  86–7
azathioprine in chronic kidney disease  698

B
back:

examination in obesity  611
pain, low/lumbar (maternal)  45, 

380–1, 724–7
breakthrough pain in neuraxial labour 

analgesia and  288
persisting after childbirth  380–1

surgery/spinal surgery:
neuraxial analgesia in CD and  300
prior, and breakthrough pain in neuraxial 

labour analgesia  288
bacteraemia  444
bacterial colonization of skin  62–3
bacterial meningitis risk in neuraxial 

anaesthesia  443–5
bacterial vaginosis  523
bacteriuria, asymptomatic  692
bags (for neonatal ventilation)  121–2
Bainbridge reflex  353
Bakri® balloon  529, 558
balloon atrial septostomy  623
balloon tamponade/occlusion:

placenta praevia/accreta  553
postpartum haemorrhage  558
twin delivery  529

Bangladesh, maternal mortality  882
barbiturates (intravenous):

history  5
labour  211

bariatric surgery  812–13
Barnum’s manoeuvre  190
baroreflex  61, 83
battery  454
Becker disease  737
Becker muscular dystrophy  731
bedrest and postdural puncture headache 

prevention  419
bedside tests, difficult airway  396–7
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behavioural state, fetal  84–5
behavioural teratogenicity and non-obstetric 

surgery  160
behavioural therapy  796
Bell’s palsy  442, 717
benzathine penicillin G, syphilis    

808, 809
benzodiazepines:

breastfeeding and  76
labour  211
oocyte retrieval  153
teratogenicity in early pregnancy  160

bereavement (parental)  142
Berman airway  407, 408
best interests of patient  465
beta adrenergic receptor:

β2, gene (ADRB2)  841–3, 846
agonists/mimetics:

in asthma  665
external cephalic version and  530
as tocolytics  525

antagonists/blockers in  
hypertension  573

phaeochromocytoma  761, 762
beta-islet cell destruction  762
beta-lactam antibiotics in  

pregnancy  169
beta-lactamase-producing organisms, 

extended-spectrum  540
Beyond the Numbers (WHO)  880
Bezold–Jarisch reflex  353
bicuspid aortic valve  649
biliary cirrhosis, primary  681–2
biliary stasis (cholestasis),  

intrahepatic  678–9
biliary system, maternal  40
bilirubin:

maternal liver function assessment  677
neonatal  64

biochemical tests  see laboratory tests
biofeedback in labour  208
bioimpedance techniques (cardiac 

output)  486, 487
biometry, fetal  98
biophysical profile scoring  85
biopsy:

liver, in HELLP  581
renal  697

bioreactance measures (cardiac 
output)  486, 487

bipolar affective disorder  793–4
bipolar cord coagulation  107, 108
birth:

in hypertensive disease, timing  573–4
maternal position  181
physiological changes/transitions at  117–18

circulatory system  61–2, 117–18
hepatic function  64
metabolism  63–4
renal function  64
respiratory system  58–9, 59, 59–60
skin  62–3

see also childbirth
birth canal (passage) in obstructed/prolonged 

labour  184
birthing partners  208–9
birth plan  460
bladder (maternal urinary)  41–2

labour pain relating to  202
see also vesicoureteric reflux

Blalock–Hanlon atrial septectomy  623
Blalock–Taussig shunt  627
blastocyst  49
bleeding disorders  779–93

see also haemorrhage
blender (air/oxygen)  120–1
blood, fetal, sampling    

96–7, 130
blood–brain barrier, fetal, drugs  

and  71, 72
blood–breastmilk barrier  171
blood cell salvage  see cell salvage
blood flow, uterine  42
blood gases, arterial:

maternal  34
maternofetal/placental  54

blood loss  see haemorrhage
blood patch, epidural  see epidural  

blood patch
blood pressure (arterial):

fetal  60–1
maternal  33

antenatal assessment  571
in critical care  482
obese women, assessment  611, 614
postnatal monitoring  582–3
in transposition of great arteries in labour 

and delivery  627
uteroplacental perfusion decreased by 

decreases in  51
see also central venous catheters, 

pressure monitoring; hypertension; 
hypotension

blood tests  see laboratory tests
blood transfusion (and blood products)  see 

transfusion
blood volume:

fetal/neonatal  63
maternal:

low (hypovolaemia)  489, 554–5
normal (pregnancy-related) changes   

33, 622
B-Lynch suture  558, 643
body habitus and postdural puncture 

headache  421
body mass index:

pre-pregnancy, recommendations for weight 
gain by  608

WHO classification  607, 608
bone fractures  see fractures
bowel in abdominal wall defects, 

inspection  140
brace suture (haemostatic), postpartum 

haemorrhage  558
bradycardia and bradyarrhythmia:

fetal:
ECG  91
paracervical block and  280–1

maternal  647
in spinal anaesthesia for CD  352–3, 358

brain:
fetal, general anaesthesia in CD and 

effects on  345
maternal, tumours  see tumours
see also blood–brain barrier

branching enzyme deficiency  732
Brazilian Audit of Severe Maternal 

Morbidity  508
breakthrough pain in neuraxial labour 

analgesia  287–94

breast(s):
functional anatomy in pregnancy and 

lactation  171
intubation difficulties relating to 

enlargement of  398
see also mastitis

breastfeeding (lactating women):
drugs and  74–6, 171–3, 799–800

antihypertensives  581–2
diabetes and  755
kidney disease drugs  698
liver disease drugs  682

HIV-positive patients  805
breastmilk (and drugs):

blood–milk barrier  171
milk/plasma ratio  171

breathing, fetal/neonatal  59–60
movements  59

breathlessness in asthma  662
breech presentation  195, 529–31
Bromage, Philip  16, 17
bronchial remodelling in asthma  661–2
bronchodilators in asthma  665
brow presentation  529
Budd–Chiari syndrome  682
bulimia  796, 797
bupivacaine (maternal)  167

in CD, neuraxial analgesia  308–9
in labour:

breakthrough pain and  289–90
EC50 and relative potency in spinal use  255
ED50 and relative potency in epidural 

use  255
initiation of neuraxial analgesia  231, 

232, 234
maintenance of neuraxial analgesia  245
paracervical block  279

placental transfer  55–6
bupivacaine (neonatal), pharmacokinetics  73
buprenorphine  829, 830
butorphanol, labour  215

C
caesarean delivery (CD)  195–7, 295–389, 

613–15, 641–2
airway management (with difficult 

airway)  406–7
amniotic fluid embolism and  600, 601
antibiotic prophylaxis  see antibiotics
brain tumours and  713
breech presentation  530
classification  297
conversion in obstructed/prolonged 

labour to  185
diabetes and  754
emergency  see emergency CD
enforced  461–2
epinephrine for rapid top-up  268
general anaesthesia  see general anaesthesia
heart disease and  641–2, 645

aortic stenosis  654
arrhythmias  648
cardiomyopathies  652, 653
mitral stenosis  655
neuraxial anaesthesia and  359, 642, 645

HIV-positive patients  805
indications  197
local anaesthetics  see local 

anaesthetics in CD
musculoskeletal disorders and:
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ankylosing spondylitis  739
myopathies  729

neuraxial anaesthesia  297–336
asthma  667
diabetes and  754
heart disease and  359, 641–2, 645
hypertensive disease and  576–7
inadequate, and its management  323–36
obese women  613–15
opioid adjuvant  261, 309, 326
postoperative  367–72, 616

obese women:
neuraxial anaesthesia  613–15
obstetric issues  613

pain following  366, 380–9, 845–6
analgesia  345, 365–79
genetics  845–6
persistent  380–9

pneumonia and  670
postpartum haemorrhage and  552
preterm  526
renal disease and  698
respiratory disorders:

asthma  667
cystic fibrosis  661

sepsis and  538–9
third stage routine management  553
thrombocytopenia and  787
twin pregnancy  529
urgency categories  298, 337, 342
vaginal birth after  198
vasoconstrictors  see vasoconstrictors

caffeine  824–5
anaesthetic implications  821, 825
excess intake  824–5
in postdural puncture headache:

prophylactic  425
therapeutic  427

calcitonin and sepsis  542
calcium:

neonatal disturbances  755
supplements, hypertensive disease 

prevention  571
calcium channel blockers:

as antihypertensives  573
as tocolytics  525, 526

Canada, maternal deaths  504–5
canalicular period of lung development  58
cancer (malignant tumours), brain  710
cannabis (marijuana)  818, 821, 826–7
capacity, mental  456–60

confidentiality and lack of  464
capital equipment at three healthcare 

levels  888
carbamazepine as mood-stabilizer  800
carbetocin (oxytocin analogue):

CD  196, 553
labour third stage  182

carbohydrates, maternofetal transport and 
metabolism  54

carbon dioxide:
arterial partial pressure in pregnancy  34
exhaled, detector for neonates  124, 132

carboprost in atonic postpartum 
haemorrhage  555–6

heart disease and  643
cardiac...  see entries below and heart
cardiomyopathies  651–3

alcoholic  826
dilated  651

hypertrophic  486, 651, 652–3
peripartum (PPCM)  651, 652
in severe pre-eclampsia, peripartum  358–9

cardiopulmonary reflex  61
cardiopulmonary resuscitation  see 

resuscitation
cardiotocography (CTG)  81, 87–94

antenatal (prelabour)  82, 87–94
intrapartum  82, 186–8

patient-controlled analgesia (with 
remifentanil) and  231

cardiovascular system (incl. circulation):
fetal/neonatal  60–2, 83

transitions at birth  61–2, 117–18
maternal  621–56

in amniotic fluid embolism, support   
600–1

cocaine toxicity  831
deaths relating to  506
investigations  639–40
neuraxial analgesia in CD and instability  

in  300
obesity and  608
pre-eclampsia adverse effects  689–90
pregnancy-related changes  32–4, 

622, 638–9
rheumatoid arthritis involvement  737, 738

reflexes  see reflexes
see also heart

cardioversion, electrical  162, 646
carnitine-palmitoyltransferase (CPT) 

deficiency  733
carnitine transporter deficiency  733
carpal tunnel syndrome  717
catecholamine release in labour pain  204
catechol-O-methyltransferase gene 

(COMT)  841, 842, 844–5, 847, 848
catheters (and catheterization):

epidural  see epidural catheters
spinal microcatheters for continuous 

anaesthesia in CD  312–13
umbilical venous  132

caudal analgesia in labour, initiation 
with  234–5

caval vein, inferior  see vena cava, inferior
cavernous haemangioma  708
cavopulmonary connection, total  630, 631
CD4+ T (helper) cells:

autoimmune disease and  763
HIV and  803

cefazolin:
maternal pharmacology  71
neonatal pharmacokinetics  73

cell salvage  561–2, 564
amniotic fluid embolism risk    

561–2, 600
celocoxib:

lactating women  173
post-CD  375–6

Centers for Disease Control and Prevention:
maternal deaths and  503
smoking rate data  823

central nervous system (CNS):
breastfeeding and neonatal depression 

of  75–6
CNS infection risk  303

neuraxial analgesia and:
in CD  300
infection risk (in pre-existing local  

or systemic infection)  546

pain and  203
pregnancy  31–2
tumours  see tumours
see also brain; neurological complications

central venous catheters:
intravenous drug abusers  830
pressure monitoring  484, 642
ultrasound-guided  875–7

Centre for Maternal and Child Enquiries 
(CMACE)  21, 880

cephalic presentation  529–30
cephalic version, external  530
cephalo-pelvic disproportion  184–5
cephalosporins:

lactating women  173
pregnancy  169

cerebral vasoconstrictors in postdural 
puncture headache prevention  425

cerebral vessels/circulation, fetal  84
middle cerebral artery Doppler  86–7

cerebrospinal fluid:
shunts in hydrocephalus  713
in spinal anaesthesia, inadequate drug 

spread  328
cerebrovascular disease  705–8
cervix:

cerclage  524
labour pain relating to  202

Charcot–Marie–Tooth disease  716
checklists in simulation-based  

assessment  861
chemical meningitis  448
chemoreceptors, peripheral:

fetal  61, 83
neonatal  61

chest (thorax):
fetal, pathology  109–10
neonatal, compressions  120, 130, 132

preterms  137
see also thoracic paravertebral block

Chester v Afshar  456
chest X-ray:

cardiomyopathy  652
pulmonary embolism  590

Chiari malformation  111
childbed fever  534
childbirth:

education  208
mental illness epidemiology in 

relation to  793
morbid fear  797
WHO Safe Childbirth Checklist  886
see also birth; birth plan; delivery; labour

Child–Pugh score  677
portal hypertension and  683

children:
HIV-infected mothers and long-term 

follow-up of  805
vertical transmission  see vertical 

transmission
welfare, maternal mental illness and  799
see also infants; Managing Emergencies in 

Paediatric Anaesthesia course; minors; 
neonates

Chlamydia trachomatis and risk of preterm 
labour and delivery  523

chloramphenicol:
lactating women  173
pregnancy  170

chlorhexidine in neuraxial analgesia  447–8
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chlorhexidine in neuraxial analgesia (Cont.)
arachnoiditis and  448
CD  303–4
labour  230

chloroform  3, 4
labour  210

chloroquine  807
chlorpropamide  753
cholangitis, primary sclerosing  681
cholestasis  40–

intrahepatic  678–9
cholinergic crisis in myasthenia gravis  718
cholinesterase inhibitors in myasthenia 

gravis  718, 719
chorioamnionitis  539
chorionic gonadotrophin, human  see human 

chorionic gonadotrophin
chorionicity (twins)  527, 528, 529

and delivery  195
chorionic plate vessels, fetoscopic laser 

coagulation  106–7
chorionic villus sampling  102
choroprocaine:

CD neuraxial analgesia  310, 311
placental transfer  55–6

chromosome anomalies,  
screening  102, 103

cigarette smoking  see smoking
circulation  see cardiovascular system
circumplex model of affect  859
cirrhosis  681, 683

primary biliary  681–2
clavicular fracture, intentional  191
Clean Care is Safer Care  886
clearance  see elimination
clindamycin:

lactating women  173
malaria  807
pregnancy  169

clinical guidelines  see guidelines
clonidine as adjuvant  269–70

in initiation of labour analgesia  233
combined with neostigmine  233, 270

in maintenance of labour  
analgesia  245–6

clotrimazole in pregnancy  170
clotting  see coagulation
C-Mac®  400–2
CMV (cytomegalovirus)  810–11
coagulation (clotting) factors:

rare bleeding disorders due to 
deficiencies  786

therapeutic plasma-derived and 
recombinant  780

haemophilia  783
see also specific factors

coagulation (clotting) system, maternal  37, 
587, 598

disorders (coagulopathies)  777–93
amniotic fluid embolism  

and  598–9, 601
in critical care  483
neuraxial analgesia and  300, 439, 440
in pre-eclampsia  578
see also disseminated intravascular 

coagulation
coanalgesics  see adjuvant drugs
cocaine  830–1

anaesthetic implications  821, 831–2
Europe  818

codeine:
maternal  168

labour  214
lactating women  172

neonatal death and  847–8
neonatal pharmacokinetics  73
post-CD  374

coercion, freedom from  460
cognitive therapy  796
colloids:

epidural, postdural puncture headache 
treatment  428

spinal anaesthesia in CD  354–5
colorimetric CO2 detector for 

neonates  124, 132
colour in Apgar score  129
combined spinal–epidural anaesthesia 

(CSE)  420
adverse effects  236–8

postdural puncture headache  420
in CD  310, 353, 354

obese women  613
history  19
in labour  230, 233–8, 244–5

breakthrough pain  288–9
epidural analgesia vs  235–6, 288–9

COMET (Comparative Obstetric Mobile 
Epidural Trial)  22, 231, 237, 245

communication:
airway management (difficult 

airway)  397, 406
neonatal resuscitation  141–2

comorbidity, pneumonia  668
Comparative Obstetric Mobile Epidural Trial 

(COMET)  22, 231, 237, 245
competence (capacity), mental  456–7
Competencies for Recognising and 

Responding to Acutely Ill Patients in 
Hospital  480

complement dysregulation and haemolytic 
uraemic syndrome  691

complications (maternal)  391–603
anaesthetic  391–467
labour analgesia:

dexamethasone-induced pyrexia  272
fentanyl  216
ketamine  211
morphine/diamorphine  214–15
nalbuphine/butorphanol/pentazocine   215
nitrous oxide  210
NSAIDs  211
paracervical block  282
pethidine  213
pudendal block  283
remifentanil  218–19
sympathetic and paravertebral block  284
tramadol  214

neuraxial anaesthesia block, history  21
obstetric  469–601

compound presentation  531
Comprehensive Critical Care  471
compression stockings  593, 776
compression ultrasonography, deep venous 

thrombosis  589
computed tomography (CT):

acute fatty liver of pregnancy  581
brain tumours  710–11
epidural abscess  446
spinal haematoma  439

computed tomography angiography:

deep venous thrombosis  589–90
pulmonary embolism  590–1

computer-aided fetal heart  
monitoring  94

computer-integrated patient-controlled 
epidural analgesia  249–50

computer screen-based simulators  856
COMT (catechol-O-methyltransferase 

gene)  841, 842, 844–5, 847, 848
conazole antimycotics in pregnancy  170
Confidential Enquiries into Maternal 

Deaths:
England and Wales  19
France  505
South African  350, 497
United Kingdom  20, 494, 495, 

497–503, 880
general anaesthesia  299

Confidential Enquiry into Maternal and Child 
Health (CEMACH)  20–1

confidentiality  463–5
congenital infection  see vertical 

transmission
congenitally-corrected transposition of great 

arteries  625, 626
congenital myopathies  729, 730, 731
congenital myotonia (myotonia 

congenita)  737
congenital paramyotonia (paramyotonia 

congenita)  737
congenital structural anomalies/

malformations  138–9
airway difficulties (incl. obstruction) 

due to:
maternal  396
neonatal  138

heart  621–36, 638
arrhythmias  646

neural tube  713–14
prenatal testing  98

screening  102–5
vertebrae  727
see also specific conditions/structures e.g. 

diaphragmatic hernia; heart
conscious sedation, endotracheal 

intubation  408–9
consent (informed)  456, 459–60

battery and touching without  
consent  454

general anaesthesia:
awake intubation  406
for CD  302

in labour  459–60
neuraxial analgesia and  229

neuraxial analgesia:
CD  302
labour  229

training and  465
see also refusal

continuous infusion/anaesthesia:
epidural, history  18
spinal, for CD  312–13

continuous positive airway pressure (CPAP), 
neonatal  121, 135

preterms  135
continuous spinal anaesthesia:

CD, heart disease and  642
labour, initiation using  234–5
scoliosis and  728

conus medullaris damage  434–6
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cord  see umbilical cord
Cori disease  732
Cormack and Lehane (CL) classification of 

difficult airway  394
coronary (ischaemic) heart disease  643–5
corticosteroids (incl. glucocorticoids):

antenatal use  59
preterms and  59, 135

asthma  665–6
endogenous (adrenal) production  759
fetal exposure (to endogenous/exogenous 

steroids)  61
HELLP syndrome  580
immune thrombocytopenic  

purpura  788
neuraxial labour analgesia  271–2
neurological disease and  704
phaeochromocytoma  673
postdural puncture headache  427
systemic lupus erythematosus  765

cortisol  759
hypersecretion  759

Cosmofer®  773
cost (economic) issues:

developing and developed countries 
and  883–4

ultrasound technology  878
cosyntropin (tetracosactide; synthetic ACTH) 

in postdural puncture headache:
preventive  425
therapeutic  425

co-trimoxazole in pregnancy  170
coumarin therapy  594
counselling:

preconceptual  see preconception
pre-eclampsia, of long-term risks and 

lifelong maternal health  583
counter-pressure in labour pain reduction  205
Court Appointed Deputy (CAD)  459
COX-2 inhibitors  see cyclooxygenase-2 

inhibitors
crack cocaine  830–1
cranial nerve palsies  442
cranial subdural haematoma 

(CSH)  441–2, 449
Crawford, Selwyn  10, 15, 17, 18, 22, 23
creatinine and acute kidney injury  688
Credé manoeuvre  183
cricoid pressure  404–5, 406

CD  343
history  10, 13
ultrasound use  877–8

cricothyroidotomy  412
critical care (high dependency and intensive 

care) of acutely-ill  471–93
admission criteria  483–4
care bundles  485–6
common primary reasons for 

admission to  472
competencies  480–2
deaths  503
different models and settings of  484
discharge criteria  484
hypertensive disease and levels of  574–5
incidence of conditions as cause of 

admission to  472
level1  471, 472

pre-eclampsia and  575
level 2 (HDU care)  470, 471, 472, 482, 483–4

monitoring  484–7

numbers requiring  473–5
pre-eclampsia and  575

level 3 (ICU care)  471, 472, 474–5, 484
English Audit of admissions to  506–7
escalation to  484
haemorrhage and  564
numbers requiring  472–3
pre-eclampsia and  575
stepdown after  483

management of the patient  488–90
outreach  484, 893
recognising critical illness  479
replacing divisions between HDU and 

ICU  471–2
resources  483
transfers to and from  482, 484

cromoglicate sodium  666
crown–rump length (CRL) measurement  59
crystalloids:

haemorrhage  555
spinal anaesthesia in CD  354–5

cultural factors affecting maternal morbidity 
in developing countries  884

Cushing’s syndrome  759–60
cyanosis, neonatal  141
cyclooxygenase-2 (COX-2) inhibitors:

lactating women  173
post-CD  375
pregnancy  169

cyclophosphamide in chronic kidney 
disease  698

CYP2D6  75, 374, 842, 847–8
cystic adenomatoid malformation of the lung, 

congenital (CCAM)  109
cystic fibrosis  659–61
cystoscopy, intrauterine fetal  108–9
cytochrome P450 (CYP) enzymes  68, 

69, 72, 75
codeine (post-CD) and  374
CYP2D6  75, 374, 842, 847–8

cytomegalovirus  810–11
cytotrophoblast  49

D
dalteparin  593, 594
danaparoid  592
dantrolene in malignant hyperpyrexia  724
dapsone, lactating women  173
D-dimer measurement  589
deaths  see manslaughter; mortality; murder; 

near-misses; stillbirth
DeBakey classification of aortic 

dissection  649
debranching enzyme deficiency  732
debriefing:

obstetric haemorrhage  564
in simulation  860–1

decelerations  92–3, 95
decision-making capacity (mental 

capacity)  456–60
decision to delivery interval (DDI)    

297, 298
deep venous thrombosis (DVT):

diagnosis  588, 589
risk assessment  488
treatment  593

defensive (protective) function of 
placenta  53

delivery of fetus:
amniotic fluid embolism and  600, 601

anaemic women  772
anticoagulants (in thromboembolic disease) 

and  594
bleeding disorders and  780, 781

haemophilias  783
immune thrombocytopenic purpura  789
thrombocytopenias (in general)  787, 792
thrombotic thrombocytopenic purpura   792
von Willebrand disease  784–5

brain tumours and mode of  713
caesarean  see caesarean delivery
cerebral aneurysms and arteriovenous 

malformations and mode of  708
decision to delivery interval 

(DDI)  297, 298
diabetes and timing and route 

(mode) of  754
ectopic pregnancy and future mode   

of  520
heart disease (acquired maternal) and 

mode of  641
aortic stenosis  654
arrhythmias  647, 648
cardiomyopathies  652, 653
ischaemic disease  645
mitral stenosis  654

heart disease (congenital maternal) and:
Eisenmenger’s syndrome  629–30
Fontan procedure and  632
tetralogy of Fallot  628
transposition of great arteries  626–7

hypertensive disease and mode of  576
paracervical block impact of 

methods of  282
renal disease and mode of  697–8
respiratory disorders:

asthma  667
cystic fibrosis  661

septic parturient, timing  545
sickle cell disease  776
simulation  858
vaginal  see vaginal delivery
see also childbirth

delivery of placenta  see placenta
delivery suite, outcome improvement  135
delta opioid receptors (δOR)  261
Department for International Development 

(DFID)  885–6
dependence (illicit drug):

definition  816
opioid  828, 829

depression:
antepartum and postpartum  162, 798
pre-existing  796
see also antidepressants

descending pathways of pain  203, 266
in non-pharmacological  

management  208
desflurane, labour  210
desmopressin (DDAVP) in bleeding 

disorders  780
haemophilias  783
von Willebrand disease  784

developed countries:
aid to developing countries  

from  885–6
amniotic fluid embolism  597
obesity  607
reasons for differences between developing 

and  883–5
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developing countries  883–93
amniotic fluid embolism  597
experience of anaesthesia  891–2
mortality  495–7
obesity  607
reasons for differences between developed 

and  883–5
development  514

embryonic, uteroplacental  
perfusion  49–50

fetal  514
brain, general anaesthesia effects (in 

CD) on  345
lung  58

infant, maternal mental illness and  799
neonatal pharmacokinetics and  73
toxicology  166–7

see also teratogenicity
dexamethasone:

neuraxial labour analgesia  271–2
postdural puncture headache 

prevention  425
diabetes mellitus (DM)  43, 748–55

diagnosis and signs and 
symptoms  750, 751–2

epidemiology and aetiology  748–51
gestational  see gestational diabetes
nephropathy  697, 751
type 1 (T1D)  748, 748–9

clinical presentation in pregnancy  750–1
type 2 (T2D)  748, 749–50

clinical presentation in pregnancy  752
dialysis  695–6
diamorphine (heroin)  828–30

abuse  828–30
in CD, postoperative:

epidural  369
spinal  368

in labour  214–15, 267–8
neuraxial (epidural and spinal)  262, 

265, 267–8
diaphragmatic hernia, congenital (CDH)  105, 

110, 138–9
diclofenac sodium, post-CD  375
diet and nutrition:

in diabetes:
diabetes type 1 risk related to dietary 

protein  749
management  752

hyperemesis gravidarum,  
management  520

differential (sensory–motor) block with local 
anaesthetics  253–4, 255 

Difficult Airway Society (DAS)  402, 
410, 412–13

diffusion, placental  52
drugs  71

dilated cardiomyopathy  651
dinoprostone, induction of labour  186
dipstick tests for illicit drugs  820
disc (intervertebral) prolapse  725, 726
disclose, duty to  464
discomfort (intraoperative) in neuraxial 

blockade for CD  316
disease heart valves  653–6
disease-modifying antirheumatic drugs 

(DMARDs)  737
disinfection of skin  see skin disinfection
disposable equipment at three healthcare 

levels  888

disseminated intravascular coagulation  578, 
790, 792–3

distraction with labour pain  208
distribution (drug):

fetoplacental  70
maternal  68, 70, 166

volume of, obese women  609
neonatal  73
see also ADME

dizygotic twin  527
DNA, double stranded, antibodies in 

SLE to  764
documentation  see medical records
Doppler studies:

cardiac output  486, 487
prelabour fetal evaluation and  85–7
uterine artery  see uterine artery

dose/concentration–response curve with local 
anaesthetics  254–8

double space technique in combined 
spinal–epidural anaesthesia  
for CD  311

doula  208–9
doxazosin  690
draw-over anaesthesia  891
droperidol in neuraxial labour  

analgesia  271
drugs (maternal/obstetric incl. anaesthetic 

drugs)  68–77, 166–76
amniotic fluid embolism  601
asthma  665–6
bleeding disorders  779–80
breakthrough pain in neuraxial labour 

analgesia and  289–90
breastfeeding/lactation and  see 

breastfeeding
CD  196
cystic fibrosis  660
developing countries, availability  891
diabetes  753
diabetic nephropathy  697
Eisenmenger’s syndrome  629
in epidural analgesia solutions in 

labour  245–6
genetics of fetal and neonatal effects  846–8
healthcare levels (3) and  888
heart disease:

arrhythmias  647
cardiomyopathy  651

hyperthyroidism  757
induction of labour  185, 186
ischaemic heart disease  643
malignant hyperthermia susceptibility and 

safety issues regarding  725
myasthenia gravis  718
phaeochromocytoma  761, 762
pharmacology  see pharmacodynamics; 

pharmacokinetics
postdural puncture headache:

prophylactic  425
therapeutic  426–7

postpartum haemorrhage 
treatment  555–8, 642–3

atonic  555–6, 642–3
heart disease and  643

pre-eclampsia  570–1
preterm labour management  525–6
pulmonary aspiration prevention in 

neuraxial analgesia for CD  301–2
in renal disease  693, 697

in chronic disease  698
rheumatoid arthritis  737, 763
systemic lupus erythematosus  765
in third stage of labour 3rd stage  182

retained placenta  183
thromboembolic disease  591–2
transplacental transport of  see 

transplacental transport
see also medical management; 

pharmacodynamics; 
pharmacogenetics; pharmacokinetics; 
substance abuse and specific (types 
of) drugs

drugs (neonatal), resuscitation  134
Duchenne muscular dystrophy  731
du Coudray, Angélique Marguerite Le 

Boursier  853
ductus arteriosus  60

closure  61
Doppler monitoring  86–7
persistence (non-closure)  61, 621, 623

ductus venosus  60
closure  61–2

dural depth estimation (with ultrasound)  873–4
dural puncture/tear/tap:

inadvertent/accidental:
continuous spinal anaesthesia in CD 

following  313
headache due to  see headache
meningitis due to (PDPM)  443, 444
surgical closure  429

in scoliosis, as technique (without 
intrathecal anaesthetic)  728

duration:
neuraxial anaesthesia:

initial anaesthesia  236
various opioids  264, 265, 266, 267, 268

postdural puncture headache  422
venous thromboembolism treatment  594

duties:
of care  454
of confidentiality  463–4

and incapacity  464–5
to disclose  464
of mother  463

dwarfism  739–40
dysfibrinogenaemia  778, 786
dyspareunia, postpartum  382
dyspnoea in asthma  662
dystocia, shoulder  188–92

E
early pregnancy  514–22

emotional changes  793
important issues in care  521
normal  514–15
problems  515–20
teratogenic anaesthetics and non-obstetric 

surgery  159–60
early warning scores  317, 477–9
eating disorders  796–7
ECG  see electrocardiogram
echocardiography (cardiac 

ultrasound)  641, 643
aortic stenosis  653
cardiomyopathy  652
in HDU  485–6
mitral stenosis  654

eclampsia  567, 578–9
anaesthetic management following  579
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deaths (UK)  500
history (anaesthetist’s role)  21
management  578–9
in Scottish Confidential Audit on Severe 

Maternal Morbidity  508
economic cost  see cost
ecstasy (MDMA)  832, 833

Europe  818
ectopic pregnancy  517–20
eculizumab  691, 792
education:

maternal:
antenatal  208
asthma  664

staff  see teaching/training/education
efavirenz  804, 805
effective concentration, median (EC50)  254

epidural local anaesthetics  255
effective dose, median (ED50):

opioids  256
spinal local anaesthetics  255

egg retrieval  see oocyte retrieval
Ehlers–Danlos syndrome (EDS)  650, 734–7

type IV (vascular-type)  649, 650, 737
Eisenmenger’s syndrome  628–30
elastography, liver  677
elastometry, rotational  778–9
electroacupuncture, oocyte retrieval  153
electrocardiogram (ECG):

fetal, STAN® (ST waveform analysis)  82, 
95, 97–8

maternal  637–40
amniotic fluid embolism  601
cardiomyopathy  652
pulmonary embolism  590

electrocardioversion  162
electroconvulsive therapy  162, 800–1
electronic fetal monitoring, continuous  see 

cardiotocography
elimination (clearance and excretion) 

of drugs:
fetoplacental  70, 72
maternal  68–9, 70

breastfeeding and  171
neonatal  73–4
see also ADME

embolism:
amniotic fluid  see amniotic fluid embolism
pulmonary  499, 775
thrombotic  see thromboembolism

embryo culture and transfer  151, 515
embryology of uteroplacental  

perfusion  49–50
see also development

emergency care, maternal deaths  503
emergency CD  297–9, 314

amniotic fluid embolism  601
diabetic patients  754
epidural labour analgesia failure and 

conversion to  314, 324–5
top-up of labour epidural  see top-ups

human factors  298–310
pain persisting after  384
urgency categories  298, 337, 342

EMLA, oocyte retrieval  152
emotional changes in early pregnancy  793
emotional models of learning  859
endocarditis, infective  656
endocrinology  748–62

maternal  42–5, 748–62

disorders  748–62
obesity and  608

placental  53
see also specific hormones

endoglin  569
endoscopy  see cystoscopy; fetoscopy
endothelin-1 antagonists, Eisenmenger’s 

syndrome  629
endothelium, glomerular, in acute kidney 

injury  689
endotracheal intubation (maternal):

awake fibreoptic  see awake fibreoptic 
intubation

in CD  337, 340, 341–3
failed  342–3, 345

difficult  394
acutely-ill parturient  482
causes  397–9
incidence  394–5
obesity  398, 611, 613, 614, 615

failed  394, 408
algorithm for management of  410–12
in CD  342–3, 345
incidence  395
pre-eclampsia and  577
risk reduction  406
scoring system  410–11
simulation training in management of  856

non-obstetric surgery  158
obese patients  see obesity
performance/technique  408–9
tube removal  see extubation
see also rapid sequence induction/

intubation
endotracheal intubation 

(neonatal)  123, 142–3
equipment  142–3
preterms  137
procedure  142–3

England, substance abuse  815, 816
English Audit of ICU admissions  506–7
enhanced recovery (concept) in neuraxial 

analgesia in CD  317
enoxaparin  593, 594
enteropathy, protein-losing, with Fontan 

procedure  632
Entonox®  see nitrous oxide
environmental factors:

pain experience affected by  203–4
type 1 diabetes  749

enzymes, liver  676–7
HELLP syndrome  580
measurement  676–7

ephedrine:
lactating women  173
neonatal acidosis and  846
pregnancy  170
spinal anaesthesia in CD  355–6

combined with phenylephrine  357
epidermis, fetal/neonatal  62
epidural abscess  445–6, 449, 546
epidural anaesthesia/

analgesia  246–50, 307–9
CD  307–9

postoperative  369–71
history:

1901–1949  7–9
1950s–1996  16–19
1980s–2008  21–2
timeline  5–19

labour (and vaginal delivery)  21–2, 232–3, 
246–50, 324

adjuvant (opioid and non-opioid) drugs   
265–73

breakthrough pain  288–9, 290
breech delivery  531
combined spinal–epidural analgesia 

vs  235–6, 288–9
drugs used  245–6
hypertensive disease and  576
inadequate/poorly working, requiring 

emergency CD  see emergency CD
initiation  232–3, 235–6
maintenance  245–6, 246–50
multiple pregnancy  529
obese women  612–13
opioid equivalent doses  262
paracervical block compared with  279–80
patient-controlled  246–50, 263
second/subsequent dose  256–7
top-up  see top-up

oocyte retrieval  152
simulation trainers  854–5

epidural blood patch  428–9
cranial subdural haematoma 

prevention  442
postdural puncture headache  428–9

prophylactic  425
sonographic guidance  876

epidural catheters:
breakthrough pain and  289
in combined spinal–epidural labour 

analgesia, testing  234
in epidural labour analgesia  231, 232
history  17
intrathecal/subarachnoid deliberate 

insertion at time of dural 
puncture  422–5

reliability in neuraxial anaesthesia  236
spinal haematoma risk and traumatic 

insertion and removal of  438
testing modalities  232

epidural needles:
in combined spinal–epidural anaesthesia 

in CD  310
dural puncture with  see dural puncture
history  17
simulation training for insertion    

854–5, 856
ultrasound-guided insertion  420, 876

simulation trainers  856
epidural space:

anatomy  868
hematoma  21
infection  21
scoliotic patients, approaches to  728
volume expansion  330

in combined spinal–epidural anaesthesia 
for CD  312

epidural–spinal anaesthesia combined  see 
combined spinal–epidural anaesthesia

epilepsy  704–5
epinephrine (adrenaline):

endogenous, function  759
lactating women  173
neonatal resuscitation  134
in neuraxial analgesia:

in CD  308
in labour, adjuvant use  233, 268
pregnancy  170
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episiotomy:
risks and benefits  193
in shoulder dystocia  190

epoprostenol, Eisenmenger’s syndrome  629
equipment (maternal):

airway management  399–402
anticipated difficult airway  407

developing countries, availability  891–2
healthcare levels (3) and  888
level 2 critical care  483
neuraxial labour analgesia  229
obese women  611
for simulation, sourcing  863
spinal ultrasound in neuraxial 

blockade  868
transfers to/from critical care  482

equipment (neonatal):
intubation  142
resuscitation  120–4, 136

ergometrine (Syntometrine):
in atonic postpartum haemorrhage  555

heart disease and  541
neurological disease and  704
placental delivery  182

ergot alkaloids in postdural puncture 
headache  427

erythromycin:
lactating women  173
pregnancy  169

erythropoietin  695, 696, 698
essential procedures at three levels of 

healthcare  888
ether  3, 5

in labour  210
ethnicity (race) and maternal deaths  504
etomidate, maternal  168

non-obstetric surgery  158
transplacental transfer  54

Europe, substance abuse  818
amphetamines  833

European Audit of Severe Maternal 
Morbidity  506

European Registry on Pregnancy and Heart 
Disease (ERPHD)  637

European Society of Cardiology management 
guidelines  637–8, 651

eutectic topical mixture of local anaesthetic 
(EMLA), oocyte retrieval  152

examination under anaesthesia, postpartum 
haemorrhage  555

excretion  see elimination
exercise (physical activity):

cardiovascular testing during  639–41
diabetes and  752

exomphalos  140
expectant management:

ectopic pregnancy  519
miscarriage  516
pre-eclampsia  574

explicit process in simulation-based 
assessment  861

extended (sustained)-release epidural 
morphine:

CD (postoperative)  369–70
labour  264, 265

extended-spectrum beta-lactamase-producing 
organisms  540

external cephalic version  530
extubation  406, 412–13

obese women  615
pre-eclampsia and  577

F
facemasks  122
face presentation  529
facial nerve palsy/paralysis  442, 717
facilitated diffusion, placental  52

drugs  71
facioscapulohumeral muscular dystrophy  731
factor II deficiency  786
factor V deficiency  786
factor VII:

deficiency  786
replacement therapy recombinant 

(rFVIIa)  564, 786
factor VIII  780

deficiency (haemophilia A)  782–3, 784
replacement therapy  783

factor IX:
deficiency (haemophilia B)  782–3
replacement therapy  783

factor-Xa:
deficiency  786
inhibitors  592

factor-XI deficiency  785
factor-XIII deficiency  786
falciparum malaria  806, 807
fallopian tube pregnancy  518, 519
Fallot’s tetralogy  627–8
famciclovir in pregnancy  170
fascia in CD:

closure  188
incisions  195

fasciitis, necrotizing  545
fasting times:

airway management in general anaesthesia 
(with difficult airway)  407

CD:
general anaesthesia  338
neuraxial analgesia  301

fatty liver:
acute fatty liver of pregnancy (AFLP)  499, 

567, 580–1, 678, 680, 691, 790, 792
non-alcoholic fatty liver disease  682

FDA classification of drugs in pregnancy  167
feedback in simulation training  863
fentanyl  168, 215–16, 264–6

in labour  215–16, 264–6
epidural and spinal doses  262
mu-opioid receptor gene and spinal 

anaesthesia with  844
lactating women  172
post-CD:

epidural  370
intrathecal  368–9

side-effects  216, 218
transplacental transfer  55

Ferrinject®  772, 773
ferritin, serum  771
fertility treatment  149–56, 515
fertilization  49

in vitro  151, 515
fetoplacental unit as cause of hypoxia  81
fetoscopy:

laser coagulation of chorionic plate 
vessels  106–7

tracheal occlusion (FETO)  110
fetus  81–100

amniotic fluid embolism and risk  
to  598

assessment/evaluation/monitoring  81–100
antenatal (prelabour)  82, 84–94
blood sampling  96–7, 130

diabetes  754–5
in general anaesthesia for CD  341
intrapartum  82, 94–8, 186–8
perioperative (in non-obstetric  

surgery)   160
asthma effects on  663–4
bleeding disorders and:

haemophilias  783
thrombocytopenia  787–8

in CD:
general analgesic effects on  309, 345
monitoring  341
neuraxial analgesic effects on  309
resuscitation  313–14

compromise and distress  81
mother decisions and rights in cases  

of  461
multiple pregnancy and  528
operative vaginal delivery in  192
pathophysiology  82–4

delivery  see delivery
diabetes impact  751, 752, 753–4
genetics of maternal medication effects  846–8
growth restriction in chronic kidney 

disease  694
heart  see heart
hypertensive disease consequences for  568
hypoxia  see hypoxia
infection transmission to  see vertical 

transmission
iron deficiency and  770
kidney disease drugs and their 

effects on  698
labour analgesic effects:

fentanyl  216
ketamine  211
morphine/diamorphine  215
nalbuphine/butorphanol/pentazocine   215
neostigmine  269
nitrous oxide  210
pethidine  213
remifentanil  219–20
tramadol  214

legal rights  461, 462–3
loss:

chromic kidney disease causing  694
psychological aspects  798–9
see also abortion; miscarriage; stillbirth

medicine  102–6
membranes  see membranes
neurological disease (maternal) and  703
non-obstetric surgery in pregnancy and 

the  159–61
pain perception (and its assessment/effects/

management)  64–5, 112–13
physiology  58–68

blood/respiratory gases  54
nutrient transport and metabolism  54
thyroid function  43

preterm labour and delivery risk factors 
relating to  524

radiation exposure  see radiation exposure
substance abuse effects:

alcohol  797, 826
amphetamines  833
caffeine  824–5
cocaine  831
marijuana  827
opioids (incl. heroin)  829
smoking  823–4
solvents  827–8
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systemic lupus erythematosus and its 
impact on  765

therapy (incl. surgery)  105–13
amenable conditions  105

thyroid  see thyroid gland
trauma (maternal) impacting on  163
ultrasound  see ultrasound
see also passenger

fever  see hyperpyrexia; pyrexia
fibreoptic intubation in general anaesthesia 

for CD  343
fibrin glue, epidural, postdural puncture 

headache treatment  428
fibrinogen  786

administration  561, 786
low/decreased levels  561, 778, 786

fibrinolysis  37
fibronectin testing, fetal  525
fidelity in simulation  854, 856, 857, 859

sourcing equipment and the 
optimization of  863

FIGO classification of CTG  93, 95
first pass metabolic effect (by placenta) of 

drugs  71
fits  see seizures
Flotrac-Vigileo® monitor  486
flow-inflating bags, neonatal  122
fluid:

fetal/neonatal  63
lung  58

maternal intake, and postdural puncture 
headache  422

see also oedema
fluid management (incl. IV hydration):

in CD:
in fetal resuscitation  314
in neuraxial analgesia  306, 354–5

in haemorrhage  554–5
in pre-eclampsia  575–6, 689
in sepsis  544

flying squad, history:
1929–1950  5–6
1957–present  12

FMS-like tyrosine kinase-1, soluble 
(sFlt1)  569, 693

folate (folic acid)  773–4
deficiency  773–4
supplementation  774

with antiepileptic drugs  704
fondaparinux  592
Fontan procedure  621, 630–2
Food and Drug Administration (FDA) 

classification of drugs in 
pregnancy  167

foodborne transmission, toxoplasmosis  809
food intake and neuraxial analgesia 

for CD  301
Forbes disease  732
forced expiratory volume in1 second (FEV1): 

asthma  664
obesity  607

forceps extraction  193
formative assessment  861
formula feeds diabetes type 1 risk  749
fosfomycin in pregnancy  170
Foster Kennedy Report  13
fractures:

clavicular (fetal), intentional  191
in osteogenesis imperfecta  742
vertebral (maternal), in ankylosing 

spondylitis  739

France, maternal deaths  505
Friedreich ataxia  727
full blood count in von Willebrand disease  785

G
gabapentin, postdural puncture headache  427
gallbladder, maternal  40–
Galli, Giovanni Antonio  853
Gaskin’s manoeuvre  181
gasping at birth  119
gas supply for resuscitation  120–1
gastric...  see stomach and entries below
gastroesophageal varices  683
gastrointestinal system  39–40

obesity and  608
gastro-oesophageal reflux  39
gastroschisis  140, 141
gender:

local anaesthetic requirement and  257
postdural puncture headache and  421

general anaesthesia  337–49, 393–418
airway management  see airways
CD  337–49, 393

airway management  see airways
asthma  667–8
cricoid pressure  343
haemorrhage risk  345
indications and contraindications  337–8
ischaemic heart disease and  645
IV access  340
IV anaesthetics and analgesics  343
monitoring  340–1
neuraxial anaesthesia and its advantage over  299
neuraxial anaesthesia and its conversion 

to  309, 314, 323
neuromuscular blockade  344–5
postoperative analgesia  345
pre-eclampsia and  346–7
preoxygenation  341
preparation  338–9
process  339–40
volatile agents  343–4

fetal brain and  345
in haemorrhaging patients  562–3
history  337

1800–1949  3–4
1950s–present  9–11
timeline  5–19

musculoskeletal disorders and:
achondroplasia  740–1
Ehlers–Danlos syndrome  736
rheumatoid arthritis  738

neurological disease and  703–4
multiple sclerosis  709–10

oocyte retrieval  152–3
pre-eclampsia and  577
renal disease and  698
sepsis risk  546
ultrasound technology  847–8

genetics (incl. genetic/inherited factors and 
predisposition)  841–50

diseases:
asthma  661, 664
bleeding disorders  779–86
cystic fibrosis  659
diabetes  748, 749, 749–50
myopathies  729, 730

haemodynamics and vasopressor use 
in CD  846

labour:
analgesia  843–5

preterm  841–3
progression  841–3

medication (maternal) and its fetal and 
neonatal effects  846–8

pain persistent after childbirth  386
post-caesarean delivery pain 

and postoperative analgesia 
response  845–6

genital herpes  812
genitourinary system  41–2
geographical factors affecting maternal 

morbidity in developing countries  884
Germany, neuraxial opioid adjuvant use  261
gestational age:

assessment  514
fetal therapy and (for various conditions) 

and  104
see also small-for-gestational age

gestational diabetes mellitus (GDM)  749–50
diagnosis  751
obesity and  610

gestational hypertension (GH)  567, 568, 571
management/care  571

antenatal  572
postnatal follow-up and longer-term 

care  572
risk factors for  572
timing of birth  573–4

gestational thrombocytopenia  38, 439, 788
gestational trophoblastic disease  520
Ghana, maternal morbidity factors  884
Gillick competence  457–8
glatiramer, multiple sclerosis  709
Glenn shunt operation  630–1, 633
glibenclamide  753
Glidescope®  402
glioma  710, 712
global/international dimensions:

maternal morbidity  506–8, 883–5
maternal mortality  495–505, 880–2
outreach  see outreach

Global Oximetry project  887–90
Global Patient Safety Challenge  886
globin chains, unbalanced production  774
glomerulus:

in acute kidney injury  688, 689
in normal pregnancy  687

Glostavent®  892
glucocorticoids  see corticosteroids
glucose:

fetal metabolism  64
maternal metabolism  42–3
maternofetal transport and metabolism  54
in neonatal resuscitation  134
oral glucose tolerance test  751
see also hyperglycaemia; hypoglycaemia

glyburide  753
glycaemia measurement  752

see also hyperglycaemia; hypoglycaemia
glyceryl trinitrate as tocolytic  313
glycogen storage disorders  730, 732
glycopyrrolate, pregnancy  171
gonadotrophin, human chorionic  see human 

chorionic gonadotrophin
gonadotrophin-releasing hormone analogues 

in ovarian hyperstimulation  149
government aid to developing countries  885–6
Graves’ disease  43–4
great arteries:

normal configuration  622
transposition  622–7
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great arteries (Cont.)
congenitally-corrected  625, 626

gross negligence  455
group A streptococci and sepsis  498, 534, 535, 

540, 544
growth (fetal), restriction in chronic kidney 

disease  694
growth factors and placental function  53
growth hormone, placental  53
Guedel airway  123–4
guidelines, clinical  455

early pregnancy problems  521
ultrasound-guided procedures  876

Guillain–Barré syndrome  715–16
gyrase inhibitors in pregnancy  170

H
H1N1 influenza  540, 662, 669–71
haemangioma, cavernous  708
haematinics (for women who refuse blood 

products)  562
haematology  770–94

disordered  770–94
alcohol  825
rheumatoid arthritis  737, 738

normal (in pregnancy)  37–8
haematoma:

cranial subdural (CSH)  441–2, 449
epidural  21
spinal (SH)  435, 436–41, 449

haemodialysis  695–6
haemodynamic effects:

in CD:
spinal anaesthesia and  350–3
vasopressors and, genetics of  846

paracervical block  281–2
haemodynamic factors in amniotic fluid 

embolism  599
haemodynamic goals in valvular disease in 

labour:
aortic regurgitation  655
aortic stenosis  654
mitral regurgitation  655
mitral stenosis  655

haemodynamic resuscitation:
haemorrhage  553–4
sepsis  544

haemoglobin:
fetal (HbF)  59
maternal  37, 38

in general anaesthesia for CD  341
monitoring in critical care  487

haemoglobin Bart’s  777
haemoglobin H disease  777
haemoglobinopathies  774–7

malaria and  806
haemoglobin S  775
haemolysis, and elevated liver enzyme 

levels and low platelet count 
syndrome  see HELLP

haemolytic anaemia  774
definition  774
microangiopathic (MAHA)  789, 791, 792

haemolytic uraemic syndrome (HUS)  691, 
790, 792

haemophilia  781
haemophilia A  782–3, 784
haemophilia B  782–3

haemorrhage/bleeding/blood loss (maternal 
incl. obstetric)  551–66

anaesthesia in  562–4
antepartum  see antenatal period
controversies  564
in critical care  483
deaths (UK)  501, 552, 647
debriefing  564
definitions  551
general anaesthesia in CD and risk of  345
hepatocellular adenoma-related  685
historical perspectives  22
intracranial  706
neuraxial anaesthesia and risk of  441
postpartum  see postnatal period
resuscitation  553–5
in Scottish Confidential Audit on Severe 

Maternal Morbidity  507–8
simulation training  564, 854, 855
spinal haematoma after  437
statistics  551
transfusion in  560–1
treatment of specific causes  555–60
see also bleeding disorders

haemostasis  777–93
disorders  777–93

neuraxial blockade and  439
drugs used to induced  779–80

haemophilia  782–3
normal  37, 777
surgical, in postpartum haemorrhage  558

halogenated agents in pregnancy  168
halothane, lactating women  172
harm to fetus (antenatal)  463
Hashimoto’s/disease thyroiditis  757–8
HAV (hepatitis A virus)  680–1
HBV (hepatitis B virus)  681
HCV (hepatitis C virus)  681
HDV (hepatitis D/delta virus)  681
head, fetal, delivery  181–2

see also cephalo-pelvic disproportion
headache:

persisting after childbirth  381
post-dural puncture  235, 237–8, 419–33

diagnosis  421–2
features  421–2
incidence  419
pathophysiology  419
prevention  422–5
risk factors  419–21
treatment  426–39

head elevated ramp position for neuraxial 
analgesia in CD  305

healthcare (and healthcare systems):
barriers to uptake in developing 

countries  885
levels of healthcare infrastructure/supplies/

facilities/anaesthesia standards  888–9
safety  see safety
simulation-based assessment  

of  861–2
at three levels of healthcare  888

healthcare workers/professionals/personnel/
staff:

nitrous oxide effects on individual 
members  210

nitrous oxide effects on  210
teaching  see teaching/training/education
team  see team

hearing loss, post-spinal anaesthesia  421
heart (fetal):

ankylosing spondylitis involving  739

hypoplasia (incl. hypoplastic left heart 
syndrome)  105, 110–11

myopathies affecting  729
myotonic dystrophy affecting  736
see also cardiomyopathies

rate/heartbeat (FHR) monitoring  83
antenatal (prelabour)  84–94
continuous electronic  see cardiotocography
intrapartum  95, 186–8
neuraxial labour analgesia effects  237
variability  91–3
see also arrhythmias; asystole; bradycar-

dia; cardiotocography; tachycardia
rheumatoid arthritis involvement  738
tones, intrapartum listening 

(auscultation)  95
heart (maternal)  621–56

disease  621–56
acquired  637–56
congenital  see congenital structural 

anomalies
deaths  503, 638
ischaemic  643–5
neuraxial anaesthesia in patients 

with  359, 642
evaluation (for changes)  33–4
failure in pre-eclampsia  578
normal configuration  622
output (CO):

general anaesthesia for CD and 
pre-eclampsia and  341

in HDU, measurement/monitoring   
484–5, 487

normal (pregnancy-related) changes   32, 
622, 638–9

in shock, low and high  489
spinal anaesthesia for CD and  358

pre-eclampsia-related abnormalities  358–9
pregnancy-related changes  32–4, 622
rate, increases in spinal anaesthesia for 

CD  351–2, 357–8
surgery  162
transplantation  647–8
ultrasound  see echocardiography
see also cardiovascular system

heart (neonatal) rate in Apgar score  129
heat (warmth) provision, neonatal  120, 126, 

127, 130
heat shock proteins and asthma  663
HELLP (haemolysis, elevated liver enzyme 

levels and low platelet count) 
syndrome  439, 567, 579–80, 679–80, 
690, 790–1

acute kidney injury  690
differential diagnosis  678
pre-eclampsia and, overlap 

between  580, 790
helper T cells  see CD4+ T (helper) cells
HemoCue  341, 487, 560, 563
heparin (low-molecular weight/LMWH and 

unfractionated/UFM):
antiphospholipid syndrome  767
hypertensive disease prevention  571
in neuraxial anaesthesia  441
prosthetic heart valves  656
in thromboembolic disease:

deep vein thrombosis  591–2, 592–3
delivery by women on treatment with  594
duration and intensity of treatment 

with  594
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pulmonary embolism  593
hepatic...  see liver and entries below
hepatic vein thrombosis  682
hepatitis  680–2

autoimmune  681–2
viral  680–1

hepatitis A (HAV)  680–1
hepatitis B (HBV)  681
hepatitis C (HCV)  681
hepatitis D (HDV/delta)  681
hepatitis E (HEV)  681
hepatocellular adenoma  685
hereditary motor sensory neuropathy  716
hernia, congenital diaphragmatic  105, 

110, 138–9
heroin  see diamorphine
herpes simplex virus (HSV)  812

hepatitis  681
reactivation with neuraxial morphine 

(post-CD)  372
HEV (hepatitis E virus)  681
high dependency care  see critical care
high motor block in spinal anaesthesia  314, 

316, 330, 353, 358
high-risk anaesthetic clinic and congenital 

heart disease  621–2
high-risk diabetes patients  754
high-risk pregnancies  299

monitoring:
Doppler  86
for fetal hypoxia  82

Hingson, Robert  8
histamine H2 antagonists and pulmonary 

aspiration prevention  403–4
neuraxial analgesia for CD  301

historical perspectives  3–27
1800s–1940s  3–9
1950s–present  9–22
congenital heart disease  621
general anaesthesia  see general anaesthesia
sepsis  534–5
simulation training  852–3

history (patient) and postdural puncture 
headache  421

HIV  see human immunodeficiency virus
HLA and rheumatoid arthritis  763
Hodge planes  181
Holmes, Oliver Wendell  535
hormones  see endocrinology
hospital, maternal deaths in  882
HSV  see herpes simplex virus
Hughes (antiphospholipid) 

syndrome  765–6, 790
human chorionic gonadotrophin (hCG)  515

confirmation of pregnancy  514
ectopic pregnancy  518, 519
molar pregnancy  520
placental function and  53

human immunodeficiency virus (HIV)  803–5
duty to disclose  464
maternal death and  882
sepsis and  541–2

human leucocyte antigen (HLA) and 
rheumatoid arthritis  763

humoral factors, amniotic fluid embolism and  599
humoral immunity and islet cell 

autoantibodies  749
hydralazine  573, 690
hydration  see fluid management
hydrocephalus  712–13

hydrocortisone, postdural puncture 
headache  427

hydromorphone after CD, epidural  370
hydrophilicity of neuraxial opioids and 

respiratory depression  263
hydrotherapy in labour  205–6
hydroxychloroquine in chronic kidney 

disease  698
hyperalgesia and persistent pain after 

childbirth  385
hypercortisolism  759
hyperemesis gravidarum  520, 679
hyperglycaemia:

Cushing’s syndrome  760
diabetes  750, 752, 755

hyperkalaemic periodic paralysis  737
hyperpituitarism  755
hyperpyrexia/hyperthermia:

malignant  see malignant hyperpyrexia
neonatal  126

hypertension:
portal  683
pulmonary  see pulmonary hypertension
systemic  567–86, 690, 692–3

anaesthetic considerations  576–7
chronic  567, 568
complications and specific management    

 578–81
Cushing’s syndrome  760
definitions  567–8
drug management  see antihypertensive  

drugs
epidemiology  568–9
gestational (GH)  567, 568, 571
in HELLP syndrome  580
intrapartum management  574–6
labour pain causing  204
mild/moderate/severe  568
non-proteinuric  567
pathogenesis  569
phaeochromocytoma  761, 762
spectrum of hypertensive disease  567
timing of birth  573–4
see also eclampsia; pre-eclampsia

hyperthermia  see hyperpyrexia
hyperthyroidism  43–4, 757–8
hypertrophic cardiomyopathy  486, 651, 652–3
hyperventilation in labour (due to pain)  204
hypnosis for labour pain  208
hypnotic drugs:

adverse effects  800
in lactating women  172
in pregnancy  168

transplacental transfer  54
hypocalcaemia, neonatal  755
hypofibrinogenaemia  779, 786
hypoglycaemia:

maternal (in diabetes type 1)  750
neonatal  64, 755

hypoglycaemic agents (oral)  753
hypomagnesaemia, neonatal  755
hypopituitarism  755
hypoplasia (fetal):

heart (incl. hypoplastic left heart 
syndrome)  105, 110–11

lungs  110
hypotension in neuraxial (spinal) 

analgesia  350–64
in CD  306, 315, 350–64

fetal resuscitation and avoidance of  314

persistent refractory  353, 358
definition  351
in labour  237

hypotension in sepsis  489, 490
hypothalamic–pituitary–adrenal axis 

(HPA)  755
hypothermia, neonatal  126–7

neuraxial analgesia in CD and  305–6
therapeutic  126

hypothyroidism  43–4, 757–9
hypoventilation syndrome of obesity  608
hypovolaemia  489, 554–5
hypoxaemia, apnoeic  34–5
hypoxia, fetal (evaluation for)  81, 82, 84, 

91, 118–20
adaptation to  83–4
CTG  91
physiology  118–20

hysterectomy in postpartum 
haemorrhage  559–60

hysterotomy in CD  195–6

I
ibuprofen  169

breastfeeding and  76, 173
ICNARC (Intensive Care National Audit and 

Research Centre)  507
idiopathic inflammatory myopathies  733–4
idiopathic intracranial hypertension  713
idiopathic thrombocytopenic purpura  439
i-  402
ILMA™  342
imaging  see radiology
immune system  38–9, 536–7

asthma and  663
pneumonia and  668
see also autoimmune disease; autoimmune 

mechanisms
immune thrombocytopenic purpura  788–9
immunization, H1N1 influenza  670–1
immunoglobulin, intravenous, in chronic 

kidney disease  698
see also antibodies

immunoglobulin A nephropathy  696–7
immunoglobulin E as target in asthma 

therapy  666
immunosuppressed patients, CMV infection 

with  811
immunosuppressive drugs:

liver transplantation  684–5
systemic lupus erythematosus  765

implicit process in simulation-based 
assessment  861

impulse conduction block  see nerve blocks
incremental combined spinal–epidural 

anaesthesia for CD, low-dose  311
Independent Mental Capacity Advocate 

(IMCA)  459
indomethacin as tocolytic  525
induction of anaesthesia (initiation of 

anaesthesia):
general anaesthesia for CD:

agents  343
asthma and  668
location  339
obese women  614–15

malignant hyperthermia susceptibility 
and  725

neuraxial labour analgesia   227–43, 244–5
non-obstetric surgery in pregnancy  158
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induction of anaesthesia (initiation of 
anaesthesia) (Cont.)

rapid  158
induction of labour  185–6

diabetes and  754
infants:

breastfeeding/lactation and drugs and  see 
breastfeeding

development, maternal mental illness 
and  799

infection transmission to  see vertical 
transmission

newborn  see neonates
infection  443–8, 803–14

chronic  803–14
diabetes type 1 aetiology  749
endocardial  656
epidural  21
liver, viral  680–1
miscarriage and  516
neuraxial analgesia and risk of  443–8

in CD  300, 303
of central nervous system (in pre-existing 

local or systemic infection)  546
preterm labour and delivery risk in  523–4
respiratory  668–71
sepsis diagnosis in documented or suspected 

infection  489, 490
sepsis risk in  539–41

inferior caval vein  see vena cava, inferior
infertility treatment  149–56, 515
inflammatory myopathies, idiopathic  733–4
inflation breaths  131, 132
influenza H1N1  540, 662, 669–71
informed consent  see consent
inhalant abuse  827–8
inhalation anaesthesia  209–10

breastfeeding and  76
in CD for induction  344
developing countries, availability  891–2
history  17–18

1800–1940s  3–4
1950s–present  9–11, 17–18

in labour  209–10
neonatal pharmacology (of agents used) in  73
transplacental transfer of drugs used in  54–5
volatile agents  see volatile agents

inheritance  see genetics
injury, maternal, anaesthetic 

management  162–3
instrumental delivery  192–4

amniotic fluid embolism and  601
instrumented spine, sonoanatomy  875
insulin (therapy)  752

analogues  752, 753
integumentary system  see skin
intensive care  see critical care
Intensive Care National Audit and Research 

Centre (ICNARC)  507
interactive models for simulation 

training  852–3
interdisciplinary team  see team
interferon therapy, multiple sclerosis  709
interlaminar spaces in sonography:

counting  871
identifying  871
marking the selected space  872
selecting the ideal space  871–2

intermittent positive pressure ventilation 
(IPPV), preterms  137

international dimensions  see global dimensions
International Headache Society  421
International Standards for the Safe Practice of 

Anaesthesia  887
interventional radiology in placenta praevia/

accreta  553, 559
intervertebral disc prolapse  725, 726
intervertebral space identification in neuraxial 

analgesia for CD  304
intestine (bowel) in abdominal wall defects, 

inspection  141
intracranial haemorrhage:

maternal  706
neonatal, bleeding disorders and  781

intracranial pressure, raised (intracranial 
hypertension)  704

brain tumour  710, 711
idiopathic  713

intrahepatic cholestasis  678–9
intramuscular (IM) administration:

analgesics:
bleeding disorders and  787
opioids in labour  212

iron preparations  772
intraoperative period in non-obstetric 

surgery  157–8
intraosseous (IO) route:

fluids in haemorrhage  554
intravenous drug abusers  830

intrapartum period  see delivery; labour; 
peripartum period

intrathecal space:
catheters in epidural labour analgesia 

testing  232
local anaesthetic dose/volume/

concentration in  257
see also spinal anaesthesia

intravenous analgesia/anaesthesia:
breastfeeding and  76
in general anaesthesia for CD  343
in labour  212

mu-opioid receptor gene and  844
see also parenteral administration

intravenous catheters in epidural labour 
analgesia testing  232

intravenous drug abusers, vascular access  830
intravenous route (and access):

central  see central venous catheters
fluids  see fluid management
in general anaesthesia for CD  340
hypnotics in pregnancy  168
intravenous drug abusers and  830
iron preparations  771–2
obese women  611
ultrasound-guided cannulation  876–7

intubation  see endotracheal intubation
invasive monitoring in heart disease  642, 643, 

654, 655
in vitro fertilization  151, 515
iodine deficiency/insufficiency  43, 758
iodine disinfectant, neonatal 

pharmacokinetics  73
iron  770–4

deficiency (and associated anaemia)  770–4
Eisenmenger’s syndrome  629

therapy/supplements/
preparations  771–2, 773

ischaemic heart disease  643–5
ischaemic injury to spinal cord (in neuraxial 

blockade)  442–3

ischaemic stroke  708
islet autoimmunity  762–3
isoflurane, labour  210
isolation precautions, pneumonia  670
itching (pruritus), neuraxial opioids  236, 262, 

316, 371–2

J
Jacquemier’s manoeuvre  190
Jarisch–Herxheimer reaction  809
Jatene (arterial switch) procedure  624–5
jaundice, neonatal  64

K
kappa opioid receptors (κOR)  261
Kennedy (Foster Kennedy) Report  13
ketamine  211, 270

developing countries  892–3
oocyte retrieval  153
in pregnancy  168

CD  333
labour  211, 270

ketoacidosis, diabetic  43, 750
ketorolac:

lactating women  173
post-CD  374, 375

kidney (renal...), fetal/neonatal  64
kidney (renal...), maternal  41–2, 687–702

acute injury  578, 687–92
disease/disorders (incl. nephropathies):

chronic  694–7
deaths relating to  506
diabetic  697, 751
pre-eclampsia and  575–6, 578, 689–90,  692–3
SLE and lupus nephritis  675, 693, 696, 764

physiology  687
transplanted patients  see transplantation

Kiwi® omnicup  193
Klikovich, Stanislav Sigismund  4
Kobak needle  277
Kolb’s cycle of learning  859
Korotkoff sounds  571
Kybele  890

L
labetalol  573, 690
laboratory tests (incl. blood and biochemistry):

diabetes (overt)  778
haemostasis  777–9

disseminated intravascular coagulation   793
von Willebrand disease  784, 785

hypertensive disease  571
gestational hypertension  572
intrapartum  574
pre-eclampsia  571, 572–3

liver disease  676–7
labour (intrapartum period)  179–294

active phase  179
airway changes  36–7
ankylosing spondylitis and  739
bleeding disorders and  781

haemophilias  783
immune thrombocytopenic purpura   789
von Willebrand disease  784–5

consent in  see consent
diabetes and  754
fetal monitoring  82, 94–8, 186–8
first phase/stage  179

Ehlers–Danlos syndrome and  735
pain in  202–3
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haemorrhage and its optimization and care 
during  552

heart disease (acquired) and  642
aortic regurgitation  655
aortic stenosis  654
arrhythmias  647–8
cardiomyopathies  652, 653
ischaemic disease  645
mitral regurgitation  655
mitral stenosis  655

heart disease (congenital) and:
Eisenmenger’s syndrome  629–30
Fontan procedure and  632
tetralogy of Fallot  628
transposition of great arteries  626–7

heart transplant patients  647–8
hypertensive disease management  574–6
induction  see induction of labour
latent phase  179
normal  179–82
obesity and anaesthetic management 

in  612–13
obstructed  184–5
pain  201–26

adverse consequences  204
breakthrough  287–94
physiology  201–4
reducing stimuli  204–5

pain relief (analgesia)  179–294
alternatives to neuraxial or systemic 

routes  278–86
genetics  843–5
historical perspectives  5, 17–18, 21–2
hypertensive disease and  576
local anaesthetics  see local anaesthetics 

in labour
neuraxial  see epidural anaesthesia; 

neuraxial anaesthesia/analgesia; spinal 
anaesthesia

non-pharmacological methods  9, 204–9
systemic  209–21

postdural puncture headache and pushing 
during  421

premature  see preterm labour and delivery
progression, genetics  841–3
respiratory disorders:

asthma  667
cystic fibrosis  661

second phase/stage  179, 181–2, 183
Ehlers–Danlos syndrome and  735
maternal indications for shortening  

of  192
pain in  202
prolonged  184, 185, 192

sickle cell disease  776
third stage  see placenta
three components (three Ps)  179, 184
trial of, in previous CD  198
see also childbirth; delivery; 

peripartum period
lactating women  see breastfeeding
lactogen, placental  53
laparoscopy:

ectopic pregnancy:
diagnostic  518
interventional  519

oocyte retrieval  150–1, 153
laryngeal mask airway:

maternal (in general anaesthesia)  402, 411
CD  342

difficult  394
neonatal  123

laryngoscope:
maternal (in general anaesthesia)  394

CD  341–2
difficult laryngoscopy and its grading  394
optimal laryngoscopy  405, 406

neonatal  122–3
blades  122–3, 124, 138, 143

see also videolaryngoscope
laser coagulation of chorionic plate vessels, 

fetoscopic  106–7
lasting power of attorney  458
lateral femoral cutaneous nerve of the thigh, 

postpartum neuropathy  718
lateral position for neuraxial analgesia:

CD  305
labour  232

law  see medicolegal issues
learning:

in simulation  858–9
features and best practice for effective 

learning  864
ultrasound-guided neuraxial anaesthesia 

learning curve  875
see also teaching/training/education

legal issues  see medicolegal issues
leucocyte depletion filter in cell salvage  562
leukotriene-receptor antagonists (LRTAs), 

asthma  665
levobupivacaine in CD  309
levobupivacaine in labour:

combined spinal–epidural analgesia  234
epidural analgesia  231–2

ED50 and relative potency  255
paracervical block  279
spinal analgesia, ED50 and relative 

potency  255
LiDCOplus®  486
lidocaine (lignocaine):

endotracheal intubation, nebulized  409
neuraxial analgesia in CD  308, 308–09
placental transfer  55–6

Lifebox  887, 890
lifestyle advice in hypertensive disease 

prevention  571
Life Support guidelines, Newborn  122, 128, 

130, 131
ligamentum flavum (LF) anatomy  686, 870

sonography and  872, 873
in dural depth estimation  873–4
variant anatomy  875

lignocaine  see lidocaine
limb–girdle muscular dystrophy  730, 731
lincomycin in pregnancy  169
lipid metabolism:

maternal disorders  730
maternofetal lipid transport  54

lipophilicity (and lipid solubility) of drugs:
blood–milk transfer and  171
neuraxial opioids  266, 267, 367

post-CD  367
respiratory depression and  263

lithium  793, 800
liver (hepatic...), fetal/neonatal  64
liver (hepatic...), maternal  40, 676–86

disease  676–86
alcoholic  682–3, 826
special situations  683–5

enzymes  see enzymes

fatty liver  see fatty liver
function  40

tests  40, 676–7
Liverpool Women’s Hospital:

critical care outreach team  484
Modified Early Warning Score 

(MEWS)  479, 480, 481
local anaesthesia (chemical)/LA:

history  6
level of analgesia  253
oocyte retrieval  152

local anaesthetics  167, 253–9
drugs added to  see adjuvant drugs
lactating women  172
malignant hyperthermia susceptibility 

and  725
neural blocks with  see nerve blocks
physiological changes in pregnancy and  32
placental transfer  55–6
see also minimum local anaesthetic 

concentration
local anaesthetics in CD:

epidural anaesthesia  308–9, 325–6
spinal anaesthesia  353–4

baricity and volume  353–4
dose  306–7, 327–8, 353–4

transversus abdominis block 
post-CD  372–3

local anaesthetics in labour analgesia:
breakthrough pain and neuraxial analgesia 

and  289–90
choice  253–9
initiation of epidural anaesthesia  231–2

choice/concentration/dose  231–2
compared with combined spinal–  

epidural analgesia  235–6
maintenance of neuraxial 

anaesthesia  245–6
long QT syndrome  646, 647
loss-of resistance technique  288, 420
Lothian guidelines for postpartum 

transfusion  560
low back pain  see back
low-dose combined spinal–epidural 

anaesthesia for CD  311–12
low-risk pregnancies, monitoring:

Doppler  86
for fetal hypoxia  82

LSD, Europe  818
lumbar back pain  see back
lumbar puncture  445

bacteraemia and  444
infection risk  444, 445
for spinal anaesthesia, failed  328
syphilis and  808

lumbar spine:
anatomy  see anatomy
prior surgery and breakthrough pain in 

neuraxial labour analgesia  288
sonographic assessment  870–1

lumbar sympathetic block (LSB)  283, 284
lumboperitoneal shunts  713
lung(s):

fetal:
development  58
fluid  58
hypoplasia  110
parenchymal lesions  109
surfactant  59

maternal:
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lung(s) (Cont.)
acid aspiration  see aspiration
acute injury  488
in cystic fibrosis  659
oedema in pre-eclampsia  578
volume  34

neonatal:
inflation (breaths)  131, 132
meconium aspiration  132

see also cardiopulmonary reflex; respiratory 
system and entries under embolism

lung function (maternal):
normal changes  34
pathological changes  482

asthma  661, 662, 664
cystic fibrosis  659–60
obese women  607–8

lupus nephritis  675, 693, 696, 764
luteal phase support  151
luteinizing hormone (LH) and ovarian 

hyperstimulation  149

M
McArdle disease  732
McGrath MAC®  400, 401
Mackenzie technique  407, 408
McRobert’s manoeuvre  190
macrolide antibiotics:

lactating women  173
pregnancy  169

MAD® (mucosal atomizing device)  408, 409
magnesium disturbances, neonatal  755
magnesium sulphate:

antenatal, before preterm delivery  135
hypertensive disease  578–9
neuraxial labour analgesia  272
as tocolytic  525

magnetic resonance imaging (MRI):
brain tumours  710–11
liver  677
spinal haematoma  439

Magpie Trial  21, 579
maintenance anaesthesia  244–51

in labour, neuraxial  244–51
non-obstetric surgery in pregnancy  158–9

malaria  806–7
malignant hyperpyrexia/hyperthermia  724

myopathies and  730
malignant tumours, brain  710
Managing Emergencies in Paediatric 

Anaesthesia (MEPA) course  859
mandibular subluxation in difficult airway 

assessment  396
mannequins  856–7
manslaughter  455
Mantel’s criteria for near miss (of death)  474
manual removal of placenta  183–4

CD  196
Marfan syndrome (MFS)  648–9, 650
marijuana (cannabis)  818, 821, 826–7
Marx, Gertie Florentine  10, 11
Masimo Rainbow SET® Pulse co-oximeter  341
masks (for surgical asepsis) in neuraxial 

blockade  446–7
masks (for ventilation):

maternal  409, 411
difficult  393–4, 410

neonatal resuscitation  122, 131, 132
see also facemasks; laryngeal mask airway

Maslow’s hierarchy of needs  859

massage in labour  206
MASTER (Multicentre Australian Study of 

Epidural Anaesthesia and Analgesia in 
Major Surgery)  367

mastitis  539
maternal...  see mother
Mauriceau–Smellie–Veit manoeuvre  531
MB case of (enforced CD)  461
MDMA  see ecstasy
mechanical methods of labour induction  186
meconium:

analysis in substance abuse  819, 820–2
aspiration risk  132

median effective concentration and dose  see 
effective concentration; effective dose

median nerve compression  717
Medical Emergency Team (MET) calling 

criteria  477
medical management:

asthma  664–6
congenital heart disease:

congenitally-corrected transposition of 
great arteries  625

Eisenmenger’s syndrome  629
cystic fibrosis  660
ectopic pregnancy  519
hyperthyroidism  757
miscarriage  516
see also drugs

medical records and documentation:
amniotic fluid embolism  602
confidentiality issues  464
difficult airway  397

post-failed intubation/difficult airway  414
neonatal care  142

medicolegal issues  454–67
inadequate neuraxial anaesthesia in 

CD  323–4
medulla (spinal), damage  434–5
mefloquine  807
membranes, fetal:

rupture:
antibiotic prophylaxis  525
artificial (AROM)  185
premature  see premature rupture of the 

membranes
sweeping  185

Mendelson, Curtis L  6
Mendelson’s syndrome  see aspiration
meningioma  710
meningitis risk in neuraxial anaesthesia:

chemical/aseptic  448
infectious  238, 443, 443–5, 893

meningococcus (Neisseria meningitidis)  444
menstrual period, last (LMP), in gestational 

age assessment  514
Mental Capacity Act (2005)  456, 457, 458, 459

see also capacity
mental heath service referral  801
mental illness (psychiatric disease), 

maternal  793–802
biological management  799–801
deaths (UK)  502–3
epidemiology  793
newly-arising  797–8
pre-existing  795–7
treatment  162

MEOWS (Modified Early Obstetric warning 
Score) system  20, 478, 479, 498, 543

meperidine  see pethidine

meralgia paraesthetica  718
metabolic myopathies  729, 730
metabolism:

drug:
fetoplacental  70
maternal  68–9, 70
neonatal  73
see also ADME

fetal/neonatal  63–4
placental  53–4

metformin  753
methadone  75, 828, 829, 830

breastfeeding and  75
post-CD  374

methamphetamine  832, 833
methenamine in pregnancy  170
Methergine in postdural puncture 

headache  427
methohexital, lactating women  172
methotrexate, ectopic pregnancy  519
methoxyflurane  210
methyldopa  690
methylergonovine maleate in postdural 

puncture headache  427
metoclopramide and pulmonary aspiration 

prevention in neuraxial analgesia for 
CD  301–2

metronidazole, lactating women  173
MEWS  see Modified Early Warning Score
microangiopathic haemolytic anaemia 

(MAHA)  789, 791, 792
microangiopathy, thrombotic  690–1
microbiology of sepsis  540–1
microcatheters (spinal) for continuous spinal 

anaesthesia in CD  312–13
micropore filters for epidural catheters, 

adoption  17
midazolam  270–1

neonatal pharmacokinetics  73
neuraxial labour analgesia  270–1
oocyte retrieval  153

midline marking (of spine) in transverse 
median plane  873

minimum alveolar concentration of volatile 
agents  31

minimum local anaesthetic concentration 
(MLAC) methodology/model  232–3, 
253, 254, 255, 256–8

criticisms of  258
fentanyl  266

minors (under 16s) and mental capacity  457–8
and confidentiality  464–5

miscarriage (spontaneous abortion)  516–17
in non-obstetric surgery  160–1
psychological aspects  798–9
recurrent  517
screening  105
septic  539

misoprostol:
heart disease and atonic postpartum 

haemorrhage and  642–3
induction of labour  186
third stage of labour  182, 553

retained placenta  183
Mississippi classification of HELLP 

syndrome  679, 790
mitochondrial myopathies  698–9
mitral valve:

regurgitation  655
stenosis  654–55



index 977

Model of End Stage Liver Disease (MELD)  676
portal hypertension and  683

Modified Early Obstetric warning Score 
(MEOWS) system  20, 478, 479, 
498, 543

Modified Early Warning Score (MEWS)  477, 
478, 479, 481, 487

haemorrhage  556–7
molar pregnancy  520
monitoring:

fetal  see fetus
maternal:

asthma  664
general anaesthesia in CD  340–1
haemorrhage  555
heart disease  642, 643, 654, 655
high-dependency unit  484–7
neuraxial anaesthesia in CD  359
pre-eclampsia  582–3

monoamniotic monochorionic twins  527, 528
monochorionic twin gestation  527, 528, 529

selective reduction  105, 107–8
Monofer®  772, 773
monozygotic twins  527
montelukast  665
mood-stabilizing agents  698, 795, 796, 800
moral worth of a fetus  462
morbidity:

fetal, hypertensive disease and  568
maternal  494, 505–8, 883–5

amniotic fluid embolism  597–8
audits  19–21
common themes in mortality and  509
definition  494, 505
definitions  505–6
global dimensions  506–8, 883–5
hypertensive disease  568
iron deficiency and  770
methods of estimation  505
in obese women, pre-existing and de 

novo  609–10
Scotland, causes of severe morbidity  474

morphine  168–9, 214–15, 264
labour  214–15, 264, 265

doses (epidural vs spinal)  262, 265
sustained-release epidural  264, 265

lactating women  172
post-CD  369

single-dose extended release  369–70
in postdural puncture headache:

prophylactic  425
therapeutic  426–7

side-effects  214–15, 266–7
transplacental transfer  55

mortality (mortalities; deaths)  494–505
common themes in morbidity and  509
confidentiality following death  465
fetal, hypertensive disease and  568
maternal  494–505, 880–2

amniotic fluid embolism  500–1, 597–8
audit  19–21
causes (in general)  882
definitions  494–5
estimation methods  495
global picture  495–505, 880–2
haemorrhage (UK)  501, 552, 646
heart disease  503, 637
hypertensive disease  568
iron deficiency and  770
near misses  see near-misses

place of death  882
pregnancy-related (direct)  183
sepsis  498–9, 534, 535, 536, 539, 540, 541, 

542, 544
spinal anaesthesia and hypotension 

and  350
thromboembolic disorders  499,  

587, 588
neonatal:

codeine and  374, 847–8
communication with parents in  142
premature  135
psychological impact  799

perinatal, sickle cell disease and  775
see also abortion; manslaughter; 

miscarriage; murder; stillbirths
Mortality Probability Model (MPM II)  476
mother (maternal...):

bleeding disorder treatment in  780
death  see mortality
disease, and shortening of 2nd stage of 

labour  192
duties  463
effects of (maternal factors):

breakthrough pain in neuraxial labour 
analgesia  287–8

fetal hypoxia  81
preterm labour and delivery  524
transplacental transport  52

effects of analgesic/anaesthetic drugs on 
(adverse)  see complications

fetal movement evaluation by  84
infection transmission to  see vertical 

transmission
medicine  105–6
morbidity  see morbidity
movements reducing labour pain  204–5
obesity  see obesity
pharmacokinetics  see pharmacokinetics
physiological changes  see physiology
position for giving birth  see position
skin-to-skin contact with infant  94, 95, 126
substance abuse and its impact on:

alcohol  825–6
amphetamines  832–3
caffeine  824
cocaine  831
marijuana  827
opioids (incl. heroin)  828–9
smoking  822–3
solvents  827

ultrasound  see ultrasound
uterine artery Doppler  85
see also pregnancy

Mothers and Babies: Reducing the Risk 
through Audits and Confidential 
Enquiries across the UK 
(MBRRACE-UK)  21, 323, 497, 498–9, 
500, 501, 502, 546, 551, 562, 587, 602

Mothers of Africa  890
motility, gastrointestinal  39–40
motor block:

in CD spinal anaesthesia, high  314, 316, 
330, 353, 358

in labour analgesia:
with local anaesthetics  253, 254, 255, 

255–6, 257
neuraxial analgesia  237
see also differential block

motor sensory neuropathy, hereditary  716

mouth opening in difficult airway 
assessment  396

movements:
fetal:

breathing  59
diabetes and monitoring of  753
maternal evaluation  84

maternal, reducing labour pain  204–5
mucosal atomizing device (MAD® )  408, 409
multidisciplinary team  see team
multimodal analgesia following CD  366
multiple gestation (twin pregnancy or 

more)  527–9
complications  528
delivery  195
diagnosis  526
management  527–8

selective reduction  105, 107–8
non-viable twin gestation  515
twin-to-twin transfusion syndrome 

(TTTS)  105, 106–7
multiple sclerosis  708–10
mu opioid receptors (μOR/OPRM1) and 

genes  257, 261, 841–6
murder  455
muscle disease, primary  see 

cardiomyopathies; myopathies
muscle relaxants (neuromuscular blocking 

agents)  168
CD  344–5

obese women  615
lactating women  172
malignant hyperthermia susceptibility 

and  725
non-depolarizing  see non-depolarizing 

neuromuscular blockers
non-obstetric surgery in pregnancy  158
pharmacology  69
transplacental transfer  55

muscular dystrophies  730, 731
musculoskeletal system, maternal  45, 724–47

disorders  724–47
music in labour  208
Mustard (atrial switch) procedure  623–4
myasthenia gravis  718–19
mycophenolate mofetil in chronic kidney 

disease  698
myelomeningocele  100–2, 111–12
myoadenylate deaminase (MADA) 

deficiency  733
myocardium:

infarction (MI)  637, 638, 643–5
cocaine and  832

primary disease  see cardiomyopathies
myomata  196
myopathies  729–34

cardiac  see cardiomyopathies
myotonia (other than myotonic dystrophy)  737
myotonic dystrophy  734, 736

N
nalbuphine, labour  215
naloxone:

lactating women  172
pregnancy  169

National Audit Project (NAP) of the Royal 
College of Anaesthetists:

NAP3  238, 434, 546
NAP4  342, 393, 394
NAP5  344
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National Early Warning Score 
(NEWS)  478, 479

national government aid to developing 
countries  885–6

National Sentinel Caesarean Section Audit 
(UK)  297, 323

nausea and vomiting in neuraxial analgesia:
in CD  315, 371
in labour  236, 262
see also hyperemesis gravidarum

near-misses (maternal death)  473–4, 508
Mantel’s criteria  474
WHO definition  506

neck movements in difficult airway 
assessment  396

necrotizing fasciitis  545
nedocromil sodium  666
needle(s):

combined spinal–epidural anaesthesia 
in CD, needle-through-needle 
technique  310

epidural  see epidural needles
Kobak  277
spinal  see spinal needles

needs assessment in simulation  862–3
negligence  454–5

gross  455
Neisseria meningitidis  444
neonates (newborns)  117–43

acidosis after maternal ephedrine  846
assessment  128–30
birth  see birth
bleeding disorders and  782

haemophilias  783
immune thrombocytopenic purpura  789
intracranial haemorrhage and  781
von Willebrand disease  785

breastfeeding/lactation and drugs and  see 
breastfeeding

decision to delivery interval and its impact 
on outcomes for  298

diabetes impact  751, 754–5
genetics of maternal medication 

effects  846–8
infection transmission to  see vertical 

transmission
kidney disease drugs and their 

effects on  698
labour pain reduction effects on:

fentanyl  216
hydrotherapy  205–6
ketamine  211
morphine/diamorphine  215
nalbuphine/butorphanol/pentazocine   

215
nitrous oxide  210
NSAIDs  211
paracervical blocks  281
pethidine  213
remifentanil  219–20
tramadol  214

loss  see mortality
opioid withdrawal/abstinence 

effects  829, 846–7
pharmacology  72–6
physiology  117–18
resuscitation  see resuscitation
special considerations  134–41
team organization  124–5

neoplasms  see tumours

neostigmine in neuraxial labour 
analgesia  268–9

clonidine combined with  233, 270
in initiation of analgesia  270

combined spinal–epidural analgesia   234
epidural analgesia  233

in maintenance of analgesia  246
nephritis, lupus  675, 693, 696, 764
nephropathies  see kidney
nerve blocks (impulse conduction 

blocks; sensory blocks; neural 
blocks)  259–60, 278–86

in endotracheal intubation  409
in labour:

complete absence/unilateral/patchy 
block  291–2

differential (sensory–motor) block   
253–4, 255, 255–6

testing  see testing
postdural puncture headache treatment  427

nerve root (radicular) irritation, transient  448
nervous system:

autonomic  see autonomic nervous system
central  see central nervous system
fetal  64–5

Netherlands Assessment of Severe Maternal 
Morbidity  506

neural blocks  see nerve blocks
neural tube defects  713–14
neuraxial anaesthesia/analgesia/

blockade  227–77
aseptic technique  see aseptic technique
bleeding disorders and  781

haemophilias  783, 787
in CD  see caesarean delivery
CNS infection risk (in pre-existing local or 

systemic infection)  546
developing countries  893
dural puncture (inadvertent)  see dural 

puncture
in haemorrhaging patients  562–4
history  6–9

of complications  21
hypotension risk  see hypotension
in labour  227–77

adjuvant drugs  see adjuvant drugs
arrhythmias and  647
breakthrough pain  287–94
conversion from remifentanil 

infusion to  218
initiation/induction  227–43, 244–5
local anaesthetics  see local anaesthesia
maintenance  244–51
side effects  236–8, 262–4
test dose  see testing of block

multiple sclerosis and  709
musculoskeletal disorders:

achondroplasia  740–1
ankylosing spondylitis  739
Ehlers–Danlos syndrome  735–6
scoliosis  726–8

neurological complications  see neurological 
complications

non-obstetric surgery in pregnancy for 
maintenance  159

obesity and  see obesity
oocyte retrieval  152
substance abuse and:

alcohol  826
cocaine  832

testing of block  see testing
ultrasound  see ultrasound
see also epidural anaesthesia; spinal 

anaesthesia
neurofibromatosis  727
neurological complications/morbidity/

sequelae  434–53
neuraxial anaesthesia  21, 421, 422, 434–53

investigation and diagnosis  448–9
labour  238

in non-obstetric surgery and 
anaesthesia  160

preterm neonates  135
see also brain; central nervous system

neurological disease  703–23
scoliosis in  727

neuromuscular blocking agents  see muscle 
relaxants

neuropathy (peripheral)  715–18
alcoholic  826

neurosurgery  162, 703–4
brain tumour  711
cerebral aneurysm  706, 707

neurosyphilis  808
neurotoxicity of chlorhexidine  447
nevirapine  804, 805
newborns  see neonates
NEWS (National Early Warning 

Score)  478, 479
New York Heart Association classification of 

heart disease  637
nicardipine in hypertension  573
nifedipine:

as antihypertensive  573, 690
as tocolytic  524, 525

nil by mouth and neuraxial analgesia 
for CD  301

see also fasting times
nitric oxide (NO):

asthma and fraction of exhaled (FENO)  664
fetus and  61

nitrofurantoin:
lactating women  173
pregnancy  170

nitroimidazole antibiotics in pregnancy  170
nitrous oxide (and oxygen = Entonox® ) in 

pregnancy  168
CD  343–4

in inadequate neuraxial analgesia 
situations  332

history  11–12
labour  209–10

with volatile anaesthetics  210
teratogenicity in early pregnancy  159–60

NMDA receptor antagonist:
ketamine as  270, 892
magnesium as  272

nociceptors  202–3, 365
non-alcoholic fatty liver disease 

(NAFLD)  682, 683
non-depolarizing neuromuscular blockers/

muscle relaxants:
availability in developing countries  891
Guillain–Barré syndrome  715
myasthenia gravis  719
myopathies  730
obese women  615

non-opioid analgesics  268–73
adjuvant drugs in  233, 260, 268–73
labour  210–11, 268–73
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lactating women  76, 172
pharmacology  69–70, 268, 269, 270, 270–1, 

271, 272, 272–3
post-CD  366

non-pharmacological analgesia and anaesthesia:
history  9
labour  9, 204–9
oocyte retrieval  153

non-proteinuric hypertension  567
non-ST-elevation myocardial infarction  644
non-steroidal anti-inflammatory drugs 

(NSAIDs; COX-inhibitors)  169, 211
bleeding disorders and  787
COX-2 selective  see cyclooxygenase-2 

(COX-2) inhibitors
labour  211
lactating women  173
pharmacology  69
post-CD  375
as tocolytics  525

non-stress testing (=prelabour 
cardiotocography)  82, 87–94

nuclear antigens, antibodies in SLE to  764
nutritional management  see diet
nystatin in pregnancy  170

O
O, case of (enforced CD)  462
obesity and overweight  45, 607–20

anaesthetic management  611–13
death and  503
endotracheal intubation  614

difficult  398, 611, 613, 614, 615
extubation  615

neuraxial CD analgesia and  613–15
neuraxial labour analgesia and  612

breakthrough pain in  287–8
failure of  325

pharmacology  608–9
sepsis and  537
sonoanatomy  875

Obstetric Anaesthetists’ Association 
(OAA)  22, 887

UK Registry  508
Obstetric Committee of WFSA  887
Obstetric Surveillance System  see United 

Kingdom
obstructive nephropathy  692
occipital nerve blocks  427
occiput posterior position  192
oculopharyngeal muscular dystrophy  731
Odón device  194
oedema:

airway, difficult intubation in  397–8
pulmonary, in pre-eclampsia  578

oesophageal Doppler monitoring (cardiac 
output)  486, 487

oesophagogastric varices  683
oestrogens and placental function  53
official development assistance  

(ODA)  885
off-label use of remifentanil  232
oliguria in pre-eclampsia  575
omalizumab  666
1000 lives Plus campaign  487
onset:

neuraxial labour analgesia:
epidural vs combined spinal–epidural  235
various opioids  264, 265, 266, 267, 268

postdural puncture headache  422

oocyte (egg) retrieval/collection  150–1, 515
anaesthetic management  151–5

opioids  168–9, 211–20, 367–72
as adjuvants (added to analgesics) in 

neuraxial analgesia in CD  261, 
309, 326

as adjuvants (added to analgesics) in 
neuraxial analgesia in labour  254, 
260, 261–8

Germany compared with UK  261
mechanism of action  261–2

in CD  367–72
as adjuvants in neuraxial analgesia  261, 

309, 326
as induction agents  343
obese women  615, 616
postoperative,  see subheading below

illicit use  828–30
anaesthetic implications  821, 829–30

in labour  211–20
as adjuvants,  see subheading above
breakthrough pain and neuraxial labour  

analgesia and  290
in initiation of neuraxial labour analge-

sia  233, 234, 237
in maintenance of neuraxial labour 

analgesia  245
pharmacogenetics  257–8
systemic  211–20

lactating/breastfeeding women  75–6, 172
neonatal abstinence syndrome  829, 846–7
non-obstetric surgery in pregnancy for 

induction  158
oocyte retrieval  153
patient-controlled analgesia  see 

patient-controlled analgesia
pharmacology of neuraxial opioids 

(post-CD)  367
in postdural puncture headache:

prophylactic  425
therapeutic  426–7

postoperative, in CD:
neuraxial  367, 369–72, 616
obese women  616
systemic  373–4

pruritus with neuraxial opioids  236, 262, 
316, 371–2

receptors (and genes)  257, 261–2, 366
mu (OPMR1)  257, 261, 841–6

transplacental transfer  55, 212
see also specific opioids

OPRM1  257
oral glucose tolerance test  751
oral herpes  812
oral hypoglycaemic agents  753
organ dysfunction/failure  505

inclusion criteria of (from WHO ‘near-miss’ 
assessment of severe maternal 
morbidity)  506

in sepsis  489, 490
see also tissues

oropharyngeal airway  123–4
oseltamivir  670
osteochondrodystrophies  727
osteogenesis imperfecta  741–3
outreach (international)  885–93

critical care  484, 893
oval foramen (foramen ovale)  60

closure  61
ovarian hyperstimulation  149–50, 515

ovarian vein thrombosis/thrombophlebitis, 
postpartum  54

overweight  see obesity
OXTR (oxytocin receptor gene)  841, 842
oxygen:

concentrators, developing countries  892
fetal/neonatal provision and 

transport  59, 84
maternal:

amniotic fluid embolism and  600
arterial oxygen partial pressure in pregnancy  34

maternal, administration:
in general anaesthesia for CD  341
in sepsis  544

in resuscitation of fetus in CD  313–14
in resuscitation of newborn  120–1

preterms  136
saturation monitoring  see pulse oximetry
see also cyanosis; hypoxaemia; hypoxia

oxygenation in general anaesthesia  393
in failed intubation  411

oxytocin (Syntocinon)  182, 184
atonic postpartum haemorrhage  555, 642–3
CD  196, 553
heart disease and  642–3, 645
induction of labour  185
neurological disease and  704
placenta:

delivery (=third stage)  182, 196, 553, 644
manual removal  184
retention  183

receptor gene (OXTR)  841, 842
see also carbetocin

oxytocin receptor antagonists as tocolytics   525, 526

P
pacemakers  647
pain  201–26

fetal/neonatal, perception (and 
its assessment/effects/
management)  64–5, 112–13

maternal  201–26
anatomy and physiology  365–6
labour  see labour
low back  45
post-CD  see caesarean delivery
post-labour  380–9
postoperative, historical perspectives on 

management of  21–2
relief  see analgesia

spinal cord and  see spinal cord
palpitations  645
pancreas:

islet autoimmunity  762–3
transplantation of kidney and  695

paracervical block  278–82
paracetamol (acetaminophen)  311

maternal  168, 311
labour  211
lactating women  76
pharmacology  69, 69–70, 71, 75
post-CD  374–5

neonatal pharmacology  73
breastfeeding and  76

paramedian sagittal oblique plane 
(sonography)  871, 871–2

paramyotonia congenita  737
paraplegia  714–15
parasympathetic nervous system in 

pregnancy  32



index980

paravertebral block  283–4
parent(s), communication in neonatal 

resuscitation with  142
parenteral administration:

analgesia/anaesthesia, historical  5, 17–18
iron preparations  771–2
see also specific routes

part-task trainers  854–6
passenger (fetus) and passage (birth canal) in 

obstructed/prolonged labour  184
passive diffusion, placental  52

drugs  71
Patient At Risk score (PAR)  477, 478
patient-controlled analgesia (opioids)  212–13

bleeding disorders and  787
epidural  see patient-controlled epidural 

analgesia
morphine/diamorphine  215
nalbuphine/butorphanol/pentazocine  215
obese women  613
pethidine  214
post-CD  373

oral  376
remifentanil  217, 218, 219, 220
tramadol  214

patient-controlled epidural analgesia (opioids):
in labour in maintenance of 

analgesia  246–50, 263
post-CD  370

patient-controlled sedation for oocyte 
retrieval  153–4

pattern recognition in transverse median 
plane  872–3

peak expiratory flow rate (PEFR), 
asthma  662, 664

pelvic pain:
post-childbirth  380–1, 383, 383
ultrasound technology in control of  878

pelvis as cause of obstructed labour  184
see also cephalo-pelvic disproportion

penicillins:
lactating women  173
pregnancy  169
syphilis  808–9

Pentax airway scope®  400, 401
pentazocine, labour  215
peptide hormones and placental function  53
percutaneous coronary intervention 

(PCI)  644
perinatal period  see peripartum period
perineal pain after childbirth, persistent  381–2
perineal tears  182

see also transperineal pudendal block
peripartum/perinatal period:

cardiomyopathy (PPCM)  651, 652
H1N1 influenza outcomes  670–1
infection transmission in  see vertical 

transmission
musculoskeletal disorders:

achondroplasia  741
Ehlers–Danlos syndrome  735
myopathies  729, 732
osteogenesis imperfecta  742
rheumatoid arthritis  738
spondylolisthesis  726

pneumonia outcomes in  669
sickle cell disease and mortality in  775

peripheral chemoreceptors, fetal/neonatal  61
peripheral neuropathy  see neuropathy
peripheral pathways of pain  201–2

labour pain reduction and  205
personality disorder  797
personnel  see healthcare workers
pethidine (meperidine)  213–14, 267

labour  213–14, 265, 267
intramuscular, compared with paracervi-

cal block  279–80
lactating women  172
post-CD  368
pregnancy  169

pH:
blood–milk drug transfer and  173
placental pinocytosis and  52
see also acidity, gastrointestinal

phaeochromocytoma  44, 761–2
pharmacodynamics (PD)  69, 72, 73, 799

adjuvant analgesics  261
obese women  609

pharmacogenetics:
asthma therapy  661
opioid analgesics  257–8

pharmacokinetics (PK)  799
adjuvant analgesics  260–1
fetal/neonatal  68–77
maternal  68–77, 166–7, 799

lactating women  171–2
obese women  608–9

pharmacological agents  see drugs
pharmacology in obese women  608–9

see also pharmacodynamics; 
pharmacogenetics; pharmacokinetics 
and specific (types of) drugs

pharyngeal view in difficult airway 
assessment  396

phenothiazines, labour  211
phenylephrine:

pregnancy  170
spinal anaesthesia in CD  356–7

phosphodiesterase-5 inhibitors, Eisenmenger’s 
syndrome  629

phospho-fructokinase deficiency  732
phosphorylase deficiency  732
physical activity  see exercise
physiological scoring systems in ICU  475–7
physiology (baby):

at birth  see birth
fetal and neonatal  58–68

physiology (maternal)  31–46
anaesthetic consideration in non-obstetric 

surgery  157
in obesity  608–9
pharmacokinetics and  70
in pneumonia  668
pregnancy-related changes  31–46

cardiovascular system  32–4, 622, 637–8
renal system  687

PiCCOplus®  486
pinocytosis, placental  52
pituitary gland, maternal  44, 755–6

tumours  710, 755
placenta  48–57

abruption, CD  337–8
anatomy  50–1
delivery (=3rd stage of labour)  179, 

182, 182–4
active management  182
Ehlers–Danlos syndrome and  735
prolonged  182–4
routine management in CD  553
routine management in labour  553

development  49–50
grading  84–5
manual removal  see manual removal
perfusion  see uteroplacental perfusion
physiology  52–4

transport  see transplacental transport
retained, management  183–4

placenta accreta:
antenatal identification  553
delivery in  553

placental growth factor  66
renal disease and  694

placenta praevia:
antenatal identification  553
delivery in  553
neuraxial anaesthesia and  563–4

planning of airway management  399–404
anticipated difficult airway  405–6, 406–7
extubation  412
post-failed intubation/difficult airway  413–14

plasma:
milk/plasma ratio and drugs  171
protein binding  see protein-binding

plasminogen activator inhibitor (types 1 
and  2) 37

Plasmodium infection (malaria)  806–7
platelets:

number and function  38
see also thrombocytopenia

transfusion in immune thrombocytopenic 
purpura  788–9

pleural effusions, fetal  105, 109
pneumonia  668–9

sepsis risk  539–40
polio  717

post-polio syndrome  717, 727
polycystic kidney disease  697
polypeptide antibiotics in pregnancy  170
polysubstance abuse  819
Pompe disease  732
portal hypertension  683
positions and postures, maternal:

general anaesthesia  406
in CD  340, 614–15
difficult airways or failed intubation 

and  406, 408
for giving birth  181

on all fours  181
labour pain-reducing  204–5

neuraxial analgesia  229–30, 232
neuraxial analgesia in CD:

effects  305, 351, 359
obese women  614

neuraxial analgesia in labour and, and 
breakthrough pain  288, 292

neurological disease and  704
postdural puncture headache 

prevention  422
positive end expiratory pressure  121
posterior urethral valves  105, 108–9
postnatal/postpartum period (puerperium):

anaemia  772–3
anticoagulants in  594
bleeding disorders and  782

haemophilias  783
immune thrombocytopenic purpura  789
von Willebrand disease  785

critical care  483
haemorrhage:

atonic  555–6, 642–3
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bleeding disorders and  782
definition  551
heart disease and  642–3
immediate care  553
management  555–60
obese women  614
transfusion guidelines  560

heart disease in:
care in  643
haemorrhage and  643
kidney disease (chronic) in  692

HIV-positive patients  805
hypertension management  690

gestational hypertension follow-up  582
mental disorders  162, 797–8
in musculoskeletal disorders:

achondroplasia  741
Ehlers–Danlos syndrome  735
myopathies  730
osteogenesis imperfecta  743
scoliosis  729

ovarian vein thrombosis  54
pain (persisting) in  380–9
peripheral neuropathy  717–18
sepsis  535, 536

history  535, 536
sickle cell disease  776
thyroiditis  757

postoperative period:
CD  333

analgesia  345, 365–79
obese women  615–16

hypertensive disease management  577–8
non-obstetric surgery in pregnancy  159
pain management/analgesia  365–79

CD  345, 365–79, 615–16
genetics  845–6
historical perspectives  21–2
obese women  615–16

postpartum period  see postnatal/
postpartum period

post-polio syndrome  717, 727
post-traumatic stress disorder and CD  333
posture  see positions and postures
potency, relative:

epidural local anaesthetics  255
spinal local anaesthetics  255

power of attorney, lasting  458
powers in obstructed/prolonged labour  184
preconception/prepregnancy:

counselling/advice/care:
diabetes  750
Ehlers–Danlos type IV  737
haemolytic uraemic syndrome and com-

plement dysregulation  691
heart disease, acquired  637
heart disease, congenital  621–2
mental illness  800, 801
renal disease  693, 697, 699
sickle cell disease  775–6

hepatocellular adenomas detection  685
prednisolone in chronic kidney disease  698
pre-eclampsia  98, 358–9, 567, 568, 

689–90, 790
complications and specific 

treatment  578–81
counselling of long-term risks and lifelong 

maternal health  583
deaths (UK)  500
diabetes type I and  751

diagnosis  571–2
fetal effects  98
general anaesthesia in CD and  346
haematological features in severe cases  790
HELLP syndrome and, overlap 

between  580, 790
history (anaesthetist’s role)  21
HIV infection and  804
management/care  571, 689

antenatal  570, 572–3
intrapartum  574–6
postnatal  582–3
postoperative  577–8

microangiopathic haemolytic anaemia 
(MAHA) secondary to  789

neuraxial anaesthesia for operative delivery 
in  576–7

obesity and  610
pathogenesis  569–70
prevention  570–1
renal disease and  575–6, 578, 689–90, 692–3
severe  568–9
SLE compared  696
spinal anaesthesia in CD and  358–9
symptoms  572
thrombophilia and predisposition to  583
uterotonics  577

pregabalin, postdural puncture headache  427
pregnancy:

asthma affected by  662–3
asthma impact on  663–4, 666
cystic fibrosis affected by  659–60
cystic fibrosis affecting  660
drugs in  see drugs
early  see early pregnancy
ectopic  517–20
future, hypertensive disease and the 

risks in  583
heart disease (acquired) 

management in  642
aortic disease  650
aortic dissection  651
aortic regurgitation  655
aortic stenosis  653–4
arrhythmias  647
cardiomyopathies  652–3
ischaemic disease  645
mitral regurgitation  655
mitral stenosis  655

heart disease (congenital) management in:
Eisenmenger’s syndrome  629
Fontan procedure and  632
tetralogy of Fallot  628
transposition of great arteries  625–6

heart transplant patients  647–8
high-risk  see high-risk pregnancies
immune system  38–9, 536–7
influenza on  670
ischemic heart disease in  643–5
liver disorders during  678–80
liver disorders unrelated to  680–2
low-risk  see low-risk pregnancies
mental illness in:

biological management  799–801
epidemiology  793

non-obstetric surgery  157–65
physiological changes  see physiology
pneumonia impact on  669
renal disease affected by  692
renal disease affecting  692–4

rheumatoid arthritis affected by  763
rheumatoid arthritis affecting  763
substance abuse and its social 

implications in  815
systemic disease  605–838
teenage, legal issues  458
see also mother

Pregnancy Mortality Surveillance System 
(PMSS)  503

pregnancy-related death, definition  494
premature labour/delivery/birth  see preterm 

infants; preterm labour and delivery
premature rupture of the membranes 

(PROM)  186
preterm (PPROM)  186, 523, 524, 525

premedication, awake fibreoptic 
intubation  406

preoperative period:
asthma  666–7
cystic fibrosis  660
general anaesthesia for CD  301–2
multiple sclerosis in  7–9
neuraxial analgesia:

CD  301
labour  227–30

non-obstetric surgery  165
preoxygenation in general 

anaesthesia  404, 406
CD  341

obese women  614
prepregnancy  see preconception
prescribing in pregnancy  799
presentation (abnormal)  529–31

breech  195, 529–31
pressure points and maternal position for 

general anaesthesia in CD  340
preterminal trace (CTG)  91
preterm infants (premature birth)  134–7

borderline viability  137
cord clamping, delayed  128, 135, 182
thermal environment for  127

preterm labour and delivery (premature 
delivery)  523–7

aetiology  513–14
antenatal corticosteroids before  59, 135
antenatal magnesium sulphate 

before  59, 135
diagnosis  524–5
genetics  841–3
management  525–6
non-obstetric surgery and risk of  160–1
screening  106–7

preterm prelabour (preterm premature) 
rupture of membranes (PPROM)    
186, 523, 524, 525

primaquine  807
primary biliary cirrhosis  681–2
primary sclerosing cholangitis  681
procalcitonin and sepsis  542
professional(s)  see healthcare workers
professional organizations/associations/

societies  22, 887
progesterone and placental function  53
prolactinoma  755
propofol:

maternal  168
lactating women  172
pharmacology  71
transplacental transfer  54

neonatal pharmacokinetics  73
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propofol (Cont.)
oocyte retrieval  153

Proseal™ laryngeal mask airway in general 
anaesthesia  402

CD  342
prostacyclin analogues, Eisenmenger’s 

syndrome  629
prostaglandins, induction of labour  185, 186
protective function of placenta  53
protein-binding (in plasma) by drugs  68, 70

lactation and  171
obesity and  609

protein-losing enteropathy with Fontan 
procedure  632

proteinuria  572, 687
assessment  572
hypertension with  567
significant, definition  568

prothrombin time  777
in liver function assessment  677
prolonged  778

proton pump inhibitors and pulmonary 
aspiration prevention  403–4

neuraxial analgesia for CD  301
pruritus (itching), neuraxial opioids  236, 262, 

316, 371–2
pseudoephedrine in pregnancy  170
pseudoglandular period of lung 

development  58
psychiatric disease  see mental illness
psychological dimensions:

CD and its aftermath  333
miscarriage/stillbirth/abortion  798–9
pain:

effects of pain  204
experience of pain  203–4

psychosis, postpartum  797–8
psychosocial factors, persistent pain after 

childbirth  386
psychotherapeutic (psychotropic) 

drugs  799–800
non-medical use  817

psychotropic drugs  see psychotherapeutic 
drugs; substance abuse

Publication Committee of WFSA  887
publication and confidentiality  464
pudendal block  282–3
puerperium  see postnatal/postpartum period
pulmonary artery catheters in HDU  484–5
pulmonary embolism/thromboembolism  499, 

590–1, 593, 775
diagnosis  588–9
management  593

pulmonary hypertension:
amniotic fluid embolism and  599
congenital heart disease:

Eisenmenger’s syndrome  628, 629
transposition of great arteries  623, 624

pulmonary non-vascular tissue  see lung
pulmonary vasodilators in Eisenmenger’s 

syndrome  629
pulse co-oximetry  341, 487
pulse oximetry (oxygen saturation 

monitoring)  887–90
fetal  95
maternal, developing countries  887–90
neonatal  124

pyrexia (fever), maternal:
dexamethasone-induced  272
in sepsis  542

see also hyperpyrexia
pyridostigmine, myasthenia gravis  718

Q
QT interval prolongation  646–7
quadriplegia  714–15
quality care provision in early pregnancy  521
quinine  807
4-quinlones in pregnancy  170

R
race and maternal deaths  504
radiation exposure of fetus  161

venous thromboembolism investigation  591
Radical-7 Pulse co-oximetry  487
radicular irritation, transient  448
radiofrequency ablation of intrafetal vessels  107–8
radiography, chest  see chest X-ray
radiology (imaging):

brain tumours  710–11
interventional, placenta praevia/accreta  553, 559
liver  677

HELLP syndrome  581
spinal haematoma  439
thromboembolic disease:

deep venous thrombosis  589–90
pulmonary embolism  590–1

see also specific modalities
ranitidine and pulmonary aspiration prevention 

in neuraxial analgesia for CD  301
rapid sequence induction/intubation:

CD  337, 340
obese women  614

non-obstetric  158
rapid sequence spinal for category 1 CD  307
Rashkind atrial balloon septostomy  623
Rastelli procedure  624
REACTS (Recognition, Evaluation, 

Assessment, Critical Treatment and 
Stabilisation)  482

real-time ultrasound scanning  875
recognition (in critical care chain):

care bundle  488
recognizer role  480

record(s), medical  see medical records
recorder (role in critical illness chain)  480
recovery (postprocedural):

general anaesthesia with difficult 
airway  412–13

neuraxial anaesthesia for CD  317
rectal agents for labour analgesia, history  5
referral, antenatal  509
reflexes, cardiovascular:

fetal  61
maternal, in spinal anaesthesia in CD  353

reflux:
gastro-oesophageal  39
vesicoureteric  see vesicoureteric reflux

refusal to have CD  300
relative potency  see potency
relaxation in labour  208
remifentanil  217–20

history  13
labour  217–20
obese women in CD  615

patient-controlled analgesia  613
oocyte retrieval  153
transplacental transfer  55

REM sleep and neonatal breathing  60
renal...  see kidney

renin–angiotensin system, fetal  61
reproduction:

assisted  149–56, 515
toxicology and  166–7

see also teratogenicity
rescue cerclage  524
‘rescue’ treatment/technique:

failed intubation  411
respiratory distress syndrome  135–6

research, confidentiality issues  464
resources:

critical care  483
morbidity and mortality and  509

respiratory depression with neuraxial opioids:
labour  234, 237, 263–4
post-CD  371

respiratory distress syndrome (RDS)  135
respiratory drive (neonatal), inadequate  141
respiratory effort in Apgar score  129
respiratory failure (maternal)  488–9

Ehlers–Danlos syndrome  735
respiratory gases  see blood gases
respiratory support:

critical care  471, 472, 484, 488–9
preterms  135, 141
see also ventilation (supported)

respiratory system (fetal/neonatal)  58–60
monitoring of function in newborns  124
see also airways; lung

respiratory system (maternal):
disease/disorders/defects/problems  659–75

ankylosing spondylitis and  739
deaths relating to  506
Ehlers–Danlos syndrome and  735
myopathies and  729, 730
obese women  607–8
rheumatoid arthritis  737, 738
scoliosis and  728

normal physiological changes  34–7
see also airways; lung

response (in critical care chain):
care bundle  488
primary/secondary/tertiary responder  480

resuscitaire  120
resuscitation:

fetal, in CD  313–14
maternal:

in haemorrhage  553–4
in sepsis  544
simulation trainers  856

neonatal  130–43
communication in  141–2
congenital diaphragmatic hernia  138–9
equipment  120–4, 136
history  6, 9
non-responders to  141
preterms  136
procedures  140–3
record-keeping  142
stopping  134

retinopathy, diabetic  750
rhesus disease/isoimmunization  521

fetal therapy  105, 106
prevention  521

rheumatoid arthritis  737–9, 763
RIFLE classification of acute kidney 

injury  688
risk management (incl. assessment)  509

critical care  488
heart disease  637–8
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mental illness  801
pre-eclampsia  570

rocuronium in CD  344–5
failed intubation and role of  345
reversal  345

role play  853
ropivacaine  167

in CD neuraxial analgesia CD  308, 309
in labour:

EC50 and relative potency in epidural 
use  255

ED50 and relative potency in spinal use  255
initiation of neuraxial analgesia   

231–2, 234
maintenance of neuraxial analgesia  245

rotational elastometry (ROTEM® )  778–9
roxithromycin, lactating women  173
Rubin II manoeuvre  190
rule of thirds and asthma  662
Rusch balloon  529, 558
Russell’s circumplex model of affect  859

S
S (legal cases of enforced CD):

Re S [1992] 4 All ER  671 461
St George’s healthcare NHS Trust v [1998]  461

saccular period of lung development  58
sacrum, sonographic identification  871
Safe Childbirth Checklist (WHO)  886
SaFE study  858
Safe Surgery Saves Lives  886
safety issues:

asthma medications  666
influenza H1N1 vaccination  671
labour analgesia:

neuraxial techniques  21, 229
paracervical block  280–1
systemic opioids  217

malignant hyperthermia susceptibility and 
drug use  725

simulation and sources of danger  863
transfers to/from critical care  482
WHO safety promotion  886
see also Surgical Safety Checklist; toxicology

saline:
epidural:

postdural puncture headache prevention   
426

postdural puncture headache treatment   
428

intrathecal, and postdural puncture 
headache prevention  422

loss-of resistance to  288, 420
SAYGO (spray as you go)  409
SBAR (Situation, Background, Assessment and 

Recommendation)  141, 142, 487, 488
schizophrenia  796
scleroderma  763–4
sclerosing cholangitis, primary  681
scoliosis  726–9

sonoanatomy  875
Scotland, substance abuse  816

smoking  822
Scott, Bruce  14, 15, 17
Scottish Confidential Audit on Severe 

Maternal Morbidity (SCASMM)  20, 
474, 507–8, 551, 562

Scottish Core Teaching and Training in 
Emergencies (SCOTTIE)  482

screen-based simulators  856
screening (antenatal)  509

fetal:
chromosome anomalies  102, 103
congenital (structural) anomalies  102–5
for miscarriage and stillbirth  105

maternal disease  106–7
postnatal women for thrombophilia  583
preterm delivery  106–7
substance abuse  818–20

sedation:
endotracheal intubation  408–9
labour  210–11
oocyte retrieval  152–3

patient-controlled  153–4
seizures (fits)  704–5

differential diagnosis  705
eclamptic  578, 579
epileptic  704–5

selective reduction of pregnancy  105, 107–8
selective serotonin reuptake inhibitors 

(SSRIs)  799, 800
self-inflating bags, neonatal  121
Semmelweis, Ignaz  535
Senning (atrial switch) procedure  623–4
sensitization to pain  203

persistent pain after childbirth and  385
sensorimotor neuropathy, hereditary  716
sensory system:

blockade  see nerve blocks
fetal  64
labour pain reduction and  205

sepsis  489–90, 534–50
causes  538–40
clinical presentation  542
deaths  498–9, 534, 535, 536, 539, 540, 541, 

542, 544
definitions  535–6, 537
early recognition  543
history  534–5
management  542–5
risk factors  537–8
role of anaesthetist  545–6
sepsis six care bundle  488, 544
severe  490, 537, 544
timing of delivery  545

septic abortion  539
septic shock  490, 537, 544
septostomy, atrial balloon  623
sequential combined spinal–epidural 

anaesthesia for CD, low-dose  311
serological tests (antibody detection):

CMV  811
HIV  803
HSV  812
syphilis  807–8
toxoplasmosis  809–10

sevoflurane, oocyte retrieval  153
sexual dysfunction, postpartum  382
shock (maternal)  489

septic  490, 537, 544
shoulder dystocia  188–92
shunting (intracardiac), Eisenmenger’s 

syndrome  628
sickle cell disease  774, 775–6

malaria and  806
sepsis and  538

sildenafil, Eisenmenger’s syndrome  629
Simplified Acute Physiology Score (SAPS)  476
Simpson, James Young  3, 4, 6
Simpson Centre for Reproductive Health 

guidelines for postpartum 
transfusion  560

simulation  852–67
as assessment tool  861–2
delivery methods  858
history  852–3
key elements for success  863–4
in obstetric haemorrhage  564, 854, 855
as teaching tool  858–61
technology  853–8

single-shot extended release epidural 
morphine after CD  369–70

single-shot spinal analgesia:
CD, obese women  613–14
labour, initiation using  234–5

sinusoidal trace (CTG)  91
sitting position:

general anaesthesia  404
neuraxial analgesia:

CD  305
labour  232

skeletal dysplasia  739–40
skeletal muscle in myotonic dystrophy 

diagnosis  734
skills trainers  854–6
skin (integumentary system):

fetal  62
neonatal  62–3

colour in Apgar score  129
contact with mother (skin-to-skin)  94, 

95, 126
skin disinfection in neuraxial analgesia:

CD  303–4
labour  230

sleep and neonatal breathing  60
small-for-gestational age (SGA) and H1N1 

vaccination  671
smoking  822–4

anaesthetic implications  821, 824
asthma and  664
myocardial infarction and  643
pre-eclampsia and  569

smooth muscle, airway (ASM), asthma 
and  661, 662, 663

‘sniffing’ position, general anaesthesia  404
social implications of substance abuse in 

pregnancy  815
societies and associations (of 

anaesthesia)  22, 887
sociobehavioural factors affecting 

maternal morbidity in developing 
countries  884

sodium bicarbonate:
in neuraxial labour analgesia  272–3
in resuscitation  134

soluble FMS-like tyrosine kinase-1 (sFlt1)  569, 693
solvent abuse  827–8
sonography  see ultrasound
South Africa:

Audit of Severe Maternal Morbidity  508
Confidential Enquiry into Maternal 

Deaths  350, 497
SPAS (Simplified Acute Physiology Score)  476
specialists (obstetric anaesthesia) and epidural 

anaesthesia in CD  324–5
spina bifida  713–14, 727
spinal anaesthesia/analgesia (SA; intrathecal 

or subarachnoid anaesthesia/
analgesia)  234–6, 350–64

adjuvant (opioid and non-opioid) 
drugs  265–72, 353–4

in CD  306–7, 327–30, 350–64
continuous  312–13
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spinal anaesthesia/analgesia (SA; intrathecal 
or subarachnoid anaesthesia/analgesia) 
(Cont.)

high block risk  314, 316, 330, 353, 358
obese women  613–14
postoperative  367–9, 370–1

continuous  see continuous spinal 
anaesthesia

fetal heart rate effects  236
hemodynamic consequences  350–3
history:

near demise in UK (1950s–1970s)  13–15
resurgance in UK from 1980s  15–16
timeline  5–19
uptake and decline (1905–1948)  7

hypotension risk  see hypotension
in initiation of labour  234–5

choice of conventional epidural analgesia 
over  235

neurological complications  434–5
oocyte retrieval  152
opioid equivalent doses in labour  262
opioid receptor mu and labour analgesia 

using  844
paracervical block in labour compared 

with  279
postdural puncture headache  419–22

treatment  426
single-shot  see single-shot spinal analgesia

spinal column (spine):
pain relating to  724–9
ultrasound  see ultrasound
see also vertebra

spinal cord:
haematoma (SH)  435, 436–41, 449
ischaemic injury (in neuraxial blockade) 

to  442–3
pain pathways and  203, 365

descending  see descending pathways
tethering  714
traumatic injury  714–15

in neuraxial blockade  434–5
spinal–epidural anaesthesia combined  see 

combined spinal–epidural anaesthesia
spinal microcatheters for continuous spinal 

anaesthesia in CD  312–13
spinal needles:

in combined spinal–epidural anaesthesia for 
CD  310–11

headache following dural puncture  419–22
spinal surgery  see back
spine  see spinal column
spinocerebellar ataxia3  727
spiral artery invasion by trophoblast  see 

trophoblast
spiramycin  169

toxoplasmosis  810
spirometry in asthma  662
splenectomy, immune thrombocytopenic 

purpura  788
SPOILT (acronym in intrauterine 

resuscitation)  313–14
spondylitis, ankylosing  739
spondylolisthesis  725–6
spray as you go (SAYGO)  409
SSRIs (selective serotonin reuptake 

inhibitors)  799, 800
stabilization:

abdominal wall defects  140
congenital diaphragmatic hernia  139
preterms  136–7

staff  see healthcare workers; team
standard(s):

of care, trainees and  465
WFSA’s International Standards for the Safe 

Practice of Anaesthesia  887
standardized patients  853–4
Stanford classification of aortic dissection  649
STAN® (ST waveform analysis)  82, 95, 97–8

intrapartum  97–8, 187–8
State and Territory Maternal Mortality 

Committees/STMMC (Australia)  504
status asthmaticus  668
ST-elevation myocardial infarction 

(STEMI)  644
steroids  see corticosteroids
stillbirths:

psychological aspects  798–9
screening  105

stomach  39–40
acid  39–40

aspiration  see aspiration
delayed emptying in labour  204
minimizing contents during neuraxial 

analgesia for CD  301–2
see also oesophagogastric varices

streptococci:
group A (GAS), and sepsis  498, 534, 535, 

540, 544
“viridans” group  443–4, 445, 446

streptokinase  592
stroke:

ischaemic  708
pre-eclampsia risk of, and general 

anaesthesia  346
stroke volume (maternal)  486
ST wave analysis and CTG  see STAN®
subarachnoid anaesthesia  see spinal 

anaesthesia
subarachnoid haemorrhage  706
subdural haematoma, cranial 

(CSH)  441–2, 449
substance abuse  797, 815–37

anaesthetic implications  821–2
drug-specific issues  822–34
extent of problem  815–18
screening/assessment/treatment  818–22
social implications in pregnancy  815

succinylcholine (suxamethonium):
in CD  344–5

obese women  615
Guillain–Barré syndrome and  715
pharmacokinetics  69
transplacental transfer  55

suction, meconium  132
suction curettage of molar pregnancy  520
suction devices  123
sudden adult (cardiac) death  502, 647
sufentanil  168, 216, 266–7

labour  216, 266–7
neuraxial (epidural and spinal)  262, 

265, 266–7
transplacental transfer  55

sugammadex:
failed intubation and role of  345
rocuronium reversal with  345

suicide, maternal  502–3
sulfonylureas  731
sulphonamides:

lactating women  173
pregnancy  170

summative assessment  861

supervision of trainees  465
supine lateral position for neuraxial analgesia 

in CD  305
supportive care in thrombotic 

thrombocytopenic purpura  792
supraglottic airway devices (SADs)  394, 

402, 410–11
CD  453

suprapubic pressure  190
supraventricular tachycardia  646
Supreme™ LMA  402
surfactant, pulmonary  59, 135–6

neonatal administration  135, 137
surgery  157–65

bariatric  812–13
cardiac  642
congenital heart disease:

congenitally-corrected transposition of 
great arteries  625

history  621
tetralogy of Fallot  627–8
transposition of great arteries  623–5

ectopic pregnancy  519
fetal  see fetus
miscarriage  516
molar pregnancy  520
neurological  see neurosurgery
non-obstetric  157–65
phaeochromocytoma  761
postpartum haemorrhage  558–60
thyroid section  757
WHO on safety in  886

Surgical Safety Checklist  see Surgical 
Safety Checklist

see also postoperative period; preoperative 
period; recovery

Surgical Safety Checklist  886
for Maternity cases ONLY    

302, 303
surveillance:

fetal, in diabetes  753–4
maternal morbidity surveillance 

studies  507–8
see also monitoring

Surviving Sepsis Campaign  543
sustained-release epidural morphine  see 

extended-release epidural morphine
suxamethonium  see succinylcholine
sweeping the membranes  185
sympathetic nervous system:

maternal  32
blockade  283–4

neonatal  61
symphysiotomy, maternal  191, 192
syncytiotrophoblast  49
Syntocinon  see oxytocin
Syntometrine  see ergometrine
syphilis  807–9
syringomyelia  714, 727
systemic analgesia in labour  209–21
systemic disease  605–838
systemic inflammatory response 

syndrome  489, 490, 537, 562, 669
systemic lupus erythematosus (SLE)  691, 

696, 764–5
lupus nephritis  675, 693, 696, 764

systemic sclerosis  763–4
systemic toxicity in neuraxial anaesthesia 

block  21
systemic vascular resistance (SVR)  32, 33, 

622, 638
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T
T, case of (enforced CD)  461
TACE screening tool  820
tachycardia (increased heart rate):

fetal, ECG  91
maternal  646–7

in spinal anaesthesia for CD  351–2, 357–8
tacrolimus in chronic kidney disease  698
Tarui disease  732
T-cells, helper  see CD4+ T (helper) cells
teaching/training/education  465

confidentiality and  464
difficult intubation  398
haemorrhaging patients  564
morbidity and mortality and  509
outreach (in developing world) and  890
simulation  see simulation
ultrasound  873
see also learning

team (multidisciplinary/interdisciplinary 
team/workforce/staff - and its 
organization):

airway management (with difficult 
airway)  407

post-failed intubation/difficult airway  413-14
asthma  664
brain tumours  711
in critical care:

development  482
hypertensive disease and  575

fetal monitoring  160
neonatal care  124–5
obese women and  611–12, 616
scoliosis  729
thyroid storm  757
see also healthcare workers

technology, simulation  853–8
teenage pregnancy, legal issues  458
TEG®  see thromboelastography
temperature:

environmental (thermal environment), in 
neonatal care  124, 126–7, 135

of local anaesthetic solutions in epidural 
anaesthesia in CD  327

maternal:
modulation in labour pain reduction   205
neuraxial analgesia in CD and  305–6

regulation, fetal/neonatal  62
see also hyperpyrexia; pyrexia

TENS  see transcutaneous electrical 
stimulation

teratogenicity:
anaesthetics, and non-obstetric surgery in 

early pregnancy  159–60
chronic kidney disease drugs  698
psychotropic drugs  797

terbutaline as tocolytic  524, 525
terminal sac period of lung development  58
testing of block (incl. test dose) in neuraxial 

analgesia:
in CD  305
in labour  231

epinephrine  268
in operative delivery/CD (prior to 

delivery)  305, 328–9
tetracosactide  see cosyntropin
tetracyclines:

lactating women  173
pregnancy  169–70

tetralogy of Fallot  627–8

tetraplegia (quadriplegia)  714–15
thalassaemia  776–7

β-major  774–5, 777
thecal sac anatomy  868
T-helper cells  see CD4+ T (helper) cells
theophylline:

asthma  665
postdural puncture headache  427

thermal environment in neonatal care  124, 
126–7, 135

thermogenesis, neonatal  62
thiopental, maternal  168

lactating women  172
obese women, general anaesthesia 

for CD  615
transplacental transfer  54

Thomson disease  737
thoracic paravertebral block  283

see also chest
1000 lives Plus campaign  487
thrombin:

haemophilias and lack of  782
inhibitors  592

thrombin time  777
prolonged  778

thrombocytopenia (low platelets)  787–90
gestational/incidental  38, 439, 788
neuraxial analgesia and  439–40

in CD  300–1
see also HELLP syndrome

thrombocytopenic purpura:
idiopathic  439
immune  788–9
thrombotic  690–1, 790, 791

thromboelastography (TEG® )  778–9
postpartum  560–1

thromboelastometry (ROTEM® )  778–9
thromboembolism, venous (and 

thromboembolic disease)  587–96
deaths  498–9, 587, 588
diagnosis  588–9
management  591–4
obese women, post-CD  616
risk factors  587–8

Fontan procedure  632
see also deep venous thrombosis; pulmonary 

embolism
thrombolysis  592, 593

coronary disease  644
thrombophilia  588

postnatal screening of women  583
thrombophlebitis, postpartum ovarian 

vein  54
thromboplastin  see activated partial 

thromboplastin time
thromboprophylaxis:

eclampsia  578
post-neuraxial anaesthesia  441

in recovery from CD  317
renal disease and  698

thrombosis:
coronary  644
venous  see deep venous thrombosis; venous 

thromboembolism
thrombotic microangiopathy  690–1
thrombotic thrombocytopenic 

purpura  690–1, 790, 791
thyroid gland:

fetal:
dysfunction, screening  759

function  43
maternal  756–9

disorders  756–9
function  43–4, 756

thyroiditis:
Hashimoto’s  757–8
postpartum  757

thyroid-stimulating hormone  756
thyrotoxicosis (thyroid storm and thyrotoxic 

crisis)  44, 757, 758
thyroxine (T4)  756
tinzaparin  592, 593, 594
tissue(s):

damage in childbirth, persistent pain 
associated with  384

perfusion in sepsis  489, 490
see also organ dysfunction

tissue factor(TF)  37–8
T-lymphocyte helpers  see CD4+ T 

(helper) cells
tobacco smoking  see smoking
tocography  181

see also cardiotocography
tocolytics:

fetal resuscitation in CD and  314
preterm labour  525–6

tocophobia  797
tolbutamide  753
tolerance, illicit drug:

alcohol, in screening test  820
definition  816

tooth brushing, postdural puncture meningitis 
and bacteraemia and  444

topical anaesthesia for endotracheal 
intubation  409

top-ups of epidural in CD:
emergency CD  307–8, 309, 314, 325
epinephrine in  268

total cavopulmonary connection  630, 631
total intravenous anaesthesia in general 

anaesthesia for CD  343
toxicology (and adverse/side effects of drugs 

and drug-induced disorders):
antihypertensives  690
CD postoperative neuraxial analgesia  371–2
kidney disease drugs  698
labour analgesia:

neuraxial  236–8, 262–4
systemic  210–20

liver  682–3
psychotropic agents  799–800
reproductive and developmental  166–7

see also teratogenicity
tocolytics  525, 526
see also safety issues; substance abuse

toxoplasmosis  809–10
T-piece  121
trachea:

airway management  399
intubation  see endotracheal intubation

fetoscopic occlusion (FETO)  110
tracheostomy  412
training  see teaching and training
tramadol, maternal  169

labour  214
lactating women  172
patient-controlled analgesia  214
pharmacology  71
post-CD  374

tranexamic acid  780
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tranexamic acid (Cont.)
in bleeding disorders  780

haemophilias  782–3
von Willebrand disease  785

massive obstetric haemorrhage  564
transaminases (aminotransferases)  40, 676
transcutaneous electrical stimulation 

(TENS)  207
history  9

transfers to and from critical care  482, 484
transfusion (blood and blood products):

for haemorrhage  560–1
in immune thrombocytopenic 

purpura  788–9
in iron deficiency  772
in rhesus disease, intrauterine  106
in sickle cell disease, prophylactic  776
women refusing  562

transoesophageal echocardiography  642
in HDU  485–6

transperineal pudendal block  283
transplacental transport  52–3, 54

drugs  54–6, 70–2, 167
opioids  55, 212
sugammadex  345

transplantation:
heart  648
kidney  694–5

and pancreas  695
liver  684–5

transposition of great arteries  622–7
transthoracic echocardiography in 

HDU  485–6
transvaginal oocyte retrieval  151

anaesthetic management  154–5
transverse lie  531
transverse median plane 

(sonography)  871, 872–5
transversus abdominis block  372–3

post-CD  372–3
obese women  616

ultrasound technology  878
trauma (injury), maternal:

neurological complications  434–7
spinal cord  see spinal cord

non-obstetric, anaesthetic 
management  162–3

perineal (in delivery)  182
Treponema pallidum infection (syphilis)  807–9
tribromoethanol, rectal  5
trichloroethylene  210
tricuspid atresia  630
tricyclic antidepressants  800
triiodothyronine (T3)  756
trimethoprim in pregnancy  170
triptans in postdural puncture headache:

prophylactic  425
therapeutic  427

trophoblast  49
invasion (of spiral arteries)  49, 85

abnormal/excessive  49, 50
trophoblastic disease  520
Tropical Health and Educational Trust  890
tubal ectopic pregnancy  518, 519
tuberculosis and sepsis  541
tuberculostatics in pregnancy  170
Tuffier’s line  435–6
tumours:

adrenal  761–2
brain/CNS  710–11

pituitary  710, 755
hepatocellular  685

Tunstall, Michael E  11, 12
‘twilight sleep’  5
twin pregnancy  see multiple gestation

U
Uganda  891

Association of Anaesthetists of Great 
Britain and Ireland and  887

maternal morbidity factors  884
maternal mortality  882
neuraxial anaesthesia  893

UK  see United Kingdom
ultrasound (sonography), fetal  102

antiretroviral-treated patients  804
CMV infection  811
congenital structural anomalies, 

intrapartum  98
crown–rump length (CRL) measurement  59
diabetes  753
Doppler (prelabour)  85–7
early pregnancy  514, 515, 516
miscarriage  516

ultrasound (sonography), maternal  868–78
cost  878
deep venous thrombosis  589
guidance of procedures by  875–8

epidural needle insertion  see epidural 
needles

liver  677
acute fatty liver of pregnancy  581

spinal (in neuraxial 
blockade)  436–7, 868–75

assessment of lumbar spine  870–1
preparation for scanning  871–5
variant sonoanatomy  875

see also Doppler studies; echocardiography
umbilical cord:

bipolar coagulation  107, 108
delayed clamping  127–8, 182

preterms  127–8, 135, 182
umbilical vessels  60

closure  61–2
Doppler monitoring of umbilical 

artery  85–6
umbilical venous catheterization  132

United Kingdom (UK):
aid to developing countries  885–6
anaesthesia-related mortalities  350
maternal deaths, definition  494–5

see also Confidential Enquiries into 
Maternal Deaths

National Sentinel Caesarean Section 
Audit  297, 323

neuraxial opioid adjuvant use  261
Obstetric Surveillance System 

(UKOSS)  21, 508
HELLP syndrome and  579–80

spinal anaesthesia history:
near demise in UK (1950s–1970s)  13–15
resurgance from 1980s  15–16

substance abuse  815, 816, 818, 820, 822, 832
United States (US):

maternal mortality data  350, 503–4
smoking rates  822
substance abuse  815, 817, 819, 820, 822, 823, 

826, 827, 829, 831, 832
ureters  41–2
urethral valves, posterior  105, 108–9

urinary tract/system (fetal), obstruction  108–9
urinary tract/system (maternal)  41–2

infection  691–2
preterm labour and delivery risk  523
sepsis risk  539

urine:
dipstick tests for illicit drugs  820
output in acute kidney injury  688
retention with neuraxial opioids:

labour  262
post-CD  372

USA  see United States
USCOM®  486
uterine artery:

Doppler  85
in chronic renal disease  694

embolization  559
vasoconstriction  51

uterine venous pressure, increased, affecting 
uteroplacental perfusion  51

uteroplacental perfusion  49–57
anatomy  51
causes of decreases in  51
embryology  49–50
fetal hypoxia relating to  81
regulation and measurement  51–2

uterotonics:
3rd stage of labour  182
amniotic fluid embolism and  601
pre-eclampsia and  577

uterus (gravid/in pregnancy)  42
blood flow  42
in CD:

closure  197
maintaining tone  344
opening  195–7
rupture  198

contractions  81
in antenatal (prelabour) monitoring  92–3, 94
fetal effects of  63
inadequate/insufficient  184
in intrapartum monitoring  95
monitoring  181
see also tocolytics; uterotonics

didelphic  196
displacement  33
evacuation in molar pregnancy  520
intubation difficulties relating to  398
labour pain relating to  202
myotonic dystrophy affecting  736
paracervical block effects on activity of  282
see also hysterectomy; hysterotomy

V
vaccination, H�1N1 influenza  670–1
VACTERL syndrome  727
vacuum extraction  192–4
vagina:

labour pain relating to  202
oocyte retrieval via  see transvaginal oocyte 

retrieval
vaginal delivery  179–294

airway changes during  36–7
airway management (with difficult 

airway)  406
assessment after  128–30
bleeding disorders and  781

haemophilias  783
von Willebrand disease  785

brain tumours and  713
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breech presentation  530–1
diabetes and  754
heart disease (acquired maternal) and  642

aortic stenosis  653–4
cardiomyopathies  652–3
ischaemic disease  645
mitral stenosis  655

heart disease (congenital maternal) and:
tetralogy of Fallot  628
transposition of great arteries  626–7

instrumental  see instrumental delivery
multiple pregnancy  528
obstructed  184–5
pain following, persistent  380–9
preterm  see preterm labour and delivery
in previous caesarean section  198
renal disease  697
respiratory disorders:

asthma  667
cystic fibrosis  661

sickle cell disease  776
vaginosis, bacterial  523
valence response  859
valproate as mood-stabilizer  800
valves (heart), disease  653–6
vancomycin, lactating women  173
varices, oesophagogastric  683
vascular access  see intravenous route
vascular Ehlers–Danlos (type IV ED)  649, 

650, 737
vascular endothelial growth factors (VEGFs):

asthma and VEGFR receptor-1  661
hypertensive disease and  569

vascular resistance, systemic (SVR)  32, 33, 
622, 638

vasoconstrictors/vasopressors:
in CD:

genetics  846
spinal anaesthesia and  355–8

cerebral, in postdural puncture headache 
prevention  425

epinephrine as adjunct  173
vasodilators in Eisenmenger’s syndrome, 

pulmonary  629
vasopressin  see desmopressin
vasopressors  see vasoconstrictors
vecuronium:

pharmacokinetics  69
placental transfer  55

VEGF  see vascular endothelial growth factors
velocardiofacial syndrome  727
vena cava, inferior (IVC):

compression  see aortocaval compression
filter  593–4

Venner AP Advance®  401, 402
Venofer®  773
venography in deep venous thrombosis  589

CT scan  589–90
venous access  see intravenous route
venous pressure monitoring, central  484, 642
venous thromboembolism (VTE)  317

bleeding disorder therapy and risk  of  782
hepatic vein thrombosis  682
ovarian vein thrombosis (postpartum)  54
risk in recovery following neuraxial 

anaesthesia for CD  317

ventilation (physiological), maternal  34
see also hypoventilation syndrome

ventilation (supported/assisted):
maternal:

in amniotic fluid embolism  600
in general anaesthesia  393

neonatal  119–20
preterms  135

see also respiratory support
ventilation breaths for neonates  132
ventilation/perfusion (V/Q) scan, pulmonary 

embolism  590–1
ventouse (vacuum) extraction  192–4
ventricular hypertrophy, right, in tetralogy of 

Fallot  627
ventricular outflow tract obstruction:

left  632
in hypertrophic cardiomyopathy  653

right  627
as arterial switch procedure complica-

tion   625
tetralogy of Fallot  627

ventricular output, right  83
ventricular tachycardia  646–7
ventriculoarterial concordance  622
ventriculoperitoneal shunts  713
verbal rating score of pain in paracervical 

block  280
verbal role play  853
vernix caseosa  62
vertebra:

anatomy  see anatomy
congenital anomalies  727
fractures in ankylosing spondylitis  739
interspace identification in neuraxial 

analgesia for CD  304
see also spinal column

vertical transmission (mother-to-child/
congenital):

cytomegalovirus  810, 811
hepatitis B  681
hepatitis C  681
herpes simplex virus  812
HIV  803, 805
syphilis  808
toxoplasmosis  809, 810

vesico-amniotic shunting  108
vesicoureteric reflux  692

nephropathy due to  697
videolaryngoscope in general 

anaesthesia  402–5
for CD  343
optimal use  405

VilleFranche classification of Ehlers–Danlos 
syndrome  734

violin plot  329
viral infections  803–5, 810–12

liver  680–1
viridans streptococci  443–4, 445, 446
virtual reality devices  856
visceral origin, pelvic pain (following 

childbirth) of  380, 381
visual analogue scale in labour:

neuraxial analgesia:
epidural compared with combined 

spinal–epidural  235

fentanyl  266
paracervical block  280

vitamin B12 deficiency  774
vitamin D and sepsis  537
vitamin K antagonists  591
volatile agents  210

in CD  343–4
in labour  210
minimum alveolar concentration  31
oocyte retrieval  153
see also inhalation anaesthesia

volume considerations:
epidural space volume expansion  see 

epidural space
local anaesthetics  254

intrathecal space  257
voluntariness  460–1
vomiting  see hyperemesis gravidarum; nausea 

and vomiting
von Willebrand disease (VWD)  783–5
von Willebrand factor (VWF)  783–5
von Willebrand factor-cleaving protein  see 

ADAMTS13

W
Wales, substance abuse  815, 816
warfarin  591, 594

prosthetic heart valves  656
warmth provision, neonatal  120, 126, 127, 130
water (total body), fetal/neonatal  63
weight:

excessive  see obesity
pre-pregnancy body mass index and 

recommendations for gain in  608
WHO  see World Health Organization
Wilson’s disease  682–3
Woods’ screw manoeuvre  190
Woolley and Roe case  14
workforce  see team
World Federation of Societies of 

Anaesthesiologists  887
World Health Organization (WHO)  886

body mass index classification  607, 608
cardiovascular disease risk assessment 

criteria  637–8, 639
maternal mortality and  880
near-miss definition  506
outreach and  886
puerperal sepsis definition  535, 537
safety in healthcare  886

Surgical Safety Checklist  see Surgical 
Safety Checklist

wound infiltration with local anaesthetics 
after CD  373

X
X-linked muscular dystrophy  730, 731
X-ray (chest), pulmonary embolism  590

Z
zafirlukast  665
zanamivir  670
Zavanelli’s manoeuvre  191, 192
zidovudine  804, 805
zileuton  665

zoonotic transmission, toxoplasmosis  809
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