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PREFACE

This text:

e [s aimed primarily at trainees in Anaesthesia though more experienced
practitioners may find it useful as a refresher in recent concepts and
advances. A basic knowledge of physiology, pharmacology and anaes-
thesia is assumed.

e May be a useful ‘aide memoire’ for the FR CA and other examinations in
anaesthesia.

e Aims to provide practical information on the management of high-risk
patients presenting for surgery as well as sufficient background informa-
tion to enable understanding of the principles and rationale behind
their anaesthetic and perioperative management. We hope it will prove
useful but we would emphasise that this, or any other book, is no
substitute for experienced supervision, support and training.

e Is not a substitute for the major anaesthetic texts but concentrates on
principles of management of the most challenging anaesthetic cases.

e Aims to provide guidance to help manage these patients in the peri-
operative period in line with modern concepts of critical care ‘outreach’
and the potential role of the anaesthetist as perioperative physician.

e Emphasises cardiovascular risk, cardiac disease and cardiac management
as these are undoubtedly the most important aspects of perioperative
anaesthetic risk.

e The choice of topics is, by nature of the size of text intended, selective
but should appeal and be useful to the majority of practitioners. Important
information not readily available in similar texts, e.g. a summary of all
confidential enquiry into perioperative deaths (CEPOD) reports, peri-
operative renal failure, the role of the cardiology consult and indications
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PREFACE

for admission to high dependency unit (HDU) and intensive care unit
(ICU) are included.

e The format is designed to provide easy access to information presented
in a concise manner. We have tried to eliminate all superfluous mate-
rial. Selected important or controversial references are presented as well
as suggestions for Further reading. The style of the chapters vary. This
is deliberate. Some relate more to basic principles, physiology, pharma-
cology, etc. — bookwork. Others are more practical in nature, discussing
the principles of anaesthetic techniques for certain high-risk situations.

e The authors are all experienced practitioners working in a large, busy
DGH with a high proportion of sick, elderly patients presenting for
both elective and emergency surgery. The authors are committed to
providing a high level of perioperative care of patients undergoing
anaesthesia. We make no apologies for repetition of important principles
and facts.

I McConachie

Blackpool
2001
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EPIDEMIOLOGY AND IDENTIFICATION
OF THE HIGH-RISK SURGICAL
PATIENT

Patients that present for surgery may be at increased clinical risk for a variety of
reasons. These reasons can be broadly divided into the following categories.

Availability of appropriately experienced staff

The confidential enquiry into peri-operative deaths (CEPOD) has identified the
importance of training and adequate experience for medical staff. Training and,
therefore, competence is an issue:

e ‘Board-certified’ trauma surgeons improve outcome following major

trauma. 1

e Trained specialists improve the outcome of septic shock in intensive
care unit (ICU).?

Clinical volume for surgeons may be important:

e Studies have looked at both hospital volume and individual surgeons
volume. Both may be important (with some evidence that ‘high
volume’ hospital may compensate up to a point for ‘low volume’
surgeons).’

e Several studies have looked at bowel cancer surgery. There are signifi-
cant differences in outcome between surgeons for colon cancer surgery.
It has been suggested that such surgery should only be undertaken by
specialist surgeons. One may assume that volume would be a factor in
this and studies support this.

e However, one must be wary of uncritically accepting this — there are
differences in surgical practice between the US and UK surgeons.
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For example, in a paper showing importance of volume in colorectal
surgery,® low volume was five or less cases in a year. High volume was
>10 cases a year (and these surgeons were in a minority). Few UK
general surgeons would, therefore, not fall in the high volume group —
with some performing that many in a month.

As regards, the anaesthetist, there have been few studies which have effectively
come down to assessing the role of the competence of the anaesthetist on risk and
outcome.

®  One study of patients undergoing coronary artery surgery found that
the only non-patient related factors influencing outcome were cardiac
bypass time and the anaesthetist.*

One can expect more such studies in the future.

Timing of surgery

CEPOD has confirmed that surgery performed at night, when staft are more
likely to be fatigued, is more hazardous and contributes to increased mortality.”

Availability of equipment

It is clear how the absence of basic equipment (e.g. capnography or pulse oxi-
metry) might contribute to increased risk.

Patient factors

Many of these (see below) may be beyond the control or influence of the clin-
icians but may still be associated with increased risk or worse outcome.

Gender

The influence of gender on cardiovascular risk is discussed below. Some studies
have investigated the role of gender in peri-operative risk and surgical risk and
outcome:

e Females have significantly better outcomes including mortality and
6

recurrence rates from melanomas.

e The incidence of septic shock requiring intensive care is significantly
less in females.” No differences in outcome, however, were demon-
strated.

e Aligned with this is the observation that males have a higher incidence

of infection following trauma.®
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e Females have a worse outcome from IPPV but this was less important in
predicting outcome than age, APACHE scores or presence of ARDS.’

e Females have a worse outcome following vascular surgery.™”

Although gender may influence risks and outcome, this must be put into perspec-
tive and 1s only believed to be a minor risk factor overall. Vascular surgery may be
an exception in that several studies suggest gender to be an important risk factor.

Age

Discussed as a cardiovascular risk factor below and also in the chapter on the
elderly patient.

Race

The influence of a patient’s race on risk and outcome is poorly understood and is
a very sensitive issue — not least because of concerns that any such diftferences may
reflect prejudice or access to health care. Difterences in ethnic incidence and drug
responses in hypertension have long been recognised. A few studies have examined
race as a factor in surgical and peri-operative risk and outcome:

® Prostate cancer may be intrinsically more aggressive with a worse out-
come in North American negroes.'!

s . 2
e There are similar results for endometrial cancer.'?

Race has not been identified as an anaesthetic risk factor.

Genetic predisposition

The understanding of genetic predispositions to risk of sepsis and cardiac progno-
sis 1s still in its infancy. No work has been done on surgical outcomes but a genetic
predisposition to high levels of angiotensin converting enzyme is associated with
reduced survival following diagnosis of cardiac failure.'® This may have implica-
tions for cardiac reserve and response to physiological stress peri-operatively. It is
also very likely that the inflammatory response and response to infection is, in part,
genetically predetermined.

Clinical conditions

There are numerous examples of high profile clinical conditions that readily pre-
dict high peri-operative risk:

e Jeaking abdominal aortic aneurysm,
e an unstarved patient with difficult intubation for emergency surgery,

e the emergency obstetric patient for caesarean section,
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e fractured neck of femur,
e myopathic conditions,

e malignant hyperthermia,
e hereditary mastocystosis,
e latex allergy.

Many of these conditions are rare and would account for a small fraction of peri-
operative deaths whilst others represent conditions that predispose to increased
mortality for multifactorial reasons.

The majority of this chapter discusses cardiovascular disease as the most important
factor in risk.

THE SIGNIFICANCE OF CARDIOVASCULAR DISEASE

There are currently two main theories as to how cardiac disease might contribute
to peri-operative mortality in the surgical patient:

¢ Myocardial ischaemia: Tachycardia and increased myocardial oxygen
demand increases shear stress on atherosclerotic plaques, which leads to
plaque rupture, coronary thrombosis and myocardial infarction (MI).

¢ Poor cardiopulmonary physiological reserve: The physiological
reserve of the heart and lungs is insufficient to meet the increased
demands of surgery. In physiological terms, oxygen delivery does not
fulfil oxygen consumption requirements. End-organ ischaemia results
in multi-organ dysfunction syndrome (MODS) and death.

Interestingly, with respect to this second hypothesis, it has recently been shown
that a pre-operative intramucosal gastric pH of <7.35 predicted increased mor-
tality.'* pH; is a marker of blood supply to the stomach, and low values are thought
to reflect inadequate oxygen delivery to the gut.

The second hypothesis also explains the importance of adequate pulmonary reserve
and the contribution of pulmonary disease to surgical mortality in the peri-
operative period. Pulmonary risk stratification is discussed in the next chapter.

RISK STRATIFICATION

The grading of patients into incremental levels of risk is known as risk stratifica-
tion. There are a number of reasons why it is useful to identify who is at high risk:

e to identify those suitable for coronary revascularisation (either bypass
grafting or angioplasty),
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¢ to identify who would benefit from other peri-operative risk-reduction
strategies.

Both strategies are likely to have major resource implications, however, the latter
is increasingly being recognised as that most likely to improve outcome.!®

CLINICAL FACTORS ASSOCIATED WITH INCREASED
CARDIAC RISK

Advanced age (see also Chapter 7)
e Elderly patients have shorter life expectancy.
e Elderly patients have higher rates of treatment-related risks.
e Age increases the likelihood of coronary artery disease (CAD).
e The mortality of acute MI increases dramatically in the aged.
e Intra-operative or peri-operative MI has a higher mortality in the aged.

e CEPOD data shows for deaths within 30 days of surgery the peak age
is 70—74 for males and 80—84 for females.

e In some elderly patients the risks of surgery may come close to risks of
doing nothing.

Gender

® Premenopausal women have a lower incidence of CAD.

e CAD occurs 10 or more years later in women than in men.'®

¢ Diabetic women have an increased risk, which is equivalent to men of
the same age.

e The mortality rate following acute MI is greater for women than for
men, but older age and diabetes mellitus account for much of this

difference.!”

Coronary artery disease

e A previous history of acute MI, bypass grafting, coronary angioplasty, or
coronary angiography demonstrating coronary stenosis are all obvious
indicators of ongoing CAD.

e DPatients with a prior history of MI have an increased risk of peri-
operative MI that is graded according to the time interval since their
infarction (table 1.1).'®

e The difficulty arises in identifying those patients with occult CAD.
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Table 1.1 - Peri-operative infarction rates following a recent MI."®

Time since Ml Rate of new infarct (%)
> 6 months 5
Between 3 and 6 months 15
< 6 months 37

In some patients symptoms may not occur due to functional limitation
by arthritis or peripheral vascular disease.

It is these patients that may benefit from non-invasive testing to determine:

Non-invasive testing should not be performed in patients unsuitable for myocar-

the amount of myocardium critically perfused,
the amount of stress required to produce ischaemia (ischaemic threshold),

the ventricular function.

dial revascularisation.

In those patients where the risk of coronary revascularisation is greater
than the risk of non-cardiac surgery, the issue is whether to proceed
with non-cardiac surgery anyway.

Hypertension

Moderate hypertension is not an independent risk factor for peri-
operative cardiovascular complications. There is thus, no need to delay
surgery for mild or moderate hypertension with no associated meta-
bolic or cardiovascular abnormalities.'”

However, as hypertension is associated with ischaemic heart disease, it
should raise the index of suspicion.

Poorly controlled hypertension can cause exaggerated intra-operative
blood pressure variation and electrocardiograph (ECG) evidence of
myocardial ischaemia, which has been shown to be a factor in post-
operative cardiac morbidity.

Effective pre-operative blood pressure control has been shown to
reduce the incidence of peri-operative ischaemia so all antihyper-
tensive medications should be continued during the peri-operative
period.!7-?"

Severe hypertension (diastolic >110mmHg) should be controlled
before surgery when possible.
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e Any decision to delay surgery for hypertension should balance the
urgency of surgery against the potential benefit of aggressive medical
optimisation.

e Ifurgent surgery is essential, intravenous (3 blockade can rapidly achieve
effective control and reduce the number and duration of peri-operative
coronary ischaemic episodes.

Congestive heart failure

e Congestive heart failure (CHF) has been identified in numerous stud-
ies as a predictor of a poor outcome in non-cardiac surgery.

e Validated predictive clinical signs include the presence of a third heart
sound, and bibasal crackles.

e In Goldman’s study,! the presence of a third heart sound or signs of
CHF were associated with a substantially increased risk during non-
cardiac surgery.

e Consideration of the aetiology of heart failure is particularly important;
heart failure of ischaemic origin carries a greater significance and risk
than that caused by hypertension.!?

Valvular heart disease
With all murmurs one needs to determine:
e if the murmur is organic or simply a flow murmur,
e if the murmur is significant,
e whether endocarditis prophylaxis is required,
e the severity of the valvular lesion,

e if an echo is indicated.

Symptomatic stenotic lesions

e Symptomatic stenotic lesions are associated with severe peri-operative
CHEF or shock and normally require percutaneous valvotomy or valve
replacement prior to surgery to reduce cardiac risk.

e Severe aortic stenosis poses the greatest risk and elective non-cardiac
surgery should generally be postponed until fully assessed.?!

e Mitral stenosis, although rare, increases the risk of CHF and balloon
valvuloplasty or open repair may reduce peri-operative risk.*?



ANAESTHESIA FOR THE HIGH RISK PATIENT

Mild or moderate stenosis requires careful avoidance of tachycardia to
minimise the reduction in diastolic filling time that can precipitate
severe pulmonary congestion.

Symptomatic regurgitant valve disease

Symptomatic regurgitant valve disease is usually better tolerated peri-
operatively and may be stabilised pre-operatively with intensive medical
therapy and monitoring.

Usually treated definitively with valve repair or replacement either after
or at the same time as non-cardiac surgery if left ventricular (LV) func-
tion is adequate.

Aortic regurgitation requires attention to volume control and afterload
reduction.

In severe aortic regurgitation slow heart rates increase the volume of
regurgitation by increasing the amount of time in diastole.

Moderate tachycardia is preferred as faster heart rates reduce diastole
and, therefore, reduces the time for regurgitation.

Arrhythmias and conduction abnormalities

Although both supraventricular and ventricular arrhythmias have been
identified as independent risk factors for coronary events in the peri-

i iod,?! th bably signifi b h flect th
operative period,” they are probably significant because they reflect the
presence of underlying serious cardiopulmonary disease, drug toxicity,
or metabolic abnormality.

Diabetes mellitus

Diabetes mellitus increases both the likelihood and extent of CAD.

Myocardial ischaemia and MI are more likely to be silent with diabetes

mellitus.?

Peripheral vascular disease and cerebrovascular disease

These conditions confer an increased risk for cardiac complications,
since many of the risk factors contributing to peripheral vascular
disease (diabetes mellitus, smoking, hyperlipidemia) are also risk factors
for CAD.

As mentioned above, symptoms suggestive of CAD may be masked by
exercise limitations.
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e The presence of peripheral vascular disease is more important as a
predictor of cardiac events than the actual vascular operation to be
performed.!

SCORING SYSTEMS

Scoring systems are usually derived from the statistical analysis of large population
groups where certain factors predictive of increased risk are identified and
weighted according to their individual significance.

The ideal scoring system for predicting clinical risk would be:
e simple to use,
® highly sensitive,
e highly specific,
e high positive predictive value,
e cheap without requiring use of expensive resources or tests.

There are numerous scoring systems that have been published over the years, the
most important of these include:

e American Society of Anesthesiologists ‘ASA” Status,**
e  Goldman’s Cardiac Risk Index,!

e Detsky’s Modified Cardiac Risk Index,?

e Lee’s Revised Cardiac Risk Index.?

American Society of Anesthesiologists 'ASA" Status

This classification of physical status was originally introduced in 1941 with seven
classes, but was revised to its final form of just five classes in 1963%* (table 1.2). The
main points to note regarding ASA status include:

e it stratifies patients by simple assessment of physical status,

® 1o expensive tests or clinical resources required,

e there can be considerable observer variability of patients’ physical status.
Important factors not taken into account include:

e age —some workers add an extra grade on for age > 75 years,

e complexity of operation,

e duration of operation,

e whether the disease process is incidental or factorial in current illness.
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Table 1.2 - American Association of Anesthesiologists 'ASA’ Status and mortality ranges for
each class.?*

ASA class Definition Mortality (%)

| Healthy 0-0.3

Il Mild systemic disease with no functional limitation 0.3-1.4

1l Severe systemic disease with functional limitation 1.8-5.4

\% Severe systemic disease - constant threat to life 7.8-25.9
Moribund patient unlikely to survive 24 h with or without operation 9.4-57.8

E Suffix added to denote emergency operation

Wolters et al.?” recently investigated whether the ASA classification and the pres-
ence of peri-operative risk factors could be used as a predictive tool either for out-
come or post-operative complications; factors shown to correlate with increasing

class of ASA included:
® intra-operative blood loss,
e duration of operation,
e duration of post-operative ventilation,
® post-operative wound and urinary tract infections,
e length of ICU stay and hospital stay,
e rates of pulmonary and cardiac complications,
e in-hospital mortality.

The variables found to be most important for predicting complications were a
high ASA class, having a major operation, and having an emergency operation.

Many retrospective studies and a couple of prospective studies have demonstrated
a correlation between ASA and peri-operative mortality and justifies the use of
ASA classification as a crude predictor of patient outcome.

Goldman's Cardiac Risk Index

This landmark paper was published in the NEJM 1977,%! and is a well-known
method for stratifying risk (table 1.3).

Its limitations are few but include:

® The index overestimated the incidence of cardiac morbidity in Class IV
patients undergoing non-cardiac surgery.

e The index underestimated risk in Class I and II patients undergoing
aortic surgery.

e The study group included elective non-emergent cases only.



EPIDEMIOLOGY AND IDENTIFICATION OF THE HIGH-RISK SURGICAL PATIENT

Table 1.3 - Goldman's Cardiac Risk Index.?'

Criteria Points
History Age >70 5
Ml in previous 6 months 10
Examination S3 gallop or jugular venous distension n
Important valvular aortic stenosis 3
ECG Rhythm other than sinus or PACs 7
> 5PVCs/min at any time before operation 7
General status pO, < 60 or pCO, > 50 mmHg 3
K < 3.0 or HCO; < 20 mmol/l
Urea > 18 mmol/l or Cr > 240 umol
Abnormal AST (SGOT)
Signs of chronic liver disease
Patient bedridden from non-cardiac causes
Operation Intraperitoneal, intrathoracic, or aortic 3
emergency 4
Total possible points 53
Group Score Life-threatening Deaths (%)
complications (%)
| 0-5 0.7 0.2
I 6-12 5 1.5
1l 13-25 N 2.3
\% 26-53 22 56

Subsequently a number of authors attempted to improve upon the original
Goldman’s Cardiac Risk Index. In 1986 Detsky et al., published the Modified
Cardiac Risk Index® in which a number of other clinical conditions were
incorporated:

e Canadian cardiovascular society angina Classes III and IV,
¢ unstable angina,
e history of pulmonary oedema.

Since then other authors have suggested the addition of coronary perfusion scans
or dobutamine stress echocardiography as a means of improving sensitivity and
specificity.

Revised Cardiac Risk Index

The Revised Cardiac Risk Index (table 1.4) is the most recent scoring systems and
was introduced by Lee ef al. in 1999.%° The index was derived from a population
of 4000 patients, and identified the risk of major cardiac complications in a popu-
lation undergoing major non-emergent non-cardiac surgery.

1
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Table 1.4 - Revised Cardiac Risk Index.2

Risk factors

Inclusion criteria

Ischaemic heart disease

CHF

Cerebrovascular disease

Insulin treated diabetes
Creatinine

High-risk surgery

Revised Cardiac

No. of factors

Proportion of

MI

Q waves

Angina

Nitrates

Positive exercise stress test

History
Examination
CXR

Stroke
TIA

> 177 umol

AAA repair
Thoracic
Abdominal

Major cardiac

Risk Index population (%) complications (%)
Class | 0 36 0.4
Class Il 1 39 1.1
Class Il 2 18 46
Class IV 3 or more 7 9.7

Patients with O or one risk factor accounted for 75% of population and had a risk of major cardiac event of 1.5%.
Patients with two risk factors accounted for 18% of the population group with a risk of major cardiac event of 4.6%.
Patients with three or more risk factors accounted for 7% of the population group with a risk of major cardiac event of 9.7%.

Major cardiac complications included MI, pulmonary oedema, ventricular fibril-

lation or primary cardiac arrest, or complete heart block.

Its advantages over the earlier scoring systems include:

e only six prognostic factors,

e simple variables,

e dependent on presence or absence of conditions rather than estimating
disease severity,

o less reliance on clinical assessment and judgement,

e could easily be incorporated on pre-operative evaluation forms.

The shortcomings of the system are that:

e it is not applicable to emergency surgery,

e it is not applicable to lower-risk populations,
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® it may not be as reliable for pre-selected high-risk populations such as
patients undergoing major vascular surgery.

APACHE systems

APACHE is an acronym for Acute Physiology and Chronic Health Evaluation.
APACHE II and III are scoring systems in widespread use in ICUs, but are unsuit-
able as a pre-operative risk stratification tools because for score generation requires
12 physiological parameters from the first 24 h of care as well as age and previous
health status.

Possum

Possum is an acronym for the Physiological and Operative Severity Score for the
Enumeration of Mortality and Morbidity. Copeland et al.>® developed this scor-
ing system in 1991 for audit purposes. It requires 12 physiological variables, a
number of operative severity score factors and is reliant on outcome for final score
and, therefore, is not suitable for pre-operative risk prediction:

e It has mainly been utilised in the UK to date.

e [ts main use is to compare hospitals for audit purposes and identify dif-
ferences between individual surgeons.

e The score may overpredict mortality in low-risk patients.

e It does not predict mortality accurately for ruptured aortic aneurysms.’

e Possum is better than APACHE II in predicting mortality in high
dependency unit (HDU) patients.*

e For colorectal surgery, predicted mortality with Possum equals actual
mortality.>!

AMERICAN COLLEGE OF CARDIOLOGISTS/AMERICAN HEART
ASSOCIATION GUIDELINES

In 1996 the American College of Cardiologists and the American Heart
Association (ACC/AHA) introduced guidelines for the peri-operative cardiovas-
cular evaluation of patients undergoing non-cardiac surgery:!”

e The guidelines reflected the failings of the scoring systems and were
designed to provide central, evidenced-based advice as a strategy to reduce
litigation claims for suboptimal pre-operative management in the US.

e They were also an attempt to rationalise the increasing demand for
expensive risk stratification tests being requested as part of routine
pre-operative assessments.

13
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Clinical Minor Intermediate Major
predictors

Functional Excellent Moderate Poor
capacity

Surgical Low Intermediate High
risk

s

Non-invasive
risk stratification

<

Invasive risk stratification
(coronary angiography)

< <

Angioplasty/stenting or
bypass grafting

A4 4L A

Other peri-operative
risk-reduction strategies

Definitive surgery

Figure 1.1 - lllustration of stepwise process to aid clinical risk assessment and stratification."®

The guidelines proposed a sequential stepwise strategy of risk assessment based
upon (figure 1.1):

e the identification of certain clinical predictors of risk,
e an assessment of the patients functional capacity,

e the type of surgery to be undertaken.
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Table 1.5 - ACC AHA clinical predictors of coronary risk.'

Minor clinical predictors Intermediate predictors Major predictors
Advanced age Mild stable angina Class I/l Unstable coronary syndromes
Abnormal ECG Previous MI by Hx or Q waves Recent MI <30 days
LVH Compensated CCF Unstable or severe angina
LBBB IDDM Decompensated CCF
ST-T abnormalities Significant arrhythmias
Absence of sinus rhythm High grade AV block
Low functional capacity Symptomatic ventricular
Previous CVA arrhythmias
Uncontrolled hypertension Supraventricular tachyarrhythmias

Severe valvular heart disease

Clinical predictors of coronary risk

Table 1.5 lists a number of clinical predictors of increasing risk for MI, CHF, and
19

death established by several authors based on multivariate analysis:
e Patients with minor predictors do not usually require any further
non-invasive testing.

e Patients possessing intermediate predictors may be further stratified
according to their functional capacity and surgery-specific risk.

e Major clinical predictors are so predictive of high risk that further
stratification, using functional capacity and surgery-specific risk, is usu-
ally unnecessary. These patients invariably require further non-invasive
risk stratification testing, and this often results in the delay or cancella-
tion of all but emergency surgery.

Interestingly, the guidelines class a history of MI or pathological Q waves by ECG
as an intermediate predictor, whereas a recent MI is a major predictor. They admit
that there are no adequate clinical trials on which to base firm recommendations,
but suggest a delay of 4—6 weeks after MI before anaesthetising for elective
surgery.

Functional capacity

e Assessment of an individual’s capacity to perform a number of different
physical tasks has been shown to correlate with maximum oxygen
uptake (O, max) by treadmill testing.

e Exercise tolerance or physical fitness can be assessed in metabolic
equivalent levels, or ‘METS’, which is a validated method of determin-
ing functional capacity from the patients history (table 1.6).
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Table 1.6 - Metabolic equivalent levels with examples of common daily tasks.3?

Metabolic levels Equivalent activity
1 MET Eat

Dress

Use toilet

Walk indoors around house
Light house-work
Walk on level ground at 2-3 mph

4 METs Climb flight of stairs
Walk up hill
Run a short distance
Heavy house-work, scrubbing floors, moving heavy furniture
Walk on level ground at 4 mph
Recreational activity: golf, bowling, dancing, tennis

10 METs Strenuous sports: swimming, football, skiing, basketball

Peri-operative and long-term cardiac risk is increased in patients unable to
achieve four ‘MET’ levels of exercise during normal day-to-day living.>?

Poor functional capacity in patients with chronic CAD or in those
convalescing after an acute cardiac event is associated with an increased
risk of subsequent cardiac morbidity and mortality.

Decreased functional capacity may be a result of several factors,
including inadequate cardiac reserve, advanced age, transient myocardial
dystunction from myocardial ischaemia, deconditioning, and poor
pulmonary reserve.

Surgical risk

In elective surgery the magnitude of cardiac risk has been stratified to the magni-
tude of the surgical procedure and to major thoracic, abdominal, or vascular surgery,

especially in patients of 70 years or older.!

In the ACC/AHA guidelines, surgical procedures are classified as low, intermedi-
ate, or high risk (table 1.7) and are based upon the likelihood of non-fatal MI or

death from cardiac causes:

Low-risk procedures are usually short, with minimal fluid shifts, while
higher-risk operations tend to be prolonged with large fluid shifts and
greater potential for post-operative myocardial ischaemia and respira-
tory depression.

Not surprisingly, major vascular procedures represent the highest-risk
procedures.
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Table 1.7 - Grade of risk (with reported cardiac risk) with type of surgical procedure. Risk is for
combined incidence of cardiac death and non-fatal MI.'

Low risk (< 1%) Intermediate risk (< 5%) High risk (> 5%)

Endoscopic procedures  Carotid endarterectomy Emergent major (particularly elderly)
Superficial procedures Head and neck Aortic and other major vascular surgery
Cataract surgery Intraperitoneal and intrathoracic  Peripheral vascular

Breast surgery Orthopaedic Anticipated prolonged surgical procedures

Prostate Associated with large fluid shifts/blood loss

Superficial and ophthalmologic procedures represent the lowest risk
and are rarely associated with excess morbidity and mortality.

In the intermediate-risk category, morbidity and mortality vary, depend-
ing on the surgical location and extent of the procedure.

Emergency surgery is a special case as the necessity for immediate sur-
gery precludes the time needed to fully evaluate and optimise these
patients. The result is that cardiac complications are two to five
times more likely to occur with emergency surgical procedures.® For
example, in asymptomatic elective abdominal aortic aneurysms repair,
the mortality rate is 3.5% but this rises to 42% if ruptured.>*

Individual clinician-based patient assessment

This is a clinical philosophy that is gaining increasing acceptance
as a valid alternative to the use of rigid risk scoring systems and
guidelines.

It relies on the history, physical examination and acquired clinical experi-
ence to identify potential markers of increased risk.

The difference between this approach and the use of scoring systems is
that clinicians have a unique ability to integrate the numerous other
factors surrounding the patients’ presentation for surgery that con-
tribute to peri-operative risk but would be impossible to quantify and
validate in a scoring system.

The result is a clinician-based assessment of risk that is specifically tailored
to each individual patient. Diagnostic testing and risk-reduction strate-
gies are then selectively instigated, according to this experience, where
clinical and financial resources permit.

Clinician-based judgement strategies are thus adaptable to individual
clinical situations rather than rigidly applying an index score alone
when estimating peri-operative risk.
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e This philosophy maintains that risk scoring systems and guidelines are
most useful, therefore, only as guides for inexperienced clinicians.
Non-invasive tests to stratify cardiovascular risk
The purpose of supplemental pre-operative testing is:

e to identify the presence of important pre-operative myocardial ischaemia
or cardiac arrhythmias,

® to estimate peri-operative cardiac risk and long-term prognosis,

e and to provide an objective measure of functional capacity.
They should not be performed if they are unlikely to influence management.
The ideal test for stratification should be:

e simple,

e cheap,

® non-invasive,

® sensitive,

® specific,

e capable of identifying who will be at risk for peri-operative cardiac
events,

e capable of identifying those patients with correctable coronary lesions.

Risk stratification tests should be restricted to patients clinically assessed as high
risk (and occasionally significant intermediate risk) because:

e limiting their use in this way has been shown to enhance predictive
accuracy,

e uncontrolled use would have significant resource and cost implications.

A classification of non-invasive risk stratification tests is offered in table 1.8.

Ambulatory electrocardiographic monitoring

This involves making a 24- to 48-h pre-operative ambulatory ECG record. Episodes
of ischaemia may be predictive of early and late ischaemic cardiac events.

However, there are a number of limitations:

e It cannot be performed in a significant percentage of patients with
baseline ECG changes as it is less predictive in high-risk groups with
abnormal ECGs.
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Table 1.8 - Non-invasive tests currently available to stratify cardiovascular risk.

Modality

Rest tests

'Stress’ tests

ECG

Myocardial nuclear imaging

Echocardiography

Invasive/exercise

Resting ECG

Myocardial rest perfusion imaging

Radionuclide ventriculography

Resting echo

vO, max
Coronary angiography

Ambulatory ECG

Stress ECG with exercise

Stress ECG with inotropes
Dobutamine
Arbutamine

Myocardial stress perfusion in
Coronary vasodilators
Adenosine
Dipyridamole
Inotropes
Dobutamine
Arbutamine

Inotrope stress echo
Dobutamine
Arbutamine

e The test only provides a binary outcome (normal/abnormal) and,
therefore, cannot further stratify the high-risk group in order to iden-

tify the subset for which coronary angiography should be considered.

Ambulatory ECG should, therefore, be restricted to identifying patients for whom
additional surveillance or intervention might be beneficial. It should not be used
as the only diagnostic test to identify patients for coronary angiography.

‘Stress' testing

¢ In both animal and human models a coronary stenosis will only start to
produce flow limitation at rest when the cross sectional diameter is
reduced by 85-90%.

e Under conditions of maximal flow, however, stenoses with as little as

45% reduction in cross sectional diameter will cause flow limitation.

¢ Clinically this phenomenon manifests as effort-induced angina.

e Thus the sensitivity of diagnostic physiological tests are markedly
improved with increased flow enabling the detection of lesser stenoses.

Increasing coronary blood flow can be achieved in a number of ways including
graded exercise, pacing and pharmacological agents, and these methods are com-
bined with various methods of detecting ischaemia including ECG, echocardio-

graphy and nuclear myocardial imaging.
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Exercise stress testing

Exercise is most commonly employed in exercise ECGs under the Bruce Protocol.

Although not validated for improving outcome, it is extremely useful as a pre-
dictor of pre-operative risk as it identifies patients with both poor functional
capacity and associated ischaemia.'”

It is effective at stratifying coronary risk according to:
e degree of functional incapacity,
e ischaemic symptoms,

e ischaemic severity (stage of onset, depth and duration of ST segment
depression),

¢ haemodynamic instability,
o clectrical instability.
The degree of positivity of test correlates with extent and severity of disease.

The risk of peri-operative cardiac events and long-term risk is significantly
increased in patients with an abnormal exercise ECG at low workloads.

The sensitivity gradient for detecting obstructive coronary disease is depend-
ent on:

e severity of stenosis,
e criteria used for a positive test,
e extent of disease, i.e. the presence of a prior clinical history.

For example, in patients with no cardiac history and a normal resting ECG, only
20-25% of patients will have an abnormal exercise ECG, whereas in patients with
a prior history of MI or an abnormal rest ECG 35-50% of patients will have an
abnormal exercise ECG. However, it should be borne in mind that:

e As many as 50% of patients with significant CAD and adequate levels of
exercise can still produce a normal exercise ECG.%

e There is no evidence to support its use in low-risk groups.

Pharmacological stressors

Inotropes

e Commonly used inotropes include dobutamine and the newer agent
arbutamine. These drugs increase myocardial oxygen demand through
inotropic stimulation.
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e They can often achieve coronary blood flows greater than with exercise
but not as great as with adenosine or dipyridamole.

e They tend to be used in patients with asthma who cannot tolerate
vasodilators.

e Dobutamine is best avoided in patients with serious arrhythmias and
severe hypertension or hypotension.

Coronary vasodilators

These agents produce non-physiological and sometimes supra-physiological
increases in coronary flow without altering the metabolic demands of the heart.

¢ Adenosine is a breakdown product of ATP metabolism and is a potent
coronary vasodilator. In conditions of oxygen starvation rising adeno-
sine levels result in coronary vasodilation linking coronary blood flow
to myocardial oxygen demand.

e Dipyridamole inhibits the breakdown of free adenosine causing levels
to rise and thereby produces coronary vasodilatation as described
above.

e Methylxanthines (e.g. caffeine) are competitive inhibitors of adeno-
sine at purinergic receptors and patients are advised to avoid these
for at least 6-8 h prior to testing achieve maximal coronary vasodilator
effect.

All these agents can induce or exacerbate bronchospasm, and their use is relatively
contraindicated in asthmatics. Unexpected severe bronchospasm can be readily
antagonised with intravenous aminophylline. Dipyridamole should also be avoided
in patients with critical carotid disease. Other adverse effects include headaches,
flushing and hypotension.

Examples of some non-invasive tests that employ pharmacological stressors
include:

Dobutamine stress echocardiography
e Provides an opportunity to assess both LV and valvular function.
e Can be performed safely and with acceptable patient tolerance.

e Very accurate in identifying patients with significant angiographic
coronary disease.

e The published experience of dobutamine stress echocardiography to
assess peri-operative risk before vascular and non-vascular surgery is rela-
tively small compared with the published literature on exercise testing
or intravenous dipyridamole myocardial perfusion imaging.
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e Adding atropine to those patients who fail to meet the target heart rate
improves sensitivity.

e Several studies suggest that the degree of wall motion abnormalities
and/or wall motion change at low infusion rates of dobutamine is espe-
cially important.

Myocardial perfusion stress imaging

® Myocardial uptake of perfusion agents is dependent on blood flow
rather than oxygen demand or metabolic activity.

e Resting images alone can be done but sensitivity is very low and is
significantly increased if stress images are taken.

e Any of the agents described above can be used to increase coronary
blood flow with the most data available for dipyridamole.

e The tests have high sensitivity and specificity for peri-operative coron-
ary events.

The technique involves the injection of a radionuclide during peak blood flow.
The main isotopes in use are:

e Thallium-201 is 2 monovalent cation and like potassium is taken into
myocardial cells by Na—K ATPase. It emits both X-rays and gamma radi-
ation and has a relatively long half-life of 73.1h. It readily and rapidly
redistributes with myocardial blood flow so that a 2nd dose is not required
to obtain rest images. The main disadvantage with thallium is the low
energy of its emitted radiation resulting in significant soft tissue attenu-
ation, which can affect image quality and hinder image interpretation.

e Technetium-99m is an isotope with many advantages over thallium
for producing better quality myocardial images; it emits radiation at a
higher energy resulting in less attenuation, and its shorter half-life of 6 h
allows larger doses. Technetium-99m does not redistribute and, there-
fore, requires separate stress and rest injections. The main compound
incorporating this isotope is known as Sestamibi. Unfortunately the
superior image quality of images produced with Technetium-99m has
yet to be shown to improve diagnostic accuracy.

Images of the myocardium are then compared at peak or stress coronary flow and
after a delay, at rest. Exercise-induced ischaemia results in a perfusion defect on the
stress images that fills in or redistributes on the rest images. MI manifests as fixed
perfusion defects on both the stress and rest images.

Severe myocardial disease causing exercise-induced pump failure can also be
detected using this technique. The LV decompensates with a fall in stroke volume
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and ejection fraction with a resultant increase in LV end diastolic pressure and
diameter; on the stress images the ventricular cavity is larger and the ventricle wall
is thinner. As a further consequence of the rise in LV end diastolic pressure, raised
levels of isotope will often accumulate in the lungs.

Subendocardial ischaemia results in reduced endocardial uptake of isotope and
may also appear as LV dilatation.

In increasing grade of risk, possible scan results are:
Normal scan < fixed defects < redistribution defects
Furthermore, as the size of the defect increases, risk significantly increases.

Digital quantitation of scan abnormalities improves positive predictive value and is
improving alongside advances in technology.

The need for caution in routine screening with a dipyridamole—thallium stress test
of all patients before vascular surgery was raised by Baron et al.*® In this review of
457 patients undergoing elective abdominal aortic surgery, the presence of definite
CAD on clinical assessment and age > 65 years were better predictors of cardiac
complications than perfusion imaging.

LV ejection fraction

Resting ventricular function (including LV ejection fraction) is usually deter-
mined by echocardiography but may also be determined by radionuclide angio-
graphy, gated radionuclide imaging or contrast ventriculography.

Ejection fraction determined by echo is limited in accuracy as the formula used in
its calculation assumes the ventricle to be a sphere and the diameters of the ‘full
sphere’ and ‘empty sphere’ are only measured in one plane.

Increased risks of complications are associated with:
e LV gjection fraction < 35%,'

e diastolic and systolic dysfunction are markers for post-operative con-
gestive cardiac failure, and in critically ill patients, death.

It is important to note that resting LV function is not a consistent predictor of peri-
operative ischaemic events.

Recommendations for non-invasive testing'®

In most ambulatory patients, the test of choice is exercise ECG testing, which can
both provide an estimate of functional capacity and detect myocardial ischaemia
through changes in the ECG and haemodynamic response.
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In patients with contraindications to exercise ECG testing, e.g. left bundle branch
block or LV hypertrophy, other techniques may be preferable such as:

e exercise echocardiography,
e exercise myocardial perfusion imaging.

In those patients unable to perform adequate exercise the following may be more
useful:

e dipyridamole—thallium scanning;
e dobutamine echocardiography;

e finally if there is an additional question about valvular dysfunction, the
echocardiographic stress test is favoured;

® in many instances, either myocardial stress perfusion imaging or stress
echocardiography are appropriate.

In a recent meta-analysis assessing the use of, ambulatory ECG, dobutamine stress
echocardiography, radionuclide ventriculography and dipyridamole—thallium
scanning, for predicting adverse cardiac outcome after vascular surgery, all tests had
a similar predictive value, with overlapping confidence intervals.

Other important points to note include:

e Local expertise and experience of a test is probably more important
than the particular type of test.

e Selective rather than routine testing improves cost effectiveness.

e Non-selective blanket tests are not cost effective and are an inefficient
use of resources because at the extremes of risk these tests add very
little predictive value.

Invasive testing (coronary angiography)

For very high-risk patients it may be sometimes more appropriate to proceed with
coronary angiography rather than perform a non-invasive test. These might include:

e patients with major clinical predictors,

e advanced ischaemic risk such as unstable angina or residual ischaemia
following a recent MI.

In addition it may be reasonable to consider coronary angiography and percu-
taneous transluminal coronary angioplasty (PTCA) or coronary artery bypass
grafting (CABG) before non-cardiac surgery when the stress of elective non-cardiac
surgery is likely to exceed the stress of daily life.
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However, before proceeding to coronary angiography one needs to ascertain that
the patient is fit enough for either PTCA or CABG. If not angiography only adds
to the cost and will not improve outcome.

e As far as the new treatment modality of PTCA 1is concerned, there is
little evidence available at present concerning its pre-operative use to
optimise patients for non-cardiac surgery.

¢ Indeed there are no controlled trials comparing peri-operative cardiac
outcome after PTCA versus medical therapy.

e A number of small observational series have suggested that cardiac
death is infrequent in patients who have coronary angioplasty before
non-cardiac surgery.

e Observational studies have shown a risk reduction for non-cardiac sur-
gery after coronary bypass.

PRE-OPERATIVE ASSESSMENT AND RISK

The aim of pre-operative assessment is to minimise morbidity and mortality.

Three questions should be asked when assessing surgical patients with the aim of
minimising operative risk:

1. Is the patient’s medical and physiological status optimum?
2. Ifnot, can the patient’s status be improved (time permitting)?

3. If not,should the operation still proceed? In other words do the risks of
not operating outweigh the risks of operating. For example, medical
status is almost irrelevant if the operation is clearly life saving. Thus,
no patient is ‘not fit’ for surgery — it just depends on the urgency of the
situation.

Pre-operative assessment should identify those patients who are at high risk of
pre- or post-operative organ failures. Such patients may need additional moni-
toring and may warrant admission to ICU or an HDU post-operatively for organ
function monitoring or support.

Once the risk has been established and attempts have been made to optimise
the patient’s condition (i.e. reduce the risk), patients and their families may need
to decide whether to proceed with surgery. One of the responsibilities of the
anaesthetist is be able to give the patient relevant and accurate information on risk
in order to help them decide. Unfortunately few patients will have read the
chapter in this text on the meaning of risk!
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Further reading

Adams AM, Smith AF. Risk perception and communication: recent developments

and implications for anaesthesia. Anaesthesia 2001; 56: 745-55.
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RESPIRATORY RISK AND
COMPLICATIONS

There is now an increasing volume of literature regarding the identification of the
patient at risk of respiratory complications:

e Respiratory complications are at least as, and sometimes more common
than cardiac complications.

However, reaching a consensus on what constitutes a postoperative respiratory
complication has proved difficult in recent years and has significantly hindered
research in this area. Improvements in the health of the population, advances in
anaesthesia and surgery and reduction in prevalence of smoking amongst the popu-
lation have all combined to cause problems interpreting the significance of some
of the early studies on respiratory risk and complications.

It is now increasingly gaining acceptance that significant respiratory complications
are those that affect outcome. These are problems that prolong hospital or inten-
sive care unit (ICU) stay, or alternatively contribute to morbidity or mortality.>™
They include:

® pneumonia,

e respiratory failure requiring mechanical ventilation,
e bronchospasm,

e atelectasis,

e exacerbation of chronic underlying disease.

Factors that have been shown to be predictive of postoperative pulmonary
respiratory complications can be subdivided into patient- and surgery-related risk
factors.
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PATIENT-RELATED FACTORS

The relative increases in risk associated with the presence of patient-related factors
is given in table 2.1.

Smoking

Smoking has long been recognised as a respiratory risk factor for patients both
with and without chronic lung disease, and causes a 3—4-fold increase in the inci-
dence of pulmonary complications. Problems arise from

e increase sputum and mucus production,
e impaired ciliary clearance of secretions in the lung,
® increases in airway reactivity,

e reduced oxygen delivery to the tissues from increased carboxyhaemo-
globin levels,

e harmful effects of nicotine on heart including tachycardia and vaso-
constriction.

The increased risk from smoking declines after 8 weeks abstinence.’

Interestingly, smokers who have abstained for <8 weeks are at increased risk of
postoperative respiratory complications.

General health

¢ DBoth the Goldman Cardiac Risk Index and American Society of
Anaesthesiologists (ASA) status (as indicators of poor general health) are
predictive for pulmonary as well as cardiac complications.®” These are
discussed in Chapter 1.

Table 2.1 - Factors causing a relative increase in risk of
pulmonary complications in unselected surgery.

Risk factor Unadjusted relative risk
associated with factor

Smoking 3.4
Poor general health ASA > I 1.7
Age > 70 1.9-2.4
Obesity 1.3
COPD 2.7-3.6

Adapted from Ref. 9.
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Indeed, postoperative respiratory compromise often accompanies cardiac
dysfunction and vice versa, and is a reflection of the complex relation-
ship between cardiac and respiratory pathophysiology.

Exercise capacity

Age

Poor exercise tolerance is strongly predictive for respiratory com-
plications.”®

Age has not been identified as independent variable predictive of
increased pulmonary risk.

Respiratory complications are more related to coexisting conditions
(more common in the elderly) than directly to age.

The changes in the respiratory system and their anaesthetic implications are dis-
cussed in detail in Chapter 7.

Obesity

Morbid obesity may predispose to ventilatory problems in the immediate
postoperative period.

However, contrary to popular belief, obesity has not been proven to be
a significant risk factor predisposing to significant respiratory complica-

tions as defined above.”1?

In a recent review, it was shown that obesity posed only a relative
increased risk of 1.3-fold for respiratory complications (table 2.1).

One should note, however, that morbid obesity is a significant general risk factor
in the surgical patient. The main problems in the morbidly obese are

increased incidence of hypertension and ischaemic heart disease;

mechanical respiratory problems i.e. decreased compliance and func-
tional residual capacity, especially when supine;

increased incidence of perioperative infection including wound and
respiratory infections;

increased incidence of abdominal wound dehiscense;
increased rate of DVT;

increased oesophageal reflux leading to increased risk of perioperative
gastric aspiration.

31



ANAESTHESIA FOR THE HIGH RISK PATIENT

Chronic obstructive pulmonary disease

e Patients with chronic obstructive pulmonary disease (COPD) are at
increased risk of postoperative respiratory complications, the level of
increased risk related to the severity of the lung disease.” Hypercapnia
is particulary ominous.

e Patients with COPD should be optimised prior to surgery with the
usual therapies and those with acute exacerbations should be deferred
until treated.

Asthma

e Studies conflict over whether asthma increases the risk of respiratory
complications as defined above.

e The emergency patient presenting with severe, symptomatic bron-
chospasm, however, is a serious challenge necessitating aggressive treat-
ment with bronchodilators. Airway instrumentation in these patients
may precipitate intractable bronchospasm.

SURGERY-RELATED FACTORS
Anatomical site of surgery

Even with the patient-related factors described above taken into account,

the anatomical site of surgery remains the most important predictor of respiratory
1,9
risk:

e The risk of pulmonary complications is directly related to the proximity
of the incision to the diaphragm (table 2.2).

Table 2.2 - Effect of surgical site on postoperative
pulmonary complications.

Anatomic site of surgery Mean incidence of
pulmonary complications (%)

Thoracic 23
Upper abdominal 22
Lower abdominal 9
Other 5
Laparoscopic 0.3-0.4

Adapted from Ref. 9.
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e Respiratory complications are rare if surgery is outside the thorax or

(e
abdomen.’

Duration of surgery

e Surgery longer than 3 h duration increases the likelihood of respiratory

complications by 1.6-5.2-fold.!!!?

e Thus, in those patients with significant predictors of respiratory risk,
one should aim for as short a procedure as possible, ideally performed
by the most efficient surgeon.

General anaesthesia and muscle relaxants

e The use of general as opposed to epidural or spinal anaesthesia multi-
plies the respiratory risk by 1.2 to 3 times (table 2.3).”

e The use of muscle relaxant pancuronium in one study resulted in more
than a 3-fold increase in respiratory complications when compared to
the use of atracurium or vecuronium.'> Complications probably arose
through inadequate reversal, causing hypoventilation and a reduced
ability to cough. The authors, therefore, recommended that pancuro-
nium should be avoided in high-risk respiratory patients.

Preoperative assessment
This includes history, clinical examination, and relevant investigations:

e Patients should be asked about dyspnoea, productive or chronic cough,
and exercise tolerance.

e Physical findings on examination, predictive of complications, include
all those signs of acute and chronic lung disease including reduced air
entry, percussive dullness, and wheezes or crackles.

Table 2.3 - Other surgical factors affecting pulmonary risk.

Risk factor Site of surgery Unadjusted relative risk
associated with factor
Surgery > 3 h duration Unselected 1.6-5.2
Thoracic or abdominal 3.6
General anaesthesia Unselected 1.2-~
Thoracic or abdominal or vascular 2.2-3.0
Use of muscle relaxants Unselected 3.2

Adapted from Ref. 9.
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PULMONARY FUNCTION TESTING

The role of pulmonary function testing (PFT) is controversial. It is generally agreed

that PFTs
e can detect the presence or absence of pulmonary disease;

e can determine the types of defect present; i.e. restrictive, obstructive, or
diffusion defect;

e can grade the extent or severity of the defect;
e are highly reproducible;'
e correlate with all cause mortality.'*

Historically, early studies on PFT were based on patients undergoing thoracic
surgery for diseases including lung cancer and tuberculosis, and cut-off thresholds
were established below which surgery was deemed contraindicated. Over time
these values have subsequently been applied to non-thoracic surgical populations.

It 1s now gaining acceptance that low values only indicate the severity of current
disease, but do not reliably predict complications or outcome.’

For example, one study'® attempted to determine if severe airflow obstruction

reliably predicted the incidence of postoperative complications, by comparing
patients undergoing abdominal surgery who had significant airflow obstruction
with forced expiratory volume 1 (FEV1) < 40% with a group of controls. They
found that airflow obstruction only predicted postoperative bronchospasm.
Outcome parameters were not different between the two groups:

e The important question is whether PFT adds to the information
already gained from clinical assessment. Many authors do not believe
they do, as preoperative history and respiratory examination is more
sensitive and specific than abnormal preoperative spirometry.®

¢ In addition, in studies that have compared both clinical assessment and
PFTs, clinical findings are more predictive of respiratory complications
than are PFTs.310:17

* A review on this subject in 1989'® concluded that there were numerous
methodological limitations in existing studies that prevented them from
concluding that PFTs helped to predict those at risk of pulmonary com-
plications.

e More recently, PFTs have been shown to have inconsistent and variable
predictive value.”

There is no evidence that PFTs improve the ability to identify patients at risk who
have no clinical findings suggestive of pulmonary disease on history or examination.
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However, it must be emphasised that although not definitely predictive of respira-
tory complications, PFTs do provide an indication of disease severity and this may
prompt further optimisation and direction into risk reduction strategies, which

may contribute to an improved outcome.

PFTs to determine suitability for surgery

Some advocate PFTs as a tool to identify those patients at such high risk that sur-
gery should be avoided (see table 2.4 for commonly quoted thresholds).

This philosophy is increasingly being refuted for the following reasons:

The accuracy and meaning of predicted postoperative spirometry
values have been called into question (see above).

Patients with PFTs suggestive of extreme risk are increasingly being
shown to have an acceptable rate of pulmonary complications. This is
because recent developments in risk reduction strategies have improved
outcomes.

Lung volume reduction surgery as a treatment for end stage emphysema
in patients with spirometry values that hitherto were below previously
defined cut-oft thresholds is increasingly accepted (see below).

One study® studied 107 patients undergoing surgery with an
FEV1 < 50% and FEV1/forced vital capacity (FVC) ratio of <70%;
postoperative respiratory complications occurred in only 29% of the
patients, and there was only one death amongst 97 which underwent
non-cardiac procedures.

There is still, however, a general consensus that all patients undergoing lung resec-
tion surgery should have PFTs performed. The reasons often cited include:

To provide a baseline with which to compare postoperative values.

Table 2.4 - Preoperative spirometry with previously reported thresholds for
increased pulmonary risk.

True volume Percentage of predicted volume achieved
FVC% High risk if < 709®
FEV1% High risk if < 70%°
FEV1/FVC%  High risk if < 650025

Predicted postoperative volume Percentage of predicted postoperative volume

ppoFEV1 High risk < 800 ml ppoFEV1%  High risk < 40%'°

Percentage predicted volumes achieved based on population normals for age, sex and height.
Adapted from Refs 9, 19, 26.
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e To attempt to predict who will not tolerate lung resection. Predicted
postoperative values are derived from an estimation of the number of
functional lung units expected to remain after surgery.

e The most widely accepted threshold for lung resection surgery has been
a predicted postoperative FEV1 (ppoFEV1) > 800 ml' (table 2.4).

e The accuracy of these predictive models have been questioned recently
in studies that have compared predicted with actual postoperative val-
ues?’?! and showed that the predictions tended to be overly pessimistic
and overestimated the loss of functional lung units. In addition, as
patients recovered in the months following surgery, their spirometry
results progressively improved.

Lung volume reduction surgery — confounding the PFTs

In lung volume reduction surgery, bilateral wedges of hyperinflated lung are
resected to improve elastic recoil pressure and diaphragm position and function.
The procedure is rapidly gaining acceptance as therapy for patients with

e end stage emphysema, including even those so severe as to be listed for
lung transplantation,

e severe emphysema and malignancy (which previously would have been
assessed as inoperable on the basis of spirometry results).

These patients typically have FEV1 < 35% or < 0.51 and may also be ventilator
dependant. In one study, FEV1 ranged from 0.23 to 0.51. Here dyspnoea improved
in 89% of patients and mean FEV1 improved by 51% and FVC increased by 56%.>>

Thus, there is now increasing evidence that PFTs should not be used to deny

patients’ surgery, which in the case of lung malignancy may potentially be curative.’

How should we select which patients should undergo PFT?

The American College of Physicians recommendations published in 1990°* and
the recent review by Smetana’ suggest that PFT be limited to the following
patient groups:

e All patients undergoing lung resection surgery.

e Patients undergoing thoracic, cardiac, or upper abdominal surgery who
also either have a history of smoking or symptoms of cough, dyspnoea,
or unaccountable exercise intolerance.

e Patients undergoing head and neck, orthopaedic or lower abdominal
surgery with unexplained dyspnoea or pulmonary symptoms.

e Patients with COPD or asthma to determine if their airflow obstruction
is optimised.
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ARTERIAL BLOOD GAS ANALYSIS

The American College of Physicians recommends blood gas analysis in patients
with a history of dyspnoea and tobacco use who are undergoing upper abdomi-
nal or coronary artery surgery.”?

Hypercapnia
A number of small studies have suggested that a pCO, > 45 predisposes to pul-
monary complications.?* However, all those with high pCO, also had substantial

airflow obstruction on spirometry and could be more identified more easily by
this less invasive method.

In patients undergoing lung volume reduction surgery or lung resection, hyper-
capnia is not predictive for postoperative pulmonary complications.

Arterial pO,

In the study by Nunn® in 1988, dyspnoea at rest was more predictive than a low
pO, for identifying those at increased risk of postoperative ventilation.

Further reading

Johnson BD, Beck KC, Zeballos RJ. Advances in pulmonary laboratory testing.
Chest 1999; 116: 1377-87.

Ferguson MK. Preoperative assessment of pulmonary risk. Chest 1999; 115
(5 suppl.): 585—-63S.

Doyle RL. Assessing and moditying the risk of postoperative pulmonary compli-
cations. Chest 1999; 115 (5 suppl.): 77S-81S.
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LESSONS FROM THE NATIONAL
CONFIDENTIAL ENQUIRY INTO
PERIOPERATIVE DEATHS

The National Confidential Enquiry into Perioperative Deaths (NCEPOD) has
produced its 10th report.! They take the opportunity to reflect on their own con-
tribution to improving the quality of patient care since publication of their first
report in June 1990.?

It 1s also a convenient time to reflect on the issues highlighted by NCEPOD and
the lessons to be learnt in the management of the high risk surgical patient.

Note: The NCEPOD considers the quality of the delivery of care and not speci-
fically causation of death.

e Data is collected from all NHS and Defence Secondary Care Agency
hospitals in England, Wales and Northern Ireland, and public hospitals
in Guernsey, Jersey and the Isle of Man, as well as many hospitals in the
independent sector.

e NCEPOD collects basic details on all deaths in hospital within 30 days
of a surgical procedure, through a system of local reporting.

¢ Since the introduction of clinical governance in April 1999, participation
in the confidential enquiries has become a mandatory requirement for
clinicians in the NHS.

e The data collection runs from 1st April to 31st March.
e Each year a sample is selected for more detailed review.

*  Questionnaires were returned by 83% surgeons and 85% of anaesthetists
for the 1998/99 report.’
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e The NCEPOD clinical coordinators, together with the advisory groups
for anaesthesia and surgery, review the completed questionnaires and
then aggregate the data to produce a final report.

NCEPOD does not attempt to collect denominator data or calculate mortality
figures. Data submitted to the Department of Health as hospital episode statistics
is used to calculate NHS Performance Indicators.

The Performance Indicators for 1998/99° reveal:
® 32956 deaths in hospital within 30 days of an operative procedure.
e 24920 after emergency surgery and 8036 after non-emergency surgery.

* A total of 2.3 million procedures* were undertaken (of which 26% were
emergencies).

e Mortality rate of 1.4% after emergency surgery.
e Mortality rate of 0.5% after non-emergency surgery.
NCEPOD does tell us something about the distribution of these deaths:'

e the vast majority of patients are elderly; 70% of deaths occurred in
patients > 70 years;

®  94% of patients have a coexisting medical disease;

e death occurs within 5 days of an operation in almost half of the patients
reported.

Most of the recommendations taken from the 10 reports and presented below
represent nothing more than common sense and good clinical practice. Many of
the recommendations have been repeated over and over again.

NCEPOD RECOMMENDATIONS
Facilities

Individual clinicians efforts to provide the level of care they know is required for
the high risk surgical patient is often frustratingly thwarted by lack of facilities.
NCEPOD has helped identify these shortcomings. One of the major lessons to
be learnt is that to provide the highest quality of care for these patients, acute
surgical services may need to be concentrated on fewer well staffed and resourced
hospitals.*

* Definition of procedures used for Performance Indicators is not directly comparable to the definitions
used by NCEPOD.
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A dedicated emergency theatre and recovery should be staffed and
available 24 h a day. The aim should be to deal with emergency cases
during the working day and avoid out of hours operating,. >~

e There should be easy access to a high dependency unit (HDU) and
intensive care unit (ICU) on a single site.>”®

¢ An orthopaedic trauma theatre operating during the day with senior
staft.’

e Elderly patients should not have to wait more than 24h (once fit) for
operation.!” When a decision to operate is taken there should be a
commitment by the clinicians and adequate facilities available to pro-
vide appropriate critical care post-operatively.!

e Local protocols should be in place to ensure immediate access to blood
and blood products.!!

e CT scanning and availability of neurosurgical consultation should be
available in any hospital receiving trauma patients.”

e A fibreoptic laryngoscope should be available with trained and nomi-
nated staff able to use it.'?

e Children’s services should be concentrated to avoid occasional practice.
Local arrangements should be in place for the skilled transport of criti-
cally ill children when appropriate.

® An arbitrator/coordinator should exist to ensure emergency cases are
prioritised appropriately and emergency theatre space is utilised
efficiently.”

Personnel

It is clear that the high risk surgical patient should be directly cared for by experi-

enced senior anaesthetists and surgical members of staft. This recommendation

has been one of the cornerstones of the NCEPOD reports over the years:" ™!

e In the most recent NCEPOD report! of the cases sampled 59% of anaes-
thetics were given by a consultant and 52% of operations were performed
by a consultant surgeon.

e Consultant presence in these cases has changed little since the first report.?

e Comparing NCEPOD 2000! to NCEPOD 19907 fewer of the sampled
patients are anaesthetised or operated on by junior trainees. However
there is now a trend towards a greater reliance on non-consultant career
grade (NCCG) anaesthetists and surgical members of staff.
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It may on occasions be appropriate or unavoidable that consultants cannot be
directly involved in patient care. At the very least the consultant has a vital role in
providing advice, support and making crucial decisions:>’

e NCEPOD 2000" reported that only 5% of cases had no consultant
surgeon involvement.

e Disappointingly anaesthetists sought advice from a colleague who was
not present during the anaesthetic in 15% of cases.!

There are a number of reasons why senior help may not be requested for the high
risk patient:

e Insufficient experience to identify the at risk patient.
e Inability to recognise personal limitations.

e Lack of familiarity with local procedures.

e Practical barriers to communication.

e Poor understanding of personal limits of responsibility.

Though these are mainly personal shortcomings senior clinicians should ensure
that the system within their hospital is robust enough to ensure these individual
limitations do not compromise patient safety and good practice.

NCEPOD does provide some practical lessons to enable us to achieve the recom-
mendation® of matching senior surgical and anaesthetic skills to the condition of
the patient.

Supervision

e Ensure local guidelines are in place, so trainees are clear when to ask for

help.®?

e National or regional guidelines may be preferable to avoid confusion
when trainees rotate between hospitals.®

®  Guidelines are particularly important in paediatrics, to prevent occasional
practice, ensure practitioners retain skills and to promptly identify children
that require specialist care and transfer.!

Communication

e All staff (including consultants) must be aware of their limitations and
work in an environment where they are encouraged to and are comfort-

able with asking for help.’

e Anaesthetists should be consulted as opposed to informed about cases.'
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e Encourage a team approach between surgeons, anaesthetists and physicians
for complex cases.®

e Ensure there is adequate communication between specialties and between
grades of staff within a specialty.!!

e ‘“Who to call’, “‘When to call’ and ‘How to call’ for help should be
easily available and clearly understood.!’

Staff availability

o All staft covering emergencies should be free from other commitments
and easily available.

e Emergency theatre sessions should be staffed by consultants.!”

Locums and NCCG anaesthetists and surgeons

e Ensure NCCG doctors within the hospital are aware of their role and
limit of responsibility. They should have equal access to supervision,
involvement in audit and opportunities for continued professional
development.!

e Supervising consultants should be aware of the abilities of locum doctors
before appointment.>

e Extra effort and vigilance is required to ensure that locums are appraised
of local guidelines and afforded the same degree of supervision and
support as other members of staff.>!!

The Royal College of Anaesthetists provides guidance on the level of supervision
of doctors in training.' It highlights the statement from the Clinical Negligence
Scheme for Trusts (CNST) which increases the statutory requirement to ensure
that doctors taking up post in a new hospital are adequately trained and compe-
tent to fulfil the role for which they have been employed. There is now a require-
ment for supervisors to list technical skills new doctors are expected to perform
and, in turn, for the new doctors to indicate their competence to perform the
specific tasks. A supervised training programme must rectify any deficiencies in
initial, or continuing competence.

Pre-operative assessment and preparation

In the 10 years that NCEPOD has reported the profile of patients dying within
30 days of their operation has changed.!

Patients are more likely to be older, have undergone an urgent operation, be of poorer physical
status and have a coexisting cardiovascular or neurological disorder.
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Adequate pre-operative assessment and preparation for theatre is vital in the
management of the high risk surgical patient.

The management of the patient at this time will greatly influence the subsequent
outcome of the operation and it is crucial that appropriate care is given and appro-
priate decisions made to prevent avoidable morbidity and mortality.

e The decision to operate and when not to operate should be made by
consultants.>'? It is important that there is direct communication
between consultant surgeon and anaesthetist and decisions are made
jointly.!

e NCEPOD has frequently referred to the problem of operations being
performed on moribund patients or where the objective of surgery is
unclear.>!? These patients clearly need a consultant evaluation and a
sensitive but honest approach to the patient and relatives. Too often
hasty decisions to opt for surgery are made without fully considering
their ramifications.

e If the decision to operate or not is contra to that of the patient or rela-
tives, having a mechanism to allow discussion with consultant colleagues
from the same or allied specialty can be invaluable in reassuring the patient
and relatives that an appropriate decision has been made.

e NCEPOD has highlighted the need to provide junior members of staff
with guidance on when to ask for help.” NCEPOD has indicated the
inadequacies and inconsistencies of the ASA classification if used as an
assessment tool.! The ASA classification may not on its own be an ade-
quate trigger for alerting inexperienced doctors to a high risk patient.
NCEPOD suggested that the use of the P-POSSUM score should be
more widespread.'’

e The importance of avoiding rushing patients to theatre before adequate
resuscitation is a recurring theme of NCEPOD.?® Emergency patients
invariably require appropriate fluid resuscitation prior to theatre. In
some patients this can safely be undertaken on the ward. In other
patients, particularly the elderly, this may require a critical care environ-
ment and appropriate invasive monitors. '’

® Poor understanding of fluid management especially in the elderly is
often cited as a contributing factor in NCEPOD cases.®®!" The use of
pre-operative critical care services for resuscitation and pre-operative
preparation may well avoid the need for lengthy post-operative critical
care.’

e Finding a critical care bed pre-operatively in many hospitals may be
impossible. The ability to utilise theatre recovery beds prior to surgery
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and the development of critical care outreach services may be a short-
term solution.

e Whatever the particular local solution it is important to have a mechanism
in place to allow patients to be adequately resuscitated in an appropriate
environment by knowledgeable staft.

e Starting a high risk case without first identifying adequate critical care
facilities post-operatively is to be avoided.® Consultation with colleagues
who control these beds at the earliest opportunity is essential. It is not
always easy to identify those patients who require HDU care. CEPOD
has called for simple nationally agreed criteria to help assess the need for
HDU care.

e Opver the 10 years of NCEPOD the percentage of patients with coexist-
ing medical disorders has increased from 89% to 94%.! Cardiac disorders
have increased from 54% to 66%. NCEPOD suggest that Echocardio-
graphy should be available and used more widely in pre-operative
assessments.! For complex medical disorders the advice of a specialist
physician may be invaluable. NCEPOD would like to see hospitals
develop an organisational structure to allow prompt medical review
should it be required.!

e Thromboembolic complications continue to be a major cause of mor-
bidity and mortality. CEPOD has recognised this in all its reports and
highlighted the inconsistent nature of prophylactic measures. It recom-
mends the development of guidelines and clear definition of responsi-
bility for implementing prophylactic measures. The guidelines need to
be audited regularly to ensure compliance and efficacy.'”®

e Individuals dealing with high risk patients in the pre-operative period
should be aware of the importance of thromboembolis prophylaxis.

Audit

CEPOD recognises that audit can be a useful tool locally to help improve the
management of high risk surgery. There is a lack of consistency in the participation
in audit both between hospitals and within surgical specialties and anaesthesia.

Of cases sampled for NCEPOD 2000' 1/3 of deaths were reviewed by anaesthetists
and 3/4 of deaths reviewed by surgeons, this was unchanged from NCEPOD 1990.2

In an effort to improve local practice NCEPOD would recommend:
e Improved access to notes, especially of deceased patients. !

e More post-mortem examinations.’
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e Better communication between pathologists and clinicians.!!

e Regular morbidity and mortality review meetings. Ideally these should

be multidisciplinary meetings to enhance the working relationships of

surgeon, anaesthetist and physician. !

e Ensure all members of staff participate equally in audit.!

In the light of public concern over organ retention following post-mortem exam-
ination there is rightly greater rigour now required for the consent to post-
mortem examination. Details of the consent process are beyond the scope of this
book. The Department of Health (DOH) has published interim guidance on
consent for post-mortem examinations.'* In this guidance they also echo the recom-
mendations from NCEPOD in emphasising the importance of post-mortem
examination to improving clinical care and maintaining standards.

In the 10 years that NCEPOD has reported it is clear that the rate of change is
often slow. Many of the lessons continue to be repeated and are not always
heeded. Both managers and clinicians need the commitment backed up with
resources to implement changes in practice. In their introduction to the current
report, Ingram and Hoile state “We believe that future change will depend on
money, manpower, mentality and mentoring.”!

NCEPOD DEFINITIONS

Admission category

Elective — at a time agreed between the patient and the surgical service.
Urgent — within 48 h of referral/consultation.

Emergency — immediately following referral/consultation, when admission is
unpredictable and at short notice because of clinical need.

Classification of operation

Emergency — immediate life-saving operation, resuscitation simultaneous with
surgical treatment. Operation usually within 1 h.

Urgent — operation as soon as possible after resuscitation. Operation within 24 h.

Scheduled — an early operation but not immediately life-saving. Operation
usually within 3 weeks.

Elective — operation at a time to suit both patient and surgeon.

Further information

NCEPOD website: www.ncepod.org.uk
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ANALGESIA FOR THE
HIGH RISK PATIENT

In years past severe pain was accepted as an inevitable consequence of trauma and
surgery and little effort was made to provide adequate pain relief in the majority of
unfortunate patients:

e  Whilst adequate pain relief is a laudable objective from the humanitarian
perspective, modern understanding of the pathophysiological effects of
pain makes appropriate pain relief a primary objective in avoiding the
common morbidities associated with surgery.

e The patient who is at ‘high risk’ either because of the trauma of their
surgery or their poor physiological reserve therefore requires effective pain
relief to avoid these potentially lethal complications.

e If this is not achieved, then these are the patients most likely to slide
down the slippery slope to critical illness.

Modern approaches to the management of acute pain rely heavily on two analgesic
techniques, patient controlled analgesia (PCA) using an opioid self-administered
in small doses by the patient, and epidural analgesic techniques. At present there is
no evidence supporting a reduction in morbidity using PCA. Epidural techniques
however have been demonstrated to confer a number of benefits'™ and as such
would seem to be the analgesic method of choice in the ‘high risk’ patient. Other
local anaesthetic techniques used occasionally by acute pain teams may also be of
benefit. Some aspects of local anaesthetic techniques are discussed in Chapter 5.
The skills of a multidisciplinary acute pain service (APS) are essential to ensure
optimal pain management is achieved in ‘high risk’ patients.

THE ROLE OF THE ACUTE PAIN SERVICE

APSs developed in response to the joint colleges’ report ‘Pain after Surgery’
(Royal College of Surgeons and College of Anaesthetists 1990) which highlighted
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the poor record and lack of progress in postoperative pain management over the
previous 50 years.* In order to improve pain management and safely introduce
new techniques onto general wards, such as PCA and epidural infusions, the report
recommended setting up APS led by a named consultant and a specialist nurse
practitioner. Services differ slightly in structure depending upon the needs of the
particular hospital but all work to the same priorities in ensuring the attainment
of certain levels of good practice by the implementation of guidelines and proto-
cols supported by education programmes and by the provision of clinical support
to advise and direct patient management at ward level. In ‘high risk’ patients it
may be worthwhile, when possible, to discuss pain management with members of
the service in advance of the event.

THE PATHOPHYSIOLOGY OF ACUTE PAIN

Acute pain results from injury or inflammation and generally has a biologically
useful function. This function is protective by allowing healing and repair to
occur.” The pathophysiological effects of acute pain are summarised in figure 4.1.
Many patients experience acute pain as a result of surgery.

e The effect of an anaesthetic is to lower the functional residual capacity
(FRC; the volume of gas remaining in the lung at the end of normal
expiration) of the lung.

e In elderly patients or those with concurrent lung disease the FR C may
fall below the closing volume (the volume of gas in the lung below which
small airways begin to close) of the lung leading to areas of atelectasis.®

e This situation may be made worse by sputum retention as a result of
prolonged surgery and in such circumstances atelectasis may develop in
younger patients.

Pain

[
[ | I

Poor cough/Expectoration
Deep breathing

| | |

Pain on movement Increased BP/Heart rate

Impaired mobilisation Slow return of Increased O, requirements
P lung function/FRC Global/Myocardial
Risk of DVT Pneumonia Organ ischaemia
[ | |

Risk of PE

Figure 4.1 - The pathophysiology of acute pain.

’ Hypoxia HOrgan failure ‘ ’ MI ‘ ’Gut/Sepsis
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¢ An adequate cough and ability to deep breathe is essential during the
early postoperative period if these effects are to be reversed.

e This cannot generally be achieved following major abdominal or thoracic
surgery without adequate analgesia and indeed the situation may worsen
further if cough is inadequate as this will lead to further sputum reten-
tion, airway closure and ultimately pneumonia.

e Hypoxaemia as a result of this process will jeopardise the function of other
organs. Increased myocardial oxygen requirements due to the increase
in heart rate and/or blood pressure seen in the patient in pain may not
be met if the patient is hypoxic.

e This may precipitate myocardial ischaemia or lead to a perioperative
myocardial infarction.

e Hepatic and renal function may be compromised and ischaemia of the
gut may contribute to postoperative ileus and breakdown of the gut
bacterial barriers that could lead to sepsis.

e Early mobilisation can be facilitated by good pain relief and this in turn
reduces the likelihood of deep venous thrombosis and pulmonary
embolus and will reduce the likelihood of hypostatic pneumonia.

To promise perfect analgesia is inappropriate as this may be unachievable even
with an epidural technique, thus the aims of pain management are to achieve a
level of pain with which the individual can cope without distress and which will
not hinder coughing and mobility. In addition pain relief should encourage and
facilitate rest and normal sleep patterns whilst enabling early mobilisation and the
ability of the patient to communicate with their carers. Ideally analgesic regimes
should take into account periods where pain intensity is increased due to thera-
peutic interventions (incident pain), e.g. physiotherapy, dressing changes, etc. This
is particularly important in patients with coronary artery disease who may develop
myocardial ischaemia as a result.

RISK FACTORS IN PAIN MANAGEMENT
Site of injury

Pain that interferes with deep breathing and coughing confers the greatest risk to
the patient and therefore the anatomical site of the surgery or injury is important
when assessing risk. Thoracic surgery or injuries interfere most with the mechan-
ics of breathing and coughing, the next most serious are upper abdominal injuries
followed by lower abdominal problems and then by pain in the peripheries. When
planning postoperative pain relief the site of surgery must be considered in
conjunction with the patient’s other risk factors.
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Co-existing medical conditions

Certain medical conditions have implications for the choice of pain management.
Opioid drugs are used in many analgesic techniques and can lead to respiratory
depression. Patients with co-existing respiratory disease, morbid obesity, sleep
apnoea and the elderly are the most at risk of respiratory depression from opioids.
Although opioids are commonly used via the epidural route these patient groups
may benefit greatly from the excellent analgesia that an epidural provides, particu-
larly if the site of injury interferes greatly with respiratory function. The use of
non-steroidal anti-inflammatory drugs (NSAIDs) should be avoided in patients
with a number of conditions including renal failure, peptic ulceration, asthma and
congestive cardiac failure and should be used with care in postoperative patients
who are likely to be dehydrated. Coagulation abnormalities will preclude the
use of epidural techniques and, if time and circumstances permit, consideration
should be given to reversing anticoagulation to allow the use of epidural tech-
niques in patients considered to be at high risk of problems associated with poor
analgesia. Care should be taken in patients with ischaemic heart disease, whilst
good analgesia protects against myocardial ischaemia the hypotension due to
epidural techniques may be undesirable in the presence of a critical coronary
stenosis.

THE BENEFITS OF EPIDURAL ANALGESIA IN THE
HIGH RISK PATIENT

The role of good analgesia in the avoidance of morbidity is most clearly demon-
strated in patients receiving epidural analgesia. Level 1 evidence (obtained from
systematic review of relevant randomised controlled trials) obtained by the
Australian Working party group (NHMRC) demonstrates that postoperative
epidural analgesia can significantly reduce the incidence of pulmonary morbidity.
A review by Buggy and Smith concluded that current evidence demonstrates that
epidural analgesia may facilitate early recovery and improved outcome by reducing
the incidence of thromboembolic, pulmonary and gastrointestinal complications
after major surgery.! The potential benefits of epidural analgesia in the high risk
patient seem clear but the small risk of neurological complications and the potential
risk of hypotension in the individual patient must be borne in mind. There is no
evidence that these benefits are manifest in patients receiving parenteral opioid
analgesia.

FUNDAMENTAL PRINCIPLES OF PAIN MANAGEMENT
Pain assessment

The 1990 Report of the Working Party of the Royal College of Surgeons and
College of Anaesthetists recommended the systematic assessment and recording of
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pain during the postoperative period.* There is no objective measure of pain, the
report of the patient is the only yardstick. If pain is not assessed expertly and regu-
larly then the analgesic regime may be inadequate. Remember that many patients
tend not to complain and will tolerate quite severe pain stoically. It is important
therefore that the patient is involved in the process of assessment. The simplest
tools are single-dimensional matching pain to a visual or verbal 0—-10 scale with
0 — ‘No Pain’ and 10 — “The Worst Pain Imaginable’.

The key points are that:
e the tool is quick and easy to use,
e the assessment is made by the patient both at rest and on movement,
e the assessment is made regularly and repeated soon after any intervention,
e the result is acted upon if the pain score is above half way up the scale.

From a therapeutic perspective patients should be comfortably able to take a deep
breath and cough and as such measurement of pain on movement, deep breathing
or coughing is a more important determinant of outcome than measurement of
pain scores at rest. Individual assessments are crucial in all patients in pain to
prevent the tendency towards ‘blanket” prescribing.

Changes in the type or intensity of the pain being experienced by the patient
should be given serious consideration as this may indicate failure of the analgesic
technique, e.g. an epidural catheter falling out or becoming disconnected, or may
indicate a deterioration in the patients condition. Early identification and treat-
ment of neuropathic pain should be given consideration particularly if nerve
injury is likely. Neuropathic pain is often described as ‘burning’ or ‘shooting’ and
may be elicited by minimal stimulation of the affected area. It is poorly responsive
to morphine which is commonly given in larger and larger doses if the diagnosis
is missed. Therapy with carbamezepine or amitripyline is more appropriate and
should be considered.

Multi-modal analgesia

This is also referred to as ‘Balanced Analgesia’ and implies the use of two or more
analgesic agents in combination to effect pain relief at different places along the
pain pathway. Possible analgesic agents that can be used in this way are

e opioids (higher centres and spinal cord eftects via opioid receptors),
e NSAIDs (peripheral nociceptors via inhibition of cyclo-oxygenase),
e paracetamol (NSAID like effects but none of the usual side effects),

e local anaesthetics (block sodium channels and hence conduction in
nerve fibres),
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e tramadol and clonidine (increase activity of spinal descending inhibitory
pathways by decreasing re-uptake of nor-adrenaline and 5-HT in neural
synapses).

Drug combinations should be tailored to the individual depending upon circum-
stances and contraindications. The benefits of multi-modal analgesia are well
described, better analgesia can often be achieved with greater safety and fewer side
effects particularly when adjuvant analgesics are used alongside opioids when a
demonstrable opioid sparing effect can be seen.

INITIAL ANALGESIA IN THE HIGH RISK PATIENT

Many patients in the ‘high risk’ category will present as emergency admissions
either as a result of trauma or their disease process e.g. acute abdomen. Effecting
good analgesia quickly should be a priority in these as in all patients. Good anal-
gesia in the early stages helps reduce the physiological and psychological stresses
brought about by trauma or disease and is particularly important in patients with
ischaemic heart disease. There is no justification for withholding analgesia to
facilitate clinical diagnosis, not even in the patients with acute abdominal pain.
Oral analgesics are of little use as nausea or vomiting may be a feature and absorp-
tion of the drug unpredictable. Intramuscular (IM) or better still intravenous (IV)
opioids are the method of choice supplemented by parenteral, rectal or ‘melt’
NSAIDs, unless contraindicated, or rectal paracetamol. In patients who are at
higher risk of respiratory depression due to current or concurrent illness, the IV
administration of an opioid to achieve analgesia is favoured as it allows careful
titration of the dose against the patients response. In most patients morphine in
increments of 1-2mg or diamorphine in 1 mg increments would be the drugs of
choice. It is often necessary to exceed the recommended doses for these drugs as
defined in the British National Formulary, particularly if the patient has had recent
exposure to other opioid drugs.

Other techniques that may be of value in this initial phase of treatment depending
upon circumstances include inhalational analgesia using Entonox which is particu-
larly useful as an adjuvant if painful interventions or movement of the patient is
necessary. In some instances a simple local anaesthetic block may be of value and
can easily be performed, e.g. femoral nerve block for a femoral fracture.

Early analgesia buys time until a more considered plan can be made to control the
patient’s pain.

ANALGESIC TECHNIQUES IN THE HIGH RISK PATIENT

APSs across the country employ a number of standard techniques to effect pain
control. These techniques include PCA, epidural infusion analgesia (EIA), patient
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controlled epidural analgesia (PCEA), algorithm controlled opioids and a number
of other local anaesthetic blocks which may be prolonged by continuous infusion
via a strategically placed catheter. To ensure patient safety these techniques need
a supporting package of protocols, education and clinical supervision that only a
pain service can provide. If this support is not in place the general ward is not
the place for a one-off epidural. For the purpose of understanding we will give
here a brief description of the important techniques listed above which are well
described elsewhere.

Algorithm controlled opioids

This was first described by Gould.” The algorithm allows the oral, IM or subcuta-
neous administration of morphine, usually in 10 mg doses, as regularly as every hour
in response to patient need. The algorithm allows nurses greater flexibility to
administer morphine in response to pain score, if respiratory rate, level of con-
sciousness and other basic physiological parameters are acceptable. In practice a
number of doses may be needed initially to achieve analgesia after which dose
frequency reduces to a more ‘normal’ 3—4 hourly pattern.

Patient controlled analgesia

The principle here is that the patient self-titrates an opioid, most commonly mor-
phine, in small doses, generally 1-2mg at a time using a patient request button.
Each time a dose is administered the system ‘locks out” usually for 5min during
which time the request button is ineffective. Subsequent requests, after each 5 min
lockout will result in further doses. This method is excellent for maintaining anal-
gesia once achieved. Pre-loading of the patient via the IV or IM routes is manda-
tory to the success of the technique as using the button alone can take hours to
achieve analgesia from a standing start. The patient must have the mental and
physical capabilities to understand the technique and to use the button.

Epidural infusion analgesia

Placement of a catheter into the epidural space to effect analgesia has long been
practised in obstetric anaesthesia. The technique is now being applied in an acute
pain setting. The quality of analgesia achieved is far superior to that achieved by
PCA or algorithm controlled opioids. Infusion regimes vary but usually incorp-
orate mixtures of bupivacaine at a concentration of 0.0625-0.15% with a lipid
soluble opioid (not morphine) such as diamorphine (maximum 40 wg/ml) or
fentanyl (maximum 5 pg/ml). Epidural opioids are more effective when used
in conjunction with a local anaesthetic to produce a synergistic analgesic action
and reduce the required dose and side-effects associated with either the local
anaesthetic or opioid alone. These mixtures are run at rates of up to 10ml/h
depending upon the site of insertion. Insertion of the epidural at an appropriate
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segmental level is important as spread of drugs within the epidural space is limited.
In practice hypotension due to autonomic blockade by the local anaesthetic
is a far bigger problem than respiratory depression although lowering the dose
of the opioid may be wise if respiratory depression is a significant patient risk
factor.

Patient controlled epidural analgesia

This is a modification of EIA. The same opioid/local anaesthetic mixtures tend to
be used at similar infusion rates. The main difference is that the patient is able to
self-bolus extra doses of the mixture to supplement analgesia if required. In our
practice we allow a patient controlled bolus of 2ml with a 20 min lockout to sup-
plement background infusions of 0.125% bupivacaine with 40 wg/ml of diamor-
phine at up to 8 ml/h. PCEA allows greater flexibility of dose and better patient
response to increases in pain intensity such as during physiotherapy.

OPTIMISING ANALGESIA IN THE HIGH RISK PATIENT

Choice of analgesic technique will depend upon the site of the surgery and other
patient risk factors. The challenge is to tailor effective analgesia to each patient’s
requirements applying multi-modal principles using the available techniques
alongside adjuvant analgesics. The objective is analgesia that is effective enough to
avoid further deterioration in the patient’s condition as a direct result of pain
whilst avoiding side effects and complications attributable to the analgesic tech-
nique. In general the technique chosen should be used, if effective, until the
patient’s pain is able to be controlled on an oral analgesic combination. It is wise
to ensure that this control is possible before permanently discontinuing a tech-
nique, e.g. removing an epidural catheter.

Debate still continues regarding the use of epidurals on the general postoperative
ward. In our view the full benefit of epidural analgesia is only attainable if the
technique is maintained until the point where oral pain control is achievable.
Whilst an initial period in a high dependency unit (HDU) or intensive care unit
(ICU) environment is desirable in the high risk patient whilst the patient is
re-warmed and fluid management is optimised, it is inappropriate to discontinue
a working epidural after only 24-36h so that the patient can go back to the
general ward. As few hospitals in the UK have HDU facilities that can cope with
keeping patients for 3—4 days it is necessary to set up general wards to safely
manage epidurals in order to optimise the proven clinical benefits.

ANALGESIC STRATEGIES IN THE HIGH RISK PATIENT

As site of injury is a crucial factor in pain associated risk it seems sensible to dis-
cuss basic analgesic strategies using this factor as a determinate of technique.
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Pain in the peripheries

Pain in the limbs has little direct effect on breathing and coughing ability, it does
however significantly limit movement. Analgesic objectives should be to promote
early mobilisation to at least a sitting in chair position to minimise the chance of
hypostatic pneumonia. Standard opioid techniques such as PCA or algorithm
controlled opioids in combination with paracetamol and/or an NSAID would be
the method of choice. A recent paper suggests that for limb injury ketorolac is as
effective as morphine, produces less side effects and greater patient satisfaction.®
The use of epidural analgesia in these patients may preclude early mobilisation due
to motor blockade and postural hypotension. Other peripheral nerve blocks may
be of value in producing analgesia in the early postoperative period. Some blocks,
e.g. brachial plexus have a prolonged action often extending into the first or even
second postoperative day and are well worth considering particularly in patients
where avoidance of opioids is desirable.

Lower abdominal pain

This is most commonly a result of surgery. The majority of patients having surgery
of the lower abdomen or pelvis are having elective procedures, e.g. gynaecological
surgery and will cope very well with PCA or on the IM algorithm. Consideration
should be given to the benefits of epidural analgesia in these patients if other risk
factors exist. Morbid obesity and/or proven sleep apnoea are a clear indication for
epidural analgesia as the use of opioids in these patients is fraught with risk.
Supplementation of either technique with paracetamol and/or an NSAID is desir-
able and if an opioid technique is planned then on-table bilateral inguinal blocks
give excellent adjunct analgesia in the initial postoperative period.”

Upper abdominal pain

Surgical incisions on the upper abdomen may well extend into the lower
abdomen as a full blown laparotomy incision. Upper abdominal incisions interfere
with the mechanics of breathing far more than lower abdominal incisions. A
significant proportion of patients in this category will present as emergency cases
with the possibility of concomitant sepsis, dehydration, electrolyte imbalance and
other physiological deficits. There is clear evidence that epidural analgesia, EIA
or PCEA confers a benefit in this patient group. It is the technique of choice in
the majority of ‘high risk’ patients but there are always situations where epidural
analgesia is impossible or should be used with care. These will include:

e Patient refusal (absolute contraindication).
e Infection at the site of insertion (absolute contraindication).

e Anticoagulation (consider reversal if for elective surgery).
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e Fixed cardiac output states, e.g. aortic stenosis, hypertrophic obstructive
cardiomyopathy, epidural blockade may precipitate profound cardio-
vascular collapse in these patients (use with care including full haemo-
dynamic monitoring and postoperative intensive care).

e Systemic sepsis, epidural blockade may contribute to cardiovascular
instability, there is also a theoretical increased risk of epidural abscess
formation (need to balance risks carefully, consider siting epidural in
early postoperative period when cardiovascular instability is less

profound).

Epidural analgesia can be combined with NSAID and/or paracetamol to provide
improved analgesia using multi-modal analgesia principles. Sedative drugs and
parenteral opioids should be avoided if the epidural infusion contains an opioid as
this increases the risk of respiratory depression.

If an epidural is out of the question other local anaesthetic blocks might warrant
consideration. Intrapleural or paravertebral infusions are of use for unilateral incisions
such as open cholecystectomy. A left intrapleural block has been advocated for the
treatment of pancreatitis pain.'” An infusion of local anaesthetic directly into the
wound via a catheter sited during wound closure can contribute significantly to
postoperative analgesia and is of value alongside standard PCA or the IM algorithm.

Thoracic pain

Pain in the thorax interferes significantly with the mechanics of breathing and
coughing. Common causes are surgery and chest trauma. A well wired sternotomy
wound gives surprisingly little pain but the pain following thoracotomy is very
severe. Epidural analgesia is strongly recommended for most patients having thor-
acic surgery. The only grey area is in younger patients with non-malignant disease
where an epidural, although giving excellent analgesia, is unlikely to influence a
successful outcome and where neurological damage would be a major disaster. In
‘high risk’ patients epidural analgesia should be given a very high priority given the
exclusions previously discussed. Alternative techniques which can be used along-
side PCA or algorithm controlled opioids are paravertebral infusions or epiplueral
infusions in which a catheter is sited outside the pleura in the paravertebral gutter
under direct vision by the surgeon.!! Thoracic epidural analgesia has clear benefits
in the management of chest trauma and may reduce the need for ICU admission.

Pain in more than one location

This 1s a common problem following major trauma and although an epidural may be
indicated to treat pain from chest trauma or a laparotomy it will not give effective
analgesia for concomitant limb fractures. One strategy is to use local anaesthetic
only in the epidural infusion and allow the patient to use a standard PCA to treat
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the pain not managed by the epidural. This strategy can also be used when
epidural analgesia is inadequate due to a missed segment or when low epidural
placement misses the top end of a surgical wound.

PROBLEMS ENCOUNTERED WITH EPIDURAL ANALGESIA

The complications of epidural catheter insertion are well described® and include
epidural haematoma and abscess, IV injection of local anaesthetic and inadvertent
dural tap. The risk of neurological complications either of a minor or major nature
has yet to be clearly defined but must be considered when balancing the risks
against the benefits of thoracic epidurals.

Itching, nausea and vomiting are all recognised side effects of epidural opioids.
Though respiratory depression is rare monitoring of sedation level is mandatory.
Hypotension (systolic blood pressure less than 80 mmHg) occurs in over 25% of
our patients. Optimising fluid management is a major challenge and in the ‘high
risk’ patient this may well best be achieved initially in an intensive or high
dependency care environment.

Care should be taken with the timing of prophylactic heparin injections in rela-
tion to insertion and removal of epidural catheters to reduce the likelihood of
epidural haematoma.

Epidural analgesia is associated with the development of pressure sores particularly
on the heels. This can happen even in young healthy people and nursing vigilance
is essential. Debilitated patients are at higher risk of developing this complication.
Strong local anaesthetic solutions administered via the epidural in theatre may be
a factor in the development of these sores. A sensible precaution is to switch oft
epidural infusions if patients’ legs are still paralysed beyond 2h post surgery. It can
be recommenced when the block has regressed enough to allow leg movement.
This precaution also facilitates early detection of epidural haematoma.

INCIDENT PAIN IN THE HIGH RISK PATIENT

The acute pain experience is one that begins severely, immediately following
injury, then decreases over the subsequent few days to a level that can be controlled
by simple analgesics and then, in time resolving. This is not however the whole
story as overlying this general downward trend are periods when pain intensity is
increased by therapeutic interventions such as physiotherapy, trips to the X-ray
department, dressing changes or the patients attempts to mobilise. The analgesic
technique in use may need supplementation in order to cover these episodes. This
is most easily achieved in the following ways:

® The use of patient controlled analgesic techniques such as PCA or PCEA.
Most painful interventions can be anticipated. This allows the patient to
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dose himself/herself with extra morphine or epidural top ups in prepar-
ation. In this regard PCEA has distinct advantages over EIA.

e Entonox, this is a mixture of 50% oxygen in 50% nitrous oxide adminis-
tered through a mask or mouthpiece via a patient activated demand
valve. In essence it is patient controlled inhalational analgesia giving short
duration analgesia acting for as long as the patient continues to breathe
the entonox. As with IV PCA the system has a built in safety mech-
anism to prevent overdose if used correctly. It is essential that only the
patient holds the mouthpiece so that if the patient becomes too drowsy
the mask will fall away from the face. Additionally with Entonox, there
is the psychological value of distraction with the act of using the device.
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LOCAL ANAESTHETIC TECHNIQUES

Local anaesthetic techniques are widely used in high-risk surgical patients. They
may be used alone or in combination with general anaesthesia to provide anaes-
thesia and analgesia both intraoperatively and postoperatively. A wide variety of
local anaesthetic techniques are used varying from simple techniques such as
wound infiltration through field and nerve blocks to major regional anaesthesia.
Infusion systems may be used to provide prolonged anaesthesia or analgesia into
the postoperative period.

REGIONAL AND LOCAL ANAESTHETIC TECHNIQUES

There are a large number of nerve blocks described which can be used to provide
anaesthesia or analgesia for procedures or painful conditions affecting many parts
of the body. These are described in detail in other texts:

e These procedures can be associated with adverse events and it is impor-
tant when performing a nerve block that the anaesthetist is familiar
with the anatomy both of the nerve and also of adjacent structures, the
potential adverse events specific to the procedure being performed and
takes all precautions to reduce these risks to the patient.

e Use of a nerve stimulator when appropriate will increase the potential
for a successful block and reduce the risk of adverse effects.

Blocks have been described which can be used to provide anaesthesia or augment
anaesthesia for procedures on many areas of the body. The major advantage of local
and regional techniques is that they can be used to avoid general anaesthesia for
surgery, or allow a reduction in the anaesthetic or analgesic dosage.This can reduce
the risk of complications, particularly postoperative respiratory tract infections,
nausea and vomiting, and pain. Cardiac complications such as hypotension may be
reduced when using regional anaesthesia, but there is conflicting evidence on this.
It 1s important, however, to remember that practice and experience are important
factors in the success of any technique, and that a competent general anaesthetic is
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preferable to the serious complications of a regional technique which has gone
wrong.

Adverse events from local anaesthetic techniques may be due to the technique or
the agents used:

® General risks for all techniques include the risk of local infection,
haematoma and trauma to the nerve which may lead to temporary or
permanent symptoms. When a local or regional technique is being used
as the sole anaesthetic technique it is important to consider the adverse
effect of patient stress and anxiety, which can be associated with
unwanted hypertension and tachycardia.

e Other risks are specific to the block which is being performed and a
knowledge of these risks is important when performing any block.

Spinal and epidural anaesthesia

These techniques are very widely performed and again are associated with poten-
tial adverse events. Hypotension is a significant effect, due to blockade of sympa-
thetic afferents. The sympathetic afferents originate in the thoracolumbar anterior
nerve roots as far as L2. Block below this level is not associated with significant
hypotension, increasing block height is associated with an increasing degree of
hypotension. Spinal anaesthesia, which is of more rapid onset and produces pro-
found sensory and motor block causes more hypotension than epidural anaesthe-
sia which is more gradual in onset and which can be more controlled by slow
administration. The other adverse effects of epidural and spinal anaesthesia include
headache, backache, an increase risk of pressure sores, epidural haematoma,
epidural abscess and risk of cord or nerve damage. Particularly, with epidural
anaesthesia the block may be insufficient to be used as the sole anaesthetic or
analgesic agent.

REGIONAL BLOCKADE AND TREATMENT THAT INTERFERES
WITH COAGULATION

Patients who have clotting disorders have an increased risk of haemorrhage dur-
ing local and regional blockade and therefore regional techniques are often con-
traindicated in these patients. Patients with serious haematological and liver
disease, and those with severe intercurrent disease receiving thromboprophylaxis
are all at increased risk of haemorrhagic complications. Many patients receiving
antiplatelet treatment or anticoagulant prophylaxis now present for surgery.
These treatments are particularly common in high-risk patients and the risk of
haemorrhage must therefore be balanced against the potential benefits of the use
of a regional technique in each individual patient.!
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The incidence of haematoma following regional anaesthesia is extremely low.
Factors involved in reducing the risk of haematoma formation include:

uneventful needle insertion,
the use of smaller needle size,
avoidance of catheter insertion where possible,

catheter removal timed to coincide with minimal anticoagulant effect.

Most research has been into the effect of these treatments in spinal and epidural
anaesthesia, although there are haemorrhagic risks in other nerve blocks.

Many high-risk patients arrive for surgery on aspirin, which has an effect on plate-
let cyclo-oxygenase (COX) and interferes with platelet agglutination. Other non-
steroidal anti-inflammatory drugs (NSAIDs) also affect platelet COX, however,
their effect appears to be less prolonged than aspirin:

The effect of aspirin can persist for 7-10 days.

The COX 2 inhibitor NSAIDs are reported to have no effect on platelet
function.

There have been a number of case reports published where patients
have developed haematoma when undergoing regional blockade while
on aspirin.

Several large studies have failed to show an increased incidence of
haematoma formation in patients on aspirin coming for regional blockade
compared to those not on aspirin and the incidence is therefore very low.

Ideally a patient should omit aspirin prior to admission for surgery for
7-10 days.

The effect of heparin on epidural anaesthesia has also been extensively studied,
looking at both standard and low molecular weight heparin (LMWH).? There
have been reports of spinal haematoma in patients receiving intravenous heparin
and risk factors include vessel puncture during needle siting, heparinisation within
1h of needle, catheter siting and concomitant aspirin therapy:

If intravenous heparin is to be commenced following a spinal or epi-
dural, then there should be a delay of at least 1 h between the insertion
of the block and commencement of heparin.

Catheter techniques can be safely used, but the catheter should be
removed at a time when heparin activity is low.

Subcutaneous heparin is also relatively safe, with few reports of spinal bleeding.
Needle insertion should not be within 4 h of the last dose, and the catheter should
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not be removed for at least 4 h after a dose. Patients with liver disease, receiving
antiplatelet therapy, or on long-term thromboprophylaxis will require monitoring
of their anticoagulant eftect.

LMWH has been given in a large number of patients who undergo spinal or
epidural anaesthesia. These again are associated with case reports of haematoma.
LMWH alter coagulation and have a 4 h half-life of effect. At 12h after injection,
there is still antithrombotic activity with 50% of maximum anti-IXa activity.
These patients have altered coagulation and it is recommended that needle place-
ment should take place at least 12h after the last dose of LMWH with a delay of
2h before the next dose:

e The risk of haematoma is increased by concomitant use of aspirin or
dextran.

e Single dose spinal anaesthesia may be safer than epidural, as a smaller
needle is used and no catheter sited.

e Ifa catheter is sited, this should be removed at least 12 h after a dose of
LMWH, by leaving removal to 24 h after the last dose coagulation can
be normalised.

e After removal of the catheter, there should be at least a 2 h delay before
the next dose.

AGENTS USED IN LOCAL AND REGIONAL ANAESTHESIA

Local anaesthetic agents are the most widely used agents in local and regional tech-
niques, but other agents may be used to cause vasoconstriction and thus prolong
their effect, such as adrenaline. Many analgesic agents have been used to augment
or replace the local anaesthetic, especially in spinal and epidural techniques. These
agents may all have adverse effects on the patient which must be considered.

Local anaesthetic agents

There are a large number of local anaesthetics available. These are tertiary amino
esters or amides, which work by acting on the nerve cell and interfering with the
transter of sodium ions across the membrane. They thus interfere with the genera-
tion of action potentials. Different nerves are affected by different concentrations of
local anaesthetics and pain, temperature and touch fibres are affected at lower con-
centrations than motor fibres. However, it is not possible to produce a complete
sensory block in a mixed nerve fibre without producing some motor blockade.

Local anaesthetic agents affect a variety of excitatory tissues and can have effects
on a variety of systems, particularly the central nervous system (CNS) and the
cardiovascular system. In the CNS, inhibitory neurones are more affected than
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excitatory, and local anaesthetics can cause tremors and restlessness and seizures in
overdose. The respiratory centre can also be affected by overdose, initially causing
an increase in respiration but at higher doses respiratory depression.

Cardiovascular system effects include cardiac and peripheral effects. All local anaes-
thetics apart from cocaine act as vasodilators via an effect on arterioles, bupiva-
caine having less effect than many other agents. Cocaine acts as a vasoconstrictor.
Autonomic ganglia may also be affected by local anaesthetics via an anti-muscarinic
effect. Local anaesthetics also act directly on the excitatory tissue of the heart caus-
ing an increase in the refractory period, prolonged conduction time and depres-
sion of myocardial excitability. This effect has been used as an advantage in the
treatment of ventricular extrasystoles, tachycardia and fibrillation with lignocaine,
although lignocaine can increase the defibrillation threshold.

Local anaesthetics are metabolised in the liver. Procaine and amethocaine are also
metabolised by plasma cholinesterases.

Side effects are rare from local anaesthetic agents, but toxicity can be a major risk
especially:

e When an overdose is given. The dose to be given should be calculated
from the safe dosage for each patient. If agents are mixed, repeated doses
are given or for an infusion use, this must be calculated to be within safe
limits.

e Injection into a vein. It is important to aspirate prior to and during
injection of local anaesthetic and if using an infiltration technique to
keep the needle moving to avoid this.

¢ Injection into very vascular tissue or application over mucous mem-
brane where absorption is rapid.

e Severe hepatic impairment where metabolism and excretion may be
reduced.

It is important to be familiar with and prepared to manage the effects of local
anaesthetic toxicity when using as part of an anaesthetic technique. Adequate
monitoring and resuscitation equipment should be available when using these
agents and toxic dosage should be avoided.

Vasoconstrictor agents

Local anaesthetic agents may be used in combination with a vasopressor. These
are used to counteract vasodilatation, which will slow systemic absorption of the
agent and reduce bleeding in the surgical field. By slowing systemic absorption
of the agent, it is possible to increase the safe dose of many but not all local
anaesthetic agents and also to prolong their effect.
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Adrenaline is most widely used as a vasopressor agent in combination with local
anaesthetics. Despite acting as a vasoconstrictor, it is systemically absorbed and can
produce a significant effect causing tachycardia, hypertension and anxiety. In
dental anaesthesia, this has been shown to have a significant effect in elderly
patients with hypertension who demonstrate an increased risk of tachycardia and
hypertension.® However, it has been used safely for many years in these patients
and its effect on morbidity and mortality seems to be minimal. Felypressin is an
alternative vasoconstrictor used in dental practice which avoids this eftect.

Many other drugs have been used in combination, either alone or in combination
with local anaesthetic to provide enhanced analgesia and anaesthesia. In combina-
tion with low dose local anaesthetic, they can provide intra- and postoperative
analgesia with less risk of adverse effects from use of one or other alone agent.
These drugs are used commonly in as adjuvants in spinal and epidural anaesthesia,
but are also effective in plexus and nerve blocks.

Opioid analgesics

These are used especially in spinal and epidural techniques to enhance the anal-
gesic effect and also to allow a reduction in the concentration and dosage of local
anaesthetic. They can be given in much smaller doses than their systemic dose and
are less likely to produce respiratory depression and other side effects. Opioids
given spinally work locally on the opioid receptors in the dorsal horn, but also
spread more centrally within the CNS. For this reason, respiratory depression can
occur, especially following intrathecal opiate administration and this may be a late
complication. The rate of onset of spinal opioids is related to their lipid solubility.

Epidural opioids work both at local spinal receptors but also at supraspinal levels.
Epidural opioids are absorbed into the epidural venous plexus and this is probably
a major contribution to their supraspinal eftect. When given epidurally, the effect
is related to the lipid solubility of the opioid used:

e Lipophillic agents such as fentanyl are rapidly absorbed by surrounding
fatty tissues as well as crossing the dura, thus having a rapid onset but
requiring higher doses than less lipid soluble agents such as morphine.

Respiratory depression is a major complication of spinal and occasionally epidural
opioids, and may occur several hours following administration. It appears to be
a supraspinal eftfect and can be reversed by naloxone. Pruritis and urinary retention
are other side effects of intrathecal and epidural use of opiates.

Other agents

These are used to augment regional anaesthesia and include clonidine, an alpha
agonist. Clonidine has been used spinally and epidurally and also as part of brachial
plexus and lower limb nerve blocks. It is used in combination with local anaesthetic
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to potentiate the effect and duration of the block:

e Clonidine is associated with hypotension and drowsiness at low dose,
which could preclude its use in many high-risk patients.

e It causes less urinary retention than opiates when used spinally and

epidurally.*

e When used in nerve blocks, clonidine prolongs and augments the local
anaesthesia without significant hypotension.

BENEFICIAL EFFECTS OF REGIONAL BLOCKADE ON THE
STRESS RESPONSE TO SURGERY

There is an endocrine response to surgery which causes an increase in the pro-
duction of pituitary hormones and stimulation of the sympathetic nervous system.
This process produces a number of metabolic effects which are generally catabolic.

The stress response 1s considered a contributor to patient morbidity and mortality
following major surgical procedures, and ways of reducing the response have
therefore been widely studied. In particular, the use of regional anaesthetic tech-
niques and especially epidural anaesthesia have been studied in relation to their
modification of the stress response.’ This has, so far, not been extrapolated to an
overall increase in survival in any study. See also Chapter 12.

BENEFITS OF SPINAL AND EPIDURAL ANAESTHESIA

These have been extensively studied and shown to have a number of potential
benefits for the patient:

¢ Thromboembolic effect — Regional anaesthesia has been shown to
reduce the incidence of thromboembolic complications considerably.
This is especially the case following surgery to the lower limbs and
pelvis. The eftect is partly due to lower limb vasodilatation, inhibition
of the stress response and therefore reduced platelet aggregability,
alteration of tissue aggregation and inhibition factor production.®

e Cardiovascular effect — There is a reduction in hypertensive and
tachycardic response to surgery with regional anaesthesia. There may be
a reduction in risk of myocardial infarction or cerebrovascular accident

(CVA) for patients undergoing regional anaesthesia.’

e Respiratory — There is an improvement in respiratory parameters in
patients receiving regional anaesthesia compared to general anaesthesia.
There is also a reduction in postoperative respiratory infections. Patients
with severe chronic lung disease have been shown to suffer less post-
operative respiratory complications following regional anaesthesia.®
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¢ Blood loss — The transfusion requirements of patients undergoing a
regional anaesthetic technique are reduced both intra- and postopera-
tively when a regional technique is used.

* Gastrointestinal function — This is improved by regional anaesthesia
with local anaesthetic and opioid following abdominal surgery. There
is a lower incidence of ileus compared to patients receiving systemic
opioids or epidural opioid alone. This allows a return to early enteral
nutrition and the postoperative benefits of improved nutrition for the
patient.

e Infection —There is a reduction in overall infection rates. This is par-
ticularly the case for respiratory tract infections.

¢ Postoperative recovery —There is an improvement in patient analge-
sia with regional techniques.

* Mortality rate — Some studies have shown a reduction in mortality
rates for patients undergoing regional anaesthesia, with or without
general anaesthesia, however, this is not universally reported and some
studies have shown a possible increase in mortality rates.

The advantages listed above have been hoped to be associated with a demonstra-
tion of shortened hospital stay and postoperative complications, but these have not
been proven conclusively.

LOCAL AND REGIONAL ANAESTHESIA IN PATIENTS WITH
SERIOUS INTERCURRENT DISEASE

The theoretical advantages of avoiding general anaesthesia and providing a theo-
retical reduction in cardiovascular and respiratory risks has made local and regional
anaesthesia very popular in patients with serious coexisting disease. Groups who
have been extensively investigated include the following.

Patients with cardiac disease

These patients are at risk of increased perioperative morbidity and mortality, and
this is especially the case in those with recent myocardial infarct or congestive car-
diac failure. Patients at risk of cardiovascular complications include patients with
known ischaemic heart disease, hypertensive disease and the elderly.

Local and regional techniques are often used in this group to avoid the cardiovas-
cular effects of general anaesthesia and they have theoretical advantages, e.g. the
reduction in the hypertensive and tachycardic response to surgery.

Local anaesthetic techniques for dental and eye surgery in these patients have
been used very safely. The use of adrenaline as an adjunct to dental anaesthesia has
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been performed safely for many years without serious clinical problems in this
group of patients, although there is an increased risk of arrhythmias especially
in those with congestive cardiac failure or taking digoxin.’ There is a risk of anxiety-
related problems in these patients which can counteract some of the cardiac benefits
of avoidance of general anaesthesia.

Local and regional anaesthesia has also increasingly replaced general anaesthesia
for carotid endarterectomy. There may be an advantage related to incidence of
myocardial ischaemia for local anaesthesia compared to general anaesthesia but this
is, so far, not proven.m

Spinal and epidural anaesthetic techniques are also used widely in these patients.
There is evidence that epidural anaesthesia is safer than spinal anaesthesia:

e Spinal anaesthesia is associated with more hypotension than epidural
anaesthesia and this is of rapid onset.

e In patients with cardiac risk, use of spinal anaesthesia has also been asso-
ciated with an increased incidence of postoperative cardiac complica-
tion and mortality in comparison to general and epidural anaesthesia.

However, the overall message is that a recent large review of regional anaesthesia
supports the view that spinal and epidural techniques are associated with reduced
mortality compared to general anaesthesia used alone.!!

Patients with severe pulmonary disease

This group of patients has an increased risk of postoperative respiratory complica-
tions and local anaesthetic techniques are often used as the treatment of choice in
these patients:

® General anaesthesia has been reported as a risk factor for the develop-
ment of a postoperative respiratory complication when compared with
local or regional techniques.

e Patients with respiratory disease presenting for orthopaedic surgery
have been shown to have reduced morbidity and mortality following
regional techniques.

e There is controversy still over whether use of postoperative regional
analgesia can reduce pulmonary mortality following major surgery,'?
although it appears likely to have a beneficial effect.

Patients with chronic renal failure

Local and regional techniques are both used to provide anaesthesia for formation
of arterio—venous fistulae in this group of patients. Brachial plexus blocks have been
shown to be very safe in these patients and are used widely for fistula formation.
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Using a regional anaesthetic technique should also provide these patients with
beneficial effects due to avoidance of the effects of general anaesthesia on renal
blood flow and the electrolyte and water retention produced by the stress
response. However, it is important to maintain a normal blood pressure and
cardiac output to retain this benefit.!?

Elderly patients

These patients frequently have a number of medical conditions that increase their
perioperative risk and therefore frequently receive regional or local anaesthesia.
Studies have shown beneficial effects from regional anaesthesia, particularly in
orthopaedic surgery.

Orthopaedic surgery

Regional anaesthetic techniques are used widely for patients undergoing ortho-
paedic and trauma surgery. The benefits of a reduction in thromboembolic com-
plications, haemorrhage, and postoperative infections have led to their use in these
patients who are often at high risk due to their age and intercurrent medical prob-
lems. There is an early reduction in morbidity and mortality, although this does
not always extrapolate to long-term improved survival and some studies have
been unable to show any relative benefit for regional anaesthetic techniques over
general.'*

Further reading

Atanassoff’ PG. Effects of regional anesthesia on perioperative outcome. J Clin
Anesth 1996; 8: 446-55.

Hall GM, Ali W.The stress response and its modification by regional anaesthesia.
Anaesthesia 1998; 53 (suppl. 2): 10-12.
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THE CRITICALLY ILL PATIENT IN THE
OPERATING THEATRE

Anaesthetic management of the critically ill patient who requires operative inter-
vention remains a significant challenge.

These patients should always be anaesthetised by senior anaesthetists.
Such patients present to the anaesthetist from three main areas within the hospital:

1. The accident and emergency department
Victims of major trauma requiring immediate operative intervention fall
into two categories:

® Major haemorrhage of any source that cannot be controlled by simple
resuscitative measures such as pressure dressing and splinting may trans-
fer to the operating theatre while active fluid resuscitation is ongoing.

e Patients with traumatic intracranial haemorrhage resulting in increased
intracranial pressure (ICP) will need urgent decompression if they are
to avoid medullary ‘coning’. Again such casualties may require opera-
tive intervention prior to instituting full resuscitative measures.

Patients presenting with acute general surgical pathology of a non-
traumatic nature may occasionally proceed from the accident and
emergency (A&E) department straight to theatre, however, it is far more
likely that there will be adequate time for some degree of resuscitation
and detailed investigation on the general ward or high dependency unit
(HDU) prior to surgery.

2. The hospital ward or high dependency unit
Patients who have already been admitted to the ward environment may
deteriorate during the course of their management. This may necessi-
tate a more precipitous trip to the operating theatre than had originally
been anticipated. It is, however, likely that a degree of resuscitative inter-
vention will already have occurred.
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3. The intensive care unit
This group of patients have the advantage to the anaesthetist that, pro-
vided they have spent a number of hours on the unit, they are most
likely to have all resuscitative measures in place. Mechanical ventilation
has usually been instituted, together with invasive lines for both moni-
toring and the administration of drugs and fluid.

Clearly the corollary of this situation is that this group of patients may be pro-
foundly ‘sick’ receiving multi-system support on the intensive care unit (ICU);
support that should ideally continue during any trip to the operating theatre.

These then are the patients who may fall into the category of critical illness.
Regardless of the source of both patient and surgical pathology the issues and
principles of anaesthesia surrounding any operative procedure on them remain the
same. The individual patient and his or her pathology merely alter the emphasis.
The remainder of this chapter will consider these principles in some detail.

PATIENT TRANSFER TO AND FROM THE OPERATING
THEATRE

The safe transfer of any patient around a hospital requires organisation and plan-
ning. Even the most urgent of transfers to the operating theatre must not be
undertaken, until all steps to ensure that the patient will not be harmed by the
transfer have been addressed. One needs to guard against complacency because
one is ‘only going down the corridor’.

The principles of safe patient transfer are the same regardless of the distance
involved. There are a number of texts devoted to this topic. The Association of
Anaesthetists of Great Britain and Ireland and the Intensive Care Society have
published guidelines for safe patient transfer (see Further reading). These include:

e Patient’s airway must be adequately secured.

e Ventilation must be adequate, either spontaneous or mechanical. It has
been shown that manual ventilation with a bag is unpredictable and
unreliable compared with a portable mechanical ventilator. Ventilate with
the same modes as in ICU. Modern portable ventilators can supply posi-
tive end expiratory pressure (PEEP) vary the inspiratory : expiratory (I : E)
ratio and provide other modes of respiratory support.

e Lifting of patients on and off trolleys is a cause of inadvertent extub-
ation. It is probably safest to temporarily disconnect the ventilator for a
few seconds during movement.

¢ Blood pressure (BP) must be maintained with a combination of fluids
and inotropic agents. Stabilise patient before transfer, if possible.

e Patient monitoring must be appropriate to ensure safe transfer.
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e Consideration should be given to pharmacological sedation and muscle
relaxation as indicated by the clinical condition.

e Communication between transferring and receiving staff should ensure
safe receipt of the patient.

e One must avoid last minute panic and rush. Planning should be such as
to minimise delays and waiting in theatre reception areas. Check the
availability of equipment in the X-ray department before the transfer
commences. Check that adequate porter services are available.

e Appropriate equipment required during the transfer includes a portable
ventilator, full oxygen cylinder, equipment for reintubation, drugs — for
example, sedation, paralysis, cardiac resuscitation, self-inflating bag or
equivalent in the event of ventilator/oxygen supply failure and battery-
powered syringe pumps if required. There is no excuse for battery-
powered equipment becoming exhausted, oxygen cylinders emptying
or drug syringes running out.

Pitfalls and problems

e Inadequate resuscitation. Beware of occult injuries in multiple trauma
patients.

e Staff and equipment problems. Inexperienced medical or nursing staff
should not be used for transferring critically ill patients.

e Appropriate technical support should be available and take responsibility
for the necessary equipment.

As important as ensuring the safety of the patient to be transferred is the import-
ance of not delaying the transfer to the operating theatre by undertaking proced-
ures that can be performed later during the operation. For example, if a patient is
exsanguinating and needs a laparotomy for abdominal trauma, there is little to be
gained by spending time in the A&E department inserting an arterial line. This
procedure can be performed during the laparotomy when the surgeon has begun
to effect haemostasis. There is no merit in delivering a corpse with an arterial line
to the operating table.

PATIENT POSITIONING

‘When positioning the critically ill patient there are a number of points that merit
emphasis:

e The critically ill patient rarely travels alone! The number of lines, tubes
and bags increases with the severity of the patient’s condition. Every
piece of equipment inserted into the patient is there for a reason
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(or time should not have been wasted inserting it) and it, therefore, must
be accessible during an operative procedure.

e Patients who have come to theatre as a result of trauma may well not
have had a full primary and secondary survey (as the operative proced-
ure may constitute ‘C’ of the primary survey). In such cases it is vital
that the presence of as yet undiagnosed fractures to any part of the spine
is taken into account when moving and positioning the patient. In
particular the cervical spine should stay fixed with head blocks and
strapping and the patient should not be moved without formal log
rolling technique being used.

e Patients who have been critically ill on the intensive care and have a
significant sequestration of fluid into the extra-vascular compartments
will have oedematous skin that is weakened and is prone to tearing,
bruising and vulnerable to pressure injury. Every effort should be made
to minimise any damage done to the skin in such cases by providing
adequate support and padding to the patient’s exposed extremities.

PERIOPERATIVE HYPOTHERMIA

Maintenance of body temperature is important. Although there is some limited
evidence that heat generation may occur following certain types of acute injury
it is far more common for the traumatised patient to present to the operating
theatre cold and peripherally ‘shut down’. The reasons for this are as follows:

e Following acute blood loss the cardiovascular response is profound peri-
pheral vasoconstriction resulting in maintained perfusion of vital organs,
brain, heart, lungs and kidneys at the expense of other vascular beds.

® During acute traumatic injury central mechanisms of thermoregulation
are disrupted. Thus shivering is diminished or absent. Whether this is
secondary to reduced oxygen delivery or a response to altered hormonal
activity in the thermoregulatory centre in the brain stem is unclear.

e In order to fully assess the extent of injury in the traumatised patient it
is necessary to remove clothing and leave the patient exposed during
repeated examination. This is compounded by the infusion of unwarmed
intravenous (IV) fluid and blood worsening the relative hypothermia.

In addition to the above problems in trauma patients, all patients undergoing
major surgery are at risk of becoming hypothermic (core temperature < 36°C).
R easons include:

e reduced metabolic rate associated with anaesthesia,

e vasodilation under anaesthesia,
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e abolished subclinical shivering,
® exposure,

e cold fluids used for skin preparation — which are usually allowed to
evaporate,

e inadequately warmed IV fluids.

Adverse effects of perioperative hypothermia

Postoperative hypothermia has become recognised in recent years as a significant,
and common problem:

® Delayed awakening due to decreased clearance of anaesthetic agents.
* Most organ function is depressed by hypothermia.

e Haemodynamic instability during rewarming — increased fluids often
needed as the patient vasodilates during rewarming. The hypotension
thus produced can be confused with continued bleeding.

e Oxygen consumption is increased by about 140% by shivering during
rewarming. If oxygen delivery to the tissues is not able to match this
increase, the oxygen debt is prolonged.

e Wound infection rates may be increased by reductions in skin blood
flow.

¢ Cell-mediated immune function may be reduced.

e Hypothermia causes coagulopathy and a decrease in platelet count.
Intra- and postoperative blood loss is increased with hypothermia, for
example, the typical decrease in core temperature during hip replace-
ment increases blood loss by about 500 ml.! Normalisation of clotting
problems will require normalisation of temperature as well as giving
clotting factors.

e Adrenergic responses are increased postoperatively in hypothermic
patients — responsible for increased cardiac morbidity. There is a 55%
less relative risk of adverse cardiac events when normothermia is main-
tained.> Unintentional hypothermia is associated with increased inci-
dence of myocardial ischaemia in the postoperative period.

Note:

1. The degree of hypothermia in many of the studies cited was not that
severe — 35°C. Thus, development of hypothermia after prolonged sur-
gery is highly significant and warrants serious attention to its prevention
and management.
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2. Laboratories perform coagulation studies at 37°C — regardless of the
temperature of the patient at the time the sample was taken. Thus, these
studies may underestimate the degree of impairment of coagulopathy in
the hypothermic patient — what is after all a dynamic problem in vivo
rather than in vitro.

Prevention of hypothermia

All practical measures should be undertaken to minimise heat loss and maintain
the patient’s body temperature:

e Circle system ventilation with carbon dioxide absorber and heat and
moisture exchanger in the patient circuit.

e Fluid warmer for all IV fluids.
e  Warmed patient mattress.

e Insulation of all areas of the patient that do not need to be exposed for
either surgical or anaesthetic access. This may be achieved by wrapping
or the application of an air warming system.

VENTILATION AND AIRWAY MANAGEMENT

Most critically ill patients presenting to the operating theatre will already have
some form of definitive airway control in place. Under most circumstances it
would be prudent to leave this airway alone for fear of losing control in a patient
who may have acquired abnormalities with their airway due to tissue swelling or
trauma. If the airway is not secure, one should assume a full stomach and take
appropriate precautions — assume a cervical spine injury in all trauma patients.
Under certain circumstances it is appropriate to use the trip to the operating the-
atre as an opportunity to alter airway management. For example, patients who
require ventilation on the ICU for an extended period benefit from the insertion
of a tracheostomy. Although it is often possible to do this via the percutaneous
route in the ICU, on occasions where technical difficulties preclude this it may be
possible to combine an operative event in theatre with insertion of a tracheostomy,
thus limiting patient transfers.

Ventilation of the critically ill patient should always be controlled using appropri-
ate drugs for anaesthesia and muscle relaxation. There is no place for spontaneous
ventilation in this circumstance. Controlled mechanical ventilation not only
allows surgical access, it may allow optimisation of gas exchange by manipulation
of minute volume and oxygenation.

Where at all possible the ventilatory strategy undertaken should attempt to avoid
volutrauma and barotrauma both of which may serve to worsen any degree of
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acute respiratory distress syndrome (ARDS) from which the patient may be suf-
fering. Ideally the mode of ventilation in the operating theatre and, indeed, in
transit to and from the ICU or A&E should be of the same standard as can be
delivered in the ICU. Pressure control ventilation with the ability to alter (reverse)
the I: E ratio and to apply PEEP is ideal. Lack of ongoing ventilation with PEEP
and the other lung recruitment manoeuvres taken in the ICU will result in loss
of recruitment of alveoli and hypoxia. This should not be a problem for most
‘normal’ patients ventilated in theatre as part of anaesthesia but critically ill
patients under anaesthesia are different:

e Most critically ill patients presenting for anaesthesia have significant
acute respiratory disease.

e Preoperative presence of increased pulmonary vascular resistance is
common in critically ill patients.

e The usual presence of diseased lungs with lesser compliance results in
greater increases in peak and mean airway pressures compared to
‘normal’ patients under anaesthesia.

Occasionally to ensure minimal deterioration in respiratory physiology it may
be necessary to move a static ICU ventilator to the operating theatre and ventilate
the patient on it throughout the procedure. Under this circumstance it would be
necessary to adopt a total IV anaesthetic technique.

There has for some time now been a need for transport ventilators capable of
delivering appropriate modes of gas delivery for critically ill patients. Recently a
number of genuinely portable machines with these facilities have become available.

CHOICE OF ANAESTHETIC AGENTS

Every available technique and drug combination has been used to anaesthetise the
critically ill patient. To some extent the reader must distil his or her own technique
from the many approaches that they will see during their training. The way a drug
is used, for example, dose, speed of injection, etc. may be more important in many
patients than the absolute choice of drug. That being said, there are, however,
a number of pharmacological properties and principles that should aid in this
decision-making.

Induction agents

1. Thiopentone (sulphur analogue of pentobarbitone): R emains the most
rapidly effective drug for the induction of general anaesthesia. Rapid
sequence induction for the purposes of securing the airway is best
performed with Thiopentone. Thiopentone is the only induction agent
that reduces the brain’s metabolic requirement for oxygen and is hence
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neuroprotective. It produces depression of myocardial contractility
together with vasodilation resulting in a fall of BP. However, it is note-
worthy that in the hypovolaemic or shocked patient the sleep dose of
Thiopentone is greatly reduced as compared to the healthy patient.

2. Etomidate (carboxylated imidazole): The main advantage is said to be
cardiovascular stability when compared to Thiopentone. It inhibits 17c,
118 hydroxylase enzymes in adrenal steroid synthesis. Therefore, it
is contraindicated as an infusion due to the above adrenal suppression
resulting in increased mortality in patients sedated with this agent.

3. Propofol (di-isopropyl phenol): Rapid onset (although a little slower
than Thiopentone) and obtunds pharyngeal and glottal reflexes to a
greater extent than Thiopentone. Widely used for total IV anaesthesia
and ICU sedation. The hypotension produced is chiefly secondary to
vasodilation rather than myocardial depression.

4. Ketamine (phencyclidine derivative): Sympathomimetic eftfects main-
tain BP but the increases in heart rate (HR) and stroke volume increase
myocardial work. It is profoundly analgesic and is an effective analgesic
agent at subanaesthetic doses. Despite sympathomimetic eftects, it may
cause cardiac depression, myocardial ischaemia and collapse in shocked
patients in whom catecholamine stores may be exhausted.

Opioids
The key issue is the cautious use of short acting agents. The shortest available is
Remifentanil.

Advantages:
e very short acting (metabolised by plasma cholinesterase),
® 1o accumulation in hepatorenal failure,
e very potent,
e suitable as an adjunct to sedation,

e may reduce the need for muscle relaxants.

Disadvantages:
* must be reconstituted from powder,
e profound respiratory depression,
e must be infused,

® no postoperative analgesia,
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e causes decrease in BP (decrease in SVR and myocardial contractility) —
worsened in hypovolaemia.

The lack of postoperative effect of Remifentanil (said to be like ‘liquid nitrous
oxide’) and its titratability cause many anaesthetists to prefer its use for all high risk
patients. Of course, additional measures must be taken for postoperative analgesia,
for example, epidural anaesthesia.

Other opioids

e Fentanyl: minimal effect on the cardiovascular system in the stable, calm
patient undergoing cardiac surgery. In shocked patients exhibiting high
sympathetic tone, abolition of this with Fentanyl results in a fall in BP.

e Morphine should be used with great care in the critically ill patient as
it has pharmacologically active metabolites and is reliant on the liver
and kidneys for its elimination.

Muscle relaxants
There are four main factors governing the choice of muscle relaxant for anaesthesia:

e Onset — All critically ill patients are assumed to have a full stomach.
Despite recent introduction of faster onset non-depolarising drugs such
as Rocuronium, Suxamethonium remains the ‘gold standard’ for rap-
idly securing the airway. If cardiac instability is a major concern,
Rocuronium may be a better choice.

o Cardiovascular effects — Rocuronium has least cardiac effects of the relax-
ants followed by Vecuronium. However, the vagolytic and sympatho-
mimetic effects of Pancuronium may make it an appropriate choice in
shocked patients.

o Termination of effect and excretion — Agents not dependent on the kidney
or liver for termination of effect sound attractive in the shocked patient
but from a practical point of view few critically ill patients are ‘reversed’
at the end of the operation and, thus, length of action of the muscle
relaxants 1s not a big problem.

® Duration — In a similar manner, short or long duration is not usually
an issue.
Inhalational agents

1. Enflurane — Greatest degree of myocardial depression for equivalent
MAC.

Sevoflurane — Less increase in cerebral blood volume. Short acting.

Halothane — Rarely used nowadays. Long acting with more active
metabolites retained in body than other volatile agents with potential
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for liver toxicity. Sensitises the heart to endogenous and exogenous
catecholamines with the potential for arrhythmias.

Isoflurane — Impressive safety profile in large numbers of patients.
Hypotension chiefly by vasodilation rather than myocardial depression.
Early concerns re-coronary steal are unfounded in conventional usage.

Desflurane — Specialised delivery systems required. Short acting. Some
concerns re-coronary steal.

Nitrous oxide — In normal patients mild indirect sympathetic stimula-
tion reduces any myocardial depressant actions of N,O. Following
haemorrhage this protecting eftect is lost and N,O has the same depres-
sant effects on the heart as Halothane. With the additional concerns
re-lesser inspired oxygen concentrations and the potential for expansion
of air spaces, for example, pneumothoraces, it is difficult to see a major
role for N,O in critically ill patients.

Adverse effects of anaesthesia in shocked patients

In addition to the usual adverse effects of anaesthesia the critically ill and high risk

surgical patient may be at additional risk from exposure to anaesthesia:

Anaesthesia modifies the normal compensatory response to hypoxia in
animals.®> The normal compensatory increase in cerebral and coronary
blood flow does not occur under volatile anaesthesia. Thus, in the crit-
ically ill patient who becomes hypoxic, anaesthesia potentially further
compromises oxygenation of the vital organs.

Again in animals, Enflurane attenuates the sympathetic responses to haem-

orrhage resulting in worse haemodynamics than the non-anaesthetised
4

state.

Choice of anaesthetic agent in the shocked patient

Controlled studies on shocked patients undergoing anaesthesia are problematic

due to

Thus one must take guidance from basic anaesthetic and pharmacological prin-
ciples including the principles summarised above. In addition, studies on animal
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models are available, case studies and series may be of interest and there are reports
on the use of anaesthesia in military situations.

A major dilemma is how to provide any anaesthesia for the profoundly shocked
patient. Thiopentone is said (almost certainly incorrectly) to have killed more
Americans at Pearl Harbor than the Japanese! Many patients suffering from an
exsanguinating injury may be so ‘shocked’ as to be thought to not require or be
able to survive any anaesthetic administration — what used to be known as the
oxygen and Pancuronium anaesthetic! While the intent to save life in this situation
is laudable the absence of recordable BP does not guarantee lack of awareness. It is
strongly recommended that, at the very least, small amounts of Midazolam are
given to the patient as this will reduce the incidence of recall.”> As the patient’s
condition improves, for example, as haemorrhage is controlled judicious amounts
of opiods and other anaesthetic agents may be introduced.

Ketamine may be a useful option in the above circumstances but the profoundly
shocked patient whose endogenous catecholamine stores have been exhausted
may still suffer profound falls in BP on induction. Indeed, Ketamine has negative
inotropic effects on human heart muscle in vitro and reduces the heart’s ability to
respond to 3 stimulation.

There are some animal studies to guide choice of anaesthesia in the shocked patient:

e Ketamine was associated with significantly increased survival compared
with other agents in a model of haemorrhagic shock.® In that study the
animals anaesthetised with Ketamine had better preservation of cell
structure in the splanchnic organs.

e Ketamine was associated with increased cardiac output than Thiopentone
. . . 7 .
in another animal haemorrhagic shock model.” Vital organ blood
flow was also improved in the Ketamine group. The percentage of
blood volume loss required to cause significant hypotension was signifi-
cantly less in the Thiopentone group.

e In one of the few studies in high risk patients, low dose Ketamine
preserved cardiac function and myocardial oxygen balance compared
with Thiopentone.®

e In critically ill patients the use of Ketamine is more unpredictable.
Most patients increase cardiac output and BP but a small percentage
demonstrate falls in cardiac parameters.’

Choice of anaesthetic agent in the septic patient

There are no controlled studies in septic patients from the ICU undergoing surgery
in the operating room. What guidance is available comes from case reports and
animal studies. Total IV anaesthesia with Propofol (and more recently R emifentanil)
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has been poorly studied in these patients although many anaesthetists have experi-
ence of continuing Propofol sedation from ICU into theatre:

e The sympathetic stimulation associated with the use of Ketamine may
result in improved haemodynamics, diuresis and reduction in the degree
of cardiovascular support. '

e In animals with septic shock, volatile agents are associated with increases
in serum lactate while Ketamine was associated with reductions in lac-
tate. Ketamine preserved SVR and BP best.!! To summarise a complex
paper, Ketamine best preserved cardiac function and tissue oxygenation.

e In an ARDS model there is an increase in the inflaimmatory response
and immediate mortality with volatile anaesthetic agents compared with

Ketamine.'?

Thus, animal studies and case reports strongly support the use of Ketamine in
shocked and septic patients undergoing anaesthesia but caution is still advised.
Unfortunately there is a shortage of convincing comparative patient studies and
the above animal studies are not necessarily directly transferable into clinical prac-
tice. Most anaesthetists use the techniques they are most familiar with, either total
IV anaesthesia or inhalational anaesthesia, for the critically ill patient in the oper-
ating theatre. Few have much experience of Ketamine in the UK. Therefore,
despite its strong theoretical advantages it is not commonly used. Further clinical
studies in this patient subgroup are urgently needed.

INTRAOPERATIVE MANAGEMENT OF HEAD INJURIES
AND OTHER CAUSES OF RAISED ICP

Trauma patients frequently have concomitant head injury. The principles of
anaesthesia for trauma patients with head injury are well established and covered
fully in the standard anaesthesia and neuroanaesthesia texts. A recently published
textbook of neuranaesthesia and critical care is listed in the suggestions for Further
reading. Important principles worth emphasising include:

e Hyperventilation reduces ICP and brain volume and permits surgical
access to the brain. In an ideal world hyperventilation would be moni-
tored by jugular venous oxygen content in view of the potential for
ischaemia if cerebral blood flow is reduced excessively.

e All volatile agents may increase cerebral blood flow and ICP. Hyper-
ventilation is essential if volatile agents are used.

® Propofol infusions are increasingly popular.
e Ketamine may increase BP and ICP, and should be avoided.

e Full muscle relaxation is essential to avoid straining and coughing
induced increases in ICP.
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PRACTICAL CONDUCT OF ANAESTHESIA

e Conventional assessments of fitness for anaesthesia and surgery may not
be helpful. The bleeding patient may not be able to be stabilised until
the bleeding is controlled.

e Many of these patients require ongoing resuscitation. The ABC system
1s widely followed:

A is airway including cervical spine protection,
B is breathing,
C is circulation.

The less well-known system of VIP (Ventilation, Infusion and Perfusion)
is perhaps more appropriate for surgical and trauma patients as it
emphasises the interrelationship between ventilation and perfusion in
overall oxygen transport and because it reminds us that the cornerstone
of resuscitation in these patients is fluid infusion.

e Itis an important principle that inotropes and vasopressors should not be
given as a substitute for fluids in the hypovolaemic patient but perfusion
of the coronary and cerebral circulations must be maintained. It is, there-
fore, appropriate to use such drugs to maintain perfusion of the heart
and brain in the short term while one ‘catches up’ with blood loss.

e Critically ill patients do not always tolerate movement. Many will
already be intubated. Therefore, it seems logical to transfer these
patients direct to theatre rather than via the anaesthetic room. In addi-
tion, in many hospitals monitoring standards remain higher in theatre
than the anaesthetic room.

¢ Portable monitors with full invasive monitoring facilities are common-
place and will be used for transfer of patients from ICU or A&E to the-
atre. It may be sensible to continue to use this monitor rather than risk
confusion swapping over all the lines and cables. (Do not forget to plug
in the portable monitor to maintain battery life for the journey back!)

e Ifinvasive monitoring is not in situ it may be prudent (time permitting)
to establish this using local anaesthesia prior to induction for beat-to-
beat monitoring of this period of the anaesthetic (see below).

e Ruptured aneurysms and other cases of massive haemorrhage should be
‘prepped’ on the table prior to induction as discussed in the chapter on
vascular anaesthesia.

e Communication and timing with theatre staff, surgeons, porters, etc.
should eliminate delays in potentially difficult circumstances and envi-
ronments.
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INTRAOPERATIVE MONITORING

Full monitoring according to local and national protocols should be employed in
all patients. In addition critically ill patients will require invasive monitoring with
an indwelling arterial line for

e Dbeat-to-beat monitoring of BP,
e sampling of blood for blood gas measurement,
e control of inotrope and vasopressor infusions;
and a central venous catheter for
e measurement of filling pressure, i.e. preload of the right ventricle (RV),
e guide to fluid requirements,

e infusion of irritant drugs, for example, inotropes, vasopressors and IV
nutrition.

Central venous pressure (CVP) reflects right atrial pressure which is usually taken
to reflect RV end diastolic pressure. It does not necessarily reflect left ventricle (LV)
preload and also poorly correlates with blood volume. CVP is often used as a guide
to LV function. Directional changes in CVP may reflect alterations in LV perform-
ance. However, if either ventricle becomes selectively depressed, or if there is severe
pulmonary disease, changes in CVP will not reflect changes in LV function.

Such patients may require a pulmonary artery flotation catheter (PAFC) to enable
measurements of the filling pressures at the left side of the heart (estimated by the
pulmonary capillary wedge pressure, the PCWP) as the inflated balloon at the
catheter tip 1s ‘wedged’ in the pulmonary artery and cardiac output and derived
haemodynamic variables.

A urinary catheter is required for hourly urine volume measurement.
Temperature should be monitored for all long procedures because of the dangers
of perioperative hypothermia discussed above.

Monitoring strategies in the high risk surgical patient

e Invasive monitoring of elderly surgical patients has revealed a high inci-
dence of ‘hidden’ abnormalities reflecting their reduced physiological
reserve even in patients ‘cleared’ for surgery. Invasive monitoring dur-
ing anaesthesia and in the postoperative period results in early recogni-
tion of problems, ‘fine tuning’ of cardiovascular parameters and an
improved outcome. 3

e Perioperative optimisation (discussed elsewhere) of cardiac function
and oxygen transport will obviously require invasive monitoring of
cardiac function — most commonly with the aid of a PAFC.
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® DPerioperative use of the PAFC is controversial. In the case of critically
ill patients there is doubt as to the value, in terms of improved outcome,
of routine use of the PAFC with some studies even suggesting an
increased mortality associated with its use. Perioperative studies also
cast doubt on the role of the PAFC in elective high risk surgery. For
example, routine use of PAFCs during aortic surgery is not beneficial and
may lead to increased complications.'* Similarly there is no benefit
from the PAFC for routine coronary artery bypass grafting (CABG)
surgery. '

e The American Society of Anesthesiologists has published guidelines for
its perioperative use'® and there is a large multicentre trial underway in
the UK which may resolve some of the controversy.

e Broad indications currently for the use of a PAFC are patients with severe
disease of either ventricle, but most commonly patients with severe LV
dysfunction, in order to optimise preload prior to the use of inotropes.

e In addition, the PAFC may enable early diagnosis of cardiac ischaemia
if there are sudden increases in PCWP, guide haemodynamic manage-
ment of septic patients and monitor pulmonary artery pressures where
these are elevated.

e Paradoxically, the PAFC is not always helpful in shocked or bleeding
patients in the operating theatre in whom the main aim of the anaes-
thetist is often to administer sufficient fluids to enable the patient to
survive the necessary ‘damage control’ surgery — followed by fine tuning
of the haemodynamic state in the ICU.

FLUID THERAPY
The crystalloid versus colloid debate

e There has been controversy over the best type of fluid for resuscitation,
i.e. crystalloids or colloids. Part of the problem is the lack of studies
showing a sufficiently clear superiority of one fluid type over another,
sufficient to convert its opponents and without reasonable criticisms of
study methodology. There are several problems with most of the avail-
able studies, for example, different species, fluids, injuries, illnesses,
complications studied.

e It is not widely appreciated that many of the original US studies of
crystalloids versus colloids in trauma patients were flawed. This was
because most patients in both groups were given blood transfusions. In
the US, patients are commonly given whole blood (as opposed to packed
red cells in the UK), i.e. both groups received colloid from the whole
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blood, i.e. there was no such thing as a pure crystalloid group. Perhaps
it is not surprising that few differences in outcome were detected.

e However, in most studies there is probably a skewed distribution of
severity of sickness with a large group of patients who will do all right
whichever fluid is given and a smaller group of patients who will die
regardless of which fluid is given. These patients may mask (statistically
speaking) a group of patients in whom choice of fluid may be critical.
This possibility has been seized upon by the colloid enthusiasts!

There are certain statements regarding the colloid/crystalloid controversy which
can be made which are reasonably accepted by both groups:

e Crystalloids replace interstitial losses. Colloids are superior at replacing
plasma volume deficits — more quickly and lasting longer — giving greater
increases in cardiac output and oxygen delivery. Crystalloid administration
may also produce such increases but approximately three times as much
will be needed with consequent delays in achieving goals of resuscitation.

e Crystalloids are cheap. Colloids are more expensive. Many centres in
the US use crystalloids almost exclusively. However, it has been pointed
out that whole blood may be a significant source of colloid in studies
purporting to use no colloid.

¢ In most situations (for example routine surgery) both potentially give
excellent results if appropriate amounts are used.

e Many studies show similar effects on respiratory function. Overdose of
either may produce respiratory failure.

Most reasonable people do not take extreme positions in the debate. In most sit-
uations close monitoring especially with regard to fluid overload is more impor-
tant than absolute choice of fluid.

However, many believe in the ‘Golden Hour’ for resuscitation and that, therefore,
speed of resuscitation is crucial. Therefore, when restoration of blood volume,
cardiac output and tissue perfusion is urgent colloids are preferable to crystalloid.

Intraoperative volume loading

In the high risk or critically ill patient generous fluid loading may be appropriate:

¢ Fluid loading after induction of anaesthesia to a maximum stroke volume
led to a reduction of the incidence of low pHi, an index of gastric
mucosal perfusion from 50% to 10%.'7

e Intraoperative volume loading increases stroke volume and CO, result-
ing in a more rapid postoperative recovery and a reduced hospital stay
in fractured neck of femur patients.'
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This approach must be tempered with caution in the elderly or patients with known
heart failure due to the potential risk of fluid overload precipitating pulmonary
oedema. Perioperative invasive monitoring may be indicated.

However, inadequate fluid therapy is more common, more dangerous (organ hypo-
perfusion leading to, for example, renal failure) and less easily treated than the effects
of excessive fluids which can, if necessary, be cleared with diuretic therapy.

Permissive hypovolaemia

* Animportant study in 1994 of penetrating trauma showed an improved
survival in those patients with ‘delayed’ fluid resuscitation, i.e. minimal
IV fluids given prior to definitive operative intervention.!” This has
been called ‘permissive hypovolaemia’.

e The rationale, borne out by previous animal studies, is that full resusci-
tation results in

— higher BP disrupting clot formation,
— haemodilution and decreased viscosity disrupt clot formation,
— dilutional coagulopathy.

e The recommendation has, therefore, been made in penetrating injury
to limit fluids to maintain an MAP not > 50 until bleeding has been
surgically controlled, then full resuscitation.

e The biggest problem is that this study was performed in penetrating
injuries. Patients with blunt trauma (the majority) are not so likely to
have definitive surgical interventions.

e This approach is also applicable in surgical cases of life-threatening
haemorrhage, for example, ruptured aortic aneurysm.
Blood transfusion
From the perspective of the anaesthetist certain points are worth emphasising:

e The importance of communication with surgeon re-bleeding. On
occasion the surgeon may need to be told to stop dissecting and con-
trol active bleeding to allow one to ‘catch up’.

e Similarly one must communicate early with the blood bank
re-requirements especially requirements for clotting factors.

e Many anaesthetists only start to consider blood transfusion once approxi-
mately 10% of the patient’s blood volume (based on 80 ml/kg body
weight) has been lost. With ongoing brisk haemorrhage one should not
wait until 10% has been lost!
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Maintaining body temperature will minimise coagulopathy and blood
loss as previously described.

Maintaining blood volume is probably more important in the short
term than maintaining Hb. However, with major haemorrhage blood
will be needed!

Autologous transfusion systems, for example, ‘cell savers’ should be
considered for appropriate ‘clean’ operations.

INOTROPES AND VASOACTIVE DRUGS

In addition to the normal anaesthetic goals that pertain to all patients one must
pay special interest to the maintenance of organ blood flow and function in the
critically ill patient. This is obviously the case for all our patients but fortunately
the vast majority of low risk patients present few problems and rarely need any
form of circulatory support. In septic or shocked patients this is the norm and
the choice of inotropes and vasopressors and monitoring of the circulation are

discussed below:
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Adequate filling pressures and intravascular volume are crucial prior to
anaesthesia and also the use of inotropic agents. With hypovolaemia the
vasodilator effects of inotropic agents such as Dobutamine predominate
leading to hypotension. The use of vasopressors in hypovolaemia will
reduce splanchnic and muscle blood flow. Indeed, the use of noradren-
aline in haemorrhagic shock is a useful animal model of acute tubular
necrosis!

Cardiac function can be severely compromised in haemorrhagic shock
so that an element of cardiogenic shock contributes to the shocked state.
In such cases the response to resuscitation may be compromised and
invasive monitoring and/or inotropes required as detailed below. As early
as the 1950s the contribution of the heart to progressive, irreversible
shock was recognised and it was also demonstrated that the homeostatic
mechanisms and vasoconstriction were not sufficient to maintain cor-
onary perfusion in severe haemorrhage. Therefore, cardiac dysfunction
needs to be detected and corrected as early after injury as possible.

For myocardial support in the failing heart and low output states
Dobutamine is probably the agent of choice.

For vascular support, for example, with abnormal vasodilation, nor-
adrenaline is probably the agent of choice.

In view of concerns relating to gut blood flow and lactic acidosis the
role of adrenaline infusions perioperatively is controversial.
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e For information on the support of regional circulations including the
use of Dopamine and Dopexamine the chapters on Perioperative
Optimisation and Renal Insufficiency should be consulted.

Many critically ill patients in the operating theatre will have severe sepsis. The
latest international guidelines on management of septic shock support the use of
noradrenaline as first line agent in septic shock once volume resuscitation has been
achieved.?’ The two main arguments against the use of noradrenaline, i.e.

e reduced renal blood flow,

® reduced cardiac output secondary to vasoconstriction induced increases
in afterload

are unfounded. In fact, in septic shock noradrenaline improves urine volumes and
creatinine clearance?' and improves cardiac output.??

The possibility of altered organ blood flow intraoperatively due to interactions
between anaesthetic agents and vasoactive drugs is poorly understood.

OXYGEN TRANSPORT IN THE HIGH RISK OR CRITICALLY
ILL SURGICAL PATIENT

Differences between haemorrhagic shock and traumatic shock

Haemorrhage results in well-known physiologic changes. Traumatic shock includes
these responses but they are modified by the tissue injury and its associated inflam-
matory response. This has several practical effects:

¢ HR responds to haemorrhage by an initial tachycardia followed even-
tually by a progressive bradycardia. This has been labelled as a ‘paradox-
ical bradycardia’ but there is nothing paradoxical about the heart
slowing in the absence of adequate venous return in an attempt to
maintain stroke volume. This is seen following, for example, ruptured
ectopic pregnancy. With tissue injury there is no late slowing of the
heart and tachycardia continues.

e BP is maintained by vasoconstriction until more than one-third of
blood volume has been lost. With tissue injury, BP is maintained to a
greater degree by the surge in catecholamines and other nociceptive
stimuli but this is at the expense of tissue perfusion due to excessive
vasoconstriction.

e Animal studies show that for an equivalent degree of blood loss,
traumatic injury results in greater tissue hypoperfusion and a greater
‘injury’ than simple haemorrhage.
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e The wound and fracture sites are metabolically active with a resultant
requirement for increased oxygen consumption and glucose oxidation —
the concept of ‘the wound as an organ’. In addition to the local reasons
for increased metabolic demands, there are systemic inflammatory and
catabolic causes of increased metabolic demand requiring an increased
cardiac output compared to normal. This may imply a need for increased
cardiac output and oxygen delivery in trauma and high risk surgical
patients — Shoemaker’s optimal goals as discussed in the chapter on
Perioperative Optimisation.

Optimal goals

The best evidence for a beneficial therapeutic effect of maximising oxygen trans-
port according to previously identified optimal goals is from studies where therapy
was initiated very early in the presence of tissue hypoperfusion, i.e. preoperatively
in high risk surgical patients. Shoemaker’s original prospective, randomised study
demonstrating the virtues of optimising oxygen transport was performed in surgical
patients.*

A thought provoking review?* points out that there are conflicting priorities
in managing surgical patients at risk of myocardial ischaemia, for example, using
B blockers and those in whom the cardiac output and oxygen delivery need to
be increased, for example, using inotropes. Both groups are at risk of an adverse
outcome but the approach is different and identification of the group that patients
belong to is important. These issues are further explored in the chapter on
Perioperative Optimisation.

Oxygen debt and lactic acidosis in the high risk surgical patient

Even when oxygen delivery is well maintained oxygen consumption falls under
anaesthesia. Animal studies show that anaesthesia reduces tissue oxygen extraction
especially in septic models. This occurs with all agents but is associated with lac-
tic acidosis only with volatile agents. Ketamine may increase oxygen extraction by
the tissues compared with volatile and TV barbiturate techniques.

Thus, although anaesthesia reduces metabolic rate and oxygen demand this may
be countered in the critically ill patient by the reduction in the tissue’s ability to
extract oxygen. An oxygen debt may develop especially if there are falls in cardiac
output and/or oxygen delivery below a critical level.?® Worryingly, the reduction
of tissue oxygen extraction under anaesthesia may increase the threshold for oxygen
delivery to be ‘critical’,?” i.e. lesser degrees of fall in cardiac output and oxygen
delivery may result in tissue hypoxia under anaesthesia.

This has obvious implications for anaesthesia of the critically ill or shocked
patient, in whom maintenance of cardiac output and oxygen delivery are crucial.
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There are many studies demonstrating that high risk surgical patients develop an
intraoperative ‘oxygen debt’, the magnitude and duration of which correlates with
the development of lactic acidosis, organ failure and increased mortality.>*=" This
oxygen debt is postulated to potentially arise from anaesthetic cardiac depression,
direct anaesthetic reductions in tissue oxygen uptake as already described, failure to
maintain adequate fluid intake during surgery and perhaps hypothermia.

The crucial message is that high risk surgical patients may have reduced cardiac
reserves, especially in the elderly, suffer occult tissue hypoperfusion with a develop-
ing oxygen debt postoperatively, proceed to multiple organ failure if there is no
intervention to reverse the tissue hypoperfusion and have a higher mortality than
patients who do have sufficient reserves to reverse their oxygen debt and prevent
serious tissue hypoxia. Appropriate interventions may include fluid therapy, oxygen,
inotropes and vasopressors.

However, recent studies suggest that not all metabolic acidosis under anaesthesia is
due to oxygen debt and/or lactic acidosis. Rapid infusion of 0.9% saline can cause
significant hyperchloraemic metabolic acidosis.’*> The common treatment of
administering more fluid for intraoperative acidosis may be inappropriate if the
fluid administered has a high chloride content such as saline or Gelofusine.
Measurement of serum lactate and chloride may be helpful in distinguishing the
cause of the intraoperative acidosis.

Further reading

Intensive Care Society. Guidelines for Transport of the Critically Ill Adult, 1997.

The Association of Anaesthetists of Great Britain and Ireland and The
Neuroanaesthesia Society of Great Britain and Ireland. Recommendations for the
Transfer of Patients with Acute Head Injuries to Neurosurgical Units, 1996.

Grande CM. Textbook of Trauma Anesthesia and Critical Care, 1993. St Louis: Mosby.

Matta BF, Menon DK, Turner JM (eds). Textbook of Neuroanaesthesia and Critical
Care, 2000. London: Greenwich Medical Media.
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Data from the Office for National Statistics' showed that, in 1997, the average
life expectancy for a man was 74 years and for a woman 79 years. The mid-1999
population demographics revealed that 9.8 million (16.5%) of the population
of the United Kingdom were over pensionable age and that was expected to rise
by another 4.6 million by the year 2023:

e With the advancement of anaesthetic and surgical techniques, more and
more elderly patients are presenting for major elective and emergency
surgery.

e It is vital therefore that the practising anaesthetist is aware of the
important differences that exist between the elderly patient and the
young adult.

Ageing 1s a continuous process once the organism has reached maturity. There
is no strict, defined age when an adult becomes elderly. In this chapter, like other
texts, the elderly patient will be assumed to be aged 65 years or over.

PHYSIOLOGICAL CHANGES ASSOCIATED WITH AGEING

After the age of 30 years there is a gradual deterioration in organ function. The
rate and extent of decline often determines those who are ‘physiologically young
for their age” or those who are ‘physiologically old for their age’.

The ageing cardiovascular system?-®

Most of the investigation of the cardiovascular system in human adults comes from
longitudinal studies of cohorts of adults as they age and in aged individuals with
no heart disease. Most investigation has been with echocardiography or angiog-
raphic or radionuclide imaging of the heart. Whether the changes in the vascular
system lead to compensatory changes in the heart or whether both occur
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simultaneously and independently is a matter of debate:

102

The arterial system becomes less compliant due to a loss in elastic tissue
in the vessel wall. This results in an increased left ventricular afterload
and systolic hypertension. The arteries also become less responsive to
vasodilators such as nitric oxide, atrial naturetic peptide and 3, adreno-
ceptor stimulation.

The venous system also becomes less compliant with a reduction in
the strength of smooth muscle contraction within the vessel wall. The
elderly therefore have less blood in the capacitance vessels and less
ability to squeeze this blood into the central circulation in the face of
intravascular fluid depletion.

The ventricle hypertrophies with age. This may be in part as a response
to the increased afterload and as a primary effect of ageing. Ventricular
hypertrophy reduces ventricular compliance, increases left ventricular
end diastolic pressure (LVEDP) and reduces early diastolic filling of the
ventricle. The elevated LVEDP increases the importance of atrial
contraction (hence sinus rhythm) on late ventricular filling. Atrial hyper-
trophy develops to the increased impedance (LVEDP) to atrial emptying.

The myocardium and pacemaker cells become less responsive to
B, adrenoceptor stimulation. Therefore there is a reduction in both
inotropic and chronotropic eftects of B, stimulation.

At rest cardiac index is unchanged or reduced in proportion to the
reduction in basal metabolic rate or silent coronary artery disease.
The situation during exercise is markedly different to the young adult.
In the exercising young adult, cardiac output is increased by an increased
heart rate and ejection fraction (i.e. a lower left ventricular end diastolic
and systolic volume (LVEDV and LVESV)). In the elderly, heart rate
falls during exercise, LVEDV increases (by 20-30%) but LVESV
decreases less, and therefore ejection fraction increases less, than in the
young adult. It is apparent then, that cardiac output in the elderly
patient is more pre-load dependent than in the young adult during
times of cardiovascular stress.

Pacemaker activity of the heart declines with age. The cells of the sino-
atrial (SA) node atrophy, conduction through the atrioventricular (AV)
node is increased and conduction through the bundles is impaired.
Heart block, bundle branch block and arrhythmias (both brady- and
tachyarrythmias) become increasingly common with age.

Coronary artery vascular resistance increases in the elderly because of
the increased LVEDP and ventricular hypertrophy, but the reduced
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coronary flow is counterbalanced by a reduced myocardial oxygen
consumption.

Ageing of the respiratory system’~®

As one ages there are changes in the structure of the lung and airways along with
changes in the thoracic wall. These fundamental structural changes lead to the
physiological changes seen with advancing age:

e There is a loss in elastic tissue within the lung parenchyma as well as
loss of alveolar surface area and therefore loss in surface tension forces.
Both elastic tissue and surface tension contribute to the elastic recoil
of the lung, hence the compliance of the ageing lung is increased
(compliance being the reciprocal of elastance). Calcification of the
costal cartilage and the rib articulations reduce the thoracic compliance
that counterbalances the increased lung compliance. There is some
debate as to whether total compliance is unaltered or reduced because
of the greater reduction in thoracic compliance over the increase in
lung compliance.

e The losses in alveolar surface area results in I’/ Q mismatch, an increased
physiological shunt (increased A-a gradient) and consequently a lower
PaO,. The PaO, can be estimated from the formula: PaO, (mmHg) =
100 — Age/3.

e Changes in lung volumes also contribute to an increased physiological
shunt. Throughout life, there is an increase in the volume of air
required to prevent small airway collapse also known as closing volume
(CV). At around 45 years of age, CV exceeds functional residual capac-
ity (FRC) in the supine position and in the seated position by 65 years
of age. Once CV exceeds FRC then airway closure occurs during tidal
ventilation. The increase in CV can, on the whole, be explained by the
loss in elastic tissue with age.

* Aside from an increase in CV with age there is an increase in residual
volume. FRC, the point at which the outward pull of the thorax is
balanced by the tendency for the lung to collapse, is unchanged at the
expense of a reduced expiratory reserve volume (ERV). As ERV is
reduced it follows that vital capacity (VC) must be reduced. It is believed
that total lung capacity is unchanged, or only reduced slightly (10%)
with age.

e The large airways increase in size as one ages resulting in an increased
anatomical and physiological deadspace. Airway resistance is unchanged
as the resistance (proximal) airways dilate and the smaller, distal, airways
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collapse thus offsetting each other. Although total compliance is
unchanged or marginally reduced, the loss in elasticity of the lungs and
rigidity of the chest wall increases the work of breathing.

e The elderly have a diminished response to both hypercapnia and hypoxia.
The elderly, like the younger adult are able to increase respiratory rate
but are unable to increase tidal volume in response to an abnormal
PaO, or PaCO,. The reason for the fall in tidal volume is postulated to
be a reduced sensitivity or a reduced output from the respiratory centre
rather than a loss in respiratory muscle power with age.

e The elderly have blunted protective laryngeal reflexes and therefore are
more at risk of pulmonary aspiration during anaesthesia.

e Pulmonary vascular resistance increases with age but it is doubtful if this
is of any clinical significance.

Changes in renal function with age'®"

Data regarding the changes in the kidney with age is primarily from cross-sectional
studies and histological findings. Some data is available from longitudinal studies
and tends to be more reliable than the former sources because it excludes renal
dysfunction as a result of age related changes.

e Renal mass declines with age. After the 3rd decade there is 1% loss per
year. The reduction in mass is due to glomerular loss (up to 30% by
the 8th decade) which is predominantly cortical. The exact cause of
the glomerular atrophy is unknown but it mirrors a reduction in renal

blood and plasma flow (10% per decade).

e Loss of glomeruli has been implicated in the fall in glomerular filtration
rate (GFR) with age. Absolute creatinine clearance falls approximately
1 ml/min/1.73m? per year, or from 140ml/min/1.73m? in the 3rd
decade to 97ml/min/1.73m? in the 8th decade. However, plasma
creatinine levels are unchanged in the elderly because a reduced muscle
mass results in a reduced production of creatinine.

e Renal tubular function declines with age. Inulin clearance, which rep-
resents tubular secretory function declines and is paralleled by deterior-
ation in reabsorptive function. Tubular dysfunction may be explained
by the loss of glomerular units and a reduction in metabolically active
tubular cells with age.

e The aged kidney is less effective at concentrating urine and conserving
water in the face of water deprivation. This may result from a lowering
in the medullary concentration gradient caused by a disturbance of the
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counter-current mechanism due to alterations in renal blood flow and
a relative resistance to anti-diuretic hormone (ADH). Moreover thirst
perception during periods of dehydration is impaired. The nephron
is also impaired in its ability to dilute the urine in the face of water
overload.

e The elderly face problems in salt conservation. Plasma renin and
aldosterone levels are reduced in the elderly. This may be due to the
relative unresponsiveness to [3, receptor stimulation as renin is released
in response to 3, adrenoceptor stimulation. Moreover, changes in the
heart with age lead to atrial distension and release of atrial natriuretic
factor (ANF) which also suppresses renin and aldosterone release. Not
only does the relative deficiency of these two hormones lead to sodium
loss but it places the elderly at risk of hyperkalaemia.

The effect of age on hepatic function'?'3

The liver, like most other organs, involutes with age, so by the 8th decade the liver
has lost two-fifths of its mass. There is also a reduction in hepatic blood flow that
not only reflects the loss in hepatic cellular mass but also an absolute reduction in
terms of percentage of cardiac output. Despite the reduction in mass and blood
flow, it appears that hepatocellular enzyme function is preserved with advancing
age. In vitro studies in patients with normal histology on liver biopsy failed to
demonstrate any deterioration in hepatic microsomal oxygenase or hydrolase
activity (phase I metabolic reactions) and also showed that reduced glutathione
(phase II conjugation reactions and a major hepatic anti-oxidant) concentrations
are maintained.

In parallel with the apparent preservation of hepatocellular function, serum con-
centration of bilirubin, alkaline phosphatase, and transaminases are unaffected by
age. Coagulation studies are also unchanged by age but there is a gradual decline
in serum albumin concentration.

Changes in the nervous system with age'*'5

Memory loss, confusion and dementia are the clinical manifestations of ageing
of the brain. Unlike other organs there are no readily applicable tests of ‘brain
function’ but the following are generally accepted as age related changes, with or
without clinical manifestation:

e Normal pressure hydrocephalus results from global atrophy of the brain
and an increase in cerebrospinal fluid (CSF) volume. The brain weighs

20% less by the 8th decade than in the 2nd decade of life and CSF

volume increases by 10% in the same time period.
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e Cerebral blood flow is reduced in line with brain volume but auto-
regulation to carbon dioxide and mean arterial blood pressure is
preserved.

e Within the brain the most metabolically active cells (grey matter of the
cerebral and cerebellar cortices, basal ganglia, thalamus) atrophy more
than the white matter. Regional blood flow reflects the neuronal loss
with flow to the grey matter reduced more than that to the white.

e The levels of excitatory neurotransmitters (norepinephrine, serotonin,
dopamine and tryrosine) are reduced.

The peripheral neurones like their counterparts in the brain undergo age related
degeneration. In particular there is:

® An increased threshold to stimulate sensory organs, such as pain cor-
puscles, and a reduced conduction velocity in afferent neurones and
ascending spinocortical tracts. There is also a reduced conduction vel-
ocity in motor neurones and in the corticospinal tracts so that the reflex
arc for painful stimuli is increased and righting reflexes are impaired.

e Skeletal muscle mass is reduced and extrajunctional acetylcholine recep-
tors increase in response to degeneration of motor neurones.

Neuroendocrine changes with age'®

Ageing produces a state akin to a hyperadrenergic state. The impaired responses in
the elderly to 3, adrenoceptor stimulation leads to increased plasma norepinephrine
and epinephrine concentrations (2—4-fold) despite atrophy of the adrenal medulla.
Cardiovascular reflexes are also impaired in the elderly. Reduced responsiveness
of the baroreceptors results in an underdamped cardiovascular system and there is
a reduced vasoconstrictor response to cold with less heart rate change in response
to changes in posture. The elderly are therefore more vulnerable to cardiovascular
instability, particularly during sympathetic blockade.

Changes in body fluid composition and metabolism with ageing
The key changes that occur are summarised below:

* Basal metabolic rate falls as a consequence of a reduced skeletal mass
and a reduction in the metabolically active areas of the brain, kidney
and liver.

e Increased body fat results in a reduction in total body water.
e Testosterone and tri-iodothyronine levels are reduced.

e Glucose intolerance occurs.
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CHANGES IN PHARMACOKINETICS AND
PHARMACODYNAMICS WITH AGE'7."8

In general absorption of drugs from the gastrointestinal tract is unaffected by age.
There are, however, important changes in distribution, metabolism and elimin-
ation of drugs because of age related changes of the organs.

¢ A reduction in total body water means that the volume of distribution of
water soluble drugs (e.g. non-depolarising muscle relaxants) is decreased
with an effective increase in the tissue concentration. Conversely, an
increase in body fat results in an increased volume of distribution for
lipid soluble drugs.

e The reduction in albumin concentration in the elderly increases the
free fraction of protein bound (i.e. lipid soluble) drugs and therefore
increases the bioavailabilty at their effector sites.

e Hepatic clearance of a drug is dependent on three factors, the intrinsic
clearance (CL;,,), the free fraction of the drug ( f) and the hepatic blood
flow (Qyp). The hepatic clearance of drugs with a low CL;,, is depend-
ent on CL;, and f and are said to be ‘capacity limited’. Examples of
such drugs are barbiturates, benzodiazepines and theophyllines. If the
free fraction of a highly protein bound drug is increased, then the hepatic
clearance becomes more dependent upon Qg than CL;,,. The elderly
have a reduced Qy but CL;

1nt

is largely unchanged. Therefore the
hepatic clearance of capacity limited drugs with low protein binding is
unchanged with age. The reduction in serum albumin will increase f of
highly protein bound drugs (e.g. thiopentone) and so their hepatic
clearance will be reduced as a result of a reduced Qy.

e Drugs with a high CL;, will be dependent on Qy; only for the hepatic
clearance. They are said to be ‘flow limited” and their clearance will
be reduced as a result in the age related fall in Q. Examples of flow
limited drugs are B-blockers, tricyclic anti-depressants, opioid anal-
gesics and amide local anaesthetics.

e Biliary excretion of drug metabolites is unaftected by age, but renal
excretion of water soluble drugs and drug metabolites may be reduced
by age related reduction in GFR and tubular secretion.

e As well as changes in drug pharmacokinetics (e.g. increased free frac-
tion of drugs, reduced volume of distribution, reduced clearance) the
increased sensitivity to some drugs in the elderly is also due to pharma-
codynamic changes. The reduction in excitatory neurotransmitters
in the brain with grey matter atrophy is thought to be the basis for
the enhanced sensitivity to intravenous induction agents and reduced
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MAC to volatile anaesthetics. Changes in receptor sensitivity may also
account for the enhanced analgesia seen with morphine, and altered
sensitivity to benzodiazepines.

CO-EXISTING DISEASE AND AGE RELATED
ORGAN DYSFUNCTION

The deterioration in the various organ systems described above can be accelerated
and worsened by co-existing disease. These diseases are more likely to be encoun-
tered with advancing age:

e Hypertension, (essential or secondary to other diseases), diabetes mellitus,
smoking and hyperlipidaemia all predispose to atheromatous disease of
the arteries. This may present as angina or myocardial infarction, cere-
brovascular disease, peripheral vascular insufficiency and abdominal
aneurysm formation.

e Cardiac function may also be worsened by valvular abnormalities.
Rheumatic fever, age related fibrosis and calcification can lead to stenotic
valves, whilst ischaemic heart disease, theumatoid arthritis (RA), connec-
tive tissue diseases (CTD), hypertension and even stenotic valves (aortic)
may result in regurgitant valves.

e Pulmonary function is particularly affected by smoking and can result
in emphysema or chronic bronchitis. Chronic asthma may also lead to
fixed obstructive airways disease.

e Glomerulonephritis, hypertension, diabetes mellitus, RA, CTD and
atheroma of the abdominal aorta and/or renal arteries can cause pre-
mature renal failure. It should be remembered that renal failure is an
important cause of hypertension.

e Chronic alcohol ingestion is the major cause of cirrhosis and hepato-
cellular failure and may be associated with a dilated cardiomyopathy.
Other rarer causes of liver dysfunction are primary biliary cirrhosis,
chronic active hepatitis (post viral or autoimmune), oy antitrypsin defi-
ciency (associated with emphysema) and drug therapy.

e [t is important not to forget that drug therapy for medical conditions
may adversely affect some organs. Examples would include renal dam-
age from use of non-steroidal anti-inflammatory agents and penicil-
lamine used in the treatment of RA. The liver particularly can be
adversely affected by a long list of drugs and this should be borne in
mind if faced with abnormal liver function tests or jaundice.

e Acute confusional states in the elderly may also be drug induced and
usually resolve once the drug is discontinued.
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The two recent CEPOD reports'®2” highlighted the impact that the elderly have
upon anaesthetic and surgical specialties:

The 2000 report showed that the number of elderly patients (over 60
years for females and over 65 for males) presenting for surgery had
increased from the 1990 report.

In 1998799, over 90% of patients were aged 60 years or more, with 38%
over 80 years of age.

Only 35% of procedures were deemed to be elective or scheduled,
whilst 50% were urgent and the remainder emergency procedures.

The majority of the elderly patients presented for general (42%),
orthopaedic (22%) or vascular procedures (14%) and 84% were deemed
by the anaesthetist to be of ASA 3 or more.

One of the key points in the 2000 report was that:

‘The profile of patients who die within 30 days of an operation has
changed since the report of 1990. Patients are more likely to be older,
have undergone an urgent operation, be of poorer physical status and
have co-existing cardiovascular or neurological disorder’.

The 1999 CEPOD report that looked specifically at patients over 90 years at
the time of operation recognised that ‘elderly patients have a high incidence of
co-existing disorders and a high risk of early post-operative death’.

Pre-operative preparation

The pre-operative visit is essential for:

initiating the patient — anaesthetist relationship and helping allay anxiety,
determining the presence of co-existing diseases,

planning any pre-operative investigations,

choice of anaesthetic technique,

method of post-operative analgesia,

determining post-operative placement (ward, high depency unit (HDU),
intensive care unit (ICU)).

The pre-operative visit for the elderly is often more taxing and takes longer than
in the younger adult. Elderly patients may have cognitive impairment, memory
loss and impaired hearing and vision. Moreover they might not understand what
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an anaesthetist is or does! Extraction of information can be prolonged and diffi-
cult, so it is vital that the patient’s notes be available for perusal.

The elderly patient should have the same assessment as a younger patient, but with
particular emphasis on

e A functional assessment of their cardiorespiratory status. It is important
to realise that the elderly often have different symptoms of a disease.
For example, ischaemic heart disease will often present as dyspnoea
rather than chest pain. The reason can be explained on the basis of
the age related cardiac changes, in that myocardial ischaemia further
elevates the LVEDP and results in pulmonary oedema. In general a
person able to climb a flight of stairs or walk up a gentle hill has a lower
post-operative cardiac mortality than one who is housebound by their
symptoms.

e Assessment of hydration is important but also difficult. As emphasised
before, the elderly are prone to dehydration during times of fasting and
hypovolaemia worsens cardiac performance and increases post-operative
complications. The signs of dehydration such as loss of skin turgor, dry
eyes and mouth are common findings in the elderly so one will have to
look for more subtle signs such as loss of jugular venous pulsation in the
supine position, postural hypotension and a raised urea. Fluid balance
charts should be consulted to help with assessment of fluid status.
Dehydration should be corrected pre-operatively with the use of central
venous pressure monitoring as necessary to prevent tipping the patient
into pulmonary oedema.

e The presence of cardiac murmurs, particularly of the aortic valve,
should be sought, especially if a regional anaesthetic technique is being
considered.

e The history and examination of the patient largely determines pre-
operative investigations. It is generally agreed that all patients over 65
years of age should have a full blood count, urea and electrolytes and an
ECG. One must realise that these investigations may show no abnor-
mality despite the presence of age related organ dysfunction. When
ordering more advanced investigations one should give thought to
the accuracy of the results. For example, an exercise ECG may be
of limited value when the patient is disabled by arthritis so radio-
nuclide imaging or stress echocardiography of the heart may be more
appropriate.

e Elderly patients should not be denied premedication but the drugs pres-
cribed should be done so with knowledge of the altered pharmaco-
kinetics and dynamics in the elderly.
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e The age, physical status of the patient, the degree of urgency and
the type of surgery performed determine post-operative outcome.
Therefore very careful consideration should be given to the risk—benefit
when an elderly patient of poor physical status presents for major
surgery. Where risks outweigh perceived benefit then surgery should
be deferred.

Anaesthetic technique

The overriding goal of the anaesthetist is to maintain global oxygen delivery to the
patient. In effect this means:

e avoidance of hypotension/hypovolaemia,
e avoidance of hypoxia,
e avoidance of anaemia,

e these principles must be adhered to in elderly patients along with the
avoidance of hypothermia.

Specific problems that can be encountered during anaesthesia for the elderly are:
e The elderly often have fragile veins making venous access difficult.

e Elderly patients have thin skin and arthritic joints. Special care should
be taken when transferring and positioning on the operating table. All
bony prominences should be well padded.

e Elderly patients are more at risk of hypothermia both during general
anaesthesia (GA) and regional anaesthesia.’’*?> Warming mattresses,
warmed intravenous fluids and warm air blowers must be readily avail-
able and used for all but the shortest of cases.

e The 1999 CEPOD report'” highlighted the high incidence of intra-
operative hypotension and how this was largely inadequately treated. In
major surgical cases or cases in which there is expected to be large fluid
losses, invasive monitoring of blood pressure and central venous pressure
should be instituted. There should be earlier use of inotropic cardio-
vascular support when hypotension fails to respond to fluid loading.

The choice of anaesthetic technique depends on the type of surgery proposed,
the physical status of the patient and patient preference. A recent meta-analysis
suggests that regional techniques alone or combined with GA significantly
reduces post-operative morbidity.>> A regional technique should be considered for
limb, perineum and lower abdominal surgery and for laparotomy when combined

with GA.

111



ANAESTHESIA FOR THE HIGH RISK PATIENT

‘When choosing GA in the elderly, the following should be considered:

e Edentulous patients may present a difficult airway once anaesthesia is
induced as the face ‘collapses’ making a seal with the facemask, and
therefore ventilation difficult. Cervical spondylosis may make intub-
ation difficult as neck extension is reduced.

e All elderly patients should be preoxygenated prior to induction of
anaesthesia. Intravenous induction agents should be given slowly.
In general the induction dose is lower and induction time prolonged.
The MAC of inhalational agents is reduced but the dose of both
depolarising and non-depolarising muscle relaxants is the same as a
younger adult.

e The elderly are more sensitive to opioid analgesics but have delayed
elimination and so doses should be reduced and dosing interval
prolonged.

¢ Inhalational anaesthetic agents all depress the ventilatory responses to
hypoxia and hypercarbia and this will be exacerbated in the elderly who
already have blunted responses to changes in oxygen and carbon dioxide
levels. All elderly patients should receive supplementary oxygen in the
recovery room and probably continued on the ward.

Regional anaesthesia (spinal subarachnoid block and epidural) can be used alone
or in conjunction with GA. It is the author’s belief that spinal blockade should
be used alone and that only epidural blockade is combined with GA. Points to
consider in the elderly for regional anaesthesia are:

¢ Informed consent must be obtained from the patient. The only excep-
tion to this is where the patients cannot give consent (e.g. senile
dementia) and it is felt that a regional technique is in the best interests
of the patient (e.g. fractured neck of femur).

e Conditions that lead to a fixed cardiac output (e.g. aortic stenosis) and
significant coagulopathy are excluded. A number of elderly patients are
on low dose aspirin (< 300mg) and this is generally deemed not to be
a contraindication to regional anaesthesia.?*

e Regional anaesthesia may be more technically difficult in the elderly
due to osteoarthritis, kyphoscoliosis and osteoporotic collapse. Vertebral
collapse means that the spinal cord ends at a lower vertebral level in
the elderly and is at risk of damage if the L3/4 space is used. A recent
study has shown that there is a great variability between the surface
localisation of the L3/4 space and the true space®® and a case report has
highlighted the risk to the spinal cord when the wrong interspace is
identified.?
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e Sympathetic blockade reduces cardiac preload and in the elderly may
result in profound hypotension which must be treated promptly and
aggressively with fluids and vasoconstrictors.

Post-operative care

Post-operative care for any patient involves four basic principles, namely the post-
operative Vvisit, post-operative analgesic regimen, fluid and oxygen therapy and
post-operative placement of the patient.

e The post-operative visit is important to the anaesthetist and the patient.
It should be performed on everyone and be viewed as the opportunity
to review the patient and check that post-operative instructions have
been followed. If the patient is not progressing as well as expected it
affords time to institute more aggressive management and perhaps
transfer to a higher dependency level.

e Fluid prescription post-operatively will depend upon the nature of the
procedure performed, the expected ongoing losses and the expected
period that oral intake will be limited. Any prescription must take into
account the volume of ongoing loss as well as the daily maintenance
requirements. A well organised fluid balance chart is invaluable.
Ongoing losses that are extracellular should be replaced with a balanced
salt solution such as compound sodium lactate. Maintenance fluids can
be roughly calculated from 60ml/hr for the first 30 kg body weight
plus 1ml/hr for each kg thereafter and should total 1 mmol/kg of
Na* and K* every 24 h.

e Oxygen prescription also depends on the nature of the procedure and
the pre-existing medical condition of the patient. Supplemental oxygen
should be prescribed for those who have had thoracic or abdominal
surgery, a history of ischaemic heart disease or respiratory insufficiency.
The duration of oxygen therapy is determined on an individual basis so
that a patient with angina having had gastric surgery should receive
oxygen for at least 72 h after surgery. Any patient with a patient con-
trolled analgesia (PCA) device should receive oxygen for the duration

of use of the PCA.

¢ Analgesic regimens will be tailored to the type of surgery and physical
status of the patient. Non-steroidal anti-inflammatory agents should be
used with care in those with borderline renal function. If opioids are
used then the dosing interval should be increased. Elderly patients can
be safely given a PCA device on the ward, but should only receive one
if they have the understanding and dexterity to use it. If the hospital has
an acute pain team then patients with epidurals may be safely nursed on
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the general surgical ward. If no facility exists they should be cared for
on a HDU as the elderly are more likely to get an inadvertent high
block than younger patients.

e Age should not be a discriminator to admission to a HDU or ICU.

Indeed if it is felt that major surgery will be of benefit to the patient
then it seems perverse to deny them appropriate post-operative care.
A recent debate in the literature was provoked by a case report®” that
documented the pre- and post-operative care of a 113 year old on an
ICU. The majority of aged patients will be adequately cared for on a
general surgical ward but a few will require post-operative HDU or
ICU care which, providing that surgery was appropriate, should be
readily available.

Further reading
Silverstein J. Geriatrics. Anesthesiol Clin North Am 2000; 18: 1-209.

Jin

F, Chung F. Minimizing perioperative adverse events in the elderly. Br J
Anaesth 2001; 87: 608—24.

McConachie I. Anaesthesia for the senior citizen. Hospital Update 1996; 22: 82-91.
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Death rates from surgery and anaesthesia are now low. This is despite increasing
complexity of the surgery performed and a rising average age of the population.
However, just a small percentage of the patients undergoing surgery still carry
most of the postoperative morbidity and mortality:

Those most at risk are the elderly and those undergoing emergency
surgery.

Coexisting disease such as cardio-respiratory disease or diabetes mellitus
further increases the chance of death.

The cause of death is most commonly from myocardial infarction or the gradual
development of multiple organ failure syndrome (MODS), the median day of

death being on the sixth postoperative day. The mechanisms of the development
of MODS are still being elucidated. However, it is likely that it results from inflam-
matory cascades provoked by a multi-factorial aetiology that may include any
combination of

altered microcirculation causing tissue injury;

ischaemia—reperfusion injury;

direct surgical or traumatic tissue injury;

surgical stimulation of metabolic and endocrine processes;

blood loss and fluid shifts causing regional and global hypoperfusion;
anaesthetic agents causing vasodilatation and altered regional blood flow;

splanchnic hypoperfusion — this may be especially important since
splanchnic blood may amount to two-fifths of the blood volume; dam-
age to mucosal integrity and bacterial translocation may be important
in initiating inflammatory cascades.
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Many of these perioperative events have potential to cause an imbalance between
oxygen delivery and demand, be it local or global. This is especially likely to occur
in the presence of reduced physiological reserve where cardiac index (CI) cannot
rise to meet the demand placed by surgery. The tissue hypoxia that results may
precipitate the systemic inflammatory response syndrome (SIRS) that may then
progress on to MODS.

If this is the case, then to reduce perioperative risk, we need to target those patients
with limited physiological reserve and undergoing surgery of sufficient physio-
logical insult.

IDENTIFYING PERIOPERATIVE RISK

In the scoring systems of Goldman and Detsky (see Chapter 1), particular risk is
attached to poor cardiac reserve in the form of congestive cardiac failure, aortic
stenosis and precarious myocardial perfusion.

This suggests the ability to meet the demands of surgery by maintaining or increas-
ing perfusion and oxygen delivery might be important in determining survival:

e In support of this, early work by Boyd et al.' had suggested in cardiac
surgery that failure to raise postoperative CI above 2.51/min/m? was
associated with increased mortality rate.

e Similarly, Clowes ef al.? later showed that failure to increase cardiac out-
put after thoracic surgery was associated with reduced survival.

e Shoemaker’ also defined indicators of risk for perioperative death by
correlating preoperative criteria with mortality rates (table 8.1). This
work identified both patient criteria and criteria relating to the type
of surgery to be undertaken. They and others subsequently used these
criteria to identify and study high-risk patients.

Table 8.1 - Shoemaker's indicators of high risk.

Previous severe cardio-respiratory illness, e.g. acute myocardial infarction or chronic obstructive airways
disease.

Extensive ablative surgery planned for malignancy, e.g. gastrectomy, oesophagectomy or surgery > 6 h.

Multiple trauma, e.g. more than three organ injuries, more than two systems or opening two body cavities.

Massive acute haemorrhage, e.g. > 8 units.

Age above 70 years and limited physiological reserve of one or more organs.

Septicaemia (positive blood cultures or septic focus) WCC > 13, pyrexia to 38.3 for 48 h.

Respiratory failure (p0, < 8 kPa on an FiO, > 0.4 or mechanical ventilation > 48 h.

Acute abdominal catastrophe with haemodynamic instability (e.g. pancreatitis, perforated viscus,
peritontis, gastrointestinal bleed).

Acute renal failure (urea > 20 mmol/l, creatinine > 260 mmol/l).

Late stage vascular disease involving aortic disease.

Shock, e.g. MAP < 60 mmHg, CVP < 15cmH,0, urine output < 20 ml/h.
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Improving outcome

Having identified the high-risk patient, how do we then set about improving
outcome?

There are several potential strategies to consider:

o Tieatment of existing medical disease — the principle of treating treatable
medical conditions such as congestive cardiac failure, hypertension and
respiratory disease is well established in anaesthetic practice, although
the evidence for benefit, e.g. in moderate degrees of hypertension is
limited.

®  Resuscitation of presenting disease — where time allows attention should
be directed to correcting electrolyte, metabolic and fluid balance.
Circulating volume status and blood pressure should be restored using
titrated fluid and inotropes.

o Use of regional anaesthesia — the use of regional anaesthesia has been
shown to result in improved postoperative respiratory function. To
date, however, there is little evidence to suggest that mortality rates are

affected.

e Strategies to prevent myocardial events — beta blockers, nitrates, calcium
channel blockers and alpha, antagonists have all been used to try to
reduce postoperative mortality. In patients with ischaemic heart disease,
there is some evidence of reductions in perioperative ischaemic events
following administration of beta blockers.*

o Cardio-respiratory optimisation — there is increasing evidence to support
the use of invasive monitoring, titrated fluids and inotropes to achieve
enhanced cardiovascular function in anticipation of increased perioper-
ative oxygen demand.

This evidence will be reviewed in the remainder of this chapter.

THE EVIDENCE FOR PERIOPERATIVE OPTIMISATION

The perioperative cardiovascular changes seen in high-risk patients undergoing
major surgery were characterised in the 1970s by Shoemaker:

e In 1973, his group studied 98 patients undergoing major surgery and
in variable levels of established shock. Comparing 67 survivors with
31 non-survivors, they were able to demonstrate significantly different
haemodynamic changes in the days following surgery. Surviving patients
had a higher CI, higher oxygen delivery and higher oxygen uptake.
These indices were much better predictors of mortality than the more
traditionally used values of blood pressure and heart rate.
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e Following this, the same group studied 220 high-risk patients this time
undergoing major-elective and semi-elective surgery. In these patients,
they confirmed higher values of CI, oxygen delivery and oxygen con-
sumption in the survivors. From these findings, they postulated that if
cardiovascular performance could be enhanced in high-risk patients to
achieve the CI and oxygen delivery values manifest by survivors then
overall survival rate could increase. They were able to suggest specific
goals of CI (4.51/min/m?), oxygen delivery (600 ml/min/m?) and oxygen
consumption (170 ml/min/m?) that they termed ‘supranormal values’.®

* In a subsequent non-randomised study of 100 patients, they either
actively increased cardiovascular performance with fluids and inotropes
aiming to achieve the above supranormal values or in the control patients
allowed CI to remain between 2.8 and 3.51/min/m?. Mortality and
complication rate were both reduced in the intervention group.’

Several other non-randomised studies confirmed these findings, however, it was
not until the 1980s that further evidence was gained from properly randomised
controlled trials:

e Firstly, in 1985 Schultz et al.® studied 70 patients undergoing surgical
repair of hip fractures. Half of the patients were monitored with pul-
monary artery flotation catheters and managed with intravenous fluids
and inotropes to enhance CI and oxygen delivery to preset goals. The
other half were managed conventionally. The intervention group had a
significantly lower mortality rate by over 25%. It was unclear, however,
whether the improvement was due to better monitoring or to enhanced
oxygen delivery.

o Subsequently, in 1988 Shoemaker’s group’ published a randomised
controlled trial of 340 high-risk surgical patients. They recruited
patients using their previously defined criteria for high risk. Control
patients were managed conventionally, whereas the protocol group
were given intravenous fluids, inotropes and vasodilators aiming to
achieve the supranormal values they had described previously. The
protocol group had significantly lower mortality (4% vs 33% p < 0.01)
and complication rate (1.3 vs 0.4 p < 0.05).

e Another group, Berlauk et al.,!° published further data to support the

use of perioperative optimisation. In this study, 89 patients underwent
peripheral vascular surgery under general anaesthesia. Patients were
randomised into three groups. One group received conventional man-
agement and the other two groups were monitored with a pulmonary
artery catheter either placed 12 h before or immediately before surgery.
In the latter two groups, the invasive monitoring was used to guide
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circulatory ‘tune up’ with fluid loading, inotropes and vasodilators.
Treatment was given to maintain pulmonary capillary wedge pressure
of 8-15 mmHg, CI > 2.81/min/m? and SVR < 1100 dynes/cm?® pre-
and intraoperatively. The study groups both had fewer intraoperative
adverse events, less early graft thrombosis and lower postoperative
cardiac morbidity.

e In 1992 and 1995, Shoemaker’s group published two further randomised
controlled trials this time in 67 and 125 patients with severe trauma.'!!?
In patients treated to increase oxygen delivery to supranormal values,
they found reduced organ failure, lower mortality rate, shorter stays in
intensive care and shorter periods of ventilation.

e In a further randomised controlled trial, Boyd et al'® studied 107
patients at high risk as defined by Shoemaker’s criteria. The majority of
patients were admitted to intensive care preoperatively, although some
were admitted postoperatively. All patients received conventional therapy
with invasive monitoring, intravenous fluids, vasodilators and inotropes.
The protocol group were managed in addition to deliberately increased
oxygen delivery. Dopexamine was used to achieve goals of oxygen
delivery of > 600 ml/min/m? with pulmonary capillary wedge pressure
12-14mmHg and haemoglobin > 12 g/1. The result was a significantly
lower mortality and complication rate (by 75% and 59%, respectively).

These impressive reductions in mortality and complication rates have not, how-
ever, been mirrored in some more recent randomised trials. Ziegler et al.'* and
Valentine ef al.'® both failed to show any significant benefit in terms of morbidity
and mortality from optimisation attempts in patients undergoing peripheral
vascular surgery.

Another recent study'® of over 400 patients undergoing abdominal surgery using
dopexamine also failed to show benefit.

It is possible that in at least some of these studies the targeted populations were not
at high enough risk and therefore unlikely to show benefit from optimisation
strategies. Clearly, the patients chosen for optimisation protocols need to be selected
with care. Further, in one of these studies' the intraoperative complication rate was
actually increased in the optimised group. Optimisation techniques should there-
fore be titrated with care to avoid inducing morbidity related to the therapy.

Another recent study by Wilson ef al.'” has added an exciting dimension to the
concept of perioperative optimisation. In a randomised controlled trial of 138
patients they studied three high-risk groups undergoing surgery:

e The control group were managed conventionally and were admitted to
intensive care if deemed necessary.
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e The other two groups were admitted preoperatively to intensive care
and given goal directed therapy with either adrenaline or dopexamine
lasting for at least 12 h postoperatively.

e Both the treatment groups had significantly improved survival rate.

e However, only the dopexamine group saw a significant reduction in

morbidity.

This is particularly interesting because the dopexamine treated group did not see
an increase in CI by as much as the adrenaline treated group. The reduced mor-
bidity was due to a reduction in sepsis and ARDS.

Dopexamine is a pure beta, agonist with very little beta; effect and no alpha,
activity. Its inotropic effects result from inhibition of endogenous catecholamine
reuptake and from stimulation of baroreceptor reflexes. It reduces systemic and
pulmonary vascular resistance and increases both renal and splanchnic blood flow.
Beta, stimulation also brings about anti-inflammatory properties. It may be that
this together with improved splanchnic blood flow both maintains mucosal bar-
riers and attenuates the inflammatory cascade that leads to SIRS and MODS.
In support of this, dopexamine has been shown to reduce inflammatory change in
the upper gastrointestinal mucosa in high-risk surgical patients.'®

The specific benefits of dopexamine suggested in the study of Wilson ef al. are by
no means universally accepted. It has been suggested!” that the three treatment
groups in the study were not comparable and that this may have led to some of the
differences seen between the dopexamine and adrenaline treated groups. Further
work is therefore needed to establish the place of dopexamine.

The role of catecholamines and their actions at different adrenoceptors on the
immune system is explored fully in a review cited in Further reading.

PATIENT SELECTION

There is accumulating evidence to suggest that the use of perioperative optimisa-
tion can improve postoperative outcome. The challenge is to identify

e those patients who will benefit,
e the appropriate goals to direct therapy to.

Table 8.1 lists Shoemaker’s criteria for high-risk patients. However, we have
seen that where perioperative risk is low there is little benefit from optimisation
regimens. In fact, some studies have seen increased risk in optimised patients.
In selecting patients who may benefit from optimisation, the anaesthetist must
balance the risks of surgery and anaesthesia against possible detrimental effects of
optimisation.
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Shoemaker has also suggested therapeutic goals to target therapy to, the supranormal
values described previously. Others have suggested that patients with initial oxygen
delivery of < 450 ml/min/m? should be targeted. Again it is probably a matter of
judgement on the part of the anaesthetist to enhance cardiovascular function
sufficiently to allow the demands of surgery to be met whilst at the same time not
overstressing the myocardium and precipitating ischaemia or arrhythmia.

OPTIMISATION IN CRITICAL ILLNESS

Although there is good evidence to support the use of preoperative optimisation
in elective and semi-elective surgery, there is unfortunately little to support
the pursuit of supranormal goals for oxygen delivery in patients who are already
critically ill:

e Initial non-randomised studies in patients with established septic
shock® suggested that optimisation might be of benefit, however,
subsequent randomised controlled trials have not supported this.

e A randomised study of patients with septic shock by Tuchshmidt et al.?!
found a reduced mortality rate in optimised patients but this was not
significantly so.

e Other randomised studies*>* have all failed to show benefit from
optimisation. All of these studies had in common the recruitment of
patients with established septic shock and/or organ failure.

Another interesting study helps to clarify the situation:

e Gutierrez et al.?> examined pHi as indicator of hypoperfusion at entry to
their study. Those with a low pHi at entry to the study, suggesting exist-
ing hypoperfusion, did not benefit from optimisation whereas those
without hypoperfusion at entry to the study did see reduced mortality.

It would appear that where organ failure is already established, there is little to gain
from pursuing supranormal values.

Further reading

Uusaro A, Russell JA. Could anti-inflammatory actions of catecholamines explain
the possible beneficial effects of supranormal oxygen delivery in critically ill
surgical patients? Inten Care Med 2000;26: 299-304.

Kelly KM. Does increasing oxygen delivery improve outcome? Yes. Crit Care Clin
1996; 12: 635—44.

Ronco JJ, Fenwick JC, Tweeddale MG. Does increasing oxygen delivery improve
outcome in the critically ill? No. Crit Care Clin 1996; 12: 645-59.
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THE PATIENT WITH CORONARY
HEART DISEASE

Coronary heart disease (CHD) is widely prevalent in the adult population of the
United Kingdom and is a major cause of morbidity and mortality:!

e In the surgical population, cardiovascular disease is the leading cause of
death within 30 days of a surgical procedure, responsible for 36% of
peri-operative deaths in the latest NCEPOD report.>

e Longer-term morbidity and mortality is also increased in patients with
or at risk for CHD who undergo non-cardiac surgery.’

The management of the patient with CHD who requires anaesthesia for non-
cardiac surgery is therefore an important issue for all anaesthetists.

PATHOPHYSIOLOGY

The major pathological feature in the patient with CHD is the presence of lipid
atheromatous plaques within the walls of the epicardial coronary arteries. This
feature, exacerbated sometimes by coronary arterial spasm, may lead to:

¢ Myocardial ischaemia when myocardial oxygen demand exceeds a limited
myocardial oxygen supply; manifest clinically as stable angina.

e Rupture of plaque with thrombus formation leading to near or com-
plete coronary arterial occlusion; manifest clinically as unstable angina,
myocardial infarction or sudden cardiac death (the acute coronary
syndromes).

In the patient who undergoes surgery, a number of profound stresses, including
surgical trauma to tissue, marked changes in temperature, alteration of major organ
function and the stress and inflammatory responses, combine to produce a range
of pathophysiological derangements which, in the presence of CHD, may lead to
myocardial injury in the peri-operative period.
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e Sympathetic activity may result in myocardial oxygen supply/demand
imbalance leading to myocardial ischaemia, and/or plaque instability
and rupture.

e The inflammatory response may result in activation of vascular
endothelium leading to plaque instability and rupture, and/or coronary
arterial spasm.

e Changes in platelet function, and in the coagulation and fibrinolytic
systems, predispose to coronary arterial thrombosis.

The patient with CHD who requires major surgery is thus at risk of myocardial
injury which may become manifest in the immediate or delayed post-operative
period as myocardial ischaemia or infarction, serious arrhythmias, ventricular failure
or sudden cardiac death.

PRE-OPERATIVE MANAGEMENT
Aims
e Identification of the patient with severe CHD.

e Consideration of revascularisation and/or modification of medical therapy.

Identification of the patient with severe CHD

Guidelines for the pre-operative cardiac assessment of patients undergoing non-
cardiac surgery have been published by the American College of Cardiology in
conjunction with the American Heart Association.* A cardiological perspective on
these matters is given in a later chapter:

e The identification of the patient with severe CHD is based upon an
evaluation of information obtained from the history, examination and
resting electrocardiogram.

e The identification of a patient with an acute coronary syndrome clearly
mandates the postponement of elective or scheduled surgery and the
immediate introduction of the appropriate medical therapy.

e In the majority of patients, however, the pre-operative assessment
allows the identification of clinical markers associated with the presence
of underlying severe CHD and with a high peri-operative and long-
term cardiac risk.

The following clinical markers are most important:®
e symptoms of myocardial ischaemia (stable angina),

e history of previous myocardial infarction,
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e congestive cardiac failure,
e diabetes mellitus.

In patients with several or all of these clinical markers, there is a high probability
of severe CHD (left main stem disease, three vessel disease, or two vessel disease
with involvement of the proximal left anterior descending artery), whilst in
patients with none of these clinical markers, the risk of severe underlying CHD is
less than 5%.° The effect of these clinical markers on peri-operative and long-term
cardiac risk is similar — in patients undergoing vascular surgery who have none of
these clinical markers, the combined incidence of peri-operative myocardial
infarction and cardiac death is approximately 3%, whilst in patients with three or
more of these markers, the risk is between 15% and 20%.”

The requirement for further cardiac investigation in a patient with the above clin-
ical markers for CHD should be determined by a balanced assessment of the func-
tional capacity of the patient and the cardiac risk (risk of myocardial infarction or
cardiac death) associated with the specific surgical procedure to be performed.

The cardiac risk for non-cardiac surgical procedures has been stratified into high,
intermediate and low risk groups:*

High cardiac risk (> 5% mortality):
* major emergency surgery, particularly in the elderly,
e aortic and peripheral vascular surgery,

e anticipated prolonged procedures associated with large fluid shifts
and/or blood loss.

Intermediate cardiac risk (< 5% mortality):
e carotid endarterectomy,
¢ head and neck surgery,
e intraperitoneal and intrathoracic surgery,
e orthopaedic surgery,
e prostate surgery.
Low cardiac risk (< 1% mortality):
¢ endoscopic procedures,
e superficial procedures,
® cataract surgery,

® breast surgery.
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In general, in the presence of clinical markers for severe CHD, a patient who is to
undergo high risk surgery requires further pre-operative cardiac investigation,
whilst a patient who is to undergo low risk surgery does not require further
pre-operative cardiac investigation.

Further pre-operative cardiac investigation is based on the identification of reversible
myocardial ischaemia by one of a variety of methods of non-invasive testing:

e cxercise stress electrocardiography,

e pharmacological stress electrocardiography,
e ambulatory electrocardiography,

e stress echocardiography,

e myocardial perfusion imaging.

In most ambulatory patients, the investigation of choice is exercise stress electro-
cardiography, which can provide an estimate of functional capacity and detect
myocardial ischaemia through changes in the electrocardiograph and the haemo-
dynamic response. Pharmacological stress electrocardiography is appropriate in
those patients unable to exercise for non-cardiac reasons, and stress echocardio-
graphy or myocardial perfusion imaging appropriate in those patients with an
abnormality of the resting electrocardiogram such as bundle branch block.

Invasive testing by coronary angiography is appropriate in the following groups of

patients who are to undergo non-cardiac surgery:®

e patients with a high risk result during non-invasive testing,

e patients with myocardial ischaemia unresponsive to adequate medical

therapy,
e patients with an acute coronary syndrome,

e patients with equivocal non-invasive testing who are to undergo high
risk non-cardiac surgery.

The adoption of this structured approach will identify the majority of patients
requiring non-cardiac surgery who have severe CHD. However, there remains no
reasonable way to absolutely eliminate the possibility that an individual patient
may suffer a cardiac complication during or after a surgical procedure.

Consideration of revascularisation and/or modification of
medical therapy

Prophylactic coronary artery bypass grafting (CABG) prior to a non-cardiac
elective surgical procedure is appropriate only in those patients who fulfil standard
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criteria for CABG surgery for prognostic reasons independent of the non-cardiac
procedure:’

e suitable viable myocardium with left main stem disease,
e three vessel coronary artery disease with left ventricular dysfunction,

e two vessel coronary artery disease including left anterior descending
disease with left ventricular dysfunction,

e myocardial ischaemia unresponsive to maximal medical therapy.

Although successtul myocardial revascularisation by CABG surgery in other
groups almost normalises non-cardiac peri-operative risk, this benefit is lost by the
cumulative morbidity and mortality of the cardiac and the non-cardiac surgical
procedures. The role of prophylactic percutaneous transluminal coronary angio-
plasty (PTCA) prior to a non-cardiac elective surgical procedure is less clearly
defined as there is no evidence of prognostic benefit for angioplasty over medical
therapy.!” PTCA, in this setting, should be restricted to patients with reversible
myocardial ischaemia in whom a single coronary arterial stenosis subtends a large
area of viable myocardium:

e The majority of patients with CHD presenting for elective non-cardiac
surgery do not have disease severe enough to justify the risks of coron-
ary angiography and coronary revascularisation.

¢ In these patients, the optimisation of pre-operative medical therapy and
the continuation of this medical regimen through the operative and
post-operative periods is most appropriate.

Patients with CHD should be receiving one or more of the following medications
for symptom control and/or prophylaxis, unless contraindicated:

e beta blockers,

e calcium channel blockers,

e nitrates,

e potassium channel activators,
e aspirin,

e angiotensin converting enzyme inhibitors or angiotensin receptor
antagonists for patients with left ventricular dysfunction.

Beta blockers, calcium channel blockers, nitrates and the potassium channel acti-
vator nicorandil all limit the degree of myocardial ischaemia during exercise test-
ing and may be expected to be of value peri-operatively.!! Aspirin has a proven role
in the primary and secondary prevention of myocardial infarction, mediated by its
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antiplatelet actions, and may be expected to be useful in the peri-operative period
when platelet reactivity is increased.'? Angiotensin converting enzyme inhibitors
and angiotensin receptor antagonists reduce morbidity and mortality in patients
with CHD and left ventricular dysfunction.'?

The strongest evidence supports the peri-operative use of beta blockers, whose
introduction should be considered in all patients with CHD, or risk factors for
CHD, who require surgery:

e Beta blockers limit the chronotropic and inotropic effects of the increased
sympathetic activity present in the peri-operative period, reducing
myocardial oxygen requirements and increasing myocardial oxygen
supply by increasing diastolic coronary perfusion time.

e They also limit the shear stress across atheromatous plaques in the coro-
nary circulation and so may reduce the incidence of plaque rupture and
consequent coronary arterial thrombosis.

e Beta blockers have been demonstrated to reduce the amount of myo-
cardial ischaemia detected by ST segment analysis when administered
peri-operatively. '

® Recent studies have indicated that the prophylactic use of beta blockers
in the peri-operative period in patients with CHD, or risk factors for
CHD, undergoing non-cardiac surgery reduces cardiac risk in the
immediate and delayed post-operative periods.!>1°

The direct evidence to support the introduction of calcium channel blockers,
nitrates and the potassium channel activator nicorandil in the peri-operative period
is less certain. Furthermore, these medications may produce vasodilatation and
reflex tachycardia which may compromise myocardial perfusion in the patient
with CHD undergoing anaesthesia and surgery. These agents should probably be
reserved for patients who have previously required these medications for control
of myocardial ischaemia, or for patients who develop myocardial ischaemia after
surgery despite the appropriate use of a beta blocker.

The use of aspirin in the patient undergoing major surgery is limited by the per-
ception that surgical bleeding is increased. However, aspirin has no effect on
platelet aggregation induced by tissue collagen and should not, in theory, increase
the risk of surgical bleeding.!” The prophylactic use of aspirin should be con-
sidered, therefore, in the patient with CHD undergoing major surgery.

Angiotensin converting enzyme inhibitors and angiotensin receptor antagonists
are vasodilators, which may interact with anaesthetic agents and techniques to
produce profound hypotension and compromise myocardial perfusion. These
medications are best avoided in the peri-operative period.
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ANAESTHETIC CONSIDERATIONS IN THE PATIENT
WITH SEVERE CHD

Aims

e Optimisation of pre-operative status by appropriate investigation, revas-
cularisation and introduction of anti-ischaemic medical therapy.

e Preservation of the balance between myocardial oxygen supply and
demand throughout the peri-operative period.

Optimisation of pre-operative status

The optimisation of pre-operative status and the need to continue the appropriate
medical therapy throughout the peri-operative period has been discussed in the
previous section. However, the degree of urgency of the non-cardiac surgical
procedure may limit the amount of time that is available for pre-operative investi-
gation and management. (NCEPOD classification of surgical urgency is discussed
in Chapter 3):

e There is clearly no opportunity in the patient who requires emergency
surgery for pre-operative investigation or therapy, and attention should
be directed towards intensive cardiovascular monitoring and preser-
vation of the myocardial oxygen supply and demand balance in the
operative and post-operative periods, and to the introduction of appro-
priate anti-ischaemic medication in the post-operative period.

e Similarly, in the patient who requires urgent surgery, there is little time
for the optimisation of pre-operative status.

e In the patient with an acute coronary syndrome who requires urgent
non-cardiac surgery, consideration may be given to the use of an intra-
aortic balloon pump device, in those centres which have cardiology or
cardiac surgery support, in order to reduce myocardial oxygen require-
ments and to improve coronary perfusion and, thus, myocardial oxygen

supply.'®

e There is sufficient time in the patient requiring scheduled or elective
surgery for the appropriate optimisation of pre-operative status.

e It may become necessary to delay scheduled surgery if the patient is
found to have CHD necessitating revascularisation according to the
criteria discussed previously.

®  Occasionally, the use of an intra-aortic balloon pump may be considered
in those patients demonstrated to have severe CHD not amenable to
revascularisation.
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e Current recommendations indicate that a patient who has suffered an
uncomplicated myocardial infarction may undergo scheduled non-
cardiac surgery four weeks after the myocardial infarction providing
rigorous haemodynamic monitoring and control is applied throughout
the peri-operative period.*!?

However, persisting myocardial ischaemia after infarction, which should be sought
by non-invasive testing, is an indication for invasive investigation which will delay
surgery further if revascularisation should be proved necessary.

e The patient who has suftered an uncomplicated myocardial infarction
who requires elective non-cardiac surgery should wait for at least

3 months before undergoing surgery in order to minimise the risk of

peri-operative myocardial infarction.?’

Preservation of myocardial oxygen supply and demand

The essence of anaesthetic management in the patient with severe CHD under-
going non-cardiac surgery is the preservation of the balance between myocardial
oxygen supply and demand.

Myocardial oxygen supply is determined by
e coronary artery blood flow,
e arterial oxygen content.

Coronary artery blood flow is dependent on

e coronary perfusion pressure (CPP), determined by the aortic diastolic
pressure minus the left ventricular end diastolic pressure (LVEDP);

e coronary vascular resistance, determined by blood viscosity, sympathetic
tone and, most importantly in the patient with CHD, fixed resistance
due to coronary atheromatous disease;

e duration of diastole determined by the heart rate (shorter diastole with
faster heart rates).

Coronary artery blood flow is directly related to the CPP, and inversely related to
the coronary vascular resistance and the heart rate.

Arterial oxygen content is dependent on
® haemoglobin concentration,
¢ haemoglobin saturation,

e arterial oxygen tension.

134



THE PATIENT WITH CORONARY HEART DISEASE

Myocardial oxygen demand is determined by
e heart rate,
e Jeft ventricular afterload,
e left ventricular preload,
e myocardial contractility.

In the patient with severe CHD, the myocardial oxygen demand must not be
allowed to outstrip the supply.

Increased myocardial oxygen Decreased myocardial oxygen
demand supply

Tachycardia Tachycardia

Increased afterload Decreased aortic diastolic pressure
Increased preload (LVEDP) Increased LVEDP

Increased contractility Decreased arterial oxygen content

e Tachycardia and an increased LVEDP have greater potential to induce
myocardial ischaemia as both increase demand and reduce supply, than
hypertension which increases demand, but also supply due to the asso-
ciated increase in aortic diastolic pressure resulting in an increased CPP.

e Hypotension, with a decreased aortic diastolic pressure, in association
with tachycardia and/or increased LVEDP is a particularly hazardous
combination of haemodynamic change that must be avoided in the
patient with severe CHD.

Monitoring

An essential prerequisite for the preservation of the balance between myocardial
oxygen supply and demand is the establishment of a level of monitoring appro-
priate to the disease severity of the patient and the magnitude of the surgery.
The Association of Anaesthetists of Great Britain and Ireland has stated that the
following patient monitoring devices are essential to the safe conduct of anaesthe-
sia for all patients:?!

e clectrocardiograph,

e non-invasive arterial pressure monitoring,
* pulse oximetry,

e capnography,

e vapour analysis.
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This level of monitoring is sufficient in the majority of patients with severe CHD
undergoing low risk surgery but must be supplemented by additional monitoring
for patients undergoing intermediate or high risk surgery:

e invasive cardiovascular monitoring,
* temperature,
e urine output.

Invasive cardiovascular monitoring includes arterial and central venous pressure
monitoring. The use of pulmonary artery catheterisation is controversial but is
likely to be of benefit in the following groups of patients:*?

e patients with a recent myocardial infarction,
e patients with significant CHD undergoing high risk surgical procedures,

e patients with CHD and associated left ventricular dysfunction under-
going intermediate risk surgical procedures.

Anaesthetic techniques

There is no evidence to demonstrate a consistent advantage of any general anaes-
thetic agent or technique over any other, in relation to the risk of peri-operative
cardiac morbidity and mortality. Several large studies of patients undergoing CABG
have demonstrated no difference in outcome with differing anaesthetic agents
e.g. volatile agents versus narcotic based techniques.

All anaesthetic agents and techniques are associated with cardiovascular effects,
and the care with which the chosen agent and/or technique is managed is more
important than the choice of agent or technique itself. Particular attention should,
however, be directed to control of the haemodynamic changes associated with the
following interventions:

¢ induction of anaesthesia,

e laryngoscopy and tracheal intubation,
e surgical incision and stimulation,

e cmergence from anaesthesia,

e tracheal extubation.

Many pharmacological approaches are available to obtund the haemodynamic
response to airway manipulation, including the use of opioids or cardiovascular
medications such as beta blockers.?® Alternatively, the haemodynamic response to
airway manipulation can be minimised by the use of a laryngeal mask airway
rather than an endotracheal tube, when this is otherwise appropriate.
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Regional anaesthesia may be used as an adjunct or as an alternative to general
anaesthesia. However, the available evidence in high risk patients undergoing
lower extremity vascular surgery indicates that carefully conducted epidural anaes-
thesia and general anaesthesia are associated with comparable rates of cardiac
morbidity.?* If a regional anaesthetic technique is to be employed, it is essential
that attention is directed to the avoidance of sudden and severe hypotension and
the potential decrease in coronary perfusion associated with the technique, and
consequently, epidural catheter techniques are to be preferred to subarachnoid
single-shot techniques.

Detection of intra-operative myocardial ischaemia

Methods of peri-operative surveillance for myocardial ischaemia include:
e computerised ST segment monitoring,
e pulmonary artery pressure monitoring,
® transoesophageal echocardiography.

Computerised ST segment trend analysis is superior to visual interpretation of ST
segment changes for the detection of intra-operative and post-operative myocardial
ischaemia and should be used if available. Similarly, changes in pulmonary artery
pressure and pulmonary artery occlusion pressure and waveform can be sensitive
indicators of myocardial ischaemia. Transoesophageal echocardiography, by the
detection of wall motion abnormalities, is a further method in appropriately
trained hands for the detection of intra-operative myocardial ischaemia.

Management of intraoperative ischaemia

Management of intra-operative myocardial ischaemia should concentrate on:

e The correction of haemodynamic status by manipulation of the depth
of anaesthesia and the use of vasoactive agents. Beta blockers may be
used to slow the heart rate and, thereby, to limit myocardial oxygen
demand and increase myocardial oxygen supply. The rapid onset and
titratability of the intravenous beta blocker esmolol make this a particu-
larly suitable agent for use in this role.

e The use of intravenous nitroglycerin which appears to redistribute
myocardial blood flow and may reverse myocardial ischaemia.

POST-OPERATIVE CARE

e The importance of continuing these principles of care into the post-
operative period is increasingly apparent.

137



ANAESTHESIA FOR THE HIGH RISK PATIENT

e Numerous studies indicate that with modern anaesthetic techniques,
the occurence of intra-operative myocardial ischaemia can be limited,
but that post-operative myocardial ischaemia remains common and is
associated with the development of significant cardiac morbidity and
mortality.?

Post-operative care should concentrate on the maintenance of

e adequate oxygenation,
e normothermia,

¢ haemodynamic stability requiring the continuation of invasive cardio-
vascular monitoring,

e fluid balance,

e appropriate pain control based upon regional anaesthetic or systemic
opioid analgesic techniques,

e administration of anti-ischaemic medical therapy.

The appropriate location for such care is an intensive care or high dependency
care environment.
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VALVULAR HEART DISEASE AND
PULMONARY HYPERTENSION

This chapter aims to provide an outline of the management of patients with valvu-
lar heart disease with or without pulmonary hypertension, who are undergoing
non-cardiac surgery:

e Not much data exists regarding valvular heart disease and perioperative
risk analysis.

e The presence of ventricular dysfunction, arrhythmia, pulmonary hyper-
tension, and coexisting coronary artery disease all contribute to car-
diac risk.

e Published data is conflicting; however, there is consensus that aortic
stenosis (AS) is a strong independent predictor of perioperative risk.
Aortic incompetence (Al) has also been associated with increased peri-
operative mortality. The risks of mitral stenosis (MS) and mitral regur-
gitation (MR) are less clear. It would appear that in the absence of heart
failure or recent myocardial infarction, lesions of the mitral valve do not
contribute significantly to perioperative mortality. It is, however, very
important to note that all of these four valve lesions are associated with
an increased incidence of postoperative congestive heart failure.

In order to minimise risk to patients, all anaesthetists should undertake as meticu-
lous a preoperative assessment as possible and plan the anaesthetic according to
individual patient’s diseases and the urgency and nature of the planned surgery.
Anaesthetic planning should include appropriate investigations, premedication
and plans for the conduct of anaesthesia, including monitoring techniques, anal-
gesic strategies and plans for the postoperative management of these patients.

Awareness of the pathophysiological processes involved in valvular heart disease and
pulmonary hypertension is essential to the successful anaesthetic management of
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patients presenting for non-cardiac surgery. Anticipation of the effects of surgical
stresses including blood loss and other interventions such as the introduction of
pneumoperitoneum during laparoscopy, alterations in position, application of
tourniquets to limbs or cross-clamps to large blood vessels and the reperfusion
associated with their release will surely facilitate in reducing morbidity and
mortality in these high-risk surgical patients.

MONITORING

It is essential that appropriate monitoring be instituted before the induction of any
form of anaesthesia in these high-risk patients. In addition to routine standard
monitoring, anaesthetists should have a very low threshold for using direct arterial
blood pressure monitoring. Central venous pressure (CVP) monitoring and the
use of a pulmonary artery flotation catheter (PAFC), in particular, may assist in
monitoring fluid therapy. It must be borne in mind, however, that arrhythmias can
be induced by the insertion of guide wires and catheters into the heart. Ventricular
arrhythmias, in particular, are sometimes difficult to treat in patients with severe
ventricular hypertrophy, and a defibrillator should be present whenever such pro-
cedures are being undertaken. Where the expertise is available, trans-oesophageal
echocardiography (TOE) can be a very useful adjunct to monitoring, and can be
used to guide volume replacement, as well as to monitor ventricular performance.
Institutional facilities and expertise will inevitably vary, and monitoring should be
appropriate to the ability to interpret the information obtained.

AORTIC STENOSIS
Definitions

The severity of AS is traditionally estimated at cardiac catheterisation, and
expressed as the peak-to-peak pressure gradient (PG) between the left ventricle
(LV) and the aorta, PG = P (LV) — P (aorta):

e A PG greater than 50 mmHg is defined as critical AS.

It is important to remember that this value is true for patients with normal cardiac
output, and smaller gradients may occur in those who have LV failure, and worse
degrees of AS. It is possible to quantify PGs using Doppler echocardiography,
however, patients older than 50 should have coronary angiography to exclude
concomitant coronary artery disease.

Valve surface area (the area of the orifice of the open valve) is also an impor-
tant measurement in AS. The normal valve surface area is 2.6-3.5 cm?. A valve
surface area of 1cm? or less is likely to cause clinically significant aortic valve
obstruction.
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Aetiology and risk

Isolated AS is usually an acquired disease. Degeneration and/or calcification may
occur on a previously normal valve, or on a congenitally bicuspid valve. The end
result is obstruction of the aortic outflow. Isolated rheumatic disease of the aortic
valve is not common:

e Presenting symptoms include angina, syncope, and heart failure.

*  Onset of symptoms from AS is usually followed by death within 2-5 years
if the diseased valve is not replaced.

Goldman found AS to be one of nine independent predictive variables that
increased risk of perioperative cardiovascular morbidity.! However, O’Keefe
has suggested that ‘aggressive intraoperative monitoring and prompt recognition
of haemodynamic abnormalities’ can allow for safe anaesthesia in patients with
severe, symptomatic AS undergoing non-cardiac surgery.? Selected patients with
severe AS can therefore undergo non-cardiac surgery, but they are at greater risk,
and demand appropriate monitoring and meticulous haemodynamic management
during the perioperative time. Decisions to proceed with anaesthesia and surgery
in these patients need to be made with due consideration of severity of AS, and
relative urgency of proposed surgery. Certainly, patients with New York Heart
Association (NYHA) class 4 symptoms, i.e. breathless at rest ought to have valvular
surgery before elective non-cardiac surgery. Patients needing urgent or emergency
surgery may benefit from valvuloplasty.

Pathophysiology

Obstructing the outflow of blood from the LV causes an increase in LV wall
tension, with compensatory and characteristic concentric hypertrophy of the LV.
This LV pressure overload induced hypertrophy results in reduced ventricular
compliance, and higher end diastolic pressures are needed to fill the stiff LV. Patients
with AS are particularly dependent on the contribution of atrial contraction to
ventricular filling, hence atrial arrhythmias can produce critical loss of cardiac output
and should be avoided at all costs.

End stage AS is associated with severe loss of compliance and the inability of the
LV to sustain cardiac output, with loss of stroke volume as well as a reduced ejec-
tion fraction. This leads to a state known as afterload mismatch, with the heart fail-
ing because of excessive afterload, rather than contractility failure. Surgical
correction of the high afterload by valve replacement replacing the valve should
restore ejection fraction.

The hypertrophied myocardium in AS is vulnerable to ischaemia, because of
increased oxygen demand and high wall tension. Even with normal coronary arter-
ies, subendocardial ischaemia can occur, as coronary blood flow cannot keep pace
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with the ventricular hypertrophy. Tachycardia should be avoided as it aggravates
ischaemia.

Pharmacological afterload reduction does not alleviate the mechanical afterload to
the LV, and should be avoided as the associated reduction in diastolic blood pressure
may cause myocardial ischaemia.

Conduct of anaesthesia

It may be reasonable to consider regional anaesthetic techniques, including
epidural®™ and even continuous spinal® anaesthesia for selected patients with AS.
However, the fall in diastolic blood pressure, and the potential bradycardia that
may occur make these anaesthetic techniques potentially hazardous.

The choice of anaesthetic agents should be aimed at avoiding myocardial depres-
sion, and avoiding peripheral arteriolar vasodilation.

Certain haemodynamic objectives need to be met or maintained:

e The patient with AS should be kept well filled, with high normal filling
pressures.

e The afterload should be maintained with judicious use of vasopressors.
e Tachycardia should be avoided.

e In particular, diastolic hypotension should be avoided, and falls in blood
pressure should be corrected with volume replacement and alpha agon-
ist drugs.

e Arrhythmias should be treated promptly by cardioversion in the event
of haemodynamic compromise.

Appropriate observation and monitoring should be continued into the post-
operative period.

Vasodilating and myocardial depressant induction agents (propofol and thiopen-
tone) should best be avoided or used with great caution. Opiates are generally
well tolerated, and may allow for reduced concentrations of inhalational anaes-
thetic agents. Vecuronium, cisatracurium, and rocuronium are all suitable muscle
relaxants.

AORTIC INCOMPETENCE
Definitions

Incompetence of the aortic valve results in regurgitation of a portion of the stroke
volume back into the LV during diastole. The severity of Al is quantified by the
volume of regurgitant blood as estimated during angiography, or by colour flow
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Doppler echocardiography. It may be mild, moderate or severe:
e Less than 3 1/min is deemed mild, and more than 6 1/min is severe Al

e It is possible to have regurgitant volumes in excess of 20 1/min.

Aetiology

Disease of the valve leaflets, or the wall of the aortic root, or both can cause Al
Causes include: rheumatic fever, infective endocarditis, trauma, a congenitally
bicuspid valve, failure of a bioprosthetic valve, and myxomatous disease of the aortic
valve. Al can occur in the presence of ventricular septal defect, and as a consequence
of aortic dissection. More rare causes include connective tissue diseases and con-
genital defects as well as treatment with the appetite suppressant phentermine—
fenfluramine.

Pathophysiology

The regurgitant volume in chronic Al causes increased diastolic volume in the
LV, which in turn provides a degree of haemodynamic compensation for the loss
of forward stroke volume by the process of preload augmentation. Progression of
the disease results in increased wall tension and eccentric hypertrophy of the LV. The
heart can be grossly enlarged. The competent mitral valve protects the left atrium
(LA) and pulmonary vasculature from the volume overload of Al. In severe Al,
the regurgitant jet impinges on the anterior leaflet of the mitral valve and produces
the presystolic mitral murmur of Austin Flint. The LV is initially very compliant,
and unlikely to become ischaemic until late in the disease process when LV failure
occurs. LV failure occurs when the chronically increased wall tension and muscle
mass result in loss of compliance and contractility. The onset of LV failure is
followed by rapid deterioration. Reduced afterload and moderate tachycardia are
the chief mechanisms to offset the effects of Al

A reduction in afterload as achieved by the lower diastolic aortic pressure aug-
ments forward flow. A faster heart rate (>90 beats/min) reduces diastolic time
and hence the regurgitant fraction.

Acute Al is poorly tolerated and patients rapidly develop heart failure with disten-
sion of the LV and increased LA and pulmonary artery occlusion pressure (PAOP),
as the mitral valve is unable to contain the regurgitant volume.

Conduct of anaesthesia

To minimise the effects of an incompetent aortic valve, the anaesthetic should
aim to reduce or maintain a low afterload, and to keep a heart rate of about
90 beats/min. Regional anaesthesia is a logical choice where patients do not have
any other contra-indications to its use. Bradycardia should be treated aggressively
and in low cardiac output states dobutamine or milrinone are both reasonable
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choices if inotropic drugs are needed. Moderate vasodilation from both induction
and inhalational anaesthetic agents may be beneficial to patients with Al.

MITRAL STENOSIS
Definitions
The normal mitral valve orifice in adults is between 4 and 6 cm?:
e Clinically significant MS occurs when the valve orifice is less than 2 cm?.

e When the mitral valve opening is reduced to 1 cm?, the MS is said to be
critical.

The diastolic trans-mitral PG can be accurately estimated by Doppler echocardio-
graphy. A gradient of

e less than 5mmHg is consistent with mild MS,
e 5-12mmHg is consistent with moderate MS,

e greater than 12mmHg is severe MS.

Aetiology

Rheumatic heart disease is the most common cause of MS. Women are four times
more likely to be affected than men. Congenital MS is rarely seen in infants and
children. Malignant carcinoid, amyloid deposits, systemic lupus erythematosus,
rheumatoid arthritis, and the Hunter Hurler mucopolysaccharidososes are other
rare causes. Large vegetations from infective endocarditis of the mitral valve, as
well as LA tumours (usually myxomas) and congenital membranes in the LA (cor
triatriatum) may all mimic MS.

Pathophysiology

MS causes chronic under-filling of the LV, and results in increased pressure and
volume upstream of the mitral valve. In order to generate adequate flow through
a valve with a 1 cm? orifice to maintain a normal cardiac output, the LA pressure
has to be approximately 25 mmHg. This increased LA pressure causes dilation of
the LA and with disease progression, the pulmonary venous and capillary pressure
increases. The pressure in the pulmonary arteries (PAs) also increases and medial
hypertrophy occurs in these vessels. The right ventricle (RV) has to work harder
and RV hypertrophy occurs. RV dysfunction and failure is a poor prognostic sign
and secondary dysfunction of the right-sided valves (tricuspid and pulmonic
regurgitation) occurs in severe MS.

For a given orifice size, the transvalvular PG is proportional to the square of the
transvalvular flow rate. Therefore a doubling of flow rate will quadruple the PG.
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Exercise, pregnancy, hypervolaemia, and hyperthyroidism or any other cause of
increased cardiac output will significantly increase the transvalvular PG.

Atrial contraction contributes approximately 30% of ventricular filling in patients
with MS. Atrial fibrillation (a common feature in MS with LA enlargement),
therefore significantly decreases cardiac output. Tachycardia reduces diastolic time
more than systolic time, thereby reducing the time available for flow across the
mitral valve. This increases the transvalvular gradient and LA pressures further.
Thus, atrial fibrillation should be aggressively managed and when it does occur, it
is very important to control ventricular rate.

Conduct of anaesthesia

e The single most important aspect of the anaesthetic plan in patients
with MS is to avoid tachycardia.

e Atrial fibrillation or tachycardia should be treated promptly by cardio-
version or 3 blockade.

Filling pressures should be kept fairly high, but pulmonary oedma should be
avoided. PA pressure monitoring may be desirable, as it can help to maintain opti-
mal LA pressure, however, there is increased risk of PA rupture during balloon
inflation, and the wedge pressure trace may not be attainable.

Afterload reduction should be avoided, as hypotension ensues with the stenotic mitral
valve precluding compensatory increase in cardiac output to maintain blood pressure.
LV function is usually normal, though it will be relatively small and non-compliant.

As with AS, it is advisable to avoid vasodilating induction agents and volatile agents
should be used with caution and titrated carefully.

MITRAL REGURGITATION
Definitions

MR may be acute or chronic. Acute MR is usually a result of infection (endo-
carditis) or ischaemia with papillary muscle or chordal dysfunction. This usually
requires urgent cardiac surgical intervention, and anaesthesia for these patients is
beyond the scope of this chapter. Chronic MR is described as mild, moderate or
severe. The quantification of MR is made by cine-angiography, and/or colour
flow Doppler and pulsed wave Doppler echocardiography.

The volume of MR can be estimated from the difference between LV stroke
volumes, measured during angiography, and the eftective forward stroke volumes
measured indirectly using the Fick method:

e In severe MR, the regurgitant stroke volume approaches or even
exceeds forward stroke volume.
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Echocardiographic quantification of severity of MR is made using Doppler colour
flow mapping to estimate the size and volume of the regurgitant jet, and pulsed wave
Doppler to observe flow reversal in the pulmonary veins as occurs in severe MR.

Echocardiography also provides useful information regarding the cause of MR
and the dimensions of the LA.

Aetiology

Abnormalities of any of the components of the mitral valve apparatus can cause
MR. This includes the mitral valve leaflets, the chordae tendineae, the papillary
muscles, and the mitral annulus. Mitral leaflet pathology is usually of rheumatic
origin, although endocarditis is also implicated. The mitral valve prolapse syn-
drome is another important cause. Rarely blunt or penetrating trauma may cause
destruction of the mitral leaflets.

Chordal dysfunction may follow acute myocardial infarction or endocarditis.
Ischaemia or infarction commonly causes posterior papillary muscle dysfunction.

Degenerative disease of the mitral annulus is common and is an important cause
of MR particularly in female patients. Dilation of the annulus occurs in any cardiac
disease associated with LV dilatation. It is particularly associated with ischaemic
cardiomyopathy.

Pathophysiology

The pathophysiology of MR is best thought of in terms of chronic LV overload. The
incompetent valve allows a proportion of the LV stroke volume back into the LA.
The LA is highly compliant and may dilate to massive proportions. A significant pro-
portion of the stroke volume will flow retrograde through the mitral valve before the
aortic valve opens. The LV ejection fraction should therefore be increased (>80%).
A normal ejection fraction (50—60%) may indicate depressed myocardial contractility.
With large regurgitant volumes in the LA, pulmonary venous congestion ensues,
and pulmonary arterial hypertension is a feature of chronic volume overload. The
regurgitant fraction is influenced by LV afterload, the size of the regurgitant defect,
the PG between the LA and LV as well as the heart rate. Moderate tachycardia
reduces systole and the time for regurgitant blood flow, as well as reducing diastole
and the time for diastolic filling of the LV. The absence of a competent mitral valve
means that there is no isovolemic contraction phase during systole.

Conduct of anaesthesia
Anaesthetic goals include:
e avoid increases in afterload,

® maintain a relative tachycardia (about 90 beats/min),

e maintain relatively high filling pressures.
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As with MS, excessive filling is bad and hypotension is best treated with inotropes
rather than with vasopressors. PA catheters provide useful information, both in
terms of pulmonary hypertension and the severity of MR, which may be seen as
a ‘v’ wave on the PA wedge trace. Where inotropes are needed, both milrinone
and dobutamine are logical choices as the reduction in afterload is augmented by the
reduction in PA pressure. In the event of excessive loss of systemic vascular tone,
judicious vasopressor (norepinephrine) infusion is appropriate to allow continued
use of inotropes. Regional anaesthetic techniques are desirable, as the reduction
in afterload, and the avoidance of the sympathetic surges associated with laryn-
goscopy are beneficial to the patient. Regional anaesthetic techniques should
never excuse inadequate monitoring and vigilance.

PULMONARY HYPERTENSION
Definitions

Pulmonary hypertension is defined as PA systolic pressure greater than 30 mmHg
and mean pressure greater than 20 mmHg. Pulmonary hypertension may be
primary (idiopathic) or secondary.

Aetiology

Primary pulmonary hypertension is a rare but progressive and fatal disease.
Secondary causes of pulmonary hypertension include MR, MS, LV diseases, peri-
cardial diseases, LA myxomas, congenital cardiac defects, pulmonary embolism or
thrombosis, pulmonary parenchymal disease, and chronic hypoxaemic states as
well as some collagen vascular diseases.

Pathophysiology

Chronic resistance to pulmonary blood flow may cause secondary pulmonary
hypertension. Otherwise, a reactive process may cause it. Increased resistance to
flow often results in an additive reactive component. The eftects of pulmonary
hypertension and increased resistance to flow on the RV are complex. The RV is
a thin walled structure whose function is highly influenced by its geometry.
Chronically elevated PA pressures cause RV hypertrophy, which in turn results in
loss of compliance and poor performance. RV failure is notoriously difficult to
manage. Apart from the deleterious effects on RV function, the hydrostatic eftects
of pulmonary hypertension predispose to the development of pulmonary oedema
and hypoxaemia from ventilation perfusion mismatch. The loss of RV compliance
means that filling pressure in the RV is difficult to optimise — under-filling leads to
underperformance while the over-filled ventricle rapidly fails. Excessive distension
of the RV also results in leftward displacement of the interventricular septum,
causing a form of ‘internal tamponade’.
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One model of pulmonary circulation uses the concept of pulmonary vascular
impedance rather than that of resistance. Impedance calculations allow for the effects
of blood viscosity, pulsatile flow, reflected waves, and arterial compliance. Thus, the
dynamic relationship between flow and pressure can be more comprehensively
understood. Unfortunately, it remains difficult to obtain all the data required for
this calculation, and the simpler calculations of vascular resistance are used.
Nonetheless, a very important factor in calculating impedance in the pulmonary
circulation is the heart rate, and for a given cardiac output, impedance is lowest at
a faster heart rate, typically greater than 90 beats/min.

Conduct of anaesthesia

Severe pulmonary hypertension and incipient RV failure present some of the most
challenging problems to the anaesthetist.

As with all anaesthetic plans, the nature of the planned surgery will influence the
choice of technique, where appropriate regional anaesthesia may be the option of
choice:

e Increases in pulmonary vascular resistance/impedance are poorly toler-
ated by the compromised RV, and hypertensive surges should be avoided.

* Hypoxaemia will worsen existing pulmonary hypertension.

e Correct fluid loading is critical, and monitoring strategies should
include means to estimate both RV and LV filling pressures.

There are many therapeutic options to reduce PA pressure and support the failing
or vulnerable RV:

® Increasing the inspired oxygen concentration.
® Speeding up the heart rate to relative tachycardia (90-120 beats/min).

e Vasodilators have a role to play, and nitroglycerine can reduce PA pres-
sure, though often at the expense of systemic blood pressure.

e Inhaled agents such as nitric oxide and prostacycline can certainly
reduce PA pressure. Although the use of inhaled nitric oxide in particu-
lar has not been universally accepted, it should be kept in mind as an
option in patients with severe pulmonary hypertension and RV failure.

Inotropic drugs may be useful:

e Milrinone has specifically beneficial effects on reducing pulmonary
vascular resistance, as well as being inotropic to the RV.”

e Dobutamine also has the potential to improve RV haemodynamics and
reduce PA pressure, particularly where LV failure is a feature.
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e Isoprenaline has also been used extensively in the cardiac surgical
patient population to treat RV failure and pulmonary hypertension.

Further reading

Yarmush L. Noncardiac surgery in the patient with valvular heart disease.
Apnesthesiol Clin North Am 1997; 15: 69-91.

ACC/AHA guidelines for the management of patients with valvular heart disease.
A report of the American College of Cardiology/American Heart Association.
Task force on practice guidelines (Committee on management of patients with
valvular heart disease). ] Am Coll Cardiol 1998; 32: 1486-588.

Carabello BA, Crawford FA. Valvular heart disease. N Engl | Med 1997; 337: 32—41.

Riedel B. The pathophysiology and management of perioperative pulmonary
hypertension with specific emphasis on the period following cardiac surgery.
Int Anesthesiol Clin 1999; 37: 55-79.
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EMERGENCY ABDOMINAL AORTIC
SURGERY

Emergency aortic surgery is predominantly the surgery of leaking or ruptured
aortic aneurysms, or of painful, rapidly expanding aneurysms:

e The incidence of abdominal aortic aneurysm is continuing to increase,
especially in the western world' and accounts for 2% of all deaths in
men over 60 years of age in the UK.

e The vast majority of abdominal aortic aneurysms are related to athero-
sclerotic disease.

¢ Increasing incidence occurs with male sex, smoking, age, diabetes, and
hypertension.

Associated morbidity is very common, mainly due to the common aetiological
features. Consequently there is a high incidence of coronary artery disease, reno-
vascular disease, and cerebrovascular disease. Similarly, other smoking-related
diseases are common. This consequently leads to a challenging operation with a
high morbidity and mortality.

Ruptured aneurysms, untreated, are universally fatal:

e Even with modern surgical and anaesthetic/intensive care intervention,
the overall survival rates have changed little over the last few decades.>*

e Opverall mortality rates of up to 90% are reported for ruptured
aneurysms>® in stark contrast to < 5% for elective repair.” About half
of the deaths occur before the patient reaches hospital.®

In some cases of a ‘leaking’ (i.e. a contained bleed) or painful, rapidly expanding
aneurysm, an operation better described as ‘urgent’ may be possible, but in gen-
eral, patients present shocked and often moribund, and anaesthesia, operation and
resuscitation are simultaneous and interrelated.
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Despite these pessimistic figures, patients who survive the peri-operative period,
appear to have good long-term survival >®

Not surprisingly, it is difficult to conduct proper scientific studies comparing dif-
ferent treatment strategies in this group of patients. There is a dearth of recent
publications, and often personal experience and evidence at an almost anecdotal
level, or that derived from, say, trauma surgery or even animal work must be extrap-
olated to guide one’s approach.

It is known that results are better when both surgeon and anaesthetist are
experienced and in current practice with this type of surgery. Whilst this is
accepted, it is difficult to believe that moving a moribund patient 40 or 50 miles
to benefit from this expertise (should he be fortunate enough to survive the jour-
ney) actually constitutes ‘best care’. The cynics would suggest that the improved
survival of regional centres is in part because the patients are pre-selected by
having survived the ambulance journey! It seems likely, therefore, that emer-
gency aortic surgery will continue to be performed in the hospital to which it
presents, perhaps by a team for whom this would not normally be a part of their
routine work.

ASSESSMENT AND PREPARATION

Inevitably, time is limited to assess and improve these patients. As far as possible, a
history should be sought, not so much of the presenting complaint, as of general
health and co-morbidity. The physiological stress of this type of surgery is very
great, and, as with other major surgery, even patients who have been ‘very fit for
their age’ seem to experience an acceleration of physiological age to reach their
chronological age peri-operatively. It is known that mortality increases with age
but it seems impossible to assign an absolute age of cut-off for survival. Poor prog-

nostic signs include:>%?
e females,
e age >75,

e actual aortic rupture,
e cardiopulmonary resuscitation (especially prior to surgery),

e hypotension (<90mmHg) pre- and intra-operatively (despite fluid
resuscitation),

e transfusion requirements in excess of 3 1,
e raised creatinine,

e obtunded consciousness and pre-operative haemoglobin (Hb) <10 g/dl,
have also been associated with poor survival.
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To these must be added the contribution of pre-existing medical problems.
Ischaemic heart disease, chronic lung disease, renal insufficiency and hypertension
are all common, and make the situation less hopeful. Heart failure is especially
problematic.

Ideally, the decision to proceed to surgery should be an active one, taken jointly by
a senior surgeon and anaesthetist, with the accent on a possible survivor rather
than a last desperate throw of the die.

In practice, there is often very little time for consideration or discussion, and the
anaesthetist may well be presented with a ‘fait accomplis’ in that the patient and
relatives are expecting an operation, and are aware that survival is unlikely with-
out. In any case, there is a large element of judgement involved, and it is natural to
‘oive the patient a chance’ unless it is obvious (usually only in hindsight) that the
patient has no realistic prospect of survival. There is often very little to go on in
the way of investigations:

e Measurement of full blood count, urea and electrolytes, and blood glu-
cose can all guide further management.

e A 12-lead ECG can give an indication of previous cardiac insults as well
as present cardiac function/rhythm.

e Plain chest X-rays offer little useful information in these patients and
can delay surgery.

e Blood (10 units), fresh-frozen plasma (FFP), and platelets should be
requested.

e If time permits, and a peripheral pulse is palpable, an arterial blood gas
analysis may give helpful information as to the true severity of the
patient’s condition, and, of course, it is helpful if an arterial cannula is
placed to obtain the sample.

Fluid resuscitation in its own right is also controversial.'” There is clear evidence
that over zealous raising of blood pressure prior to surgery may lead to further
bleeding, dislodging of haematoma and dilutional coagulopathy; in effect
making matters worse. Against this is the problem of prolonged tissue ischaemia
exacerbating reperfusion injuries, and renal and cardiac ischaemia. (There are
similar issues involving patients with penetrating trauma which are discussed in

Chapter 6.)

The controversy as to the relative benefits of colloid or crystalloid in resuscitation
remains unresolved after many years of investigation. This surely means that, pro-
vided the different dynamics of the two are understood, and allowed for, it does
not really matter. This issue is further discussed in Chapter 6.
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CONDUCT OF ANAESTHESIA

Once the decision to operate has been taken, the patient is transferred to theatre,
where resuscitation can continue simultaneous with surgical preparations. These
patients are often distressed, and may be in considerable pain. Clearly, to be effect-
ive, analgesics must be given intravenously, but great care must be taken, as the
patient will be exquisitely sensitive to their depressant effects. They will be reliant
on abdominal tone to tamponade the aneurysm and sympathetic nervous system
activity to maintain their blood pressure:

® Anaesthetists should be clear that getting the aorta cross clamped is
what is going to save the patient’s life.

¢ In a shocked patient surgery should not be delayed whilst central lines
and arterial lines are placed.

e At least two wide-bore (16g or 14g) cannulae are the minimum pre-
induction.

e Fluid warmers and rapid infusion devices should be available and
primed.

At least two anaesthetists are required in the initial stages, allowing one to con-
centrate on anaesthesia and respond to the patient’s rapidly changing physiology
and the second to perform practical tasks such as invasive line placement when it
is deemed safe to do so. At least one of the anaesthetists should be a consultant.

The patient is resuscitated and anaesthetised on the operating table. Access to
radial arteries and peripheral veins will be required so the patient’s arms are placed
out on arm boards. Despite the urgency of the operation, attention still needs to
be made to pressure area care, and vulnerable nerves. A urinary catheter should be
passed, if this has not been done already, and the hourly measuring chamber
brought to the head of the table, so that it can be observed easily by the anaes-
thetist. At some appropriate stage a nasogastric tube should be passed as the
retroperitoneal haematoma invariably causes a post-operative ileus:

e Monitoring with ECG, SpO,, NIBP is the mandatory minimum prior
to induction, with gas analysis (capnography, O,, volatile agent) and
ventilatory parameters after induction.

e When practical, core temperature, invasive arterial pressures, central
venous pressures and possibly pulmonary artery pressure monitoring
will be required.

e Resuscitation drugs including epinephrine, vasoconstrictor agents (direct
acting alpha agonist) such as metaraminol or methoxamine should be
available and prepared for use.
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e The surgeon should be scrubbed, with ‘knife in hand’ and the patient’s
abdomen both ‘prepped’ and draped prior to induction.

Temperature maintenance is important and although cooling may be said to give
some protection to the vessel rich organs, the effects of hypothermia on blood
clotting and metabolism more than outweigh this, so an active warm air heating
blanket is placed over the patient’s torso, arms and head.

Choice of anaesthetic will be a personal one (see also Chapter 6 for discussions on
choice of anaesthetic agent in the shocked patient) and in reality it may be the care
with which it is given that is most important:

e The guiding principle however, is to use cardiovascularly stable drugs
that will produce the least impact on an already severely compromised
patient.

e A ‘rapid sequence’ technique with cricoid pressure is mandatory.
The patient may not be fasted, and even if he is, there is clearly intra-
abdominal pathology that will impair gastric emptying!

e Various combinations of drugs can be used including midazolam,
etomidate, ketamine, thiopentone, fentanyl or remifentanil.

e This is followed by an intubating dose of suxamethonium and
intubation.

Surgery usually commences as soon as intubation is achieved. Clearly communi-
cation between anaesthetist and surgeon is essential throughout the operation, but
never more so than at this point.

Maintenance of anaesthesia again follows the same principles as induction:
e Cardiostability is the primary requirement.

e Again, combinations of opiates, volatile, and benzodiazepines are fre-
quently used together with a non-depolarising neuromuscular blocking
agent.

e Ventilation with oxygen/air mixtures avoids the cardio-depressant
effects of nitrous oxide on the circulation, helps prevent peripheral
atelectasis, and expansion of gas spaces in the bowel. An FiO, of 0.5 is
probably the minimum that is appropriate. The patient should be
ventilated to normocapnia. This will be influenced by arterial blood gas
analysis.

e Given the unpredictability of the coagulation process peri-operatively,
and the de-stabilisation of the cardiovascular picture likely to be caused,
the use of epidural regional blockade in the emergency context is
not wise.
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With the onset of anaesthesia and loss of abdominal wall tamponade, there will
usually be a steep fall in blood pressure. This can be opposed by the use of fluids
and vasopressors, but at this stage, the patient relies upon the rapid and effective
placing of the cross-clamp to give control of the aortic bleed:

e This involves a laparotomy using either a transverse abdominal or
vertical midline incision.

e The aorta and haematoma are then identified in the posterior peri-
toneum and the superior neck of the aneurysm clamped.

e Surgical mishaps such as aortic, or worse, caval tears can lead to a rapid
demise of the patient, due to the torrential bleeding that ensures.

® Once the aorta is clamped and bleeding controlled, the blood pressure
should start to come up with continued resuscitation, and the operation
moves into its middle phase.

e This involves the surgeon opening or resecting the aneurysm, evacuat-
ing haematoma and by-passing the aneurysm with an artificial graft.

CROSS-CLAMP PHASE

The magnitude and significance of the haemodynamic changes caused by cross
clamping are related to the level of the aorta at which the clamp is applied.!" The
reduction in effective vascular capacity causes:

o T Afterload.
e T Preload and pulmonary capillary wedge pressure (PCWP).

o T Myocardial oxygen demand. Myocardial ischaemia is common which
may respond to GTN.

e Cardiac output often falls especially in patients with coronary artery
disease.

e Some of these changes, e.g. the increase in afterload may be controlled
with either volatile agents or vasodilators.

e These changes may be reduced in patients who are hypovolaemic —
thus the above eftects may be less significant in emergency, bleeding
patients than in elective aortic surgery.

High aortic clamps may result in spinal cord ischaemia. Blood supply to the
thoracolumbar area of the cord is derived from the artery of Adamkiewicz —
vulnerable to the ‘steal’ phenomenon. Prevention of this disastrous complication
is helped by fast surgery and maintaining best possible cardiac function.
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Renal blood flow falls with aortic cross clamping — 80% fall with suprarenal
clamping but even infrarenal clamping causes falls of approximately 40%. There is
no reliable way to preserve renal function (see also the chapter on Perioperative
Renal Insufficiency and Failure). A short cross-clamp time is crucial but changes
in renal blood flow and renal vascular resistance may persist for some time.

The cross-clamp phase usually allows the anaesthetist to stabilise the patient and
prepare them for the reperfusion stage of the operation.

Although the retro- or intra-peritoneal bleed initially leads to a period of hyper-
coagulability, by the time they reach theatre, the patient will invariably have a coagu-
lopathy, in part consumptive, in part dilutional. At least 4 units of FFP and platelets
early on in this stage are usually required, ideally aided by coagulation studies. The
help and understanding of the blood bank is crucial to ultimate success, and they
may be able to offer guidance as to appropriate component therapy. Some caution
is required, because each coagulation study is a snapshot of a rapidly changing situ-
ation, which together with the ‘lead time’ in transporting and analysing the speci-
mens, may require some imagination to interpret as the case unfolds. As well as
guiding red cell transfusion therapy, the availability to measure Hb in theatre is
much more reactive, and a useful aid to interpreting other lab results:

e Arterial and central venous access should now be achieved, if not
already in place.

e Arterial blood gases analysis can give an indication of the hypoxic insult
already sustained (there is often a gross metabolic acidosis). It should be
understood that this represents a measure of the severity of the patient’s
predicament rather than a simple indication for, say, bicarbonate ther-
apy. The aim is to improve global perfusion so that the figures improve
rather than to treat the figures themselves. The situation is often much
worse than expected.

e The use of a pulmonary artery flotation catheter (PAFC) is still contro-
versial, and many would argue that the use of a properly transduced cen-
tral venous line should give adequate filling pressure trend information.

e Should information on cardiac output be required, a PAFC may be the
most generally available method, but the more widespread availability
of non-invasive methods may ultimately prove more useable. In truth,
with such an abnormal cardiovascular system, the interpretation of
derived information is difficult in any case.

Unclamping the aorta

In the ideal situation, the patient will have adequate cardiac filling pressures, a
reasonable arterial blood pressure (compared to their normal), be warm, perfusing
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their periphery, have some urine output and have an acid/base status returning
towards normal.

In reality, the ideal situation is rarely even approached, and the process of remov-
ing the clamp (particularly for a straight graft) may well be difficult. Again,
co-ordination and co-operation between surgical and anaesthetic teams is crucial,
with adequate warning to the anaesthetist of the intention to remove the cross-
clamp, and the willingness to do so progressively, or even repeatedly to re-clamp
the aorta to minimise the incremental physiological effect.

The blood pressure will fall following reperfusion. In an elective case, it is realistic
to aim to limit this to perhaps 20 mmHg decline in systolic pressure. In the emer-
gency operation, falls are likely to be much greater. There are, broadly, three causes
for this:

e Increased capacity/reduction in systemic vascular resistance leads, in
effect, to central relative hypovolaemia. This is exacerbated by any
actual hypovolaemia.

e As the tissues are reperfused, reactive hyperaemia occurs, which reduces
SVR further. Several hours worth of metabolic/ischaemic products are
then washed out of the stagnant lower body and returned to the circu-
lation. Metabolic acidosis results. (Bicarbonate used to be given at this
point but does not reliably prevent the falls in blood pressure.)

e This leads to an immediate fall in myocardial contractility, and a dispro-
portionate fall in cardiac output. These products are also intimately
related to the reperfusion injury, which we will discuss below.

Inotropes

The main object of inotropic support in abdominal aortic surgery is to optimise
organ perfusion in the heart, kidney, brain and gut. If poor arterial blood pressure
persists after volume correction, then some form of cardiac output monitoring
will be required to guide therapy:

¢ Dopexamine, with its preferential improvement in splanchnic perfusion
and inotropic effects may have a role. Unfortunately, this agent also pro-
duces vasodilatation, and the dose may be limited in the dynamic situ-
ation by falls in systolic pressure, requiring norepinephrine to offset this.
It is probably too early to be sure of the role of this agent.

* Dopamine and dobutamine have both been used but tend to promote
a tachycardia, and the improvement in cardiovascular variables may not
be reflected by improved tissue perfusion.
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TRANSFUSION ISSUES

If a ‘cell saver’ is used for elective aortic surgery many patients will require no
autologous blood at all (although the average ‘transfusion’ will be between 2 and
4 units). In emergency surgery, the situation is different, and the patient will often
start the operation with a low Hb (absolute loss into the retroperitonium or the
abdomen, and then by dilution as the resuscitation continues). As mentioned
above, a consumptive and dilutional coagulopathy is the usual, and should be
treated aggressively.

Aortic surgery is perhaps the area to which homologous blood collection and
‘salvage’ (by ‘cell saver’, or similar device) is best suited, and it is possible to avoid
transfusing large volumes of ‘bank blood’ by use of these systems. The product
from a salvage device is red cells in saline with a variable, but usually higher than
normal haematocrit, suspended in crystalloid. Although helpful in ensuring a rea-
sonable number of well-functioning red cells in the circulation, all of the plasma
salvaged is lost, and the coagulopathy is likely worse than measurements of Hb or
haematocrit would suggest:

e The use of clot-enhancing alginate precludes the further salvage of
cells, so the timing of its first use is important.

We aim for a Hb concentration between 8.5 and 10 g/dl, since this allows reason-
able oxygen content, whilst the reduction in viscosity can actually improve tissue
delivery of oxygen.

REPERFUSION INJURY AND ORGAN PROTECTION

It should be understood that, even if the operation to repair an aortic aneurysm
were not to result in any periods of hypotension, the vast majority of patients will
have suftered a significant ischaemic injury before reaching hospital, and each
hypotensive stress after this serves to compound the problem. Most anaesthetists
would recognise that patients become progressively more difficult to resuscitate
from each hypotensive episode, ultimately becoming refractory to all attempts
(what used to be called irreversible shock):

e The ischaemic/reperfusion injury is central to this phenomenon.

e Reduced systemic perfusion due to the hypovolaemic shock and the
relatively ischaemic lower part of the body all have an effect.

When the ischaemic tissues are reperfused an increasingly complex range
of chemico-humoral reactions take place. This is some what out of the scope of
this chapter but an excellent review by Gelman!! is worth reading. Products
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of ischaemic/anaerobic metabolism and oxygen metabolism are released into the
circulation including:

¢ hypoxanthine,
e oxygen free radicals,
e prostaglandins.

Micro-aggregates from the legs, endotoxins from the gut, large fluxes in the sym-
pathetic nervous system plus the effects of neutrophils and complement activation
all lead to tissue damage both immediately and in the longer term. The systemic
inflammatory response syndrome (SIRS) is common. The sequelae of this will
persist for many days into the post-operative period, and may ultimately comprom-
ise the patient’s recovery.

Despite close study, there seem to be very few options to ameliorate this effect.
In animal work, hypoxic reperfusion (i.e. reperfusing the ischaemic area with
blood or clear fluid having a low oxygen content so that metabolites are cleared
prior to re-oxygenation) seems to offer some benefit, but it is difficult to see how
this might be achieved clinically. An alternative strategy is to attempt to ‘scavenge’
these harmful products before they inflict too much damage.

Mannitol:

¢ inhibits the ischaemia-induced neutrophil oxidative activity and conse-
quent hyperperoxide production,'?

e acts as a free radical scavenger,
e decreases arachidonic acid breakdown,

e helps to promote a diuresis by osmotic action.

Mannitol (0.2—-0.5g/kg), prior to reperfusion is thus frequently given. Other
strategies including non-steroidal anti-inflammatory drugs (NSAIDs), allopurinol,
heparin and N-acetylcysteine!® have all been advocated at times. However, it is
clear that no single metabolic pathway is exclusively responsible for reperfusion
injury, and this is likely to account for the poor performance of some of these
inhibitors in the emergency situation. In recent years, the role of activated
neutrophils has undergone close scrutiny!* and may ultimately result in therapeutic
progress.

AFTER CARE AND ANALGESIA

¢ Provided the patient survives the operation, emergency patients require
a period of physiological support, which can only be realistically given
in an intensive care unit. Elective cases may be suitable for a high
dependency unit.
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e Although we aim to have our elective cases breathing spontaneously at
the end of the operation, we would continue controlled ventilation in
the emergency group.

The immediate post-operative period is typified by cardiovascular instability, hypo-
thermia, risk of re-bleeding and considerable physiological disturbance. Multi-
system support is frequently required due to SIRS and multiple organ failure.
Patients of this age, and with the typical levels of co-existing disease that they
exhibit, have little in the way of reserve, and unless they show a rapid improvement
over the first and second post-operative days, tend to enter a downward spiral of
worsening SIRS from which they cannot recover.

LATE MORTALITY

e It is disappointing that, despite considerable improvement in our under-
standing of the processes at work when an aortic aneurysm ruptures,
and in the quality of the care we can offer these patients, the overall
mortality for the condition remains stubbornly high.

e Death on the table, particularly following the induction of anaesthesia,
is now uncommon, but this seems to have been converted into late
mortality from multi-organ failure rather than into ultimate survival.

e It is very difficult to predict outcome, and we have all been surprised at
patients who have survived against our expectations, as well as disap-
pointed by those who have succumbed despite our (always guarded!!)
optimism. It seems likely that the ultimate key to our management of
this condition will lie in further understanding, and better control of
the ischaemia/reperfusion injury and prevention of rupture by screen-
ing and early elective surgery.

Further reading

Thomson DA, Gelman S. Anesthesia for major vascular surgery. Clin Anesthesiol
(Bailliere’s best practice and research) 2000; 14: 1-235.
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GASTROINTESTINAL SURGERY

Gastrointestinal surgery is often high risk surgery. Anaesthesia for this surgery is a
subject that is not well covered in many books published on the practice of anaes-
thesia. For example, the 4th edition of Anesthesia, the highly respected work edited
by Miller, has no section devoted to Gastrointestinal Anaesthesia in the section on
Subspeciality management. This is surprising considering gastrointestinal surgery
makes up a large part of daily practice in district general and teaching hospitals
alike. It seems to be assumed that knowledge of providing anaesthesia for the high
risk gastrointestinal patient will be gleaned purely from experience gained in man-
aging other patients. In other words, anaesthesia for gastrointestinal surgery is just
‘General Anaesthesia’.

Paradoxically, certain rare conditions encountered in surgery in the abdomen,
e.g. carcinoid or pheochromocytoma are well covered in standard texts and will
not be covered here. Similarly, management of conditions such as acute pancreatitis,
though surgical, are not commonly operated upon in most centres and are well
covered in intensive care unit (ICU) textbooks. These conditions will also not be
discussed in this chapter.

GASTROINTESTINAL SURGERY - THE ULTIMATE IN
HIGH RISK

The general public (and many practitioners) would no doubt consider such sur-
gery as open heart surgery as being amongst the most riskiest of surgical oper-
ations in terms of immediate and early mortality. In fact, certain relatively common
gastrointestinal operations are arguably amongst the highest risk procedures per-
formed. For example, perusal of a recent standard surgical text! reveals the expected
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operative mortality for the following operations and conditions:

Operation Operative mortality (%)
Ca colon resection 5-10

Large bowel obstruction 10

Small bowel obstruction 30

Ca pancreas 20

Ca oesophagus 10

Many of these expected mortalities will be increased if performed as an emergency.
The lessons to be learnt are:

e Gastrointestinal surgery is high risk surgery and warrants senior input
and appropriate facilities.

e With the expected mortality, palliation may be better than attempting a
cure in some patients.

e The examples of good practice available from CEPOD, discussed in an
earlier chapter, must be learned.

Reasons for being high risk

e Coexisting medical diseases. Many of the patients are elderly with sig-
nificant medical problems.

e Type of surgery. Often long procedures with significant blood loss, fluid
shifts, electrolyte and nutritional problems and significant post-operative
pain.

e Abdominal surgery is associated with a profound physiological stress
response.

e Emergency or elective. Many of these patients will present as urgent or
emergent cases. This is well recognised to be associated with a worse
outcome. Problems associated with emergency cases include less time
to evaluate, investigate and treat patients.

e High incidence of hypovolaemia.

* Abdominal surgery is associated with significant respiratory embarrass-
ment — upper abdominal more than lower.

e Many patients will suffer from pre-, peri- or post-operative sepsis. We
all have a lethal dose of endotoxin contained within our gut!
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GENERAL PRINCIPLES OF INTRAOPERATIVE MANAGEMENT

Patient positioning important for surgical access for certain incisions.
One should be guided by the surgeon but should not forget our respon-
sibilities for protecting skin, joints and nerve function.

Hypothermia is common during major intra-abdominal surgery and
is directly related to the length of the procedure. Heat loss is maximal
during the time that the peritoneum is open. Warmed anaesthetic
gases, IV fluids and forced air warming may all be required to maintain
body temperature. The adverse effects of perioperative hypothermia are
discussed in the chapter on the critically ill patient in the operating
theatre.

Monitoring should be appropriate to the status of the patient. There
should be a low threshold for invasive monitoring for high risk patients
undergoing gastrointestinal surgery. Large fluid losses may occur includ-
ing post-operative 3rd space losses (see below). CVP monitoring may
be useful to guide fluid requirements after surgery.

Large bore IV access may be required.

Prophylactic antibiotics are required. Single dose prophylaxis may be
preferable to multiple doses.

FULL STOMACH/ASPIRATION RISK

The management of a patient with a full stomach is an ongoing matter of debate

in anaesthetic texts.

Current Starvation Guidelines for adults revolve around 6 h fasting from solids and
2—4h fasting from clear liquids. In the gastrointestinal setting, many patients must
be considered to have ‘full stomachs’:

Emergency surgery. Pain, stress, trauma, opioids, abdominal pathology
can all decrease gastric emptying. Patients are also likely to be unstarved.

Many emergency patients may be vomiting.
Hiatus hernia confers a recognised risk of aspiration.

Bowel obstruction obviously is a potent source of pulmonary aspiration
of gastrointestinal contents. Faecal matter is a source of severe problems
if inhaled.

All cases of peritonitis are associated with delayed gastric emptying.
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Prevention is well established and includes:

®  Nasogastric (NG) tube: Used pre-induction to empty stomach. Need not
be removed prior to induction but should be left vented to air.

e Auntacids: Consider use of non-particulate antacids. Can increase gastric
volume.

®  Histamine receptor antagonists: Effective at reducing both gastric volume
and acidity but relatively slow onset of action.

o DProkinetic agents: Intravenous Metoclopramide will decrease gastric
volume in 15 min. Prokinetic agents are contraindicated in the presence
of intestinal obstruction.

e Proton pump blockers: A single dose of Omeprazole given the night
before surgery is inadequate but more frequent doses pre-operatively
may be effective.

Although prevention and prophylaxis are important the mainstay of prevention of
aspiration is appropriate anaesthetic technique including:

e Identification of patients with difficult airways.
e Avoidance of prolonged or unnecessary airway manipulations.

e Awake fibreoptic intubation is always an alternative but has not achieved
widespread popularity in the UK.

e Cricoid pressure. Properly applied cricoid pressure is the mainstay of
protection against aspiration during induction of anaesthesia. Care should
be taken as improperly applied pressure may obstruct laryngoscopy.

ANAESTHETIC FACTORS
There are three main areas of controversy

1. Nitrous oxide. Nitrous oxide is highly soluble — 34 times as soluble as nitro-
gen. Thus during anaesthesia nitrous oxide rapidly enters gas filled spaces
including the bowel. This may cause problems with bowel distension and,
after prolonged surgery, restrict abdominal closure and contribute to intra-
abdominal hypertension. In obstruction, the increase in intraluminal pressure
could precipitate perforation. However, in the only study to examine this
issue patients receiving nitrous oxide had no increase in bowel distension or

post-operative bowel function.?

The increase in intraluminal gas is said to increase the incidence of post-
operative nausea and vomiting but studies show conflicting results.
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2. Epidural analgesia. Post-operative ileus involves sympathetic and parasym-
pathetic pathways. These can be blocked by epidural analgesia leading to a
reduction in the incidence of ileus following abdominal surgery.® The
bowel is relatively contracted — which some surgeons dislike.

Post-operative nitrogen balance after bowel surgery is improved by extradural
anaesthesia.* Other benefits of epidurals are discussed in the chapter on
regional anaesthesia.

3. Opioids. Morphine has a major effect on bowel motility, significantly pro-
longing the time for recovery of bowel function after colonic surgery.’
Pethidine is said to cause less spasm of the sphincter of Oddi than morphine
so may be preferred in biliary colic.

The anaesthetist and the anastomosis

Surgeons are often concerned that the increase in intestinal motility with epi-
durals may increase the incidence of anastomotic breakdown. However, a review
of 12 trials has found no evidence of harmful effect® (but concluded that larger
studies are needed for a definitive answer). In fact, by increasing intestinal blood
flow one might expect epidural anaesthesia to have a favourable effect on a bowel
anastomosis. In retrospective studies in Australia, death rates and anastomotic leak-
ages were less in groups of patients receiving post-operative epidural infusions of
local anaesthetics.”

Neostigmine increases intraluminal pressure (not prevented by atropine) and has
been implicated in the past (mainly by surgeons) as a cause of anastomotic break-
down. Animal studies do not support this assumption. A large patient study found
no difference in the rate of anastomotic leakage with or without neostigmine.®

Surgical factors are undoubtedly more important than anaesthetic factors in
determining the fate of the anastomosis:

e The site of anastomosis is important — 25% leakage in low anterior
resection anastomoses.

e The skill and experience of the surgeon are crucial.

e Tension on the anastomosis.

e Intra-abdominal infection is a major factor.

e Preservation of blood supply to the gut.

9

e No difference between staples and hand sutured anastomoses.

Anaesthetists can help by maintaining good oxygenation (including into the post-
operative period), prompt treatment of hypovolaemia and hypotension and avoid-
ing hypocapnia.
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For the last word on this subject, I quote from a recent surgical standard text:!

Anastomotic dehiscence is related to two main factors: the level of the
anastomosis and the surgeon.

Neither of these factors is within the control of the anaesthetist.

HYDRATION/FLUID THERAPY

Patients for major gastrointestinal surgery may well have a large fluid deficit pre-
operatively and this should be assessed and treated before bringing the patient to
theatre unless surgery is an emergency. If this is the case fluid resuscitation should
occur in the anaesthetic room preferably prior to induction. Causes of hypo-
volaemia:

* Emergency operation: May have long starvation time secondary to

pathology.
e Bowel preparation: Can cause large fluid and electrolyte losses.
e Vomiting.
e Diarrhoea.
e Fistulae losses.

®  ‘3rd Space’ losses. Intraoperative handling of the tissues and bowel cause
tissue oedema and fluid sequestration within the bowel. As much as
8ml/kg/h of fluid may need to be infused intraoperatively to cover
these losses. Extra fluids will also be required after surgery. The bowel
oedema will contribute to intra-abdominal hypertension and compart-
ment syndrome as discussed in the chapter on Perioperative Renal
Insufficiency and Failure.

Volume loading is of benefit to gut blood flow — which is important for integrity
of bowel anastomoses. One study clearly showed that fluid loading after induc-
tion of anaesthesia to a maximum Stroke Volume led to a reduction of the incidence
of low pH; (an indirect indicator of gut blood flow) from 50% to 10%.

Perioperative blood transfusion

It has been widely suggested that transfusion of stored red blood cells results in
immune modulation and an increase in infective complications and, even more
worryingly, an increase in cancer recurrence rates. However, a large prospective
trial using leukocyte depleted blood has failed to find any association between
transfusion and tumour recurrence rates. However, there was still an increase in

infection rates and a worse outcome.!!
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Thus, although the recurrence of the cancer may not be a significant concern
there are still good reasons to limit, where possible, the transfusion of stored red
blood cells. This is further dicussed in Chapter 15. Approaches to reduce peri-
operative blood loss to limit the requirement for transfused blood are beyond
the scope of this chapter.

NUTRITION AND NUTRITIONAL SUPPORT

Noutrition is extremely important in the surgical high risk patient. In its absence
there will be:

e muscle atrophy and weakness,

e decrease in immune function,

e decrease in wound healing,

e impaired cough and respiratory function,

e gut mucosal atrophy with possible increased gut wall permeability.

The post-operative patient may be markedly catabolic with increased nitrogen
losses. Many patients will also be malnourished pre-operatively especially patients
with dysphagia or vomiting and patients with a catabolic illness such as malig-
nancy or inflammatory bowel disease.

In malnourished patients pre-operative nutritional support would intuitively
seem important but controlled trials have not demonstrated the expected benefits.
Post-operative nutritional support is vital to minimise the negative nitrogen
balance and to avoid the complications of malnutrition listed above. The enteral
route is to be preferred.

Total parenteral nutrition
*  Only indicated if unable to feed the patient via the enteral route.
e More expensive.

e More metabolic problems and associated with a reduced survival due to
infectious complications in cancer patients receiving chemotherapy.

e Requires dedicated central venous access (with all its complications).

e Incidence of infectious complications related to the care of the site
rather than the type of site e.g. tunnelled versus non-tunnelled.

e Usually adminstered as a 2.5 or 3L ‘big bag’ feed with all the nutri-
tional components mixed in pharmacy in a laminar flow cabinet under
strict aseptic conditions.
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A large study demonstrated an increase in infectious complications in patients
undergoing major surgery who received perioperative total parenteral nutri-
tion (TPN).'? Guidelines suggest that pre-operative TPN is not appropriate in
patients with only mild to moderate degrees of pre-operative malnutrition.!?
Post-operative TPN is only required if the patient cannot receive enteral nutrition
within 7-10 days.

The most important conclusion is that short-term TPN is probably to be avoided
because the benefits do not warrant the complications.

Enteral nutrition
e Supports normal gut flora.
e Possibly reduces gastrointestinal bleeding from stress ulcers.
e Decreases infectious complications in surgical patients.

e May preserve the gut barrier and prevent bacterial or endotoxin
translocation.

¢ Reduced incidence of acalculous cholecystitis.

e Cheaper than TPN and with less metabolic and infectious complications.

Early enteral nutrition (EN) is clearly associated with improved outcome!*

(though a minority view would hold that EN is only better because TPN 1s worse,
i.e. EN avoids the metabolic and infectious complications of TPN).

Certain new nutritional supplements may be of worth:

e Glutamine is an essential fuel for bowel mucosal cells (may protect
bowel mucosa). Supplementation has been shown to lessen the negative
nitrogen balance after major surgery.!> A recent small study in ICU
patients found a significant improvement in outcome in those patients
who received glutamine supplements. '®

e The idea that certain nutrients, e.g. Omega 3 fatty acids, nucleotides
and, arginine in a feed (Impact) may directly stimulate the immune
system is extremely exciting. Several studies of major gastrointestinal
surgery have found a reduced length of stay on average, a decrease in
infectious complications and less overall costs (despite the compara-
tively greater cost of the feed) in the group fed with this preparation.!”

RESPIRATORY ASPECTS OF ABDOMINAL SURGERY

Respiratory function is significantly impaired after abdominal surgery, especially
upper abdominal surgery. A combination of factors are involved:

e Reduced FRC.
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e Pain leading to decreased cough and atelectasis. Pain is greater following
upper abdominal incisions compared with lower abdominal incisions.

e Diaphragmatic dysfunction.

Patient factors may increase the incidence and severity of post-operative respira-
tory complications:

e Smoking.

®  Obesity.

e Chronic obstructive pulmonary disease.
Anaesthetic factors:

® Most studies have examined the effects of different analgesic regimens.
Meta analysis confirms that the excellent post-operative analgesia
with continuous epidural analgesia leads to a reduction in respiratory
complications.!® The impairment in respiratory function following
abdominal surgery is lessened — but respiratory function is still reduced
compared to pre-operative values.

e Large tidal volumes during anaesthesia are beneficial on respira-
tory function!? but it is less certain if there are residual benefits post-
operatively. PEEP has been shown to be beneficial in morbidly obese
patients but not normal patients.?’

¢ Interestingly, pancuronium is associated with post-operative complica-
tions when given for patients undergoing lengthy operations compared
with atracurium?! — implying perhaps that repeated doses of pancuro-
nium are associated with residual neuromuscular blockade.

Surgical factors:

e Surgical factors have been less well studied but it seems that length of
surgery and blood loss are predictors of post-operative respiratory com-
plications.

e Intra-abdominal sepsis leads pre-operatively to a classical rapid shallow
breathing pattern and increased ventilatory demand due to increased
energy expenditure with potential for post-operative problems espe-
cially if the patient’s reserve is such that they cannot meet the increased
demands.*

e A recent study has challenged some assumptions regarding the site of
incision as a factor in respiratory complications. The results showed
no statistically significant difference in pulmonary function, morbidity
or analgesia consumption following transverse or midline abdominal

incisions.??
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Several randomised trials have demonstrated the role of physiotherapy in reducing
respiratory complications following abdominal surgery. Physiotherapy is beneficial
both prophylactically, i.e. pre-operatively and also post-operatively. One large
study concluded that low risk patients benefit from breathing excercises and high
risk patients benefit from incentive spirometry excercises.

24

STRESS RESPONSE TO ABDOMINAL SURGERY
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The intensity of the stress response is related to the degree of tissue
trauma, i.e. minor surgery stimulates a minor, transient response whereas
major abdominal surgery may stimulate a stress response lasting days to
even weeks. Other factors promoting the stress response after major
abdominal surgery include gut stimuli via the sympathetic nervous
system, local tissue factors and cytokines. Haemorrhage, hypothermia,
sepsis and acidosis will all exacerbate the response.

The response is multifactorial, thus neural blockade will not completely
prevent this.

The role of the stress response is to mobilise substrate and acute proteins
for wound healing and the inflammatory response. Possible detrimental
effects of a profound stress response following major surgery include
increased demands on organs which may have reduced reserve, pul-
monary complications, thromboembolism and pain and fatigue. The
appropriateness of an unmodified response is, therefore, debatable.

Intraoperative regional anaesthesia may only delay the development of
the stress response. The optimum duration of blockade is not known.

If the response is desired to be modified into the post-operative period
a continuous regional technique is required — continuous epidural
analgesia has been most studied.

Epidural analgesia has significant modifying effects on the hormonal
and catecholamine responses to lower abdominal surgery.

The effects of epidural anaesthesia on the stress response following upper
abdominal and thoracic surgery is less impressive. This could be due to
failure to adequately block all afferent stimulation. For example, continu-
ous spinal anaesthesia, with its denser block, is more eftective at blocking
the hormonal stress response compared with epidural anaesthesia.

Central neural block may mitigate various aspects of post-operative
morbidity but the evidence is really only convincing for decreased
blood loss, reduction in DVT and limiting gastrointestinal stasis after
abdominal procedures (see also chapter on Regional Anaesthesia).
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e Spinal opioids have less effect on the stress response. Their effect on
morbidity is unclear but is likely to be less due to lesser effects on stress
response.

SURGICAL ASPECTS

Inflammatory bowel disease

Many of these patients will be very ill, pyrexial, dehydrated and septic. Nutritional
state and wound healing will be poor. They may be young, have undergone
abdominal surgery before and be undergoing complex, prolonged reconstructive
surgery. If fistulae are present fluid, electrolyte and protein losses can be consider-
able. The patients have often been managed pre-operatively with steroids and
Immunosuppressive agents.

Perforated intra-abdominal viscus

Often elderly with coexisting medical conditions. Many will be perforations of
diverticular disease or malignancies. As the presentation may be unclear many
languish for several days on medical wards before presenting to the surgeons with
marked sepsis. Large volumes of fluid, pus and/or faecal matter may be present in
the abdominal cavity. Operative mortality is of the order of 50%.

Bowel obstruction

Large volumes of fluid may be sequestered in the dilated loops of bowel. With
high obstruction the risk of aspiration at the induction of anaesthesia is marked.
With prolonged obstruction perforation will occur leading to worse sepsis.
Splanchnic blood flow will be reduced and inflammatory mediators released.

Percutaneous drainage of intra-abdominal abscesses

Radiological techniques for drainage of intra-abdominal collections are constantly
advancing. Unfortunately there are no prospective randomised trials comparing
‘open’ drainage versus percutaneous drainage. Large retrospective comparisons
suggest that there are no differences in morbidity and mortality.> Thus, it seems
appropriate to prefer radiologically guided percutaneous drainage of abscesses and
other collections where possible.

Empirical laparotomy in post-operative sepsis

In the face of a patient deteriorating from sepsis on ICU who has had previous
gastrointestinal surgery, surgeons may come under pressure to perform an empir-
ical or ‘blind’ laparotomy to rule out intra-abdominal collection. However, there is
no convincing evidence to support such an approach.?® Advances in radiological
diagnosis and radiologically guided drainage of collections have reduced the place
for such exploratory surgery.
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Resection of perforated colon versus drainage and colostomy formation

Although technically a more demanding operation, resection of perforated colon
seems preferable to drainage and colostomy formation. Several series have con-
firmed this to be so. Pooled data suggest lower mortality, morbidity, hospital stay

and rate of fistula formation.?®

Primary anastomosis following colonic perforation

An anastomosis at the time of initial surgery prevents ongoing morbidity from a
colostomy and the need for further surgery for closure. However, standard teach-
ing has been that anastomotic breakdown is high in the face of an inflammatory
peritonitis. A recent review of pooled data from retrospective studies provide evi-
dence that primary anastomosis is not associated with increased complications and
may even be preferable.?

Further reading

Richardson J, Sabanathan S. Prevention of respiratory complications after abdom-
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Ogilvy AJ, Smith G. The gastrointestinal tract after anaesthesia. Eur | Anaesthesiol
Suppl 1995; 10: 35—42.
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13

PERIOPERATIVE RENAL
INSUFFICIENCY AND FAILURE

Surgery, especially major surgery, performed on high risk or very ill patients is
commonly associated with a worsening of renal function. Indeed, the develop-
ment of renal failure in the postoperative period is a major source of mortality.
The purpose of this chapter is to review causes, pathogenesis, prevention and man-
agement of renal insufficiency and failure in surgical patients. Some of the princi-
ples and controversies of artificial renal support in the intensive care unit are
briefly discussed.

DEFINITIONS

Renal insufficiency may be thought of as a worsening of renal function either in
terms of reduced urine flow or an increase in urea and creatinine compared to
baseline or normal values. Renal insufficiency in the postoperative period is com-
mon following major surgery. Elderly patients may also have decreased renal func-
tion and can be thought of as having renal insufficiency or reduced renal reserve.
Renal insufficiency is a useful concept as it identifies patients who may be at
increased risk of progressive worsening of renal function leading to renal failure.

Acute renal failure (ARF) has received many definitions in the medical literature.
Unfortunately this makes comparisons of research trials difficult and meta-analysis
impossible! One reason for this is that there is a continuum of renal function with
progressively falling creatinine clearance.

Thus patients may present at any point from ‘normal’ to complete anuria/no
intrinsic renal function. Different definitions focus on difterent points in this con-
tinuum:

Normal Progressive Anuric/no
renal insufficiency intrinsic function
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Useful clinical definitions of ARF include:

e Oliguria with urine less than 0.5 ml/kg/h. In severe oliguria the urine
flow will be less than 400 ml/day.

e Rapidly rising urea or creatinine. Doubling of serum creatinine is
significant in some definitions.

e Creatinine clearance less than 20 ml/min.

e Lesser degrees of oliguria or elevations of creatinine with a metabolic
acidosis (excluding diabetic ketoacidosis or lactic acidosis).

AREF is often subdivided into three categories:

e Pre-renal — including true hypovolaemia following, e.g. haemorrhage
but also other causes of reductions in renal blood flow (RBF), e.g. cardiac
failure. Certain drugs causing vasoconstriction in the afferent arterioles
also come into this category, e.g. ACE inhibitors and nonsteroidal
anti-inflammatory drugs (NSAIDs).

e Renal — including all the ‘medical’ causes of ARF which are beyond
the scope of this text but also includes tubular damage. Tubular damage
(acute tubular necrosis) will follow from persistent reductions in RBF
as above but also from tubular toxins such as aminoglycoside antibiotics,
myoglobin and X-ray contrast medium.

e Post-renal — prolonged obstruction to any part of the urinary system
will lead to ARF. Causes include enlarged prostate, stones and tumours.
Prompt relief of the obstruction is essential.

Two points are worth emphasising:
1. Pre-renal causes predominate in surgical patients.
2. All patients with ARF must have post renal obstruction excluded, e.g. by
abdominal ultrasound.
Urinary electrolytes

Urinary electrolytes and osmolality have been used traditionally to help distin-
guish pre-renal from renal ARF:

Urinary Na Urinary osmolality
Pre-renal <20 > 500
Renal >20 <350

However, this is no more than a guide and cannot always be relied upon. The use
of diuretics which increase Na excretion abolish the value of this investigation.
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Difficulties in measurements and diagnosis

e Creatinine clearance is an inexact measure of glomerular filtration
rate (GFR). Problems arise when collecting urine over 24 h especially
in non-catheterised patients and, of course the result is received more
than 24 h after decision is taken to perform the investigation! A collec-
tion over 2 h is probably as accurate especially in catheterised patients in
whom one can be sure there is no volume missed because of residual
urine in the bladder.

e Creatinine clearance can be estimated using the Cockroft formula from
the serum creatinine. This is not reliable in the postoperative or critic-
ally ill patient in whom creatinine may be rising rapidly or large fluid
shifts are occurring.

Potential pitfalls in diagnosis

e The kidneys have tremendous reserve. GFR can fall by 70% before
creatinine will start to rise. Thus any elevation of creatinine represents
renal insufficiency.

e Creatinine will be lower and rise slower in patients with reduced
muscle mass.

e Urea is also used as a guide to renal function. However, will be
increased in dehydration (in itself a valuable sign), following GI bleed
and with high protein intake. Probably more useful as a guide to the
timing of dialysis in order to avoid uraemic complications.

Despite these reservations creatinine and creatinine clearance remain the most
useful measures of renal function in common clinical usage.

RENAL FAILURE IN SURGICAL AND CRITICALLY ILL
PATIENTS - A SEPARATE DISEASE?

Kishen' makes a persuasive argument that ARF in the surgical or ICU setting is a
different disease from ‘medical’ renal failure found in the nephrology wards. Little
is known for certain about the underlying pathology as few critically ill patients
ever have a renal biopsy undertaken for histological analysis. Many such patients are
stated to have acute tubular necrosis but this is rarely substantiated histologically.

AREF in the critically ill is usually part of a multiple organ dysfunction syndrome
and rarely an isolated single organ disease. It is often associated with sepsis, is multi-
factorial in aetiology (e.g. a combination of sepsis and hypovolaemia) and has a
high mortality. On the other hand ‘medical’ ARF usually is a single organ disease,
has a low mortality and often is the result of a distinct insult (e.g. autoimmune
disease, drug toxicity, etc.). Surviving patients recovering from ARF in ICU usually
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do not require long term renal support whereas in ‘medical’ ARF many patients
progress to chronic renal failure (CRF).

Incidence

The incidence of ARF in hospital patients is unclear owing to differences in defin-
itions in studies performed.

e Community acquired ARF comprises only approximately 1% of all
admissions to hospital.

® In one large study the incidence of hospital acquired ARF was approxi-
mately 5%. However, other studies suggest that in subgroups such as
surgical and radiological patients receiving X-ray contrast media the
actual incidence of ‘fatrogenic’ ARF may be as high as 50%.>

e Following cardiac arrest, 30% will develop ARF. The incidence rises
with increasing duration of resuscitation and increasing doses of
adrenaline administered.

e The incidence of ARF in general ICUs varies between 10% and 25%
depending on the local patient populations. The majority of these are
patients with surgical pathology. ‘Medical’ ARF is much less common.
Associated risk factors include sepsis, hypotension and iatrogenic factors
such as the administration of X-ray contrast and aminoglycosides. In
one study hypotension was a factor in 85% of patients developing ARF
on the ICU and was the sole factor in 33%.°

The majority of cases of ARF now occur in ICU leading some to question the
role of nephrologists in the management of ARF in the ICU. However, the role of
nephrologists in diagnosis and therapy of ‘medical’ ARF remains unquestioned.

The only systematic review into preoperative risk factors bemoaned the lack of
consistency in definitions and statistical analysis and could make few firm conclu-
sions.* Repeatedly studies have identified preexisting renal dysfunction, poor LV
function and advanced age as the main predictors of postoperative ARF in general
surgical populations.

The incidence of ARF is much higher in certain surgical settings and these con-
stitute the high risk groups for development of ARF in the perioperative period:

Cardiac surgery

Fifteen per cent of cardiac surgery patients may experience elevations of creatinine
in the postoperative period. There seems to be a linear relationship between
bypass time and ARF.

With a more stringent definition of ARF a recent study of over 42500 patients
found an overall incidence of ARF of 1.1%.° It is important to note that ARF
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following cardiac surgery is a major determinant of mortality — 63.7% mortality
in those patients with ARF compared to only 4.3% in whom renal function
remained normal. The conclusion of this study is that ARF is independently asso-
ciated with early mortality after cardiac surgery even after adjustments for comor-
bidity and postoperative complications.

Vascular surgery

Several studies have identified that vascular surgery and especially aortic surgery
is a major risk factor for perioperative renal dysfunction. Risk factors within this
group are consistent between the various studies and include:

e advanced age,
e clevated creatinine preoperatively,

e Jarge volume of transfused blood (itself equating with length of surgery
and difficulty),

e duration of aortic cross clamping,
e requirement for postoperative ventilation and/or inotropes.

It would seem that the approximate incidence of renal impairment after aortic sur-
gery is in the order of 25% with a high mortality.

Surgery in liver disease

ARF occurs in approximately 10% of patients operated on with obstructive
jaundice.

Almost 70% of patients with severe liver failure, e.g. undergoing liver transplant-
ation develop ARF.

OTHER RISK FACTORS

e Elderly patients also constitute a high risk group owing to their reduced
cardiorespiratory and renal reserve although figures on incidence are
less certain.

e Rhabdomyolysis: Myoglobin from muscle breakdown precipitates out of
solution and blocks the renal tubules.

e NSAIDs: Block the vasodilator eftect of prostaglanding. A recent paper
looking at the epidemiology of ARF found that NSAIDs were used in
18% compared with 11% of control patients, i.e. the link is probably
important.®

o Abdominal compartment syndrome: The presence of increased intraabdomi-
nal pressure from ileus, haematoma, intraabdominal packs literally
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squeezes the kidney. This causes a reduction in RBF, GFR, direct com-
pression of the renal parenchyma and increased release of ADH and aldos-
terone from stimulation of abdominal wall stretch receptors. In general
intraabdominal pressures of 15-20 mmHg are associated with oliguria
while pressures greater than 30 mmHg may be associated with anuria.

X-ray contrast medium: The risk of renal dysfunction is worse if the
patient is diabetic or has baseline renal dysfunction.

Antibiotics especially aminoglycosides: It seems that the rate of renal cortical
uptake of gentamicin is saturatable, i.e. lesser side effects including renal
dysfunction if the total daily dose is given once rather than in divided
doses.

Excess use of diuretics: May contribute to hypovolaemia.

ACE inhibitors: ACE inhibitors induce ARF in renal artery stenosis.
Function often improves when the ACE inhibitors are stopped. The
rise in creatinine is worse if the patient is also taking diuretics.

Aprotinin: There were reports of renal problems from high doses of the
protease inhibitor, aprotinin, in cardiac surgery patients. However, the
most recent study found no eftect of aprotinin on renal function during
hypothermic cardiopulmonary bypass.

‘Medical’ risk factors: The incidence of renal dysfunction and its severity
will be increased in the presence of recognised risk factors for renal dys-
function such as hypertension and diabetes mellitus. The presence of
intrinsic renal disease or chronic renal failure will also obviously increase
the likelihood of perioperative deterioration in renal function.

Problem with colloids?

The choice of crystalloids versus colloids for fluid resuscitation has been hotly
debated for over 20 years with most reasonable practitioners accepting a role for
both colloids and crystalloids depending on circumstances. Even the colloid prot-
agonists accept that there is no firm evidence that use of colloid infusions improves
measures of outcome. In recent years concerns have been raised that the overuse
of colloid fluids may be associated with a worsening of renal function. This has
been termed ‘hyperoncotic acute renal failure’. The original reports concerned
the use of dextrans (and at that time it was thought that there was either direct tox-
icity or accumulation in the renal tubules) but may be seen with excess use of all

colloids especially if the patient
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e is worse with use of colloids in large volumes or high molecular weights.

The theory proposed is that the resultant high plasma colloid osmotic pressure
counteracts opposing hydrostatic filtration pressure in the glomerulus.

Interestingly, small studies suggest that colloids should not be used as plasma
volume expanders in brain dead organ donors or kidney transplant recipients. The
function of the kidney may be at risk.

Factors involved in pathogenesis

e In high risk surgical and critically ill patients the main factors involved
in pathogenesis are reductions in cardiac output, RBF and GFR.

e Hypovolaemia and haemorrhage are obviously potent mechanisms for
interfering with the functioning of the kidney.

e Because cardiac output is such an important factor in ARF, cardiac risk
factors also predict for perioperative renal insufficiency and develop-
ment of ARF.

e Inflammatory mediators and cytokines, especially in septic patients, also
reduce RBF and GFR partly through interference with prostaglandin
pathways. Thus, development of surgical sepsis is an important risk fac-
tor for perioperative renal insufficiency.

Under normal circumstances a single, short insult does not result in ARF in
patients with previously normal renal function. However, repeated and prolonged
insults will produce renal dysfunction and if corrective measures are not taken the
patient is more likely to develop ARF. A single insult may be enough to produce
ARF in a ‘population at risk’.

Influence of anaesthetic technique

Choice of anaesthetic technique itself is not thought to be a significant factor.
Historically, volatile agents which released inorganic fluoride were a problem but
this is not an issue with modern halogenated agents such as isoflurane and sevoflu-
rane. Techniques which preserve RBF are preferable. Central neural blockade,
e.g. epidural may have a beneficial effect on RBF due to the reduction in periph-
eral resistance provided hypotension and hypovolaemia are avoided. Conversely,
cardiac output and RBF may fall with general anaesthesia. There will be much
interpatient variation.

WHY THE KIDNEY IS AT RISK?

Renal problems are common in high risk surgical and critically ill patients.
In addition, ARF is an early manifestation of developing multiple organ failure.
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Table 13.1 - Oxygen balance in different organs (measurements in ml/min/100 g).

Organ 0, delivery Blood flow 0, consumption 0, consumption/
delivery ratio

Kidney 84.0 420 6.8 8
Kidney medulla 7.6 190 6.0 79*
Hepatoportal 1.6 58 2.2 18
Brain 10.8 54 37 34
Muscle 0.5 2.7 0.18 34
Heart 16.8 84 1.0 65

Reproduced with permission from Brezis M, Rosen S, Epstein FH. Acute renal failure. In Brenner BM, Rector FC Jr (eds),
The Kidney, 4th edn. Philadelphia: WB Saunders, 1991: 993-1061.

This is despite the kidney arguably being the best perfused and oxygenated organ
in the body — receiving almost 25% of the total cardiac output. This high blood
flow is necessary to provide the high volumes of filtrate required for removal of
waste products. Despite this high blood flow the kidney is usually the first organ
to fail in shock or multiple organ failure. Why is this? Why is the kidney so vul-
nerable that it has been referred to as the body’s ‘innocent bystander’?

Table 13.1 illustrates the problem and its mechanisms.

Thus although the kidney itself has a relatively low O, consumption to delivery
ratio, the renal medulla (the metabolically active part of the kidney) has a very high
ratio. Indeed, the highest ratio in the body. Higher than the heart, an organ anaes-
thetists are often preoccupied with especially regarding the possible development
of ischaemia. Unfortunately, there are no symptoms or immediate signs of renal
medullary ischaemia.

Kidneys are also perfusion pressure dependent. Critically ill patients especially
with sepsis lose their ability to autoregulate their RBF and this becomes linear
with blood pressure.

Renal defence mechanisms

Tubuloglomerular feedback (TGF) in the juxtaglomerular apparatus in the nephron
is a protective mechanism which attempts to protect the kidney when perfusion is
low. Efterent glomerular constriction reduces GFR to reduce the oxygen demand
on the medulla. This also preserves vascular volume in hypovolaemia. The con-
troversial role of increasing RBF versus improving perfusion pressure is discussed
below.

WHAT MAY PREVENT RENAL FAILURE?

Good perioperative care and attention to detail will be the best chance of avoid-
ing deterioration in renal function and development of renal failure.
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Fluid therapy

The role of adequate fluid therapy and maintenance of blood volume as the cor-
nerstone has been re-emphasised in a recent editorial.” However, proof of efficacy
is often lacking. However, in certain specific situations evidence for the eftective-
ness of intravenous fluids has been forthcoming.

e Sodium bicarbonate in rhabdomyolysis prevents myoglobin precipita-
tion in the renal tubules by maintaining an alkaline urine.

e X-ray contrast induced renal dysfunction. There are several randomised
trials showing that IV hydration reduces the incidence of renal dys-
function associated with the administration of X-ray contrast media.
Such studies are relatively easy compared to other groups of patients
with renal dysfunction as the insult and its timing are relatively pred-
ictable and controllable. Although the results may not be assumed
to apply to other models of renal dysfunction they are of interest. Many
of these and other studies have involved crystalloid infusions usually
of saline. The role of colloid infusions is questionable as discussed
previously.

Oxygen transport

In high risk surgical patients the application of an aggressive strategy of maintain-
ing cardiac output, oxygen delivery and oxygen consumption may improve
outcome. One of the original randomised controlled trials (RCTSs) showed that
the improvement in survival was associated with a reduction in organ failures, in
particular, renal failure.® This is not surprising when one considers the reasons
discussed above as to why the kidney is at especial risk compared to other organs.

Short cross clamp time in aortic surgery

During aortic cross clamping RBF is reduced even when the clamp is applied
below the origin of the renal arteries. Thus it is important to minimise the dur-
ation of aortic clamping. Once the clamp is released the reperfusion of the lower
limbs will release mediators and oxygen radicals which may impair renal function.

Short bypass time in cardiac surgery

Similarly, as short a time as possible spent on cardiopulmonary bypass is important
as RBF is reduced during bypass and red blood cells are damaged. Cellular debris
and free haemoglobin are damaging to the kidney.

Frusemide

Animal studies clearly indicate that frusemide is protective to the kidney.
Patient studies do not. Many believe that conversion of oliguric renal failure to
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Table 13.2 - Mortality in non-oliguric versus oliguric renal failure.

Number of patients in study* Non-oliguric mortality (%) Oliguric mortality
143 28 78
462 58 65
151 42 83
109 17 52
228 42 65
125 23 63

* > 450 ml urine/24 h defined as non-oliguric. These studies were in general ARF populations.
Reproduced with permission from Thadhani RI, Bonventre JV. Acute renal failure. In Lee BW, Hsu SI,
Stasior DS (eds), Quick Consult Manual of Evidence Based Medicine. Philadelphia: Lippincott-Raven,
1997:382-413.

non-oliguric renal failure by use of diuretics is beneficial. As summarised above in
Table 13.2 the mortality rate for oliguric versus non-oliguric renal failure seems
better. This does not necessarily mean that one can improve an individual patient’s
outcome with diuretics as there is evidence that those patients who respond to
diuretics probably have less severe renal damage. Among those patients who
require renal support mortality is not improved by the use of diuretics.

The use of infusions of frusemide rather than intermittent boluses may be prefer-
able because of decreased requirement for equivalent effect, improved response
and less tolerance with few adverse effects.

Mannitol

The osmotic diuretic mannitol is widely used to promote urine flow. Suggested
mechanisms include its osmotic action with greater washout of solutes, plasma
volume expansion and increased RBF. Animal studies suggest improved renal
function but patient studies especially in the high risk surgical patient are less con-
vincing. Many studies demonstrate increased urine volumes but are less convin-
cing in terms of preservation of renal function.

Mannitol (in conjunction with bicarbonate) seems beneficial in the special situ-
ation of rhabdomyolysis. However, IV hydration is superior to hydration plus
either mannitol or frusemide in X-ray contrast induced renal dysfunction.’

Dopexamine

Dopexamine is a relatively new addition to the debate on perioperative renal
protection. Its actions on dopaminergic receptors undoubtedly increase RBF
and creatinine clearance in animal studies and volunteers but its role and efficacy
in prevention of renal failure in critically ill patients is less established. Studies
in cardiac surgery and vascular surgery patients indicate some protective
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effect. Dopexamine may have other beneficial effects in the high risk surgical
patient:

e Reduces the usual increase in gut permeability after cardiac surgery.

e May have specific anti-inflammatory actions in surgical patients.

Charing Cross protocol

A protocol developed at Charing Cross hospital in the 1990s has been claimed to
dramatically reduce the need for haemofiltration in ARF in ICU patients. There
are three main aspects of this protocol which, in truth, just restate many of the
principles already described:

1. Achieving normovolaemia with monitoring guided by pulmonary artery
catheter and echocardiographic measures of preload. GTN infusions are
also used to encourage vasodilation and to reduce myocardial ischaemia.

2. Achieving normotension (for the patient’s age) with emphasis on the role
of noradrenaline.

3. Reducing oxygen consumption in the renal medulla with low dose infu-
sions of frusemide.

Although theoretically attractive, widely followed and (anecdotally) often very
effective this protocol has never been validated by large RCTs.

RBF VERSUS PERFUSION PRESSURE

e Many of our therapies aimed at improving urine production and renal
function do so, we presume, by improving RBF. Unfortunately the
relationship between RBF and GFR is complex, varies from patient to
patient and is poorly understood. Thus dopamine, dopexamine and
dobutamine, all widely used for this purpose, may have inconsistent
effects clinically. The optimisation of cardiac output and oxygen trans-
port as mentioned above presumably acts in this context by increasing
RBF.

e The ‘downside’ of increasing RBF is that this presents more solute for
clearance with the requirement for increased Na reabsorption in the
medulla and increased medullary oxygen consumption. It has even been
suggested that the oliguria resulting from reductions in RBF protects
the kidney by reducing medullary oxygen consumption!

e Conversely, increasing blood pressure improves renal perfusion pres-
sure and may improve GFR.!” Thus increasing blood pressure with
noradrenaline (norepinephrine) may improve creatinine clearance.
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For example, there are numerous studies of septic shock demonstrating
increased urine flow and creatinine clearance in patients treated with
the addition of noradrenaline to standard therapies. The caveats are that
cardiac output and RBF must be maintained (necessitating monitoring
of cardiac output) and hypovolaemia prevented. The ‘Charing Cross’
protocol involves as one of its key elements the judicious use of
noradrenaline.

The above may seem confusing but unfortunately many of the controversies and
apparent contradictions remain unresolved.

WHAT MAY NOT PREVENT RENAL FAILURE?
Diuretics - the dual edged sword

The maintenance of urine flow does seem to exert some preservative effect on
renal function — at least in certain subgroups such as patients at high risk of X-ray
contrast medium induced renal failure. However, aggressive hydration of these
patients has been shown to exert a better protective effect than hydration plus
diuretics.” In general patients do not go into ARF because they are lacking in
frusemide! The diuresis produced may be harmful by giving a false sense of secu-
rity and by exacerbating any preexisting hypovolaemia.

Dopamine - its hard to keep this drug down

Despite more than 20 years of experience and clinical trials the use of ‘renal dose
dopamine’ is still dogged with controversy. Dopamine is still widely used, at low
rates of infusion, as an agent to protect the kidney and prevent renal failure. This
is despite numerous editorials and review articles stating that there is no renal
protective effect of dopamine.

Dopamine has been claimed to exhibit difterent effects depending on the infusion
rate:

¢  0.5-3 ug/kg/min — dopaminergic effect increasing RBF
e >3 ug/kg/min — B1 effect increasing cardiac output
e >7 ug/kg/min — increasing ol effect leading to vasoconstriction.

This itself represents a realisation that vasoconstriction occurs at lesser doses than
was originally believed, i.e. older texts refer to vasoconstriction occurring at
> 15 pg/kg/min.

The so-called renal dose and eftects of increasing dosage described in the text
books have always been suspected to be less predictable in the real world. Sure
enough it has now been demonstrated in volunteers that plasma levels of

dopamine vary widely for identical infusion rates in terms of ug/kg/min.!!
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Critically ill patients would be presumed to be even more varied in their drug dis-
position and metabolism. Thus there is now no real justification to think of one
dose of dopamine as being a ‘renal dose’:

In volunteers dopamine infusions lead to increased RBF, urine produc-
tion and creatinine clearance. Animal studies suggest a beneficial effect
on renal function — renal protection (the holy grail of nephrology).

There is still no convincing evidence to support the idea that the use
of dopamine at low dosage prevents the development of ARF in
patients.

What few trials there are which seem to show benefit, especially for
radiological contrast medium induced ARF include vigorous fluid
loading as part of their protocol.

Perioperative use of dopamine has been widespread, e.g. cardiac and
aortic surgery but this is not supported by scientific evidence.

Dopamine does increase urine output, mainly by a natriuretic or
diuretic effect but also by a general increase in cardiac output (However
dobutamine does this better due to its more predictable inotropic
properties).

A recent, large, well conducted study failed to demonstrate any benefit
of low dose dopamine in critically ill patients at risk of renal failure.'?

Many have in the past used renal dose dopamine for two reasons:

1.
2.

It may be renal protective, they just haven’t been able to prove it.

It may not do any good but at least it does not do any harm.

Never mind this latter unusual justification for giving any drug, there is an increas-
ing opinion that dopamine is potentially harmful due to

tachycardia and arrhythmias,

reversible, dose related depression of pituitary release of prolactin and
depression of indices of cell mediated immunity,'®

the diuresis may be harmful by giving false sense of security and by
exacerbating hypovolaemia,

a recent randomised study on the use of dopamine for X-ray contrast
medium induced renal failure demonstrated a harmful effect on the
severity of renal failure, prolonging the course,'*

dopamine seems to have worse effects on the splanchnic circulation

compared to a pure vasoconstrictor, noradrenaline.
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EXPERIMENTAL DRUGS TO PREVENT RENAL FAILURE

Many agents have been studied in animal models as either prevention or treatment
of ARF. Less of these agents have made it to clinical trials and none have convin-
cingly been shown to be of clinical benefit:

e Atrial natriuretic peptide (ANP), endothelin antagonists and calcium
channel blockers have shown most promise but further studies are needed.

¢ Concerns exist with some of these agents, e.g. calcium channel blockers
that interaction with anasesthetics agents may produce more hypoten-
sion which may mitigate against any renal protective effect.

e Other therapies suggested by animal trials, e.g. thyroxine have not been
substantiated in patient studies.

e Hypotensive complications of these agents may limit their usefulness.

e Studies have on occasion been poorly controlled with, e.g. frequent
uncontrolled concomitant use of diuretics and dopamine.

e At present all these experimental drugs remain just that, experimental.

ESTABLISHED ARF

Once ARF has occurred there are no known pharmacological interventions
which will reverse the process — including diuretics. The kidney will either
recover or it will not (though interesting new evidence suggests that the method
of supportive therapy may influence this as discussed below). Thus the mainstay of
management is supportive measures both in the acute stages and later if the ARF
becomes ‘chronic’.

A tull discussion of renal replacement techniques is beyond the scope of this text
but some interesting results from recent studies will be highlighted especially as
they offer some advice as to whether there are any differences in outcome between
different techniques of renal support.

Indications for renal support include:

e Uraemia, a blood urea > 50 is an arbitrary but common guide to
requirement for support. Uraemic complications may occur with
higher blood urea including pericarditis and GI bleeding. Support should
perhaps be instituted earlier in malnourished patients with reduced
muscle mass whose urea and creatinine will rise slower.

o Severe acidosis.
®  Hyperkalaemia.

e DPulmonary oedema secondary to fluid overload in oliguric patient.
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In modern critical care practice any of the above should be sufficient to trigger
renal support unless there are definite contraindications to its provision.

Recent studies examining the role of early versus late intervention in terms of
providing renal support are of interest. For example:

e Early initiation of continuous venovenous haemofiltration (CVVH) in
a small study of patients with septic shock has been shown to improve
haemodynamic and metabolic responses and improve survival. !>

e Early haemotfiltration is associated with better than predicted survival in
ARF after cardiac surgery.'®

e Despite similarities in injury severity and risk of developing renal fail-
ure, survival was increased in the early filtration group in a retrospective
review of 100 trauma patients.!”

Thus, many ICUs institute support at an early stage before biochemical decom-
pensation occurs.
Continuous versus intermittent replacement therapies

A majority of modern ICUs offer continuous renal support usually CVVH. Some
still offer only intermittent dialysis with some units offering both or neither.
The advantages of CVVH include:

e ‘Gentler’. The fluid shifts are gradual and continuous leading to greater
haemodynamic stability.

e Gradual removal of solutes avoiding the potential for disequilibrium
syndrome.

e Experimental role in removing inflaimmatory mediators in sepsis and
pancreatitis.

Recent studies provide evidence that CVVH is better than intermittent
dialysis:
e The rapid fluid shifts and haemodynamic upset associated with dialysis

are associated with further ischaemic insults to the kidney in animals.

e Creatinine clearance falls after dialysis! (but does not after CVVH) —
presumably because of these shifts.'®

e CT studies of the brain demonstrate changes after dialysis consistent
with increased brain water which are not present after CVVH.!”

e A RCT has shown that intrinsic renal function among survivors of
AREF recovers to a predetermined level in over 90% of patients treated
with CVVH but in only 59% of patients treated with dialysis (i.e. more
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patients will require chronic renal support when ARF is managed with
intermittent dialysis).2

Several studies support the observation that the duration of ARF is less
when the patient is managed with CVVH than with dialysis.

Meta-analysis of (mainly) retrospective studies show improved survival
with continuous techniques. Large RCTs are awaited.

High volume haemofiltration?

The volume of ultrafiltrate may be important. Large volumes of ultrafiltrate
(high volume or ‘aggressive’ CVVH) increase creatinine clearance and may
remove greater quantities of inflammatory mediators. The only large RCT of over
400 patients demonstrated improved survival with high volumes of ultrafiltrate
compared to lower volumes.?! The authors recommend ultrafiltrate volumes of at

least 35 ml/kg/h.

OUTCOME OF ARF

‘Medical’ renal failure has a better outcome than ‘surgical’ ARF or
ARF in the critically ill patient. One study from 1997 found a 16%
mortality in the ‘nephrotoxic’ group compared to a 30% mortality in
the ‘ischaemic’ group.??

Many studies have found the mortality of ARF in the ICU to be
approximately 40-70%. When ARF is associated with the need for
IPPV (i.e. part of the multiple organ failure syndrome) the mortality is
of the order of 70%.

Mortality is high when the onset of ARF is late in the course of a crit-
ical illness, i.e. a recent French multicentre trial of over 1000 patients
found that mortality was worse in patients developing ARF in ICU
compared to patients admitted to ICU with ARF.*

There is cause for optimism, however, from the studies quoted above
comparing the relatively newer technique of CVVH with dialysis. In
addition comparisons of different cohorts treated for ARF at the Mayo
Clinic have been published:**

Patients Survival (%)
1977-79 71 32
1991-92 71 52
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There was a poor prognosis if sepsis and the requirement for IPPV were
combined but overall this suggests an improving prognosis for ARF.

e In addition a recent study of over 300 patients from Holland managed

with high volume CVVH had a mortality of 33% compared with a
predicted mortality of 67% given by the Madrid ARF score.?

However, it is still better to prevent ARF in the high risk surgical patient than to
treat it.

Further reading

Bellomo R, Ronco C (eds), Acute Renal Failure in the Critically Ill. Berlin: Springer

Verlag, 1995.

Galley HF (ed.), Critical Care Focus 1: Renal Failure. BM] Books, 1999.
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14

THE ROLE OF THE CARDIOLOGY
CONSULT

This chapter provides a cardiological perspective on the high-risk patient. Most
anaesthetists have extensive experience of anaesthetising patients with cardiac disease.
However, cardiologists can be a valuable ally to even the most senior anaesthetist.
It is important when requesting a cardiology consult to avoid vague requests for
evaluation of fitness for anaesthesia. The cardiologist can be most helpful when
asked specific questions regarding specific issues.

Consultation with a cardiologist may be sought to clarify cardiovascular risk or
prognosis prior to a non-cardiac procedure and, consequent to that, perform diag-
nostic tests, review or suggest specific management options and provide surveil-
lance post-operatively.

PRE-OPERATIVE EVALUATION

In order to identify which patients are most likely to benefit from investigation
and treatment, cardiologists have sought to risk stratify patients for peri-operative
cardiac complications using a combination of clinical criteria and investigation.

Cardiac surgical risk is a function of
® patient-specific factors,

e surgical-procedure-specific factors.

Patient-specific factors

The basic clinical evaluation obtained by history, physical examination and review
of the electrocardiograph (ECG) usually provides sufficient data to estimate cardiac
risk. Cardiac risk is defined as the combined incidence of cardiac death and non-
fatal myocardial infarction. The history can be used to determine the patient’s
functional capacity. An assessment of an individual’s capacity to perform a spectrum
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of common daily tasks has been shown to correlate well with maximum oxygen
uptake by treadmill testing,!

Clinical predictors of increased peri-operative risk for myocardial infarction, heart
failure and death have been established based on multivariate analysis.>® These
factors have been divided into three categories:

1. Major predictors (recognised markers that mandate intensive management
and may result in delay in surgery):

e acute coronary syndrome,
e decompensated congestive cardiac failure,
e significant arrhythmia,
e severe valvular disease.
2. Intermediate predictors:
¢ mild angina pectoris,
e prior myocardial infarction either by history or pathological Q-waves,
e compensated or prior history of cardiac failure,
e diabetes mellitus.

3. Minor predictors (recognised markers of cardiovascular disease that have not
been proven to independently increase peri-operative risk):

e advanced age,

e abnormal ECG,

e rhythm other than sinus, e.g. atrial fibrillation,
¢ low functional capacity,

e history of stroke,

e uncontrolled systemic hypertension.

FURTHER CARDIAC TESTING PRIOR TO NON-CARDIAC
SURGERY®

The decision to recommend further non-invasive testing or invasive testing for the
individual patient being considered for surgery ultimately becomes a balancing act
between the estimated probabilities of effectiveness versus risk; in the process of
further screening and treatment, the risks from the tests and treatments themselves
may offset or even exceed the potential benefit of evaluation. The proposed
benefit, of course, is the possibility of identitying advanced but relatively unsuspected
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coronary artery disease that might result in significant cardiac morbidity or mor-
tality either peri-operatively or long term:

e In general, indications for further cardiac testing and treatments are the
same as in the non-operative setting. The use of both invasive and non-
invasive pre-operative testing should be limited to those circumstances in which
the results of such tests will clearly affect patient management.

e If the surgery is emergent, there may be insufficient time to allow for
adequate pre-operative cardiac evaluation. In this setting, post-operative
risk stratification and risk factor management are probably most
appropriate.

e In a patient awaiting elective surgery, who has had coronary revascu-
larisation within the preceding 5 years and remains asymptomatic and
stable, no further testing is generally indicated.

e If the patient has had a favourable recent (within 2 years) coronary evalu-
ation and there has been no alteration in symptomatology since then,
again cardiac testing is generally not indicated.

e Conversely, in the patient with evidence of an acute coronary syn-
drome or one of the other major clinical predictors of risk listed above,
elective surgery should be deferred until the problem has been identi-
fied and treated.

e Patients with intermediate clinical predictors of clinical risk and mod-
erate or excellent functional capacity can undergo intermediate-risk
surgery with little likelihood of peri-operative death or myocardial
infarction.

e Non-cardiac surgery is generally safe for patients with neither major
nor intermediate predictors of clinical risk and moderate or excellent
functional capacity.

¢ Non-invasive testing in combination with the above approach can be
used to guide further peri-operative management.

NON-INVASIVE TESTING BEFORE NON-CARDIAC SURGERY
Exercise testing
The test of choice in most ambulatory patients.”” Aims:

® to provide an objective measure of functional capacity,

e to identify significant myocardial ischaemia or cardiac arrhythmia,

® to estimate peri-operative cardiac risk and long-term prognosis.
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Prognostic gradient of ischaemic responses during ECG-monitored stress test

® High risk — ischaemia induced by low-level exercise (less than 4 METs
workload or heart rate less than 100 beats per minute or less than 70%
of age predicted heart rate) MET-metabolic equivalent.

e Intermediate risk — ischaemia induced by moderate-level exercise (4—6
METs workload or 70-85% of age predicted heart rate).

e Low risk — no ischaemia or ischaemia induced at high-level exercise
(greater than 7 METSs workload or heart rate greater than 85% of age
predicted heart rate).

Inadequate stress test

Inability to reach adequate target workload or heart rate response for age without
an ischaemic response. In patients with abnormalities of their resting ECG such as
left bundle branch block or unable to perform an adequate stress test, other tech-
niques such as dipyridamole thallium testing and dobutamine stress echocardio-
graphy should be considered.

Myocardial perfusion imaging methods

Dipyridamole thallium-201 scintigraphy has been extensively used in pre-
operative cardiac evaluation.!®!! The negative-predictive value of a normal scan is
approximately 99% for peri-operative myocardial infarction and/or cardiac death.
Conversely, those with reversible perfusion defects have an increased risk of devel-
oping cardiac complications. However, because the positive-predictive value of an
abnormal dipyridamole thallium-201 scan is only between 15% and 30%, other
clinical variables (e.g. previous myocardial infarction, diabetes mellitus, etc.)
need to be combined with the results of the perfusion scan to optimise risk
stratification.

Dobutamine stress echocardiography

Predictive value of a positive test ranges from 17% to 43%. The negative-predic-
tive value ranges from 93% to 100%.'>!> The presence of a new wall motion
abnormality is a powerful determinant of an increased risk for peri-operative
events.

Resting left ventricular function

Evaluated by radionuclide angiography, echocardiography or contrast ventri-
culography.'* Resting left ventricular function is not a consistent predictor of
peri-operative ischaemic events. In the peri-operative phase, poor left ventricular
systolic or diastolic function is mainly predictive of post-operative congestive heart
failure and, in critically ill patients, death.
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Ambulatory ECG monitoring

The predictive value of pre-operative ST-changes on 24—48-h ambulatory ECG
for cardiac death or myocardial infarction in patients undergoing vascular and
non-vascular non-cardiac surgery is similar to dipyridamole thallium imaging.'
Ambulatory ECG cannot be performed in a significant percentage of patients
because of baseline ECG abnormalities.

CORONARY ANGIOGRAPHY IN PERI-OPERATIVE EVALUATION
BEFORE NON-CARDIAC SURGERY'®

Indications
Patients with suspected or proven coronary artery disease with

e high-risk results during non-invasive testing,
e angina pectoris unresponsive to adequate medical therapy,
® most patients with unstable angina pectoris,

¢ non-diagnostic or equivocal non-invasive testing in high-risk patient
undergoing a high-risk non-cardiac surgical procedure.

Not indicated in the following groups:

e Those unwilling to consider a subsequent coronary revascularisation
procedure.

e Severe left ventricular dysfunction and the patient not a candidate for
revascularisation.

e Patient is not a candidate for coronary revascularisation because of
co-morbid medical illness.

e Prior technically adequate normal coronary angiogram within 5 years.

e Mild stable angina in a patient with good left ventricular function and
low-risk non-invasive results.

e Asymptomatic patient after coronary revascularisation.

¢ Low-risk non-cardiac surgery in a patient with known coronary artery
disease and low-risk results on non-invasive testing.

e Screening for coronary artery disease without appropriate non-invasive
testing.
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MANAGEMENT ASPECTS OF CARDIOVASCULAR
CONDITIONS IN THE PERI-OPERATIVE SETTING

Coronary artery disease

Three issues need to be addressed:
e amount of myocardium in jeopardy;,
e the amount of stress required to produce ischaemia,

e overall ventricular function.

Clarification of these issues is based on pre-operative history, physical examina-
tion and selected non-invasive and invasive testing as outlined above. Dependent

on clinical findings and the results of investigation, the patient may require pre-

operative coronary revascularisation, optimisation of medical therapy or proceed

on to surgery without further delay.

Pre-operative coronary revascularisation

In patients in whom coronary revascularisation is indicated, timing of the proced-
ure depends on the urgency of the non-cardiac surgical procedure balanced

against the stability of the underlying coronary artery disease:

e Patients undergoing elective non-cardiac procedures who are found to

have prognostic high-risk coronary anatomy and in whom long-term
outcome would likely be improved by revascularisation should gener-

ally undergo revascularisation before a non-cardiac elective surgical

procedure of high or intermediate risk.

e Patients who have previously successtully undergone coronary bypass
have a low peri-operative mortality rate in association with non-cardiac

procedures and the mortality rate is comparable to the surgical risk for

patients who have no clinical indications of coronary artery disease.

Indications for surgical coronary revascularisation:

e Acceptable coronary revascularisation risk and suitable viable myocar-

dium with left main stem stenosis.

e Three-vessel coronary artery disease in conjunction with left ventricular

dysfunction.

e Two-vessel disease involving severe proximal left anterior descending

artery obstruction.

e Intractable coronary ischaemia despite maximal medical therapy.
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Pre-operative coronary angioplasty

The role of prophylactic pre-operative coronary angioplasty in reducing untoward
peri-operative cardiac complications remains incompletely defined. The indica-
tions for angioplasty in the peri-operative setting are currently the same as for the
use of angioplasty in general.!

Following angioplasty, there is uncertainty about what should be the optimal time
delay prior to proceeding on to non-cardiac surgery given the possibility of
restenosis.

Medical therapy

There are very few randomised trials of medical therapy before non-cardiac
surgery to prevent peri-operative cardiac complications. Drugs that have been
considered include beta-blockers, nitroglycerin and calcium antagonists.

Beta-blockers

Beta-blockers should be used if they have already been required in the recent past
to control symptoms of angina, symptomatic arrhythmias or hypertension. Pre-
liminary studies suggest that appropriately administered beta-blockers reduce
peri-operative ischaemia and may ultimately reduce risk of myocardial infarction
or death.?”

Nitroglycerin

Nitroglycerin has been shown to reverse myocardial ischaemia intra-operatively.
High-risk patients previously on nitroglycerin who have active signs of myocardial
ischaemia without hypotension should receive intra-operative nitroglycerin.?!

Calcium antagonists

Studies with diltiazem and nifedipine have been too small to allow for definitive
conclusions to be made on their use in the intra-operative setting.

Hypertension®22

e Patients with hypertension have higher risks of suffering major cardiac
complications during or shortly after non-cardiac operation than do
patients who have always been normotensive. Most of the increased
risk is because of associated coronary artery disease, left ventricular dys-
function and renal failure.

e Hypertensive patients are at a greater risk to experience labile blood
pressures and hypertensive episodes during surgery and after extuba-
tion. Patients with pre-operative hypertension also appear more likely to
develop intra-operative hypotension than normotensive subjects which
may be related to a decrease in vascular volume.
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e Patients with mild to moderate hypertension (diastolic pressures below
100 mmHg) and no evidence of serious end-organ damage should be
able to tolerate general anaesthesia and major non-cardiac surgery.

e In patients with severe hypertension, particularly of recent onset it is
prudent to delay elective surgery to enable evaluation of curable causes
of hypertension and obtain control prior to surgery.

e Patients already on antihypertensive therapies should be continued on
their medication in the peri-operative period. The withdrawal of beta-
blockers and clonidine in particular may be associated with rebound
effects on heart rate and/or blood pressure control.

e In emergency surgery rapid-acting agents that allow effective control
in a matter of minutes or hours may be required. Beta-blockers are par-
ticularly attractive agents in this setting. Several reports have shown that
introduction of pre-operative beta-blockers leads to effective modu-
lation of severe blood pressure fluctuations and a reduction in
the number and duration of peri-operative coronary ischaemic
complications.

Cardiac failure®®14

Congestive heart failure is a major determinant of peri-operative risk, irrespective
of the nature of the underlying cardiac disorder. The greatest risk of complications
was observed in patients with a left ventricular ejection fraction of less than 35%:

e Mortality with non-cardiac surgery increases with worsening cardiac class
and with the presence of pulmonary congestion.

e The peri-operative mortality is dependent on the patient’s cardiovascu-
lar status at the time of operation. Therefore congestive heart failure
should be adequately treated and the patient’s condition stabilised for a
few days prior to surgery.

e Hypovolaemia and hypokalemia are potential problems with treatment.
Hypovolaemic patients are prone to experience marked hypotension
during the early phases of anaesthesia.

e Digitalis can counteract the myocardial depression actions of many
anaesthetic agents. It may be of value in patients with congestive heart
failure, who on examination have a third heart sound. Pre-operative
digitalisation because of the risk of intra-operative bradyarrythmias is
not recommended except in patients whose heart failure is sufficiently
severe that they would normally meet the criteria for long-term
digitalisation.
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Post-operative congestive cardiac failure

Usually caused by excess fluid administration; may be precipitated by myocardial
ischaemia or infarction. Tends to occur soon after cessation of positive-pressure
ventilation.

HYPERTROPHIC CARDIOMYOPATHY?

e Patients are intolerant of hypovolaemia, which may lead to both a
reduction in the elevated preload needed to maintain cardiac output
and an increase in the obstruction to left ventricular outflow.

e Catecholamines should be avoided because they may increase the degree
of dynamic obstruction and decrease diastolic filling.

e With careful peri-, intra- and post-operative care, the risk of major
cardiac complications is rare. Haemodynamic monitoring may be
useful when these patients undergo major aortic, abdominal or thoracic
procedures.

VALVULAR HEART DISEASE?*
General points

e Cardiac murmurs are common in patients awaiting non-cardiac sur-
gery. Using a combination of examination and echocardiography, the
cardiologist will need to determine the underlying aetiology and signifi-
cance of any documented murmur.

e Patients with valvular heart disease are subject to many potential
hazards:

heart failure,

infection,
— arrythmias,
— embolisation.

e Patients with no or only mild limitation of activity tolerate surgery well
and probably require little more than careful peri-operative care and
prophylaxis for infective endocarditis.

e Those with more serious impairment of cardiac reserve tolerate major
non-cardiac operations poorly, and their prognosis for surviving surgery
is distinctly worse although as is the case for patients with rheumatic
heart disease who face the stress of pregnancy, the risk of operation
depends on the functional status of the heart.
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Patients with symptomatic critical aortic or mitral stenosis are
especially prone to sudden death or acute pulmonary oedema during
the peri-operative period; this may occur if demands on cardiac output
are suddenly increased or if atrial fibrillation and a rapid ventricular rate
are precipitated by anaesthesia or operation.

Every effort should be made to treat heart failure pre-operatively.

Patients with severe stenotic or regurgitant valvular disease who require
an emergency operation may benefit from intra-operative haemo-
dynamic monitoring, afterload reduction and preload augmentation.

Specific points

Prosthetic heart valves
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Aortic stenosis — if severe and symptomatic, patients should undergo cor-
rective valvular surgery before an elective operation. In rare instances,
percutaneous balloon aortic valvuloplasty may be justified when the
patient is not a candidate for valve replacement.

Mitral stenosis — when stenosis 1s mild or moderate, adequate control of
the heart rate must be ensured because the reduction in diastolic filling
that accompanies tachycardia can lead to severe pulmonary congestion.
‘When the stenosis is severe, the patient may benefit from balloon mitral
valvuloplasty or open surgical repair before high-risk surgery.

Aortic regurgitation — careful attention to volume control and afterload
reduction is recommended.

Mitral regurgitation — patients with severe mitral regurgitation benefit
from afterload reduction and administration of diuretics to produce
maximal haemodynamic stabilisation before high-risk surgery.

24,25

Most patients with mechanical prosthetic valves are on oral anticoagulants
to prevent thromboembolic complications. If these medications are con-
tinued through the period of non-cardiac operation, poor haemostasis,
haemotoma formation and persistent post-operative bleeding may ensue.

In patients who require minimal invasive procedures the INR should be
briefly reduced to the low/sub-therapeutic range with resumption of the
normal dose of anticoagulation immediately following the procedure.

Peri-operative heparin therapy is recommended for patients in whom
the risk of bleeding on oral anticoagulation is high and the risk of
thromboembolism off anticoagulation is also high.
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e For patients between these two extremes, physicians must assess the risk
and benefit of reduced anticoagulation versus peri-operative heparin
therapy.

Endocarditis prophylaxis — patients with valvular heart disease, prosthetic heart
valves and those with congenital heart disease should receive prophylactic antibi-
otics for surgical procedures likely to be complicated by bacteraemias.?

CONGENITAL HEART DISEASE

Depending on the nature of the malformation, the patient with congenital heart
disease may be the subject to one or more potentially serious complications:

o Infection.

o Bleeding — patients with cyanotic congenital heart disease and secondary
polycythaemia are at increased risk of intra- and post-operative haem-
orrhage as a consequence of coagulation defects and thrombocytopaenia;
the risk can be reduced with pre-operative venesection.

*  Hypoxaemia.

e Paradoxical embolisation — during general anaesthesia and operation.

ARRHYTHMIAS AND CONDUCTION DEFECTS®

e Cardiac arrhythmias and conduction disturbances are common in the
peri-operative period particularly in the elderly.

e The presence of an arrhythmia in the peri-operative setting should
prompt a thorough search for underlying cardiopulmonary disease,
drug toxicity, infection or metabolic derangements.

e Many cardiac arrhythmias are relatively benign. Direct antiarrhythmic
therapy is often unnecessary and is usually secondary in importance to
correction of the underlying cause of the arrhythmia.

e Rarely, arrhythmias because of the haemodynamic or metabolic derange-
ments they cause, may deteriorate into more life-threatening rhythm
disturbances.

e Ventricular arrhythmias, whether single premature ventricular contrac-
tions, complex ventricular ectopy, or non-sustained ventricular tachy-
cardia usually do not require therapy except in the presence of ongoing
or threatened myocardial ischaemia or moderate to severe left ventric-
ular dysfunction when such arrhythmias represent a significant risk
factor.
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e Drug therapy for supraventricular arrhythmias include digoxin, calcium
channel blockers, beta-blockers and amiodarone. Ventricular arrhyth-
mias may respond to intravenous beta-blockers, lidocaine, procainamide
or amiodarone.

e Electrical cardioversion should be used for supraventricular or ventric-
ular tachyarrhythmias causing haemodynamic compromise.

CONDUCTION DEVICES
Indications for peri-operative temporary/permanent pacing?’

e Third degree atrioventricular block associated with the following:
symptomatic bradycardia, documented periods of asystole, escape
rhythm less than 40 beats per minute in an awake symptom-free patient.

® Second degree atrioventricular block with symptomatic bradycardia.

e Chronic bifascicular and trifascicular block with intermittent third
degree or Type-II second degree atrioventricular block.

¢ Sinus node dysfunction with symptomatic bradycardia.

Prophylactic pacemaker placement is not recommended for patients with
intraventricular conduction delays, bifascicular block, or left bundle branch block
with or without first degree atrioventricular block in the absence of a history of
syncope or more advanced atrioventricular block.

In general, a prophylactic temporary pacemaker should be inserted before non-
cardiac operations only if the patient meets the indications for permanent pace-
maker insertion and the surgery cannot be delayed for the time required for a
permanent pacemaker insertion or the operative course is likely to be complicated
by transient bacteraemia.

The patient with a permanent pacemaker

Permanent pacemakers may need to be checked for end-of-life indicators and
programmed to verify normal function and the patient’s level of pacemaker
dependency. In patients who are totally pacemaker dependent, electrocautery
poses a special problem and should be used only briefly, with the indifferent pole
placed as far away from the pacemaker and heart as possible. In pacemaker-
dependent patients, use of bipolar pacing will minimise the risk of electrocautery.

Implanted defibrillators or antitachycardia devices

These devices should be programmed Off immediately before surgery and
then On again post-operatively to prevent unwanted discharge due to spurious
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signals that the device might interpret as ventricular tachycardia or ventricular
fibrillation.

POST-OPERATIVE SURVEILLANCE AND THERAPY®

e Intra-aortic balloon counterpulsation device. Placement has been sug-
gested as a means of reducing peri-operative cardiac risk but there is
currently insufficient evidence for its prophylactic use in high-risk
non-cardiac surgery.

e Intra- and post-operative use of ST-segment monitoring. Use of
computerised ST-segment analysis in appropriate high-risk patients
may provide increased sensitivity to detect myocardial ischaemia during
the peri-operative period and may identify patients who benefit from
further post-operative intervention.

e Surveillance for peri-operative myocardial infarction. Myocardial infarc-
tion occurring in the peri-operative period is often painless. In patients
with known or suspected coronary artery disease undergoing surgical
procedures associated with a high incidence of cardiovascular morbidity,
ECGs at baseline, immediately following surgery, and daily on the first
2 days post-operatively appears to be the most cost-effective strategy.
Measurement of cardiac enzymes are best reserved for patients at high
risk or those who demonstrate ECG or haemodynamic evidence of
cardiovascular dysfunction.
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THE RISKS OF ANAEMIA AND BLOOD
TRANSFUSION

Anaemia and consequent blood transfusion is relatively common in high-risk
surgical and critically ill patients. Only recently, blood transfusion in these patients
has been questioned.

OXYGEN TRANSPORT AND PHYSIOLOGICAL RESPONSE
TO ANAEMIA

‘Whole body oxygen delivery (DO,) is determined by the product of cardiac out-
put (CO in I/min) and arterial blood oxygen content (CaO, in mg/dl):

DO, = CO X CaO,.

CaO, 1s determined primarily by the haemoglobin concentration (Hb in ml/dl)
and the degree of Hb oxygen saturation (HbO,/Hb or SaO,, as a fraction), so that

Ca0, = (Hb X Sa0, X K) + (pO, X 0.003),

where Kis Huftners constant (1.34) — the O,-carrying capacity of 1 g Hb, and pO,
is arterial oxygen tension in mmHg.

It can easily be seen that a fall in Hb may have a profound effect on global DO,
unless compensatory mechanisms occur. It is on this premise that red blood cells
are often transfused, that is, to augment DO, at a time when the increased cellular
oxygen demands of major surgery or critical illness put a strain on the already
stressed cardiorespiratory systems so that such demands may be met:

e Experimental work suggests an optimal DO, at an Hb and haematocrit
(Het) of 10g/dl and 30% respectively, above which the rheological
properties of blood cause a reduction in flow and hence a decreased
DO, overall.
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¢ In the non-critically ill, a drop in Hb concentration results in an increase
in erythropoietin (EPO) production within minutes.

e The stimulus to EPO production is a drop in arterial O, content
(Ca0Oy) and so is brought about by both hypoxia and anaemia.

This EPO response appears to be blunted in the critically ill. This blunted
response, together with

e decreased iron availability (transterrin saturation < 20% in up to 70% of
patients),

e direct inhibition of erythropoiesis by the cytokines tumour necrosis
factor and interleukin-1,

e reduced folate level,
contributes to the bone marrow depression typical of critical illness.

In the normovolaemic patient, a rapid drop in Hb brings about certain compen-
satory changes:'

e Haemodynamic — the decrease in plasma viscosity improves peripheral
blood flow and thus enhances venous return to the right atrium. An
immediate increase in stroke volume follows, by the Starling principle, in
response to haemodilution and is non-sympathetically mediated. The
reduced viscosity also reduces afterload, which may be an important
mechanism in maintaining CO in the impaired ventricle. Further,
increases in CO are mediated through aortic chemoreceptors inducing
sympathetically mediated increases in contractility (and so stroke
volume), venomotor tone (and thus venous return) and heart rate.

® Microcirculatory — secondary to the increased CO is an increased
organ capillary blood flow and capillary recruitment. Both of these
factors are dependent upon the degree of anaemia and the individual
organ concerned.

¢ Oxyhaemoglobin dissociation curve (ODC) — a rightward shift
in the ODC is seen, which increases the O, unloading by Hb for a
given blood pO,. This is clearly advantageous in increasing cellular O,
extraction. The primary reason for this is the increased red cell 2,3-
diphosphoglycerate (2, 3-DPG) synthesis seen during anaemia. Local
temperature and pH cause a rightward shift in the curve but their effect
is thought to be less significant than that of 2,3-DPG.

Note: These are the responses to anaemia. When anaemia is due to acute blood
losses, the physiological responses to hypovolaemia will also be triggered.
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ANAEMIA AND THE HEART

Major surgery, critical illness and anaemia all place stress on the myocardium to
increase CO and hence global DO,. To do so, myocardial DO, must increase to
meet its own increased O, demand (MVO,). As normal myocardial O, extraction
runs between 75% and 80%, any increase in MVO), shall be met primarily by an
increase in coronary flow; that is, MVO, is ‘flow-restricted’. In the presence of
coronary artery disease, fixed coronary stenoses may prevent any increase in
myocardial flow, thus limiting myocardial DO,. Thus, during anaemia the
increased MVO, brought about by the demands of an increased CO cannot be
met, coronary blood flow is preferentially diverted to the subepicardial layers and
subendocardial ischaemia or infarction ensue.

PROBLEMS ASSOCIATED WITH BLOOD TRANSFUSION

Problems such as hyperkalaemia, hypocalcaemia, metabolic acidosis, hypothermia,
dilutional coagulopathy and citrate toxicity, although important, are related to
massive blood transfusion only and will not be discussed further in this review.

If the purpose of a blood transfusion is to augment tissue oxygen consumption
(VO,), then certain so-called ‘storage lesions’ should be borne in mind as they
may have a deleterious effect in this respect:

e Stored blood has reduced levels of 2,3-DPG levels causing a leftward
shift in the ODC and a reduced unloading of O, from Hb.

e In addition, the reduced membrane deformability of red cells, brought
about through their storage, is thought to impede their passage through
the narrow confines of a capillary bed that would otherwise allow the
passage of the more compliant cells unhindered. This may be the
explanation for the observation that patients receiving old transfused

red blood cells developed evidence of splanchnic ischaemia.?

e The high Hect of packed red cells may increase blood viscosity to an
extent such that the favourable flow characteristics of anaemia are
partially reversed, with a resultant decrease in tissue blood flow and
capillary recruitment.

e An interesting study by Purdy” is the first (and only) study to report an
association between increased age of transfused red blood cells and
overall mortality in septic patients. The median age of blood units
transfused to survivors was 17 days versus 25 days for non-survivors.
This study was retrospective and therefore one should be cautious in
accepting its implications, but if these findings were confirmed by a
prospective randomised trial, it would have major implications for the
use of stored blood in all patients.
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Transmission of infection by blood transfusion

There remains an exceedingly small but real risk of infection from transfusion of

stored packed red blood cells:*

e The risk of HIV infection is currently 1 in 4 million units transfused.
e That of hepatitis B is 1 in 100 000—400 000 units.

e Transfusion is becoming an increasingly rare cause of hepatitis C infec-
tion, possibly as a result of HIV high-risk donation exclusion together
with routine antibody testing of donated blood. The current risk is 1 in
200 000 transfusions.

¢ Infection with Parvovirus B19 is highly variable and appears only to be
significant in pregnancy.

® Bacterial contamination of stored blood is related to the length of stor-
age and has a transmission rate of 1 per million transfusions.

e The transmission rates of Plasmodium and Trypanosoma cruzi are vanish-

ingly small.

Immunosuppressive effects of blood transfusion®

The immunosuppressive effects of allogenic blood transfusion are well established:

Non-specific Antigen-specific
Reduced natural killer cell production Increased suppressor T-cell

and activity production (high CD8 count)
Reduced CD4 helper cell production Anti-idiotypic antibody production

Reduced monocyte/macrophage activity
Reduced interleukin-2 (IL-2) levels
Increased prostaglandin E, (PGE,) levels

Postoperative inflammatory response

Initial studies suggested that perioperative allogenic blood transfusion can induce
an excessive cytokine response with significant increases in IL-6 in the transfused
group. A recent study of cardiac surgery patients® confirmed that transfusion is
associated with an increased inflammatory response especially IL-6. However, an
interesting finding from this study was that the transfusion packs themselves con-
tained increased levels of bactericidal permeability increasing protein (BPI) — a
marker of neutrophil activation. Thus, the transfused blood may itself have
contained the trigger for part of this inflammatory response. Further, statistical
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analysis suggested that transfusion was a factor in poor postoperative outcome,
although a direct causal relationship was not established.

Postoperative infection

The effects of blood transfusion-induced immunosuppression have been thought to
increase the risk of postoperative infection.”® Much of the evidence is retrospective
and not all reports have shown an effect of transfusion on postoperative infection
rates. Nonetheless, it remains a possible hazard associated with transfused blood.

It should be remembered that blood transfusion is a common non-infectious cause
of leucocytosis in the critically ill.”

Postoperative cancer recurrence

Much data exists to support the concept of increased tumour recurrence in
patients who have received perioperative allogenic red cell transfusion whilst
undergoing potentially curative surgery for cancers.

Vamvakas'” disputes much of the evidence for infection and tumour recurrence,
stating that most of the evidence is retrospective and that analysis of prospective,
randomised, controlled trials show very little difference between those transtused
and those not transfused. He suggests that differences are due to retrospective trial
design and that immunomodulation occurs secondary to the variables that lead to
the transfusion and not as a result of the transfusion itself. This is controversial.

Autologous or leucodepleted blood transfusion

The potential evidence for benefit (in terms of reduced complications) from
leucodepleted or autologous blood is as yet inconclusive. Results are variable but
most seem to support either no difterence or a reduced incidence of infection and
tumour recurrence with leucodepleted and autologous blood.

Blumberg and Heal'! estimate the cost of postoperative transfusion to be on aver-
age $1000-2000 per transfusion (blood cost plus complications of transfusion).
Spending $240 million on leucodepletion annually in the USA could result in
savings of $6—12 billion annually whilst reducing postoperative infections and
tumour recurrence rates.

Haemolytic reactions

An estimated 1 in 250 000—-1 000000 transfusions result in an overt haemolytic
reaction, most commonly secondary to minor erythrocyte antigens. This is almost
certainly an underestimate due to under-reporting and failure to recognise such a
reaction during either surgery or the course of a critical illness at a time when
the signs (hypotension, tachycardia, DIC, pyrexia) can be attributed to a more
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common pathology. The current mortality of 1 per million unit transfusions is
attributable to ABO incompatibility as a result of clerical error in 50% of cases.

ROLE OF ANAEMIA AND TRANSFUSION IN SURGICAL
MORBIDITY

e A retrospective analysis by Carson!? demonstrated a significantly higher
morbidity and mortality in surgical patients with a preoperative Hb of
less than 6 g/dl. This eftect was substantially more significant in patients
with pre-existing cardiac disease and in those who had a larger blood
loss, as might be expected.

e Other studies have shown an increased cardiac morbidity amongst
13,14

anaemic surgical patients with cardiovascular disease.

e Carson' found no increased mortality in 8787 surgical patients down
to Hb of 8 g/dl, amongst whom the presence of cardiac disease had no
bearing on outcome.

e Speiss et al. demonstrated a negative effect of transfusion on outcome,
in patients having coronary artery bypass graft (CABG) surgery.'® This
retrospective study of 2202 patients investigated the effect of Hct values
at entry to intensive care unit (ICU) post-surgery on cardiac morbidity.
The risk of post-CABG MI was increased when ICU-entry Het was
either high (>33%) or medium (25-33%) compared to when ICU-
entry Hct was low (<25%). They also demonstrated a significantly
increased risk of left ventricular dysfunction and mortality in the high
and medium Het groups compared to the low Het group.

e In astudy of vascular surgery patients, Hb levels of 9 g/dl were tolerated
without adverse clinical outcome.!” Patients did not compensate for
anaemia by increased myocardial work, but by increasing O, extraction
in the peripheral tissues.

e Extreme perioperative haemodilution down to Hb of 5g/l in
Jehovah’s Witnesses has shown no decrease in VO,.'® In healthy vol-
unteers, this degree of anaemia appears to be the point below which
DO, becomes inadequate (known as the critical point of DO,), and
accumulation of lactic acid occurs as anaerobic metabolism takes over.

Transtusion seems to be commonly triggered by a certain Hb or Hct level with-
out any evidence of impaired oxygenation of the tissues. An Hb of 10 g/dl has
been traditionally accepted as the level at which Hb should be maintained. In
truth, there is little objective evidence to support this approach and it seems as if
this number has been chosen for little more than the fact that this is a nice round
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number! However, evidence already outlined above may support a more liberal

‘trigger’ for transfusion in those patients without cardiac disease.

BLOOD TRANSFUSION IN ICU

Studies investigating DO, in ICU patients suggest an ideal Hct of 33% to aug-
ment DO,. Dietrich!” studied the augmentation of DO, by red cell transfusion in
volume-resuscitated, non-surgical intensive care patients. He showed neither an
increase in VO, nor a decrease in blood lactate levels in any patient and concluded
that the shock state of their patient group was not enhanced by red cell transfusion.

Impact of transfusion on outcome in ICU patients

A recent prospective, randomised study®” compared a restrictive with a liberal trans-

fusion strategy in 838 general ICU patients:

Those in the restrictive strategy group were transfused at an Hb <7 g/dl
with packed red cells to maintain their Hb at 7-9 g/dl.

Those in the liberal strategy group were transfused with packed red
cells at an Hb <10 g/dl to maintain their Hb at 10-12 g/dl.

Their results are quite striking:

In those patients with an APACHE score less than 20 and in patients
aged less than 55 years (with APACHE more or less than 20), the 30-day
survival was significantly better in those randomised to the restrictive
transfusion strategy.

Amongst patients with cardiac disease, the 30-day mortality was reduced,
but not significantly so, if allocated to the restrictive strategy.

There was a significant decrease in organ dysfunction and cardiac com-
plications in the restrictive strategy group.

It is difficult to ignore the implications of such a large and well-conducted study.

Transfusion and weaning from IPPV

Schonhofer et al.?! demonstrated a decreased work of breathing and
decreased minute ventilation in anaemic patients with chronic obstruct-
ive airways disease (COAD) when transfused from an Hb of 8-9 g/dl
to an Hb of greater than 12g/dl. A similar effect was not seen in
anaemic patients without COAD who were transfused with an identical
strategy.

This work complements case reports by the same authors concerning
patients successfully weaned after transtusion to Hb greater than 12 g/dl.
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However, ‘difficult to wean’ is a multifactorial problem for which many strategies
have been employed, few with evidence to support them. Transfusion to a normal
Hb in such patients remains an unproven strategy.

Erythropoietin therapy

e In view of evidence for a blunted EPO response in the critically ill,
Corwin et al?* studied the transfusion requirements of critically ill
patients receiving recombinant human erythropoietin ({HuEPO) using
critically ill patients not receiving rtHuEPO as their controls. This ran-
domised, controlled, multicentre trial demonstrated a 45% reduction in
red cell units transfused with no measured difference in adverse effects
or outcome.

e Other workers have shown an increased P50 amongst cardiac surgical
patients given rHUEPO.? This favours well in terms of oxygen trans-
port in comparison with the reduced P50 of stored red cells.

EPO therapy is expensive and the benefits are, so far, unproven. However, if it
demonstrably reduces red cell transfusion requirements and avoids the deleterious
effects of transfusion, it may well be a cost-effective therapy for the critically ill
patient.

PRACTICAL GUIDELINES

A major trend in recent years has been greater reluctance to expose patients to the
problems associated with allogenic blood transtusion. This is achieved by:

e Many methods of reducing blood loss during surgery. These are out-
side the remit of this review.

e Accepting lesser Hb than previously. In particular, accepting that 10 g/dl
is an arbitrary goal in many patients.

Some important principles:

e Recommendations by the ASA Task Force on blood component
therapy?* state that transfusion is ‘rarely required above an Hb of 10 g/dI’
and transfusion is ‘almost always indicated when Hb is less than 6 g/dI’.

e The multicentre trial in Canadian ICUs would suggest that a restrictive
policy (i.e. allowing Hbs to drift down to 7—8 g/dl) is safe in ICU patients
and may even be superior (but further studies are needed especially
on different subgroups such as neurosurgical patients).

e Many anaesthetists are applying these principles in the operating theatre
and this is probably safe and appropriate for most patients. Caution
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should still, however, be applied in the elderly and those with cardiac
disease. Few now insist that an Hb of 10 g/dl is a prerequisite for elect-
ive surgery.

e It would also be prudent not to be too willing to accept Hbs of 7-8 g/dl
preoperatively for those patients whose surgery has the potential for
sudden profuse blood loss.

e The ready availability of intraoperative Hb checks is to be encouraged
and will permit more accurate control of blood transfusion.

Opwerall, the majority of practitioners are willing to accept lower Hb in high-risk
surgical and other critically ill patients because of

e concerns re-safety of transfused blood,
e evidence that lower Hbs are safe and may even be beneficial,

e Jlack of convincing evidence of benefits of a liberal transfusion strategy.

Further reading

Supplement on perioperative anaemia. Br | Anaesth 1998; 81: 1-82.

Management of anemia in the critically ill. Crit Care Med 2001; 29: S139-210.
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ADMISSION CRITERIA FOR
HDU AND ICU

The provision of intensive care unit (ICU) and high dependency unit (HDU)

facilities is an important consideration in patient care in acute service hospitals:

The recommendation for provision of ICU beds in the UK is 1-2%.

In 1988 the Association of Anaesthetists of Great Britain and Ireland
(AAGBI) identified 55 hospitals with a designated HDU.

An updated study in 1992/1993 identified only 39 hospitals with an
HDU.'

In 1991, the AAGBI concluded that an intermediate level of acute care
between that provided on an ICU and general ward would be necessary.

In the previous year, the Intensive Care Society of Great Britain sug-
gested that critical care should be viewed as a spectrum ranging from
the recovery room, moving through the HDU and culminating in
the ICU.

The development of intensive care and high dependency care has been driven by
the perception that severely ill patients may benefit from a greater intensity of
medical and nursing care than is usually available at general ward level. The weight

of clinical opinion supports the view that intensive care improves the survival of
critically ill patients (or those at risk of becoming critically ill). The distinction
between a patient requiring ICU and a patient requiring HDU is complex.

Recent proposals by the Department of Health? recommend that the existing div-
ision into high dependency and intensive care based on beds should be replaced
by a classification that focuses on the level of care that individual patients need,
regardless of location.
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They suggest the following levels of care:

Level 0 Patients whose needs can be met through normal ward care in an
acute hospital.

Level 1 Patients at risk of their condition deteriorating, or those recently
relocated from higher levels of care, whose needs can be met on
an acute ward with additional advice and support from the criti-
cal care team.

Level 2 Patients requiring more detailed observation or intervention
including support for a single failing organ system or post-operative
care and those ‘stepping down’ from higher levels of care.

Level 3 Patients requiring advanced respiratory support alone or basic
respiratory support together with support of at least two organ
systems. This level includes all complex patients requiring sup-
port for multi-organ failure.

The review recommends that all acute hospitals carrying out elective surgery must
be able to provide level 2 care. They should either have level 3 care available on
site or they should have protocols in place to arrange suitable transfer. Hospitals
admitting emergencies should normally have all levels of care available, although in
a limited number of cases, protocols may be agreed for safe transfer to an adjacent
hospital for level 3 care.

One of the important uses of an HDU is its role as a ‘halfway house’ between the
general ward and the ICU. This means that it would provide a service for the care
of patients who have improved after a stay in the ICU but who are not yet well
enough to be transferred back to the ward. Furthermore, an HDU provides
a halfway stage for those patients who may subsequently need ICU treatment
following clinical deterioration on the general ward. Early intervention and pro-
vision of HDU facilities may prevent subsequent ICU admission or favourably
influence length of stay in hospital, long-term prognosis, and ultimate survival:

e On a general ward in a hospital without a HDU, up to 13.5% of patients
may benefit from high dependency care.’

e Many such patients are consequently treated on the ICU; so fuelling the
demand for intensive care services.

e Research also suggests that establishing an intermediate level of care
reduces ward mortality rates by 25% and cardiac arrests by 39%.*

The availability of an HDU will thus optimise patient care by
e maintaining the quality of critical care,

e protecting ICU beds for those who need them,
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e improving the care of patients otherwise treated on general wards,
e improving post-operative pain relief,

e allowing a more cost-effective use of available resources.

DIFFERENCES BETWEEN ICU AND HDU

‘Graduated patient care’ is a concept which allows stratification of patients accord-
ing to clinical dependency into those who

e should be admitted to an ICU for the management of single or multiple
organ failure,

e should best be treated in a HDU.

Intensive care appropriate for High dependency care
appropriate for

Patients requiring or likely to require ~ Patients requiring support for a single
advanced respiratory support alone. failing organ system, but excluding those
needing advanced respiratory support.

Patients requiring support of two or Patients who can benefit from more
more organ systems. detailed observation or monitoring than
can safely be provided on a general ward.

Patients with chronic impairment of  Patients no longer needing intensive
one or more organ systems sufficient  care, but are not yet well enough to be
to restrict daily activities and who returned to a general ward.

require support of an acute reversible

failure of another organ system. Post-operative patients who need close

monitoring for longer than a few hours.

Inappropriate admission

Apart from considerations of cost, inappropriate use of critical care facilities has
other implications.’ The patient may experience unnecessary suffering and loss of
dignity. Relatives may also have to endure considerable emotional pressures. In
some cases, treatment may simply prolong the process of dying or sustain life of
doubtful quality, and in others the risks of interventions may far outweigh any
potential benefits. To ensure a humane approach to the management of the critically
ill and that limited resources are used appropriately, it is important to identify those
patients who are most likely to benefit from intensive care and high dependency
care, and to withhold or limit treatment when there is no prospect of recovery.
It is also important to avoid admitting those who will make a good recovery

without needless iatrogenic intervention.®
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A patient’s stated or written preference against intensive care should also be taken
into account. Patients or their legal surrogates have the right to control what
happens to them. Informed, rational and competent patients therefore have the
right to refuse life-sustaining treatment. In addition, patients do not have the right
to demand life-sustaining treatment when the clinician considers it inappropriate.'”

As high mortality rates in the ICU and soon after discharge contribute significantly
to the high costs of intensive care, this is a further reason why efforts to contain
costs should concentrate on selecting patients with a reasonable chance of survival.”
In practice, however, it is not usually acceptable to deny critically ill patients admis-
sion to intensive care, even when there is very little prospect of recovery from the
acute illness:

e The long-term prognosis can be unpredictable and it is often difficult
to make a precise diagnosis on initial assessment and the only appropriate
course will be to admit the patient and assess the response after an appro-
priate period.

e A recent study comparing the costs of treating survivors with those for
non-survivors estimated that the costs of treating non-survivors were
approximately three times greater than those of survivors.”

e It is therefore important that the best use is made of intensive care
resources and that, as far as possible, the most appropriate group of patients
is admitted.

e Patients who can be expected to receive sustained benefit from intensive
care in terms of quality and length of life should be admitted.

e All decisions should be made jointly by the patient/family, the intensive
care team, and the referring team.

It was previously considered rational to deny admission to the critical care unit on
the grounds of old age. Some elderly patients may have little or no chance of return-
ing to an independent existence and there is evidence that age can affect long-term
survival.” It appears, though, that physiological age is more important than chrono-
logical age in determining survival and that a careful assessment of the patient’s pre-
existing physiological reserve and co-morbidity, physical independence and social
circumstances provides a better indication of the likely benefits of intensive care.!”
Limited physiological reserve is known to be an important determinant of mortal-
ity!! and intensive care cannot replace lost reserve or reverse chronic ill health.

SUGGESTED ADMISSION CRITERIA FOR HDU AND ICU

Studies looking at the demand for HDUs have used various medical and surgical
criteria for admission to the HDU and ICU.!'>!® The lists below represent the
minimum criteria as used in some of these studies. The indications for admission
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may overlap with services provided by the renal unit, the thoracic HDU and the
coronary care unit.

Medical criteria for admission to HDU
1. Respiratory
(a) Patient requiring more than 40% oxygen on a fixed concentration mask.

(b) Patient with an unstable respiratory condition likely to progress to a deteri-
oration classified in (a) or uncontrolled respiratory failure.

(c) Recently extubated patient (within last 6h). These patients would have
been discharged from ICU.

(d) Tracheostomy in situ requiring nursing attention more frequently than
2hourly. These patients would have been discharged from ICU.

(e) Intubated patients with no mechanical ventilatory support required through-
out day or night.

(f) Patient requiring the provision of continuous positive airway pressure (CPAP),
intubated or unintubated.

(g) Patient with minitracheostomy or similar device in situ requiring attention
including physiotherapy at least 2 hourly.

2. Cardiovascular

(a) Patient with a potentially unstable cardiovascular function requiring:
(1) continuous ECG monitoring; (2) central venous pressure (CVP) moni-
toring; (3) an arterial line in situ for beat to beat pressure monitoring.

(b) Patient with an unstable cardiovascular function or haemodynamic status
due to haemorrhage — from whatever cause, including post-surgery gastro-
intestinal bleeding potentially uncontrolled by peripheral fluid replacement.

(c) Patient with labile blood pressure (due to (b) or any intrinsic cause).

(d) Patients requiring inotropic infusion.

3. Renal
Patients at risk from developing renal failure, e.g. oliguria, in the post-operative
period.

4. Pain

Patients whose pain control could not be safely managed in the ward because
of pre-existing disease.
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Surgical criteria for admission to HDU

(a) Patient following surgery of an unexpected duration greater than 4 h.

(b) Patient following surgery incorporating unexpected blood loss greater than half
the circulating blood volume.

Criteria for admission to ICU

(a) After surgery, patients requiring ventilation or who are haemodynamically
unstable.

(b) Patients requiring mechanical ventilation from any cause.
(c) Treatment of metabolic encephalopathy.

(d) Patients requiring treatment of acute renal failure such as extracorporeal renal
replacement therapy and who cannot be managed on the renal unit.

(e) Patients requiring resuscitation and optimisation before surgery.

Severity scoring indices, the best known of which is APACHE, are useful clinical
tools in predicting probable outcome and in measuring the severity of a patient’s
condition. They are valuable for predicting the probability of outcome for a
cohort of similar patients but not for an individual.'* Kilpatrick ef al.' studied
admissions to a general ICU and found that 40% of patients were admitted with a
predicted risk of mortality of less than 10% using the APACHE score. They sug-
gest that patients with a low mortality risk might be better managed on an HDU.
Although such scores will continue to be an important adjunct to clinical deci-
sion-making and frequently bear out the initial predicted outcome, they are insuf-
ficient as a basis for determining admission (or discharge). Indeed, most methods
rely on data collected during the first 24 h of intensive care. In addition, there are
inevitably some patients whose death or survival difters from the model’s predic-
tion and this invalidates their use as the only basis for deciding on admission (or
refusal) for intensive care or high dependency care.

With regard to surgical patients, the selection of patients most likely to benefit from
admission to the HDU varies between units and mainly follows local practice.
Many of these patients are short stay but require careful observation in the imme-
diate post-operative period. Admission criteria relate mainly to the risk of the
operation being performed, the patient’s age, the severity of the patient’s illness, and
the need for close post-operative observation. Obviously, patients of advanced age
undergoing major surgery commonly pose this combination of circumstances. The
risk scoring methods of APACHE II are reliable in the ICU but are not appropri-
ate for HDU. POSSUM scores are a very useful indication of operative morbidity
and mortality and may well be a better choice in the HDU.!® However, it does not
address the problem of assessment of surgical patients who do not require surgery.
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The severity of critical illness and the high expense of providing critical care
emphasise the importance of guidelines on admission and discharge. Appropriate
admission guidelines are especially important given that there is some evidence
and opinion to show that patients are admitted to intensive care by necessity in the

absence of other, more appropriate, facilities such as high dependency care:'®

e It would seem that medical and nursing opinion is still the most reason-
able way to select patients for HDU care.

e The use of selection criteria for ICU admission has not developed
sufficiently and is controversial.

e Admission criteria would not be identical between hospitals as many
hospitals have different categories of patients requiring treatment.

e It is equally important to allow admission criteria to evolve to meet the
needs of a changing patient population.

COMPREHENSIVE CRITICAL CARE

Management of surgical patients has become more complex now, as the patients
are older and sicker. Developments in the field of surgery and anaesthetics have
lead to more complex therapies and operations:

e These patients are more dependent on pre-operative optimization and
post-operative care.

e At the same time there has been a reduction in the number of nursing
staff in general wards due to recruitment problems.

e Added to this is the reduction of junior doctor working hours, which
has lead to the shift system.

e There is loss of continuity of care, reduced working relationship between
junior doctors and nurses.

All this leads to breakdown of communication that is vital in the care of the high
risk patient.

Thus, we have patients with limited physiological reserve, who are vulnerable to
sudden deterioration, which if not promptly treated can lead to catastrophy.

® Recent studies have shown that 40% of ICU admissions are potentially
avoidable and about 55% of patients admitted to ICU had sub-optimal
care prior to admission to the ICU.

e It was also shown that patients who were appropriately treated in the
wards prior to ICU admission fared better.
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e The difference in ICU mortality between the groups treated appro-
priately — 35% and those with sub-optimal care — 56%, is highly
significant.

e The 1993 NCEPOD report showed that two-thirds of peri-operative
deaths occurred 3 or more days after surgery — in the ward, with cardio-
pulmonary complications.

This highlights the principle ‘prevention is better than cure’. Numerous studies
have shown that there are premonitory signs and symptoms before the patients
deteriorate catastrophically.?’ The aim should be to identify ‘at risk’ patients,
establish appropriate monitoring and develop a system of ‘red flag’ to identify
derangements of physiology so that there can be appropriate corrective measures.

In April 1999 the Department of Health established a review of adult critical care
services. The expert group came up with the idea of ‘comprehensive critical care’,
which is a new approach to patients based on the severity of illness. It recom-
mends that the doors of intensive care should be opened up to export critical care
skills beyond the ICUs to any area within the hospital where such skills are
needed. This is the fundamental concept of critical care outreach. This outreach
service has three main objectives:?!

e to avert admission to ICU,
e to enable discharges from ICU,
e to share critical care skills with doctors and nurses in the wards.

The obvious first step, to avert admission to ICU, is for the ward staff looking after
patients (at level 1 and 2 as discussed previously), to realise who is at risk of becom-
ing critically ill. It is difficult to give an exhaustive list of patients who should be
considered as ‘at risk’, but the following are commonly quoted by many outreach
services as a good guide. They include:

e elderly patients,

e patients admitted as emergencies until stable,

e patients with pre-existing diseases,

e patients whose acute illness is particularly severe,
e patients who fail to progress after treatment,

e patient following ICU discharge,

e patients with decreased level of consciousness,

e patients needing massive blood transfusion.
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THE EARLY WARNING SCORE FOR SURGICAL PATIENTS?2

e The Early Warning Score was developed at the James Paget Hospital,
Great Yarmouth, UK to aid the early recognition of patients at risk of
becoming critically ill.

e It has been developed further at Queens Hospital, Burton-on-Trent
resulting in the Modified Early Warning System (MEWS). Urine out-
put was added to the early warning score to obtain the modified early
warning score.

e Essentially the system is a tool, which enables ward-nursing staft to
combine their routine observations to produce an aggregate physiologi-
cal score.

e This dynamic scoring system is used to target appropriate help and
treatments to the right patients at the right time.

e If the score remains persistently high then the critical care team may
have to be involved.

Other similar ‘physiological police’ groups in various countries are: the medical
emergency team; the patient at risk team and the critical care liaison service. The
input from these teams may prevent an admission to the ICU and when admission
becomes necessary it will be at an earlier stage of the patients illness.

Generally a MEWS score of >3 is a trigger to call for senior help. Respiratory
rate scores one or more in 97.5% of the observations in patients who have a total
MEWS score > 4, making it the most sensitive indicator of a deteriorating patient.
In comparison, temperature seems to be the least sensitive indicator, scoring > 0
in only 7% of the observations (table 16.1).

Table 16.1 - The modified early warning score (MEWS).

Score
3 2 1 0 1 2 3
Respiratory rate <8 9-14 15-20 21-29 > 30
Heart rate < 40 40-50  51-100 101-110 1m1-129 > 130
Blood pressure (%) > 45 30 15 Normal for 15 30 > 45
patient

Central nervous Alert Responds  Responds Unresponsive

system to voice to pain
Temperature < 35.0 35-38.4 > 38.4
Urine (ml/kg/h) <05 <1 >3
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ALERT

The other major aspect of the comprehensive critical care is to take the skills of the
intensive care to the wards. To this effect the ALERT (acute life-threatening events —
recognition and treatment) course is being implemented in many NHS hospitals.
This course, run by a mutidisciplinary team led by intensivists is aimed at nurses in
general wards and PRHO:s. It is a 1-day course in acute care similar to the ACLS
and ATLS, designed specifically to address the high level of sub-optimal ward care.
It focuses on the anxieties of ward nurses and PRHOs and the areas of perceived
weakness in the management of acutely ill patients and emphasizes on the recog-
nition and early management of sick patients. It sets out a simple assessment and
management system that is applicable to everyone.*

MEWS with the recently commissioned ALERT course should be able to identify
at risk patients and provide a quantitative, objective and dynamic indication of the
patient’s status. Like the GCS the MEWS score can be used for better communi-
cation between staff. It also helps the nursing staft’ and junior doctors to pick up
the sick patients at an early stage of their physiological derangement and implement
appropriate therapy. This lead time (similar to the golden hour in acute trauma) in
the management of patients should decrease the necessity of ICU/HDU admission
of patients.
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THE MEANING OF RISK

e Risk is usually defined as a hazard of loss, or alternatively as the prob-
ability of incurring a bad consequence, or misfortune. It is implicitly
negative and is suggestive of a potential danger or hazard and thus is
associated with loss and not gain.

e In 1983 the Royal Society defined risk as ‘the probability that a particu-
lar event occurs during a stated period of time or results from a particu-
lar challenge’. They defined a hazard as a situation that could lead to
harm. The chance or likelihood of this occurring is its associated risk.!

e Itis widely recognised that individuals tend to evaluate risks, not solely
on statistical data but on many other subjective qualitative aspects of
risks. It is also evident that the assessment and perception of risk is
subconscious, subjective, personality dependant and fails to follow any
rational or methodical pattern.”

IDENTIFYING RISKS

e Identification of the common potential hazards is not usually a problem
but it may be difficult to recognise rare complications particularly with
newly introduced drugs or if there is long lead-time between a treatment
and a complication.

e The timing of any adverse outcomes can have significant effect on the
way a particular risk is perceived. Early complications, for example, often
have a greater impact than those that are delayed which tend to have a
diminished perceived risk value.

e The duration of any adverse outcome can also affect risk perception.
Something that is transient like post-operative pain will obviously have
less impact than something more permanent in nature like death or dis-
ability. Furthermore, those complications that are easily treated tend to
have downgraded perceived risk severity values.
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PERCEIVING RISK

Many previous studies on risk perception have attempted to characterise those
aspects thought relevant to the way we evaluate risk. The main criteria of risks that
consciously and subconsciously contribute to the way risks are perceived include:

® magnitude,

e severity,

e vulnerability,
e controllability,
e familiarity,

e acceptability,

e framing effect.

Risk probability or magnitude

e The current accepted method of expressing risk probability or magnitude
of an adverse outcome is in terms of the mathematical probability of an
adverse event occurring.

e Estimates of clinical probabilities are usually based on their frequency
of occurrence in previously published studies. Risk probabilities quoted
need to be interpreted with caution as accuracy requires large sample
sizes, and patient populations studied in other countries may not be
applicable to our own.

e No matter what the actual probability value is, various factors can influ-
ence how large, significant or inevitable a risk is perceived to be.

Distortion of the magnitude of risk can be due to two difterent types of error known
as availability and compression bias.

Availability bias (also known as exposure or publication bias) is an overesti-
mation of risk to over exposure or publicity of usually rare, catastrophic or dramatic
events. Probabilities of events are up or downgraded according to the ease with
which instances of similar events can be recalled:

e Thus rare events are more likely to be sensationalised and are therefore
perceived to be more common than they actually are and conversely,
common events are less dramatic, less sensational and therefore under-
estimated.

Information availability on a hazard can affect risk perception: for example, wide-
spread media coverage of airline crashes increases public anxiety about the risks of
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airline transport when compared to car travel which is vastly more dangerous in
terms of fatalities per kilometre travelled.

Compression bias occurs because of the vast ranges that probabilities can span;
patients overestimate small risks and underestimate large ones. It is difficult to
communicate and comprehend rare risks:

e Thus people underestimate the risk of mortality in travelling by bicycle
and overestimate the mortality risk of train travel.

Risk severity

This is subjective and perception dependant. The worst outcomes are death or
disability and these obviously have the greatest impact on risk perception.

One mathematical concept used in the past as an attempt to analyse processes
involved in risk perception, was to compare different risks using expectation value,
which is calculated as the product of probability and severity:*

Expectation value = probability X severity.
This is obviously only of use if one can assign a numerical value to severity.

However, it is a considerable oversimplification of the issues we consider when
evaluating a risk for ourselves:

e For example, risks with a very low probability but high severity, for
example death or disability, are perceived worse than risks with a higher
probability and less severe outcome that have the same expectation
value.

Furthermore, it can be very difficult to assign realistic representative numerical
values for severity of outcomes that are subjective and perceiver dependant.

Vulnerability

Vulnerability is the extent to which people believe an event could happen to them
or alternatively is the degree of immunity one possesses to a risk. Generally we
tend to exhibit unrealistic optimism and a feeling of immunity or invincibility so
people tend not to behave cautiously. Feeling invulnerable, we underestimate or
downgrade our own risk but overestimate the risk to others:

e For example, one might fear more the catastrophic but rare risk of
nuclear accident than the common but minor risk of passive smoking.

Controllability

The possibility of something adverse happening that cannot be controlled
magnifies the perceived severity of the risk; we like to be in control; if we can
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exert some element of control then we feel we can exert influence and minimise
the chance or even prevent the event from occurring. The perception of being in
control or having choice downgrades the perceived severity of the risk:*

e For example, major risks may be faced regularly (for example, with
smoking or hang-gliding) particularly if individuals deem themselves
invulnerable risk-takers and perceive that they are in control of the risks
which they could avoid if they so wished.

e For example, we are often faced with the necessity of travelling from A
to B with certain time constraints forcing the use of a particular mode
of public transport offering no other options. Be it flying, rail travel, or
the motorcar most of us accept the risks associated partly through
necessity and partly through the perception of being in control and
exerting some kind of choice.

We are much more willing to accept higher risk levels if they are undertaken
voluntarily than if they are imposed.

On the other hand, involuntary or imposed risks are significantly less acceptable or
tolerable:

e For example, risks from passive smoking, or air pollution; the lack of
control incites resentment.

Familiarity

Familiarity of exposure and overconfidence of the extent and accuracy of our
knowledge desensitises us to risks, whereas unfamiliar risks incite a greater degree of
fear or dread. This distortion is defined in risk terminology as miscalibration bias.

Acceptability or dread

Individual attitudes, upbringing, economic situations, and cultural setting, signifi-
cantly affect this concept of fear or dread:

e The loss of a lower limb, for example, might impose greater fear in a
professional footballer than an office worker.

® More graphically being eaten alive by great white shark usually embodies
far greater dread than being killed by road traffic accident, even though
the final outcome is the same.

The more different characteristics there are embodied in a hazard, the more likely
individuals’ risk assessments will differ. However likely, severe, controllable, or
familiar, acceptable the risk seems and however vulnerable or immune the individual
feels will all depend upon a variety of personal experiences and upon the cultural
context within which the perceiver operates.
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Framing effect or framing bias
This is how difterences in the presentation of risk information can affect perception.

Simply providing risk information on its own is insufficient to change behaviour,
but factual information presented effectively can help achieve this:

e In other words, it not what is presented but how risk is presented that
can have the greatest effect on risk perception and thereby influence
behaviour.

It is well recognised that differences in the presentation of risk information can
strongly affect the perception of risk in both lay people and doctors and thereby
influence decision making.”> The order in which one chooses to discuss the
advantages or disadvantages of an intervention may have an impact on a patients
perception and final decision and may be one of the many ways in which clinicians
can sway patients final decision on the acceptability of treatments:

¢ For example, emphasising positive aspects before discussing the risks may
be more likely to persuade an individual to accept a particular therapy.

e Furthermore, adding emphasis to the positive aspects results in a greater
uptake; a therapy reported to be 60% effective would be evaluated
more favourably than by reporting a 40% failure rate, even though the
two statements are objectively equal.

e Similarly a treatment with 10% mortality will be better received if
phrased as having 90% chance of survival. This is known as positive
framing.’

COMMUNICATING RISK LEVELS

At present there is no universal accepted method for the presentation of probability
information in a format that is readily understood. We have yet to find a format
that conveys population risk data into clinical risk information that is readily
understandable by the individual.®

Because the range of probabilities when expressing risk can be extremely large,
and because risk probability data is often only accurate to within an order of
magnitude, integer logarithmic scales are often used as a way of presenting risk
magnitude information in a more manageable format.

A number of different integer logarithm based risk scales have been suggested by
various authors in verbal, numerical and graphical formats:

e Examples of logarithmic scales in everyday use include the Richter scale
for earthquake magnitude, the pH scale for hydrogen ion concentration
and the decibel scale for sound intensity.
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Table 17.1 - Easily understood risk scales.

Risk level 1 in... Calmans verbal Calmans descriptive Community cluster
scale terms 1 person in a...

1-9

10-99 High Frequent, significant Family

100-999 Moderate Street

1000-9 999 Low Tolerable, reasonable Village

10 000-99 999 Very low Small town

100 000-999 999 Minimal Acceptable Large town

1 000 000-9 999 999 Negligible Insignificant safe City

e All the numerical scales are extremely limited in their use for conveying
risk magnitude particularly to the layperson; big numbers are simply
being substituted for smaller numbers with a similar lack of meaning.

e On the other hand Calmans verbal scale? and his descriptive terms, or the
community cluster classification’ are much more useful because of their
validity and relevance to the layperson. This is illustrated in table 17.1.

e Others have suggested using the National Lottery and the probabilities

of the various winning ball combinations as a scale of risk that might be

more understandable to the lay person:®

1in 57 = 3 balls, 1in55491 = 5balls, 1in 13983816 = 6 balls,
11in 1032 = 4 balls, 11in 2330636 = 5 balls + bonus.

WHAT IS HIGH RISK?

Graphical risk ladders have even more impact and meaning when individual
examples of clinical risks are displayed alongside examples of every day risks that
are readily accepted on a daily basis” (figure 17.1):

e Recently the 1:100 000 risk level was deemed minimal or even acceptable’
and suggested a risk level of less than 1:1 000000 as being ‘safe’.

e Examples of risks below this ‘acceptable’ frequency of 1:100 000 include
the risk of death by murder in 1 year at 1: 100 000 and the risk of death
by railway accident at 1:500 000.

It is enlightening that many of us unwittingly accept the risk of death by road
traffic accident in 1 year at 1 in 8000'” on our daily journeys to and from work.

e This level of risk below 1 in 1000 is deemed “tolerable or reasonable’ 2

Some workers however, strongly believe that there is no single level of risk that
is universally acceptable.* For example, some individuals will choose what they
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Everyday risks
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Figure 17.1— Risk ladder relating anaesthetic risks to everyday risks (reproduced with permission

from Ref. 10).
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perceive to be the best alternative for them, and the risk associated with that
choice must therefore be acceptable to them. In other words, risk magnitude can
often have secondary importance to other subjective criteria involved in the
perception of risk.

RISK-BENEFIT ANALYSIS

Risk benefit analysis involves a full assessment of risks and comparing and balan-
cing this with the potential gain.

It is a perception dependant process that is particularly reliant on an individual’s
analysis of those advantages and disadvantages of accepting a particular hazard for
the chance of a particular gain.

The mnemonic BRAN offers a useful approach when assessing the risks of a
course of action and includes the Benefits, Risks, Alternatives, and what would
happen if you did Nothing!

What are the Benefits?
e Identify the benefits.
e Assess the likelihood of benefit.

Assess the perceived value of the benefit.

e How soon could benefit occur.

Is the benefit permanent or temporary.
What are the Risks?
Identify the risks.

Assess the likelihood or probability of risk.

Assess the perceived value of the risk.

e  How soon could the risk occur.

Is the risk permanent or temporary.
What are the Alternatives?
What if you do Nothing?

The BRAN approach may be useful in anaesthetic practice. However, one
must know what the risks are before this can be applied to discussions with and
management of individual patients.

In the year 2000, the risk of dying in the first 28 days following emergency
and non-emergency surgery in the UK was 1 in 25 and 1 in 200, respectively.'!
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Table 17.2 - Examples of the risks of surgery in the UK.

Statistic Incidence (%) Risk
30-day mortality following cardio-oesophagectomy 10 1in 10
30-day mortality following fractured neck of femur 9.07 TinM
30-day perioperative mortality - emergency surgery 3.87 1in 25
30-day perioperative mortality - non-emergency surgery 0.48 1in 200

Transposing these figures to the risk ladder in figure 17.1 shows that the risks of
undergoing a surgical procedure are not insignificant (table 17.2).

Patient’s (and indeed clinical staff’s) perception of risk is influenced by many
factors and understanding of probabilities and percentage chances of significant
complications is poor.
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ABC system, resuscitation 89
abdomen
abscesses 175
compartment syndrome 183—184
pain 59-60
sepsis 173
surgery
gastrointestinal 165-178
respiratory risk 32 (Table)
ABO incompatible blood transfusions,
mortality 220
abscesses, percutaneous drainage 175
acceptability
risk levels 244
treatments 243
accident and emergency departments,
patients from 77
acidosis 96-97
aortic aneurysm surgery 160
activated neutrophils, reperfusion injury
prevention 162
acute pain services (APS) 51-52
techniques 56-57
acute renal failure 179-195
renal support 192-194
acute tubular necrosis 180
Adamkiewicz, artery of 158
adenosine, stress testing 21
admission, analgesia 56
admission criteria, HDU and ICU 227-237
adrenaline

hypertrophic cardiomyopathy 207

local anaesthesia 70, 72—73
peri-operative optimisation 122
adrenaline (endogenous), ageing 106
adrenal suppression, etomidate 84
adult respiratory distress syndrome, ketamine
88
aeroplane crashes, availability bias in risk
perception 240-241
afterload
aortic regurgitation 145
mitral stenosis 147
afterload mismatch, aortic stenosis 143
ageing 101-106
by aortic aneurysm surgery 154
see also elderly patients
airflow obstruction, value of testing 34
airways
aspiration prevention 168
elderly patients 103-104, 112
management 82-83
manipulation and haemodynamics
136
patient transfer 78
albumin, ageing 107
aldosterone, ageing 105
ALERT course 236
algorithm controlled opioids 57
ambulatory electrocardiographic monitoring
18-19, 24,203
American College of Cardiologists,
ACC/AHA guidelines, pre-operative
assessment 13-15
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American College of Physicians, pulmonary
function testing 36
American Heart Association, ACC/AHA
guidelines, pulmonary function
testing 13-15
American Society of Anesthesiologists
ASA status classification 9-10, 30, 46
task force on blood transfusions 222
aminoglycosides, renal failure 184
anaemia 215-255
anaesthetic agents 83—88
see also inhalational anaesthetic agents;
local anaesthetic agents; specific drugs
anaesthetic rooms 89
anaesthetists, competence and clinical risk 2
analgesia 51-63
elderly patients, post-operative 113-114
thoracic surgery 60
anastomoses, gastrointestinal surgery
169-170, 176
anatomical site of surgery
analgesia 58-61
respiratory complications and risk 32-33,
173
pain 53
aneurysms, aorta 153—-154
angiography
coronary 24-25, 130, 203
mitral regurgitation 147
angioplasty, coronary 24,25, 131, 205
angiotensin converting enzyme, clinical
risk and 3
angiotensin converting enzyme inhibitors
132
renal failure 184
angiotensin receptor antagonists 132
animal studies
ketamine 87, 88
thiopentone 87
antacids 168
anterior resection, bowel anastomoses 169
antibiotics, renal failure 184
anticoagulants
epidural anaesthesia and 54, 61
prosthetic heart valves 208-209
regional anaesthesia 66—68
antihypertensive drugs 6, 206
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antitachycardia devices 210211
aorta, surgery
emergency operations 17, 153-164
Goldman’s Cardiac Risk Index 10
pulmonary artery catheters 91
see also cross-clamping
aortic regurgitation 8, 141, 144-146, 208
aortic stenosis 141, 142—-144, 208
clinical risk 7-8
epidural anaesthesia 60, 144
APACHE scoring systems 13, 232
aprotinin, renal failure 184
APSs see acute pain services
arbitrator/coordinators, emergencies 43
arbutamine, stress testing 20-21
arginine, immune system stimulation 172
arrhythmias 209-211
adrenaline 73
clinical risk and 8
local anaesthetic agents 69
valvular heart disease 142
arterial blood gas analysis
aortic aneurysm surgery 159
pre-operative 37
aortic aneurysm surgery 155
arterial lines 90
aortic aneurysm surgery 156
arterial oxygen content, anaemia 215
arteries
of Adamkiewicz 158
ageing 102
arteriovenous fistulae, regional anaesthesia
73-74
artificial heart valves 208-209
ASA status classification (American Society
of Anesthesiologists) 9-10, 30, 46
aspiration risk, gastrointestinal surgery
167-168
aspirin
platelet function 67
pre-operative 131-132
regional anaesthesia 67, 112
asthma
clinical risk 32
coronary vasodilators 21
atherosclerosis 108
cardiac risk 4
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atracurium, respiratory risk 33
atrial fibrillation, mitral stenosis 147
atrial natriuretic factor 192
ageing 105
atropine, dobutamine stress echocardiography
22
audit, NCEPOD on 47-48
Austin Flint murmur 145
Australian Working Party group (NHMRC),
epidural anaesthesia 54
autologous blood transfusions 219
aortic aneurysm surgery 161
autonomic ganglia, local anaesthetic agents
69
autopsy see post-mortem review
availability bias, risk assessment 240-241

bacterial endocarditis prophylaxis 209
bacterial infections, blood transfusion risk
218
bactericidal permeability increasing protein
218
balanced analgesia see multi-modal analgesia
balloon pumps, intra-aortic 133, 211
balloons see pulmonary capillary wedge
pressure
balloon valvuloplasty 208
basal metabolic rate, ageing 106
benefits vs risks 246-247
B,-adrenoceptors
ageing 102, 105, 106
dopexamine 122
B-adrenergic blockers
emergency surgery 206
hypertension 7
intra-operative myocardial ischaemia 137
pre-operative 131, 132, 205
biases, risk perception 240-243
bicarbonate, rhabdomyolysis 187
blood flow
cerebral, ageing 106
coronary arteries 134
anaemia 217
kidney see renal blood flow
blood gases see arterial blood gas analysis
blood loss

epidural anaesthesia 72

hypothermia 81
transfusion for 93-94
see also haemorrhage
blood pressure
warning of deterioration 235 (Table)
see also hypertension; hypotension
blood (product) transfusions 93-94, 217-223
aortic aneurysm surgery 159, 161
confounding fluid therapy studies 91-92
gastrointestinal surgery 170-171
haemolytic reactions 219-220
NCEPOD recommendations for 43
bone marrow depression 216
bowel cancer surgery, surgeons as risk factor
1-2
bowel obstruction 175
aspiration risk 167
nitrous oxide 168
brachial plexus block 59
for arteriovenous fistula 73
bradycardia, ‘paradoxical’ 95
BRAN approach, risk-benefit analysis
246247
bronchospasm
coronary vasodilators 21
prediction by pulmonary function testing
34
surgical risk 32
bupivacaine, epidural anaesthesia 57

patient-controlled 58

calcium channel blockers 192
pre-operative 131, 132
Calmans verbal and descriptive scales, risk
communication 244
cancer recurrence, blood transfusions
170-171, 219
capacity limited drugs, ageing 107
capillaries, anaemia 216
cardiac arrest, acute renal failure after 182
cardiac enzyme measurement 211
cardiac glycosides, digitalis 206
cardiac index
peri-operative optimisation 120, 122
peri-operative risk 118
cardiac output
ageing 102

251



INDEX

cardiac output (contd)
anaemia 216
aortic aneurysm surgery 160
dopamine 191
peri-operative risk 118
renal failure 185
cardiac risk 4-25, 129, 199-200
cardiac surgery
haemofiltration trial 193
renal failure 182-183
cardiogenic shock 94
cardiology 199-214
see also heart
cardiomyopathy 207
epidural anaesthesia 60
cardio-oesophagectomy, risk 247 (Table)
cardiopulmonary bypass, renal function 187
cardiopulmonary reserve, cardiac risk 4
carotid endarterectomy, local anaesthesia 73
cell savers, blood transfusions 161
central nervous system
ageing 105-106
dialysis 193
local anaesthetic agents 68—69
thiopentone 83-84
see also neurological injury; neurosurgery
central venous catheters 90
aortic aneurysm surgery 156
valvular heart disease 142
central venous pressure 90
cerebral blood flow, ageing 106
Chagas disease, transfusion risk 218
Charing Cross protocol, renal failure
prevention 189
children, NCEPOD recommendations for
43
chloride, metabolic acidosis 97
chronic obstructive pulmonary disease
blood transfusions and 221
clinical risk 32
Clinical Negligence Scheme for Trusts, on
training 45
clinical volume, vs risk 1-2
clinician-based patient assessment, clinical
risk 17-18
clonidine 56, 70-71
closing volume (lungs), ageing 103
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coagulation defects
aortic aneurysm surgery 159, 161
hypothermia 81, 82
regional anaesthesia 66—68
see also anticoagulants
cocaine 69
colloids 91-92
aortic aneurysm surgery 155
renal failure 184-185
colon, perforation 176
colorectal surgery
Possum score performance 13
surgeons as risk factor 1-2
communication
decisions to operate 46
failure 234
NCEPOD on 44-45
of risk levels 243-244
community-acquired acute renal failure 182
community cluster classification, risk
communication 244
compartment syndrome, abdomen 183-184
compliance (lungs), ageing 103
comprehensive critical care 234
compression bias, risk perception 241
computed tomography, NCEPOD
recommendations for 43
computerised ST segment monitoring 137,
211
conduction defects 209-211
ageing 102
congenital heart disease 209
consciousness, level of, warning of
deterioration 235 (Table)
consent
elderly patients 112
post-mortem examinations 48
see also patient refusal
consultants
NCEPOD on 43—44
see also senior help requests
consultation, NCEPOD on 44
continuous venovenous haemofiltration
192-194
contrast media
acute renal failure 182, 184, 187, 188
dopamine and 191
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controllability, risk perception 241
coordinators (arbitrator/coordinators),
emergencies 43
coronary angiography 24-25, 130,
203
coronary angioplasty 24, 25, 131, 205
coronary arteries
ageing 102-103
blood flow 134
anaemia 217
occlusion 127-128
see also myocardial infarction
surgery, anaesthetists’ competence and
clinical risk 2
coronary artery bypass grafting 24, 25
blood transfusions, morbidity 220
pre-operative 130-131
pulmonary artery catheters and 91
coronary artery disease 127-140
clinical risk 5-6
predictors 15, 128-129, 200
elderly patients 110
epidural anaesthesia 54, 137
coronary perfusion pressure 134
coronary revascularisation
non-invasive testing and 6
pre-operative 130-131, 204
recent history of 201, 204
see also coronary angioplasty; coronary
artery bypass grafting
coronary vascular resistance 134
coronary vasodilators, stress testing 21
costs
blood transfusions 219
critical care 230
cough, pain on 53
creatinine clearance
acute renal failure 180, 181
ageing 104
dialysis 193
cricoid pressure 168
critical care
comprehensive 234
outreach 234
pre-operative, NCEPOD on 46-47
see also high dependency units; intensive
care units

cross-clamping of aorta 158-160
renal function 187
unclamping 159-160
crystalloids 91-92
aortic aneurysm surgery 155
renal failure 184-185
cytokines, blood transfusions 218-219

decisions to operate 46

defibrillators, implanted 210-211

dehydration, elderly patients 110

Department of Health, levels of care
227-228

desflurane 86

dextran

haematoma risk in epidural anaesthesia 68

renal failure 184
diabetes mellitus, clinical risk and 8
dialysis

intermittent 192-193

see also arteriovenous fistulae
diamorphine

epidural anaesthesia 57

patient-controlled 58

intravenous 56
digitalis 206
2,3-diphosphoglycerate

anaemia 216

stored blood 217
dipyridamole, stress testing 21, 23, 24, 202
diuretics, on kidney 184, 187-188, 190
dobutamine

aortic aneurysm surgery 160

aortic regurgitation 145-146

mitral regurgitation 149

pulmonary hypertension 150

resuscitation 94

stress testing 20-21

echocardiography 21-22, 24, 202

dopamine

aortic aneurysm surgery 160

renal protection 190-191
dopexamine 122

aortic aneurysm surgery 160

on kidney 188-189

peri-operative optimisation 121, 122
duration of surgery, respiratory risk 33
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Early Warning Score, critical illness 235
echocardiography
dobutamine stress testing 21-22, 24,
202
left ventricular ejection fraction 23
mitral regurgitation 147-148
NCEPOD on availability 47
see also transoesophageal echocardiography
¢jection fraction
left ventricle 23
mitral regurgitation 148
elastance, lungs, ageing 103
elderly patients 101-116
adrenaline 70
cardiac risk 5
critical care 230
fluid therapy 46, 93, 113
general anaesthesia 111-113
mortality 42
NCEPOD recommendations for 43, 46
regional anaesthesia 74, 111, 112
renal failure 108, 183
respiratory risk 31
statistics 109
elective admission, elective surgery,
NCEPOD definitions 48
electrocardiography
ambulatory monitoring 18-19, 24, 203
exercise stress testing 20, 23-24, 130
peri-operative 211
electrocautery, pacemakers 210
electrolytes, urine, acute renal failure 180
emergencies 77-78
admission, NCEPOD definition 48
analgesia 56
antihypertensive drugs 206
cardiac risk management 201
coordinators 43
coronary artery disease 133
fluid therapy, NCEPOD on 46
mortality of surgery 247 (Table)
operations on aorta 17, 153164
staft availability 45
emergency surgery
‘ASA’ status classification 10
NCEPOD definition 48
risk of 17
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emergency theatres, NCEPOD
recommendations 43
emphysema, pulmonary function testing
36
endocarditis prophylaxis 209
endometrial cancer, North American
Negroes 3
endothelin antagonists 192
enflurane 85, 86
enteral nutrition 172
Entonox 56, 62
enzyme measurement, cardiac enzymes 211
epidural anaesthesia 51, 54, 57-58
aortic stenosis 60, 144
benefits 71-72
complications 61, 66, 73
coronary artery disease 54, 137
elderly patients 112-113
post-operative care 113-114
gastrointestinal surgery 169
opioids 57, 60, 70
patient-controlled, incident pain 61-62
on respiratory complications 173
risk levels 245 (Fig.)
on stress response to surgery 174-175
thorax 60
epinephrine see adrenaline
erythropoietin
response 216
therapy 222
esmolol, intra-operative myocardial ischaemia
137
ethics, critical care admission 229-230
ethnicity, on clinical risk 3
etomidate 84
exercise stress testing 20, 23—24, 130,
201-202
exercise tolerance 15-16
exercise stress testing 20
respiratory risk 31
expectation value 241
expiratory reserve volume, ageing 103

exposure bias, risk assessment 240-241

familiarity, risk perception 242
fear, risk perception 242
felypressin 70
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femoral neck fracture
mortality of surgery 247 (Table)
peri-operative optimisation 120
volume loading 92
fentanyl 85
epidural anaesthesia 57, 70
‘fitness for surgery’ 25
pulmonary function testing for 35
flow limited drugs, ageing 107
fluid balance
aged kidney 104-105
elderly patients 110
post-operative 113
fluid therapy 91-94
aortic aneurysm surgery 155
elderly patients
intra-operative 93
post-operative 113
pre-operative 46
gastrointestinal surgery 170
metabolic acidosis from 97
pre-operative, NCEPOD on 46
renal failure 187
resuscitation 89
forced expiratory volume ‘1’
predicted post-operative 36
pre-operative 34, 35
forced vital capacity, pre-operative 35
fractures
femoral neck see femoral neck fracture
metabolic activity of 96
framing effect, risk perception 243
free fractions of drugs, ageing 107
frusemide
Charing Cross protocol 189
on kidney 187-188
functional capacity see exercise tolerance
functional residual capacity
ageing 103
pain on 52-53

gastrointestinal surgery 165-178
gender

cardiac risk 5

clinical risk 2-3
genetics, on clinical risk 3
gentamicin, renal failure 184

glomerular atrophy, ageing 104
glomerular filtration rate, renal failure 181
glutamine supplements 172

glycosides, digitalis 206

Goldman’s Cardiac Risk Index 10-11, 30
graduated patient care 229

guidelines provision, NCEPOD on 44

haematocrit
coronary artery bypass grafting, morbidity
220
oxygen delivery 215
haematoma
epidural 67
spinal, risk levels 245 (Fig.)
haemodialysis, arteriovenous fistulae, regional
anaesthesia 73-74
haemodynamics
acute anaemia 216
ageing 106
aorta cross-clamping 158-159
coronary arteries 134
high dependency unit admission criteria
231
peri-operative 119-120
haemofiltration 192-194, 195
haemoglobin
arterial oxygen content 215
levels for transfusion 220221, 222-223
haemolytic reactions, blood transfusions
219-220
haemorrhage 77
anaesthesia and 89
congenital heart disease 209
high dependency unit admission criteria
231
see also blood loss
haemorrhagic shock, traumatic shock vs 95-96
halothane 85-86
hazards, defined 239
head injuries 88
heart 199-214
ageing 101-103, 108
anaemia 216,217
clinical risk 4-25, 118
respiratory risk 30-31
epidural anaesthesia 60, 71
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heart (contd)
high dependency unit admission criteria
231
hypothermia 81
inhalational agents on 86
ketamine 84, 87
local anaesthesia 72—73
agents 69
see also cardiac surgery
heart failure
clinical risk and 7
peri-operative management 206-207
heart rate
pulmonary hypertension 150
warning of deterioration 235 (Table)
help requests (addressed to seniors) 44, 46
heparin
epidural anaesthesia and 61, 67-68
prosthetic heart valves 208-209
hepatic clearance of drugs, ageing 107
hepatitis B, hepatitis C, blood transfusion
risks 218
hepatocellular function, ageing 105
high dependency units
admission criteria 227-237
advantages 228-229
elderly patients 114
vs intensive care units 229
NCEPOD recommendations 43
patients from 77
Possum score performance 13
high volume haemofiltration 194, 195
hip see femoral neck fracture
histamine receptor antagonists 168
HIV infection, blood transfusion risk 218
homologous blood transfusions, aortic
aneurysm surgery 161
hormones, ageing 106
hospital-acquired acute renal failure 182
hospitals, facilities required 42—43
Huftners constant 215
human immunodeficiency virus infection,
blood transtusion risk 218
hypercapnia, clinical risk 37
hyperoncotic acute renal failure 184
hypertension
cardiac risk 6-7
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epidural anaesthesia 71

haemodynamics 135

pre-operative management 205-206
hypertrophic cardiomyopathy 207

epidural anaesthesia 60

hyperventilation, raised intracranial pressure 88

hypokalaemia, heart failure 206
hypotension
acute renal failure 182
aorta cross-clamp release 160
elderly patients 111
epidural anaesthesia 58, 61, 66
hypertension patients 205
propofol 84
hypothermia 80-82, 111
gastrointestinal surgery 167
see also warming
hypovolaemia
gastrointestinal surgery 170
heart failure 206
hypertrophic cardiomyopathy 207
see also shock
hypoxia
elderly patients 112
general anaesthesia 86
pain on 53
peri-operative 118
shock 96
hypoxic reperfusion 162

iatrogenic acute renal failure 182
ileus, epidural anaesthesia 72, 169
immune system
dopamine on 191
nutritional stimulation 172
immunosuppression, blood transfusions
218-219
impedance vs resistance, pulmonary
vasculature 150
implanted defibrillators 210-211
incentive spirometry 174
incident pain 53, 61-62
incisions see anatomical site of surgery
induction of anaesthesia
agents 83-84
elderly patients 107-108, 112
gastrointestinal surgery 168
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infections
blood transfusions
from immunosuppression 219
transmission 218
epidural anaesthesia, reduction 72
gender on clinical risk 2
inflammatory bowel disease 175
inflammatory response, blood transfusions
218-219
infusions
dopamine 190
frusemide 188
see also fluid therapy
inguinal blocks 59
inhalational anaesthetic agents 85-86
elderly patients 108, 112
lactic acidosis 96
inhalational analgesia (Entonox) 56, 62
inotropes
aortic aneurysm surgery 160
intra-operative 94
resuscitation 89
stress testing 20-21
see also dobutamine; milrinone
integer logarithm risk scales 243-244
intensive care units
acute renal failure incidence 182
admission criteria 227-237
blood transfusions 221-223
elderly patients 114
high dependency units vs 229
NCEPOD recommendations 43
patients from 78
see also critical care
interleukin-6, blood transfusions 218
intermittent dialysis 192—-193
intermittent positive pressure ventilation
blood transfusions and weaning
221-222
gender on clinical risk 3
interventricular septum, pulmonary
hypertension 149
intestinal obstruction see bowel obstruction
intra-aortic balloon pumps 133, 211
intracranial haemorrhage 77
intracranial pressure increase 88
intrapleural local anaesthesia 60

intravenous route
dopamine 190
frusemide 188
heparin, epidural anaesthesia and 67
nitrates 137
opioids 56
see also fluid therapy
intrinsic clearance, ageing 107
inulin clearance, ageing 104
iron, decreased availability 216
ischaemia, aortic aneurysm surgery
161-162
spinal cord 158
ischaemic heart disease see coronary artery
disease; myocardial ischaemia
isoflurane 86

isoprenaline, pulmonary hypertension 151

jaundice, renal failure risk 183
junior staff
critical care problems 233
decisions to operate 46

ketamine 84
sepsis 88
shock 87
tissue oxygen extraction 96
ketorolac, limb pain 59
kidney
ageing 104-105, 107, 108
blood flow see renal blood flow
see also renal failure

lactic acidosis, inhalational anaesthetic
agents 96
laparoscopy, respiratory risk 32 (Table)
laparotomy, for post-operative sepsis 175
laryngoscopy, NCEPOD recommendations
for 43
left atrium, mitral stenosis 146—147
left ventricle
ageing 102
aortic regurgitation 145
aortic stenosis 143
central venous pressure 90
ejection fraction 23
end diastolic pressure 135
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radionuclide imaging 22-23 Modified Early Warning Score, critical illness
resting function 202 235

leucocytosis, blood transfusions 219 monitoring, intra-operative 89, 90-91,

leucodepleted blood transfusions 219 135-136

level of consciousness, warning of’ aortic aneurysm surgery 156

deterioration 235 (Table) gastrointestinal surgery 167

levels of care, Department of Health on valvular heart disease 142

227-228 morbid obesity

limbs, pain 59 analgesia 59

liver, ageing 105 clinical risk 31
drug clearance 107 positive end-expiratory pressure

liver failure, renal failure 183 ventilation 173

local anaesthesia 60 moribund patients, decision to operate 46
emergency admissions 56 morphine 85
peripheral nerve blocks 59 algorithm controlled 57
techniques 65-75 gastrointestinal surgery 169

local anaesthetic agents 68—69 intravenous 56
multi-modal analgesia 55 mortality 246247

locum doctors, NCEPOD on 45 acute renal failure 194-195

logarithm risk scales 243244 anaemia 220

low molecular weight heparin, epidural aortic aneurysms 153-154, 163

anaesthesia and 67, 68 blood transfusions 221
ABO incompatible 220

malaria, blood transfusion risk 218 packed cells 217

mannitol cardiac surgery, renal failure 183
on kidney 188 on critical care costs 230
on reperfusion injury 162 epidural anaesthesia on 72

maximum oxygen uptake 15 gastrointestinal surgery 166

melanomas, gender on clinical risk 2 haemodynamics, peri-operative 119

metabolic acidosis 96-97 NHS Performance Indicators 42
aortic aneurysm surgery 160 patient profiles 45

metabolic equivalent levels, exercise risk levels 245 (Fig.)

tolerance 15 multi-modal analgesia 55-56, 58

methylxanthines, stress testing and 21 multiple pain sites 60-61

metoclopramide 168 multiple organ failure syndrome 117-118

MEWS (Modified Early Warning Score), avoidance 97

critical illness 235 murder, risk levels 244

midazolam, shocked patients 87 murmurs 7

milrinone muscle relaxants 85
aortic regurgitation 145-146 respiratory risk 33
mitral regurgitation 149 myocardial infarction
pulmonary hypertension 150 clinical risk 5

miscalibration bias, risk perception 242 ACC/AHA guidelines 15

mitral regurgitation 141, 147—-149, 208 age 5

mitral stenosis 141, 146-147, 208 peri-operative 211
clinical risk 7-8 prevention 119
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myocardial ischaemia 127
aortic stenosis 143—-144
exercise stress testing 20
haemodynamic changes causing 135
hypothermia 81
intra-operative detection and management
137
radionuclide imaging 23
myocardium
oxygen management 134-135
anaemia 217
perfusion stress radionuclide imaging
22-23, 24, 202
revascularisation see coronary

revascularisation

nasogastric tubes 168
aortic aneurysm surgery 156
National Confidential Enquiry into
Perioperative Deaths (NCEPOD)
41-49
recommendations 42—48
statistics on elderly patients 109
website 48
National Health Service Performance
Indicators (NCEPOD) 42
National Lottery, probabilities 244
NCCG (non-consultant career grade
doctors), NCEPOD on 45
NCEPOD see National Confidential Enquiry
into Perioperative Deaths
Negroes, North American
endometrial cancer 3
prostate cancer 3
neoplasms
ethnicity on risk 3
recurrence, blood transfusions 170-171, 219
neostigmine, bowel anastomoses 169
neurological injury
anaesthesia, risk levels 245 (Fig.)
aortic cross-clamping 158
neurones, ageing 106
neuropathic pain 55
neurosurgery, NCEPOD recommendations
for 43

neurotransmitters, ageing 106, 107
neutrophils, activated 162
nicorandil (potassium channel activator),
pre-operative 131, 132
nicotine 30
night surgery
avoidance 43
clinical risk 2
nitrates e.¢. nitroglycerin
Charing Cross protocol 189
intra-operative 205
intravenous 137
pre-operative 131, 132
pulmonary hypertension 150
nitric oxide, pulmonary hypertension 150
nitrous oxide 86
gastrointestinal surgery 168
non-consultant career grade doctors,
NCEPOD on 45
non-invasive testing, coronary artery disease
6, 18-24, 130
non-steroidal anti-inflammatory drugs
multi-modal analgesia 55
platelet function 67
renal failure 183
noradrenaline 94
hypertrophic cardiomyopathy 207
renal failure prevention 189-190
septic shock 95
noradrenaline (endogenous), ageing 106
normal pressure hydrocephalus, ageing 105
nucleotides, immune system stimulation 172
nutritional support, gastrointestinal surgery
171-172

obesity
respiratory risk 31
see also morbid obesity
obstructive jaundice, renal failure risk 183
oesophagectomy (cardio-oesophagectomy),
risk 247 (Table)
oliguria 180
vs non-oliguric renal failure 187-188
omega 3 fatty acids, immune system
stimulation 172
omeprazole 168
operating theatres, management in 77-100
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operations see surgical procedures
opioids

algorithm controlled 57

elderly patients 112

epidural anaesthesia 57, 60, 70

gastrointestinal surgery 169

general anaesthesia 84-85

multi-modal analgesia 55

respiratory depression 54, 70

spinal analgesia 70

on stress response 175

optimal goals (Shoemaker) 96
optimisation, peri-operative 117-125

coronary artery disease 133-134
organ donors, colloids and 185
organ failure

pain on 53

peri-operative optimisation and 123

see also multiple organ failure syndrome
orthopaedic surgery

regional anaesthesia 74

see also femoral neck fracture
osmolality, urine, acute renal failure 180
outreach, critical care 234
oxygen consumption

kidney 186, 187

peri-operative optimisation 120

rewarming 81
oxygen debt 96-97
oxygen delivery

anaemia 215

critical point 220

kidney 186, 187

peri-operative optimisation 120, 121,

123

oxygen demand, vs supply, myocardium 135
oxygen tension, arterial

ageing 103

clinical risk 37
oxygen therapy

aortic aneurysm surgery 157

elderly patients 112

post-operative 113
oxygen transport 95-97
oxygen uptake, maximum 15
oxyhaemoglobin dissociation curve, anaemia
216
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packed cell transfusions see red blood cell
transfusions
pain
ageing on pathways 106
assessment 54-55
high dependency unit admission criteria
231
pathophysiology 52-53
‘Pain after Surgery’ (RCS/RCA) 51-52
pancuronium 85
respiratory complications 33, 173
paracetamol, multi-modal analgesia 55
‘paradoxical’ bradycardia 95
parenteral nutrition 171-172
parvovirus B19, blood transtusion risk 218
patient-controlled analgesia 51, 57
elderly patients 113
epidural 58
incident pain 61-62
patient positioning 79-80
elderly patients 111
patient refusal
epidural anaesthesia 59
see also consent
patient selection, peri-operative optimisation
122-123
patient transfer 7879
penetrating injuries, permissive hypovolaemia
93
perception of risk 239-243
percutaneous drainage, abdominal abscesses
175
percutaneous transluminal coronary
angioplasty 24, 25, 131, 205
perforated viscus 175
colon 176
Performance Indicators, National Health
Service, NCEPOD 42
perfusion stress radionuclide imaging,
myocardial 22-23, 24, 202
peri-operative deaths see National
Confidential Enquiry into
Perioperative Deaths
peri-operative optimisation 117-125
coronary artery disease 133-134
peripheral nerve blocks 59
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8-9
permissive hypovolaemia 93
personnel see staft
pethidine, gastrointestinal surgery 169
pH, intramucosal 170
stomach 4,92, 123,170
pharmacodynamics, pharmacokinetics,
ageing 107-108
physicians, NCEPOD on availability 47
‘physiological police’ 235
physiotherapy, on respiratory complications
174
plane crashes, availability bias in risk
perception 240-241
Plasmodium spp., blood transfusion risk 218
platelet function, epidural anaesthesia 67
positioning see patient positioning
positive end-expiratory pressure ventilation,
morbid obesity 173
positive framing 243
Possum scoring system 13, 232
NCEPOD on 46
post-mortem review, NCEPOD on 47-48
post-operative care
aortic surgery 162-163
coronary artery disease 137-138, 211
elderly patients 113-114
heart failure 207,211
high dependency unit admission criteria
232
intensive care unit admission criteria
232-233
NCEPOD on critical care 47
see also analgesia
post-operative forced expiratory volume ‘1°,
predicted 36
post-operative hypothermia 80-81
potassium channel activator, nicorandil,
pre-operative 131, 132
predicted post-operative forced expiratory
volume ‘1’ 36
pre-operative assessment
ACC/AHA guidelines 13-15
aortic aneurysm surgery 154-155
vs clinical risk 25
coronary artery disease 128-132

elderly patients 109-110

heart 199-203

NCEPOD on 4547

respiratory risk 33-37
pressure gradients

aortic stenosis 142

mitral stenosis 146
pressure sores, epidural anaesthesia 61
probabilities, risk 240

communicating on 243-244
prognostic gradient, stress testing 202
prokinetic agents, gastrointestinal 168
prolactin, dopamine on 191
propofol 84

sepsis 87—88
prostacycline, pulmonary hypertension 150
prostate cancer, North American Negroes 3
prosthetic heart valves 208-209
protein binding, ageing 107
proton pump blockers 168
PTCA (coronary angioplasty) 24, 25, 131,

205

publication bias, risk assessment 240-241
pulmonary artery catheters 90-91, 136, 137

aortic aneurysm surgery 159

valvular heart disease 142

mitral regurgitation 149
mitral stenosis 147

pulmonary capillary wedge pressure 90

peri-operative optimisation 121
pulmonary function testing 34-36
pulmonary hypertension 149-151
pulmonary volume reduction surgery,

pulmonary function testing 35-36

quality of care, critical care problems
233-234

race, on clinical risk 3
radiographic contrast media see X-ray
contrast media
radionuclide myocardial perfusion stress
imaging 22-23, 24, 202
railway accidents, risk levels 244
rapid sequence induction
aortic aneurysm surgery 157
cricoid pressure 168
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red blood cell transfusions
bactericidal permeability increasing
protein 218
cancer recurrence 170-171
problems 217
reflexes, ageing 106
regional anaesthesia 65-66
anticoagulants 66—68
aspirin 67, 112
coronary artery disease 137
elderly patients 74, 111, 112
intercurrent disease 72—74
stress response to surgery 71, 174-175
see also epidural anaesthesia; spinal
anaesthesia
remifentanil 84-85
renal blood flow
anaesthesia 185
aortic cross-clamping 159
vs perfusion pressure 189—190
sepsis 186
renal failure 179-197
elderly patients 108, 183
high dependency unit admission criteria
231
local anaesthesia in 73-74
renal insufficiency, definition 179
renal replacement therapies 192-194
renal tubular function, ageing 104
renin, ageing 105
reperfusion injury, aortic aneurysm surgery
161-162
respiratory centre, local anaesthetic agents 69
respiratory depression
epidural anaesthesia 58, 70
opioids 54,70
respiratory rate, warning of deterioration 235
respiratory system
ageing 103-104, 108
clinical risk, general anaesthesia 33
complications 29-39
epidural anaesthesia 71
gastrointestinal surgery 172-174
high dependency unit admission criteria
231
local anaesthesia 73
resting function, left ventricle 202
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resuscitation 89
aortic aneurysm surgery 156
progressive resistance 161-162
Revised Cardiac Risk Index 11-13
rewarming 81
rhabdomyolysis
bicarbonate for 187
mannitol 188
renal failure 183
rheumatic valve disease 143
right ventricle
mitral stenosis 146
pulmonary hypertension 149
risk 239-247
cardiac 4-25, 129, 199-200
of critical illness developing 234
factors 1-28
gastrointestinal surgery 165-166
general anaesthesia 245 (Fig.)
indicators (Shoemaker) 118
stratification 4-5, 14, 15, 18
valvular heart disease 141
risk-benefit analysis 246247
rocuronium 85
routes of administration
emergency analgesia 56
see also intravenous route; subcutaneous
heparin
Royal College of Anaesthetists
‘Pain after Surgery’ 51-52
on supervision 45
Royal College of Surgeons, ‘Pain after
Surgery’ 51-52
Royal Society, definitions of hazard and risk
239

saline infusion, metabolic acidosis from 97
salvage devices, blood transfusions 161
scales
pain assessment 55
see also scoring systems
scheduled surgery, NCEPOD definition
48
scoring systems
clinical risk 9-13
Early Warning Score, critical illness 235
see also scales
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senior help requests 44, 46
sepsis
abdomen 173
acute renal failure 181
anaesthetic agents 87-88
epidural anaesthesia 60
gastrointestinal surgery 175
gender on clinical risk 2
haemofiltration trial 193
inotropes and vasopressors 94-95
kidney blood flow 186
peri-operative optimisation and 123
renal failure 181, 185
staff availability on clinical risk 1
septum, interventricular, pulmonary
hypertension 149
sestamibi 22
severity of risk 241
severity scoring systems
clinical risk 9-13
intensive care unit admission criteria 232
sevoflurane 85
shock
cardiogenic 94
general anaesthesia 86—87
haemorrhagic vs traumatic 95-96
inotropes and vasopressors 94-95
Shoemaker, W.C., risk indicators 118
site of surgery see anatomical site of surgery
skin, patient positioning 80
sleep apnoea, analgesia 59
smoking, respiratory risk 30
sodium
aged kidney 105
urine, acute renal failure 180
spinal anaesthesia
aortic stenosis 144
benefits 71-72
complications 66, 73
elderly patients 112-113
haematoma risk 68
opioids 70
on stress response 175
risk levels 245 (Fig.)
on stress response to surgery 174—175
spinal cord ischaemia, aortic cross-clamping
158

spine
elderly patients 112
protection 80
splanchnic hypoperfusion 117
staft
clinical risk and 1-2
critical care problems 233
decisions to operate 46
NCEPOD recommendations 43—45
sternotomy, pain 60
stomach
full, gastrointestinal surgery 167-168
intramucosal pH 4, 92, 123,170
storage lesions (of blood products) 217
stress response to surgery
gastrointestinal surgery 174-175
regional anaesthesia 71, 174-175
stress testing 19-24, 130
exercise 20, 23-24, 130, 201-202
prognostic gradients 202
ST segment monitoring, computerised 137,
211
subcutaneous heparin, epidural anaesthesia
and 67-68
subendocardial ischaemia
aortic stenosis 143—144
radionuclide imaging 23
supervision, NCEPOD on 44, 45
supranormal values, peri-operative
optimisation for 120, 121, 123
surface area (valve), aortic stenosis 142
surgeons, as risk factor 1-2
surgical procedures
high dependency unit admission criteria
232
risk stratification of 16—17
suxamethonium 85
sympathetic blockade
epidural anaesthesia 66
haemodynamics, elderly patients 106, 113

tachycardia
mitral stenosis 147
myocardial ischaemia 135
pulmonary hypertension 150
technetium-99m, myocardial perfusion stress
imaging 22
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temperature, warning of deterioration 235
thallium-201, myocardial perfusion stress
imaging 22, 24, 202
theatres see emergency theatres; operating
theatres
thiopentone 83-84, 87
animal studies 87
third heart sound 7
third space fluid loss, gastrointestinal surgery
170
thoracic cage compliance, ageing 103
thoracic surgery
post-operative pain 60
respiratory risk 32 (Table)
thromboembolism
epidural anaesthesia 71
NCEPOD on prophylaxis 47
thyroxine 192
tidal volume
ageing 104
ventilation, on respiratory complications
173
total parenteral nutrition 171-172
tracheostomy 82
training
ALERT course 236
Clinical Negligence Scheme for Trusts on
45
need for 1
tramadol, multi-modal analgesia 56
transfer of patients 78-79
transferrin deficiency 216
transfusions see blood (product) transfusions
transoesophageal echocardiography
myocardial ischaemia 137
valvular heart disease 142
trauma 77
haemofiltration trial 193
hypothermia 80
peri-operative optimisation 121
permissive hypovolaemia 93
staff availability on surgical risk 1
traumatic shock, haemorrhagic shock vs
95-96
Trypanosoma cruzi, blood transfusion risk 218
tubular necrosis, acute 180
tubuloglomerular feedback 186
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tumours
ethnicity on risk 3
recurrence, blood transfusions 170-171,
219

United Kingdom, United States, bowel
cancer surgery volumes 1-2
uraemia 192
urea measurement, renal failure 181
urgent admission, urgent surgery, NCEPOD
definitions 48
urinary catheterisation, aortic aneurysm
surgery 156
urine
electrolytes, acute renal failure 180
output, warning of deterioration
235 (Table)

timed collections 181

valve surface area, aortic stenosis 142
valvular heart disease 141-149, 207-209
clinical risk and 7-8
prosthetic valves 208-209
vascular surgery
anaemia, morbidity 220
gender on clinical risk 3
peri-operative optimisation 120-121
renal failure risk 183
vasoconstriction, dopamine 190
vasoconstrictors
cocaine 69
local anaesthesia 69-70
vasodilatation, rewarming 81
vasodilators
coronary, stress testing 21
local anaesthetic agents as 69
pulmonary hypertension 150
Vasopressors
intra-operative 94-95
resuscitation 89
vecuronium 85
respiratory risk 33
veins, ageing 102
venovenous haemofiltration, continuous
192-194
ventilation 82-83
blood transfusions and weaning 221-222
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patient transfer 78
tidal volume on respiratory complications
173
see also intermittent positive pressure
ventilation
VIP system, resuscitation 89
vital capacity, ageing 103
volatile agents see inhalational anaesthetic
agents
volume (clinical), vs risk 1-2
volume loading (fluids)
gastrointestinal surgery 170
intra-operative 92-93
vulnerability, risk perception 241

ward care

critical care problems 233

epidural anaesthesia 58
patients from 77
warming
aortic aneurysm surgery 156
gastrointestinal surgery 167
rewarming 81
workload (clinical volume), vs risk 1-2
wounds
local anaesthetic infiltration 60, 95
metabolic activity of 96

xanthines (methylxanthines), stress testing
and 21
X-ray contrast media
acute renal failure 182, 184, 187, 188
dopamine and 191
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