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FOREWORD

The new series, Contemporary Issues in Emergency Medicine, has been
created to fill a number of needs in the medical literature. Our goal is to
produce bi-annual, in-depth volumes addressing major clinical topics in
emergency medicine.

I have selected volume editors based on a personal bias that favors
those individuals intimately familar with the complexities and scope of
clinical emergency medicine. Volume topics have been selected based on a
number of factors, but the dominant feature is that each represents a clini-
cal issue which is recognized as major and problematic for the practicing
emergency physician. The text will be a blend of didactic and practical
information organized in a format designed to enhance clinical application.
The chapter format will be consistent, featuring discussions on differential
diagnosis, clinical manifestations, emergency department evaluation and
management, the use of routine and special studies, indications for admis-
sion, the role of sub-specialty consultants, and finally, proper disposition
with emphasis on recommendations for followup, referral, or transfer.

In summary, there exists a variety of methods available for the acquisi-
tion and maintenance of current knowledge. However, each of these has its
limitations. The advantages of a biannual volume devoted to a specific clini-
cal issue are timely publication and in-depth review of a major topic,
blended with practical recommendations for a patient care. I would hope
that our series will be used as both a major resource for understanding a
specific topic, as well as a clinical tool in the care of the emergency patient.

Ann Harwood-Nuss, M.D.



PREFACE

The entity of pediatric emergency care has been evolving rapidly within
the specialties of emergency medicine and pediatrics. This is appropriate
since both specialties are involved in the care of children and will continue
to be involved in the future. Although research is needed in this area, there
is already a wealth of existing knowledge and experience within the two
parent specialties. This book consolidates elements of this body of knowl-
edge into a functional educational package written by thoughtful, creative
authors.

There are many common disease entities which account for the majority
of morbidity and mortality in children. These entities follow two common
pathways: shock and respiratory failure. If allowed to progress unabated,
both of these pathways terminate in cardiac arrest.

Trauma
Hypovolemia
Septic
Distributive — Shock
Vomiting, Diarrhea, Cardiogenic
Dehydration y
Respiratory Distress Increased Work -
Syndromes of Breathing
Respiratory
Seizures Failure
Decreased Work
of Breathing
Drug Overdose

xi



A Preface

Whereas pediatric life support courses have concentrated more on terminal
endpoints as shown on the right half of the above figure, this particular text
concentrates more on the presenting symptoms or diseases as shown on the
left side. In addition to these specific areas, general topics related to the
management of pediatric emergencies are also included.

In this volume the authors address specifically the most difficult or
problematic areas related to each disease entity rather than take the more
traditional, all-inclusive academic approach to a given topic. Hopefully cli-
nicians will find this volume not only interesting reading but essential to
their daily practice of emergency medicine. The book is divided into three
sections. The first section deals with general concerns related to pediatric
emergency medicine. The chapter on recognition of the sick child serves as
an introduction to the book and is followed by guidelines for the use of
laboratory studies in the evaluation of the pediatric patient and a chapter
on how to optimize the care of children in situations which might be less
than optimal. This is followed by a chapter on medical-legal considerations
in dealing with pediatric emergencies and a thoughtful chapter on the
global problem of child abuse in our society. The subsequent material is
divided into a trauma section and a medical section. Included for complete-
ness along with multiple'trauma is a chapter on minor trauma and also
chapters on evaluation of the pediatric cervical spine and pediatric frac-
ti:res. Included in the medical section are chapters on the management of
dehydration (a frequent precursor of shock), as well as common disease
entities of the respiratory failure pathway, specifically seizures, ingested
toxins, and respiratory distress syndromes.

It is the intent of this volume to focus on clinical problems related to the
care of the pediatric patient in the emergency situation. I wish to thank all
the contributors for their untiring and diligent efforts to accomplish this
goal. I also wish to acknowledge Ms. Jo-Reid Nichols for her help in prepar-
ing this volume and Dr. Robert Wears for his ever-willing attitude to help
and offer his thoughtful suggestions.

Robert C. Luten, M.}
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Recognition of
1 the Sick Child

Robert C. Luten

Recognition of serious disease is critical to the timely initiation of effec-
tive treatment. Recognition encompasses knowledge not only of the pres-
ence of disease but, in many cases, of the progression of disease from a
relatively benign form to a potentially more severe form. The most sophisti-
cated of treatment modalities are useless if one does not realize the need for
their application. This chapter provides an overview of the process of evalu-
ation and recognition of disease in children. It focuses first on the primary
caretaker of children in the emergency situation and that person’s unique
capabilities. Second, we look at the patient who is being evaluated and the
spectrum of disease and clinical dilemmas that this patient presents. Last,
we examine the process by which this evaluation is accomplished. This
chapter serves as an introduction to subsequent chapters that deal with
specific disease entities.

THE PRIMARY CARETAKER OF CHILDREN

As of 1985, approximately 5,600 undifferentiated emergency depart-
ments saw approximately 75 million patients per year. One-third of these
patients, or approximately 25 million, were children. This is in stark com-
parison to the number of free-standing pediatric emergency departments
(60), and the number of patients seen in these emergency departments (ap-
proximately 1.5 million) (National Association of Children’s Hospitals and
Related Institutions, American College of Emergency Physicians, personal

1



2 Problems in Pediatric Emergency Medicine

communications). Even if one includes all pediatric residency programs
whose emergency departments might or might not be staffed by pediatri-
cians 24 hours a day, the total proportion of children seen initially by pedia-
tricians is still small. Over the past few years, these numbers have changed
little, and it remains a fact that the overwhelming majority of children are
seen initially in an undifferentiated emergency department, and by nonpe-
diatricians. It is the opinion of this author and others’ that the two types of
physicians who are the primary caretakers of children—pediatricians and
emergency physicians—differ in their ability to take care of pediatric emer-
gencies. Emergency physicians are very good at treating obvious emergen-
cies, such as cardiac arrest. They are also capable in airway management
and other procedural emergencies; however, they may lack some of the
recognition skills needed to manage more subtle emergencies; for example,
they may have difficulty identifying early meningitis or early dehydration
in a child with vomiting and diarrhea. Pediatricians, on the other hand, are
very good at recognizing these subtle emergencies—i.e., have good recogni-
tion skills—but tend to be deficient at trauma care and some of the proce-
dural and obvious emergencies (Table 1-1).

It was recently noted that the training in some emergency medicine
programs was deficient in coverage of pediatric emergencies.? This has been
recognized as a problem by emergency physicians and has been addressed
with the proposal of an expanded curriculum,® expansion of the study guide
in emergency medicine, and a cooperative effort between the American
College of Emergency Physicians (ACEP) and the American Academy of
Pediatrics (AAP) to improve the care of children through the development of
an advanced pediatric life-support course. There is also some evidence that
the care of infants with severe illness by emergency physicians may be
similar to the standard of care that would have been given by pediatricians
in certain circumstances.*

The AAP has also dedicated its effort to improve the pediatrician’s
ability to care for the emergent pediatric patient. Besides the cooperative
efforts mentioned above, some 15 pediatric emergency medicine fellowship
programs have been developed, most of which are based in pediatric pro-
grams and which address the needs of pediatricians to care for children with
emergent problems.

In the future, economic forces will probably support expansion of facili-
ties dedicated exclusively to the care of children. These facilities will proba-
bly be staffed by physicians specifically trained to take care of pediatric

Table 1-1. Relative Strengths and Weaknesses of the Primary
Caretakers of Children in Emergency Situations

Emergency Medicine Pediatrics
Strengths Obvious emergencies Subtle emergencies
Procedural emergencies (recognition skills)
Weaknesses  Subtle emergencies Trauma
(recognition skills) Obvious emergencies

Procedural emergencies
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emergencies. This raises the question, Who is better equipped to take care of
children?—the emergency physician who is an expert at emergencies but
who rarely sees critically ill children, or the pediatrician who is an expert in
the care of children but who rarely manages emergencies? The question is
probably moot. Even with expansion of purely pediatric facilities, children
will always be cared for in both environments and by both types of physi-
cians. It would be impossible to separate out all children and direct them to
a pure pediatric facility. Indeed, the bulk of children will still be cared for by
the general emergency physician in the future. It is for this reason that
cooperation must exist between the two parent organizations, ACEP and
AAP; more importantly, educational efforts directed toward the emergency
care of children should be directed at the needs of both types of caretakers.

THE PATIENT

In defining the emergent pediatric patient, we must consider first the
spectrum of the normal progression of disease and then look specifically at
the clinical problems encountered by the physician caring for children with
these diseases.

The Spectrum of Disease

Most pediatric illnesses are benign and self-limited. Of those that do
progress further, there are two common pathways—shock syndromes and
respiratory failure syndromes—both of which, if allowed to progress, will
result in cardiac arrest (Fig. 1-1). The emergency physician is presented
with an extremely diverse patient population; the primary job is to pick out
the sick child or the child with a potentially serious disease from this large
group of undifferentiated patients. Second, and equally important, the
emergency physician must be able to recognize when a given patient is
progressing further into shock or respiratory failure, necessitating inter-
vention to prevent further progression to the arrest state. Once a child has
arrested, the physician’s primary responsibility is to optimize resuscitative
techniques in an effort to increase survival and produce a good neurologic
outcome. Over the past few years, strides have been made in educational
efforts centering around the two final common pathways, diseases associ-
ated with these pathways, and the management of the patient in cardiac
arrest (APLS course). This volume takes one step backward to the recogni-
tion of the child who is at risk of progression or sick, followed by recognition
of the further progression of these children to a more serious form of their
disease. Only when the child is recognized as being different from the undif-
ferentiated patient or as being sick can diagnostic workup and therapy be
begun. This same principle applies to the treatment of shock or respiratory
failure; that is, it can only be initiated if the clinician recognizes that this
syndrome is developing in a given patient.
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SHOCK SYNDROME/
UNDIFFERIENTATED RESPIRATORY
PATIENT — “SICK CHILD" —— FAILURE SYNDROME —» ARREST
RESPONSIBILITY RESPONSIBILITY RESPONSIBILITY RESPONSIBILITY
Recognition of Prevent progres- 1. Recognition Optimal resus-
the sick child sion—shock or of shock or citative tech-
respiratory failure respiratory niques to:
failure 1. Increase
2. Prevent survival
progression 2. Produce good
to arrest neurologic

outcome

THIS VOLUME APLS

Fig. 1-1 Potential progression of the undifferentiated pediatric patient. Note care-
taker’s responsibility at each point in the progression.

The Clinical Problem

The term sick child is an arbitrary one. From the standpoint of clinical
decision-making, and for purposes of this chapter, it covers that group of
patients who appear to have the potential for progression to a serious out-
come if left untreated. They usually require either some sort of further
evaluation or consultation, or both, for ultimate disposition (Table 1-2).
From a clinical point of view, we can exclude from the sick group some
subsets of patients. The child with a runny nose who is running around the
room laughing and screaming, who otherwise does not have any risk factors,
such as temperature elevation or age (temperature greater than 104°F, age
less than 2 years old), is obviously not sick. Some of these children might
require some degree of laboratory evaluation prior to disposition, but it is
usually rather clear cut, or the laboratory is only confirmatory in nature, for
example, the well-appearing infant with a positive chest radiograph. The
obviously severely ill child should also be excluded, i.e., the moribund, co-
matose infant because, although he is severely ill and has the potential for
progression to a poor outcome, he does not represent a recognition preblem
and appropriate therapy is not delayed. The final exclusion is the child who
might appear well but who we know is at high risk of a serious disease, as
determined by certain risk factors. These children usually do not pose a
clinical recognition problem, since they are recognized by virtue of their risk
factors. An example would be a sickle cell patient with a high fever or the
newborn infant with a low-grade fever. Once identified, the evaluation,
treatment, and disposition are relatively straightforward in most cases. The
key is knowledge of the high-risk categories. The pediatrician tends to be
cognizant of these high-risk patients, and the emergency physician to a
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Table 1-2. Subgroups of Children Presenting as Sick

5

Group 1

Severe form of common, usually
benign disease

Example: Gastroenteritis that
progresses to dehydration and
shock

Group 2

Early form of a serious disease

Example: meningitis®

Child who appears clinically ill
and requires further diagnostic
intervention to formulate a diag-
nosis (irritable infant who has a
positive LP)

Group 3

Child who appears clinically ill,
but for whom serious disease is
ruled out by evaluation

Example: a negative LP

(fussy infant who has a negative
LP)

Appropriate treatment and follow-up
car reduce the number of patients

in this category.

Early recognition of progression of
disease and appropriate interven-
tion are keys to reducing morbid-
ity and mortality. All these enti-
ties are heralded by logical

progression of events or warnings.

Problems particular to common
diseases in this category are pre-
~~ntad in subsequent chapters.

These ill-appearing children do not
improve with observation and
ultimately have specifie diagnosis
confirmed by laboratory evalua-
tion (positive LP).

These children represent the bulk of

children clinically classified as
sick. Even though, they are by
definition retrospectively classi-
fied. They usually require some
sort of evaluation (LP), observa-

tion, or consultation for ultimate
disposition. The size of this subset
is inversely proportional to one’s
clinical experience with children.

¢ The exception is the child who appears clinically well, but who later develops
sérlous disease. These occult conditions are currently the subject of much research
and investigation. Many of these children may therefore fall into the category de-
fined as high risk by virtue of age and temperature elevation (less than 2 years,
temperature greater than 104°F).

leséX’extent. Conversely, there are patients with whom the pediatrician is
relatively unfamiliar and with whom the emergency physician has more
experience. An example would be the patient who ingests a tricyclic antide-
pressant who, unlike other overdose patients, is at extremely high risk of
rapid deterioration and needs more expeditious intervention than the rou-
tine overdose (i.e., immediate lavage versus the slower decontamination
route using ipecac).

In the ill-appearing or sick group, three patient categories tend to be
identified. The first is a severe form of a common, usually benign disease,
such as gastroenteritis that may be progressing to dehydration and shock.
The second is an early form of a serious disease, such as meningitis (see
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Table 1-2). The child appears clinically ill and requires further diagnostic
intervention to arrive at the correct diagnosis. An example would be the
irritable infant who has a positive lumbar puncture. For the first group,
appropriate treatment and follow-up of the disease on initial presentation
can reduce the number of patients in this category. Early recognition of
progression of disease and appropriate intervention are the keys to preven-
tion of morbidity and mortality. All the entities in the first group are her-
alded by a logical progression of events or warnings. An example would be
the infant who presents with vomiting and diarrhea. We know that if the
process does not resolve, there is potential for progression to dehydration
and then to shock. The clinician is thus alerted to the potential pathway a
given patient might follow; this aids in the recognition of that progression.
Problems particular to many of these common diseases and their recogni-
tion are presented in subsequent chapters. The second group, children with
early forms of serious disease, do not improve with observation and usually
have their ultimate specific diagnosis confirmed by laboratory evaluation.
An obvious exception to this group has been the subject of much research
over the past few years—the child who has a serious disease but who ap-
pears clinically well. These occult conditions are well described in the pedi-
atric literature. Many authorities would classify these children in the high-
risk group, that is, as children who appear well but who may be defined as
high risk by virtue of certain risk factors, such as age and temperature
(under 2 years of age and having a temperature above 104°F). Some consider
laboratory evaluation clinically useful in identifying these patients. The
chapter on laboratory use addresses this issue.

The third category of ill-appearing children includes those who appear
clinically i1l but for whom serious disease is ruied out by subsequent evalua-
tion. An example would be a fussy infant who has a negative lumbar punc-
ture. This group represents the bulk of children initially classified clinically
as sick. These infants usually require some sort of evaluation, such as lum-
bar puncture, observation, or consultation for ultimate disposition. The size
of this last subset of patients is usually inversely proportional to the physi-
cian’s clinical experience with children (Fig. 1-2). The more experience a
clinician has with children, the more easily he or she can decide, on a
clinical basis, whether a child looks well or severely ill and the smaller the
proportion of sick children or children requiring further evaluation. This
reduction in the total number of sick children is therefore the result of
reducing the size of group 3. It also follows logically that the physician who
is less familiar with children will rely on more laboratory tests (with a
higher percentage of negative lumbar punctures and chest radiographs)
than will the more experienced physician. The fact that group 3 is large and
even outnumbers the number of patients with serious disease should not be
necessarily alarming to the physician caring for children. Several studies
have demonstrated the need for acceptance of a high degree of initial false-
positive results in the clinical assessment of ill-appearing children in order
to pick up the acceptable percentage of truly sick infants.> Further evidence
is demonstrated by the fact that the vast majority of lumbar punctures done
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OBVIOUSLY

OBVIOUSLY WELL “SICK CHILD™ SERIOUSLY ILL

Requires laboratory
tests, consultation,
conservative disposition

o

Fig. 1-2 Evaluation categories. With experience, more children will be put into the
well or seriously ill categories, thus reducing the subset of sick children. At the same
time, fewer laboratory tests and less consultation are required.

on children are negative,® even when trained, experienced pediatricians
were evaluating sick infants. In other words, these are children who
initially appeared clinically ill or sick but who had a negative workup
(group 3).

Although laboratory evaluation in many cases ultimately decides the
final disposition of sick patients, many children can also be eliminated from
the sick category by judicious observation. It has been shown that children
with high temperatures, in a strange environment, will act irritable and
fussy and indeed will appear more ill than they actually are. In a review of
the evaluation of febrile infants, McCarthy’ described a technique called
optimal observation. According to this principle, the infant is given antipy-
retics to lower temperature and is then placed in the lap of the mother (a
comfortable environment) and then is reevaluated. Many infants who ini-
tially appeared sick will subsequently appear well. If this is done judiciously
in the questionable case, many children can be spared the pain and suffer-
ing associated with further diagnostic intervention.
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THE PROCESS

This section deals with the process of emergency department evaluation
of children. The components of this evaluation are history, observation,
physical examination, and laboratory testing (Fig. 1-3). The emergency de-
partment evaluation differs from an inpatient evaluation or even the outpa-
tient clinic type of evaluation, in that the amount of time or effort required
on one or the other facets of this process might be more or less exaggerated.
Although the components of the evaluation for the child and the adult are
similar, the relative value of each category in terms of its ability to identify
the sick patient is different when applied to the pediatric patient versus the
adult patient. Indeed, if the same model is used to evaluate both children
and adults, it will most certainly not be effective.

First, let us examine these four variables in relation to the evaluation
of pediatric patients. The history has always been considered a crucial part

HISTORY

OBSERVATION

PHYSICAL EXAMINATION

LABORATORY EVALUATION

History
History
and

Observation Observation

Physical Physical

Examination Examination

Laboratory Tests Laboratory Tests
PEDIATRIC MODEL ADULT MODEL

Fig. 1-3 Evaluation component models.
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of the evaluative process. However, it has limited use in small infants, since
the history of these diseases is so nonspecific (e.g., a urinary tract infection
presenting as vomiting and diarrhea). The fact remains that the history,
although valuable, is often suboptimal in the emergency department situa-
tion. Contributing to a less than optimal history are such factors as lack of
familiarity with the parents, presentation of a child in an emergency situa-
tion who is not accompanied by a caretaker, or the distraught state of mind
of the parents. More important than historical evaluation is observation of
the patient for such signs as playfulness, eye contact, and attention to envi-
ronment. Studies that have compared the relative value of observation vari-
ables with historical information in predicting serious disease show that
observation of the acutely ill child is more predictive of serious disease than
are historical variables.®® These studies also show that if a child is assessed
as appearing well, in most cases the child does not have a serious disease.5!°
Furthermore, patients who are judged ill might or might not actually be ill,
as demonstrated by the high number of false-positive results encountered in
evaluating the sick child. Much work has been done to determine which of
the observation variables are most important in identifying serious dis-
ease.5810 Toward that effort, observation scales and scoring systems have
been developed to identify sick children. These scoring scales are global in
nature and unrelated to specific organ systems. They have been applied
across the board to many different diseases, and not just one specific disease.
The point is that the general appearance of an infant as defined by many
variables, regardless of the underlying disease being considered, is predic-
tive of the presence of serious disease. Table 1-3 is an observation scale
developed at Yale University.

Much work has also been done recently researching the value of labora-
tory tests in the evaluation of febrile infants. Although the laboratory eval-
uation has its place in the overall evaluation of an infant, the most common
mistake made by physicians is to overemphasize the use of laboratory tests
and to depend on them primarily to diagnose severe disease in children. It
cannot be overemphasized that the combination of all the essentials of the
process is needed to decide whether an infant is sick.

Perhaps the single most important facet of the work that has come out
in the past few years concerning the evaluation of the febrile infant, how-
ever, is the importance of observation in detecting the seriously ill pediatric
patient. Indeed, it has been shown!? that physical findings that would nor-
mally denote serious disease, when combined with an ill-appearing infant,
do portend serious disease, but these same findings in a child who appears
well do not necessarily imply serious disease. A study of a large group of
patients!! also showed that 20 of 26 children with serious disease were
identified on the basis of observation alone (sensitivity of 76 percent). When
combined with physical examination, 24 children were identified (sensitiv-
ity of 92 percent). Clearly, observation is important in evaluating the pedi-
atric patient, but all facets of the evaluation need to be combined, and no
single facet itself is sufficiently predictive of serious disease.
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Table 1-3. Predictive Model: Six Observation Items and Their Scales

3 5
Observative 1 Moderate Severe
Item Normal Impairment Impairment
Quality of cry Strong with nor- Whimpering or Weak or
mal tone or Sobbing Moaning or
Content and not High pitched
n
Reaction to parent Cries briefly then  Cries off and on Continual cry
stimulation stops OR OR '
Content and not Hardly responds
crying
State variation If awake — stays  Eyes close briefly = Falls asleep or
awake OR — awake or Will not rouse
If asleep and stim- Awakes with pro-
ulated — wakes longed stimula-
up quickly tion
Color Pink . Pale extremities Pale or
Y om Cyanotic or
Acrocyanosis Mottled or
Ashen
Hydration Skin normal, eyes  Skin, eyes normal = Skin doughy or
normal or AND Tented anp
Mucous mem- Mouth slightly dry Dry mucous mem-
branes moist branes AnND/OR
Sunken eyes
Response (talk, Smiles or Brief smile or No smile
smile) to social  Alerts (=2 mo) Alerts briefly Face anxious, dull,
overtures (=2 mo) expressionless
OR
No alerting
(=2 mo)

(Reproduced with permission from McCarthy PL, Sharpe MR, et al: Predictive
values: Observation scales to identify serious illness in febrile children. Pediatrics
70(5):802, 1982.)

Returning to Figure 1-3, the adult versus pediatric model, it is clear
that observation is a large and extremely important part of the evaluative
process of children. In the obviously well-appearing infant, observation may
be incorporated either consciously or subconsciously into other facets of the
evaluative process. For the questionable infant, observation becomes a sepa-
rate and important diagnostic aid. However, in the evaluation of the adult
patient, observation usually is not done separately. In the evaluation of an
adult, observation probably represents an overall gestalt and is probably
done subconsciously sometime during the history-taking.!? Application of
this adult approach to children is doomed to failure. The tendency of the
adult physician, when confronted with the child, is to apply his adult princi-
ples of examination. This fact, combined with time exigencies of a busy
emergency department, frequently leads the physician to rush quickly from
history to physical examination, thereby precluding any gathering of obser-
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vational data. In order for a child to be observed, he must feel comfortable in
his environment and not threatened. Using the adult approach, therefore,
may preclude that ability. Second, if the examination is also done in a rush,
and time is not taken to gain the confidence of the child, even findings on
physical examination will be masked. It is impossible to palpate the abdo-
men, test for neck stiffness, or listen for rales in the lungs of a child who is
upset and crying. In summary, the typical adult model of evaluation cannot
be used in the evaluation of infants. A different approach, with an emphasis
on observation, must be taken when evaluating children, if the emergency
physician expects to recognize serious disease.

SUMMARY

Recognition of the presence of serious disease is essential if therapy is to
be effective. Many common diseases that normally do not portend a serious
outcome, if not recognized early and treated appropriately, may indeed pro-
gress further. Some of the less common serious diseases may not present in a
clinically obvious fashion. This chapter addresses some of the problems in
recognition and treatment of many of the diseases encountered in the emer-
gency department. The process of recognition of serious disease in children
is complex and is not the same process used in evaluating adults.
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~ Problems in the Use
2 of the Laboratory

Joseph Simon

Laboratory and radiologic studies can be of great help or great hin-
drance to the practice of pediatric emergency medicine. At their best, they
can establish diagnoses, define severity, and quantitate response to therapy.
At their worst, they can mislead,' delay, cause needless pain and radiation
exposure, add to cost, and even be responsible for clinical deterioration.?
This chapter attempts to define a few general guidelines for the use of the
laboratory in the evaluation of pediatric emergency patients. A few selected
laboratory studies are discussed in detail.

PREDICTIVE VALUE AND EMERGENCY ROOM
DECISION-MAKING

Evaluation of the value of a laboratory test in a given clinical setting is
complex. In addition to such factors as cost, time delays, radiation exposure,
pain, and clinical risk, the physician’s decision-making process must also
consider the predictive value of a given test—the probability that a positive
test indicates disease or that a negative test indicates absence of disease.
The predictive value must, in turn, be weighed against the risk of over- or
underdiagnosis. In general, the greater the severity of disease A, the greater
the importance that a test for disease A has a high negative predictive value
(false-negative results are less acceptable than false-positives). By contrast,
the greater the risk/cost/pain of therapy for disease A, the greater the im-

13
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portance of a high positive predictive value (false-positive results are less
acceptable than false-negatives).

Because the role of the emergency room is to identify and stabilize
emergency conditions, it follows that high negative predictive values will
nearly always be essential if a test is to have high utility in the emergency
department. In addition, since many interventions in the emergency depart-
ment carry risk, high cost (admission), or substantial discomfort, high posi-
tive predictive values will often also be extremely important when evaluat-
ing a test’s utility in the emergency department.

Analysis of the predictive value of a laboratory or radiographic study
was described by Galen® and applied to the emergency department setting
by McCabe.* The predictive value of a study is a function of the study’s
inherent sensitivity and specificity as well as the population to which it is
applied. Sensitivity is the likelihood that a patient with condition X will
have a positive test. Specificity is the likelihood that a patient without
condition X will have a negative test. .

Table 2-1. Calculation of Predictive Values

Disease X is known to have an incidence of 5%. The sensitivity and specificity of
serum porcelain (SP) for disease X are known to be 60% and 90% respectively.
The following distribution of 100 patients can be expected and predictive values

determined:

Disease X
Present Absent Totals
SP+ 3 9 12
SP- 2 86 88
Totals 5 95 100

Incidence = 5/100 (5%)

Sensitivity = 3/6 (60%)

Specificity = 86/95 (90%)

Positive predictive value = 3/12 (25%)
Negative predictive value = 86/88 (98%)

For disease Y, incidence is 1%, sensitivity and specificity of SP are both 90%

Disease Y
Present Absent Totals
SP+ 9 99 108
SP- 1 891 892
Totals 10 990 1000

Incidence = 10/1000 (1%)

Sensitivity = 9/10 (90%)

Specificity = 891/990 (90%)

Positive predictive value = 9/108 (8%)
Negative predictive value = 891/892 (99%)
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Table 2-1 illustrates the derivation of the poeitive and negative predic-
tive values of a test when sensitivity, specificity, and incidence of illness in a
given population are known. Note in the second example that despite a 90
percent sensitivity and a 90 percent specificity, the positive predictive value
of the serum porcelain (SP) test is only 8 percent. The example illustrates
the strong effect of incidence of disease on the calculation of predictive
values.

There are two problems with the application of predictive value analy-
sis to emergency medical decision-making. The first is that sensitivity, spe-
cificity, and incidence of disease parameters are often not precisely known
for a given laboratory study relative to a given emergency condition. Sec-
ond, even when these values appear to be reasonably well defined in the
medical literature, they do not necessarily apply to the population for which
they are selected for use by a given emergency physician. For example,
white blood cell (WBC) count specificity and sensitivity data derived from
an unscreened population of emergency department patients with abdomi-
nal pain may have limited relevance when applied to a subpopulation of
patients with abdominal pain preselected for testing by an emergency phy-
sician. Here again, tests with very high predictive values will best overcome
this problem because extremely high predictive values are least affected by
the incidence of disease and, thus, application to selected subpopulations of
patients.

When specificity, sensitivity, and incidence are not all well defined or
when either sensitivity or specificity is either known or suspected to be
relatively low, predictive value theory can still occasionally help to better
define the value of a particular test. Two situations that occur commonly are
illustrated in Table 2-2. In the first situation, the incidence of disease is low.
The example illustrates that in this circumstance positive predictive value
is most useful.* Furthermore, in this situation, high specificity is most es-
sential for a high positive predictive value. In other words, when suspicion
of disease is low and many patients are being tested who probably do not
have the disease, a test is needed with a very low incidence of false-positive
results. A routine ankle radiograph to differentiate sprain from fracture is
an excellent example. I is a test with high specificity (extremely low false-
positive rate) applied to a situation in which the incidence of disease is low
(virtually all swollen ankles presenting to the emergency department). The
fact that its sensitivity is not extremely high (Salter I fractures are missed)
does not negate the value of the test. By contrast, this model would question
the use of C-reactive protein greater than 20 to identify occult bacteremia in
the febrile toddler (sensitivity 10C percent, specificity 75 percent).? Given
the low incidence of the disease, the lack of high specificity of the test will
result in a very high incidence of false-positive results and, consequently,
overuse of antibiotics, the high sensitivity of the test notwithstanding.

* To clarify the effect of incidence of disease on a test’s predictive value, this analysis ignores
the issue of severity of disease and invasiveness of treatment. In fact, despite a low incidence, if
severity of disease is sufficiently great, negative predictive value may still be crucial.
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Table 2-2. Impact of Incidence of Disease on Predictive Values

- Disease X has a low incidence of 5% in the population tested. Given the nature of
disease X, if no test were available to refine decision-making, the usual course of
action would be to assume absence of disease and manage conservatively. In such
situations, a positive test result might affect management and a negative would
not. Consequently, in this situation positive predictive value is more important -
that negative predictive value. Assuming a moderate sensitivity of 80% it is clear
from the examples below that the specificity must be extremely high (99% vs.
90%) in order for the test to have a high positive predictive value:

Disease X Disease X
Present Absent  Total Present Absent  Total
Test + 40 10 50  Test+ 40 95 135
Test— 10 940 950  Test— 10 855 865
Total 50 950 1000 Total 50 950 1000
Sensitivity = 80% Sensitivity = 80%
Specificity = 99% Specificity = 90%

Positive Predictive Value=40/50=80% Positive Predictive Value=40/135=30%

Disease Y has a high incidence of 60% in the population tested. In this situation
disease Y would be assumed to be present in the absence of a test to refine deci-
sion-making. Hence, in this situation it is negative predictive value that is most
important. The following illustrates that negative predictive value is most depen-
dent on a test's sensitivity when incidence is high:

Disease Y Disease Y

Present Absent Total Present Absent Total
Test+ 594 80 674 Test+ 420 80 500
Test— 6 320 326 Test— 180 320 500
Total © 600 400 1000 Total 600 400 1000
Sensitivity 99% Sensitivity 70%
Specificity 80% Specificity 80%
Negative Predictive Value 98% Negative Predictive Value 64%

In the second situation described in Table 2-2, the incidence of disease is
high. Here, it is the negative predictive value that is most likely to affect
decision-making. The example illustrates that when incidence of disease s
high, the negative predictive value is most affected by a test’s sensitivity
rather than its specificity. For example, many studies would indicate that
the sensitivity of the WBC count for appendicitis is quite high, although its
specificity is not.5 When applied to a preselected population of patients
(selected by the emergency physician) with a high incidence of appendicitis,
rather than as a screen applied to all patients with abdominal pain, the high
sensitivity value of the test renders it quite useful.

In summary, in the emergency department, tests with high positive or
negative predictive values, or both, are most useful. Tests that have high



Problems in the Use of the Laboratory 17

Table 2-3. Frequency of Laboratory Tests Performed in a
Pediatric Emergency Department

Test Frequency (per 100 patients)
Complete blood count ‘ 24%
Chest radiograph 12%
Blood culture 12%
Electrolytes 10%
Long Bone radiograph 9%
Urinalysis 8%
Throat culture 6%
Erythrocyte sedimentation rate 5%
CSF studies 4%

Other tests ordered with a frequency of at least .5% or greater listed
in decreasing order of frequency: abdominal radiographs, stool cul-
ture, arterial blood gases/venous blood gases, sinus radiographs, drug
levels, skull radiographs, clotting studies, drug screening.

Other tests of importance are carboxyhemoglobin, methemoglolin,
sickle cell screening, HCG, ECG, stool smear for WBCs, conjunctival
smear for gram negative diplococci.

specificity (few false-positive results) will be most likely to have high posi-
tive predictive values and will be most useful when suspicion of disease 1s
low. Tests of high sensitivity (few false-negative results) will be more likely
to have a high negative predictive value and will be most useful when
suspicion of disease is high. Table 2-3 lists several commonly performed
tests in the pediatric emergency department (Simon JE, unpublished data).
Not surprisingly, given the above analysis, most have high sensitivity or
specificity or both. A major exception is the complete blood count (CBC),
usually performed to obtain the WBC count.

THE WHITE BLOOD CELL COUNT AND THE EVALUATION OF
THE FEBRILE TODDLER

The value of the WBC count in the evaluation of febrile illness has been
studied extensively. Its sensitivity and specificity for bacterial illness have
been shown to be low.” Specifically when applied to the evaluation of the
febrile toddler, the WBC count as a predictor of bacteremia has been shown
to have a sensitivity in the range of 36 percent and specificity in the range of
62 percent.®? The incidence of bacteremia in toddlers with fever greater
than 39.5° and no obvious source is relatively low, approximately 5 percent.’
Applying the above analysis (value of predictive values relative to incidence
of disease), therefore, for a test to be of value in this setting it must have a
high positive predictive value. As illustrated in Table 2-4, the positive pre-
dictive value of a WBC count greater than 15,000 for occult bacteremia is
only 5 percent. The negative predictive value of 95 percent would, at first,
appear to be useful, particularly when the potentially severe complications
of occult bacteremia are considered.!® However, in this particular case, the
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Table 2-4. Predictivc Value of the White Blood Cel! Count for Bactercmia

Bacteremia
Present Absent Total
WBC > 15,000 19 361 380
WBC < 15,000 31 589 620
Totals 50 95C 1000

Incidence 50/1000 (5%)

Sensitivity 36%

Specificity 62%

Positive Predictive Value 19/380 (5%)
Negative Predictive Value 589/620 (95%)

95 percent negative predictive value is no improvement over clinical assess-
ment which, given an incidence of bacteremia of 5 percent, can predict the
absence of bacteremia with 95 percent accuracy.

BUN AND SODIUM IN THE EVALUATION OF
HYDRATION STATUS

Sensitivity, specificity, and incidence data are often not precisely
known for a laboratory test relative to a given clinical condition. Neverthe-
less, before interpreting a piece of laboratory data, estimates of these pa-
rameters must be made if the laboratory data are to be used intelligently.
The use of RUN in the diagnosis of dehydration is an example wherein
precise data are unavailable. However, using reasonable assumptions and
available data, it is possible to estimate specificity, sensitivity, and inci-
.dence parameters sufficiently well to evaluate the positive and negative
predictive values of BUN. The specificity of BUN greater than 20 for dehy-
dration is easiest to estimate. Since elevation of BUN in acutely ill previ-
ousiy healthy children due to causes other than dehydration is extremely
unusual, the specificity of this test can be assumed to be high. For purposes
of this discussion, therefore, the specificity of BUN greater than 20 for
dehydration will be assumed to be 98 percent. The test’s sensitivity is not so
impressive. In a recent study by Listernick et al.!! of 29 dehydrated chil-
dren, the mean BUN was only 20, with a standard deviation of 8. Although
the spread of the data was not provided in this article, assumption of a
normz] curve distribution would imply that the sensitivity of BUN greater
than 20 for dehydration in children is only 50 percent. This is not surprising
when cne considers that even with total anuria the BUN rises at a rate of
only 1 mg percent per hour.'? Thus, a child who rapidly becomes dehydrated
over the course of several hours will not have time to develop a significantly
elevated BUN, even if dehydration is severe. Furthermore, a reduction in
glomerular filtration rate by 50 percent results in only a doubling of BUN.!3
Consequently, if a given child’s normal BUN is only 8, it is clear that
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Table 2-5. Predictive Value for the Blood Urea Nitrogen for Dehydration

Dehydration
. Present Absent Total
BUN > 20 25 1 26
BUN < 20 25 49 74
Totals 50 50 100
Incidence (50%)
Sensitivity (50%)
Specificity (98%)
Negative Predictive Value 49/74 (67%)
Positive Predictive Value 25/26 (96%)
Dehydration
Present Absent Total
BUN > 20 10 2 ' 12
BUN < 20 10 78 88
Totals 20 80 100

Incidence 20%

Sensitivity 50% -
Specificity 98% ?

Negative Predictive Value 78/88 (89%)
Positive Predictive Value 10/12 (83%)

significant dehydration could occur without an elevation of BUN to a value
greater than 20.

To complete our analysis, we must make an assumption about the true
incidence of dehydration among children judged by an emergency physician
to be sufficiently likely to be dehydrated to warrant a set of electrolytes,
including a BUN. Let us assume an incidence of 50 percent for an experi-
enced emergency physician and 20 percent for a July intern rotating
through an emergency department, to illustrate again the effect of incidence
of disease on predictive value analysis. Table 2-5 illustrates that the nega-
tive predictive value of BUN greater than 20 would be only 67 percent for
the experienced emergency physician, not much better than 50 percent
based on chance selection after clinical criteria have identified a population
with a 50 percent risk of dehydration. On the other hand, for the intern, the
negative predictive value would be 89 percent. Unfortunately, this value is
achieved al the expense of testing many children for whom dehydration
could be ruled out clinically. In fact, for this reason the intern would fail to
diagnose as many dehydrated children as the experienced emergency physi-
cian, assuming that both regarded a BUN of greater than or less than 20 as
definitive.

A test that is often obtained along with the BUN is the serum sodium.
Although serum sodium is usually regarded as a means of assessing type of
dehydration, rather than assisting in the diagnosis of the presence or ab-
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sence of dehydration, it is probably more useful in this regard than the
BUN, given the above analysis of the low negative predictive value of BUN.
In particular, the serum sodium can be used to sharpen clinical assessment
of degree of dehydration. A high-normal or frankly elevated serum sodium
implies conservation of extracellular fluid (ECF) at the expense of intracel-
lular fluid volume (ICF). Since most clinical signs of dehydration relate to
depletion of ECF, an elevated serum sodium warns the clinician of the risk
that clinical assessment may have underestimated the degree of dehydra-
tion. Conversely, a low serum sodium suggests that clinical assessment
might have overestimated the degree of dehydration.

ARTERIAL BLOOD GASES

The job of the emergency physician is to recognize and stabilize emer-
gency conditions. Reduced to basics, this translates into the recognition and
stabilization of actual or impending respiratory failure, circulatory failure,
or reversible central nervous system (CNS) deterioration. The arterial blood
gas (ABG) provides valuable information in the assessment of all three of
these conditions, and does so quickly. PO; and PCO; values greatly assist in
evaluation of both respiratory status and therapy for increased intracranial
pressure (ICP) aimed at decreasing cerebral blood volume. The pH and
HCOj values are of assistance in assessing the severity of poor perfusion
states. The predictive values of the various portions of the ABG are high but
not necessarily 100 percent. The agitation produced when performing an
arterial puncture can alter the ABG values, unless the arterial puncture is
almost immediately successful.

Aside from the issue of predictive value, there is a risk that must be
considered before ordering an ABG for a pediatric emergency patient. In the
child with impending respiratory failure, the agitation produced or the re-
straint required during the performance of an arterial puncture can in-
crease the child’s respiratory distress and even precipitate respiratory ar-
rest.? Similarly, any stimulus, but particularly a painful stimulus; such as
repeated arterial punctures, can exacerbate increased ICP. One solution is
an indwelling arterial line. However, these are difficult to place and carry
their own risks, particularly in an emergency department. Another solution
is the use of transcutaneous oxygen saturation monitoring coupled with
venous blood gases drawn from an indwelling intravenous line, assuming
that the risks of agitation and restraint when placing an intervenous line
are deemed acceptable—not necessarily the case for a patient with epiglotti-
tis, for example. Transcutaneous oxygen monitoring has been shown to be
extremely accurate. The acid-base parameters of a venous blood gas are
similar to those of the ABG, except in situations of peripheral circulatory
compromise, provided that the venous blood gas sample can be obtained
without use of a tourniquet.
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In summary, not even the ABG with its wealth of information should be
ordered indiscriminately by the emergency physician. It too can mislead or
actually contribute to clinical deterioration.

PLAIN RADIOGRAPHS

The plain radiograph is one of the most frequentiy ordered tests for
pediatric emergency patients (see Table 2-3). The radiation risk of a plain
radiograph is thought to be low but not nonexistent. Plain radiographs are
costly and, in many emergency departments, time consuming. Adhering to
well-defined criteria for ordering plain radiographs would reduce radiation
exposure to small children, help control emergency department costs, and
improve efficiency in the emergency department. Criteria for ordering plain
radiographs have now been developed for many clinical situations.'4-16

Skull Radiographs

A committee of the Center of Devices and Radiological Health, a divi-
sion of the US Department of Health and Human Services, recently re-
viewed the available data on the clinical value of skull radiographs in head
trauma.'” The committee concluded that patients could be divided into three
groups on clinical criteria: high, moderate, and low risk of intracranial
injury. The committee further concluded that plain skull radiographs would
add little to the evaluation of patients in the high-risk group because these
patients required computed tomography (CT) scanning regardless of the
results of plain radiography. Furthermore, the committee concluded that
the low-risk group (accounting for 50 percent of those radiographed in most
series) also received no benefit from plain skull radiographs. The incidence
of skull fracture in the low-risk group was 1 percent. The risk of intracranial
sequelae was zero but estimated at 1 in 2,500 because of statistical limita-
tions. Criteria defining the low-risk and high-risk groups are listed in Table
2-6. The committee made no definite recommendations regarding plain ra-

Table 2-6. Low-and High-risk Criteria for Significant Head Injury

Low Risk High Risk
Asymptomatic Depressed Level of Consciousness
Non-progressive headache Focal Neurological Signs
Dizziness Penetrating Skull Injury

Scalp Hematoma

Scalp Laceration

Scalp Contusion

Absence of Moderate or High
Risk Criteria
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Table 2-7. Moderate Risk Criteria for
Significant Head Injury

History of Loss of Consciousness
Progressive Headache

Alcohol or Drug Intoxication
Unreliable History

Age less than 2 years (unless trivial)
Post-traumatic Seizure

Vomiting

Multiple Trauma

Facial Trauma

Possible Penetrating Skull Injury
Suspected Child Abuse

diographs for patients in the moderate-risk group (Table 2-7). They sug-
gested, however, that many in this group would be best managed by
extended close observation followed by CT examination if there was ei-
ther deterioration or failure to improve under observation. The two situa-
tions identified for which skull radiographs without CT scanning might
be appropriate management were (1) suspected child abuse (for docu-
mentation purposes), and (2) suspected depressed skull fracture with-
out clinical signs of intracranial injury (trauma with a pointed or edged
object).

Chest Radiographs

A study presented by Gessner and Turkewitz!* at the 1987 Ambulatory
Pediatric Association meetings suggests that radiation exposure to diagnose
pneumonia in pediatric emergency patients might be cut in half without
significant loss in diagnostic accuracy. Specifically, 129 patients and their
chest radiographs were studied to determine whether the lateral chest ra-
diograph added significantly to the overall interpretation of the chest radio-
graphs of pediatric patients presenting with suspected acute pneumonia.
The conclusion of the study was that the positive and negative predictive
values of a single frontal view of the chest versus those of a two-view study
of the chest did not differ. [Next, someone needs to perform a similar study
of the kidney-ureters-bladder (KUB) versus the KUB and upright of the
abdomen in children presenting with abdominal pain. In fact, KUB versus
no KUB might also prove to be an interesting study.]

Long Bone Radiographs

Brand and co-workers!® studied a set of high-yield criteria for determin-
ing the need for long bone radiographs in a mixed population of children and
adults presenting with musculoskeletal trauma. Rivera et al.!® revised the
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criteria listed below and studied their application to pediatric patients only.

Upper extremity trauma
Gross deformity
Point tenderness
Lower extremity trauma
Gross deformity
Pain on motion

The negative predictive value of the upper-extremity criteria listed was
only 75 percent—not very good given the above analysis because of the
relatively high incidence of fractures among children presenting to an emer-
gency department with the chief complaint of upper extremity trauma. On
the other hand, the negative predictive value for the criteria listed for lower
extremity injury was 97 percent. Therefore, the absence of gross deformity
or pain on motion may obviate the need for radiological evaluation of lower-
extremity injury. The numbers in this study were small, however.

ELECTROCARDIOGRAM

The electrocardiogram (ECG) is not performed nearly as often on pedi-
atric as on adult emergency patients. Furthermore, when it is performed,
positive findings are infrequent. For example, in a study of chest pain in
children, Selbst et al.!® found that the ECG was performed in only 30 per-
cent of pediatric patients presenting with chest pain. The ECG contributed
to the diagnosis in only 4 percent of these, or only 1 percent of the total.
Nevertheless, the ECG is a noninvasive test with very high positive and
negative predictive values for several emergency conditions in children,
principally emergency dysrhythmias. Other than chest pain, presentations
for which an ECG should be considered include syncope, unexplained epi-
sodes of irritability or lethargy, congestive heart failure, and an unex-
plained seizure, particularly in a patient with a family history of unex-
plained sudden death.!*

URINALYSIS/URINE CULTURE

The limitations of a urinalysis and even a urine culture in the diagnosis
of urinary tract infection in infants and children have been well docu-
ménted.?’ Pyuria may be the result of several pathophysiologic processes
including, but not limited to, dehydration, chemical irritation, administra-
tion of oral poliovaccine, and gastroenteritis, in addition to urinary tract
infection.?? Also, bacteremia is not necessarily associated with pyuria. In-
deed, even symptomatic urinary tract infection may occur without pyuria.?!
Pryles and Lustik?® studied the relationship of urinalysis findings to uri-
nary tract infections and concluded that the presence or absence of readily



24  Problems in Pediatric Emergency Medicine )
seen bacteria in an unspun urine specimen correlated best with the diagno-
sis of urinary tract infection. Unfortunately, routine urinalysis in most
hospitals only examines the spun sediment—a test that is not well stand-
ardized despite its frequent use.

Another confounding variable is the method of urine collection. Bagged
urines are easily contaminated. Culture results from bagged urines should
be confirmed by means of another collection method before treatment is
initiated. Clean catch urine is useful but difficult to collect under age 4.
Suprapubic aspiration yields reliable results, but the technique is not with-
out risk.?? Catheterization is traumatic for toddlers and risks introduction of
infection.

Where does this all leave the emergency physician who is confronted
with a febrile child? Several recent studies have indicated that the incidence
of bacteruria is low in febrile children.???* For instance, in a study of 664
children, Bauchner et al.?® found bacteruria in only 11 for an incidence of 1.7
percent. (This study probably overestimated incidence of bacteruria in the
study population because cultures were performed primarily on clean
voided specimens. Furthermore, colony counts greater than 10,000 were
regarded as significant.) An additional finding of the study was that 9 of the
11 episodes of bacteruria occurred in infants under 1 year of age. The two
older patients were both females. In a study by Roberts et al.,?® all urinary
tract infections identified in febrile children under 2 years of age occurred in
females as well. On the basis of these studies, the following approach would
appear’ reasonable when evaluating an infant or child with fever in the
emergency department:

Age greater than 1 year, nontoxic

No urine examination is indicated for boys in this category. For girls,
parents should be instructed in the proper collection of a bag or clean
voided early morning specimen at home. This should be returned and
cultured. All positive cultures should be repeated in a clinic or pri-
vate office setting on a specimen collected by clean void technique
under supervision or by catheterization.

Age greater than 1 year, toxic

Catheterized specimens are indicated if no other identifiable source of
infection is present. Immediate interpretation should be based on
microscopic bacteruria in the unspun urine.

Age less than 1 year, nontoxic

Bag specimens for culture and examination for bacteruria in the un-
spun urine are indicated. If microsopic bacteruria is found, a second
sample obtained by bladder tap or cathetetization should be obtained
for culture. Treatment should be considered at that point in a child
under 6 months of age because of the potential risk of septic complica-
tions. Between 6 months and 1 year, treatment may be individual-
ized. If a bag specimen cannot be obtained, bladder tap or catheteriza-
tion is indicated for all infants under 6 months of age and for all
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female infants under 1 year of age without other source for fever. For

males between 6 months and 1 year of age, urinalysis and culture in

this category is not necessary unless unexplained fever persists.
Age less than 1 year, toxic

All infants in this age group warrant a bladder tap or catheterization

for urinalysis and culture.

STOOL SMEAR

For most children presenting with diarrhea, it is not critical to rule out
bacterial etiology in the emergency department prior to discharge. If there
is reasonable suspicion based on acute onset of diarrhea without vomiting,
as well as high fever and blood in the stool,® a stool culture is performed,
and the child 1s treated conservatively pending the result. However, in very
small infants with diarrhea, it is critical to rule out a bacterial etiology
because of the greater suspectibility to septic complications, particularly
when the infectious process involves a colitis. In this situation, a stool smear
for WBCs can be invaluable.? The absence of WBCs has a negative predic-
tive value of 97 percent for bacterial infection with colitis. The presence of
WBCs in the stool suggests bacterial, allergic, or amebic etiology. This
finding in a very young infant justifies admission or extremely close outpa-
tient follow-up until a definite diagnosis is established.

CONJUNCTIVAL SMEAR

Conjunctivitis in an infant under 2 weeks of age warrants a scraping of
the conjunctiva for gram-negative diplococci. If present. gonorrhea ophthal-
mia must be assumed pending culture results and the child treated appro-
priately.

OTHER CONSIDERATIONS

One justification often used for obtaining a laboratory test is that it will
strengthen the chart from a medical-legal point of view. Predictive value
analysis assists in the evaluation of this argument as well. Tests with low
positive predictive values have high Talse-positive rates. A positive result of
such a test will therefore often be ignored in favor of evidence thought to be
more definitive at the time of initial evaluation. The positive test result cau,
nevertheless, be used by a skillful attorney to impress a jury that care was
deficient. (“Why did you order the test in the first place, doctor?”) For exam-
ple, an elevated WBC count as part of a fever evaluation can, unfortunately,
be misused in court to question the failure to perform a lumbar puncture on
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a child, the analysis above notwithstanding. Studies with high false-nega-
tive rates are safer in this regard but not beyond the use of a shrewd attor-
ney to impugn a physician’s care.

A final reason often used to justify a laboratory evaluation is to reas-
sure a parent. This can be difficult reasoning to resist. Certainly, if the test
carries any measure of risk, however small, such as radiation exposure,
there is sufficient reason to resist a parents’s request. Also, if a test is known
to have a high false-positive rate, such as a WBC count in a febrile child, this
would also be reason to resist a parent’s request, because it may well fail to
reassure. Furthermore, to submit to the parent’s request reinforces the par-
ent’s thinking that a child requires a WBC count with every febrile illness,
making the job of subsequent physicians more difficult when attempting to
reassure the parent. To say that one never yields to a parent’s request,
however, would be unrealistic. In the final analysis, the goal is an optimal
outcome for the child, not purity of medical evaluation. Unfortunately,
there are occasional parents whose compliance can only be gained after a
“test” has reassured them of the validity of one’s medical judgment.

ALTERNATIVES TO LABORATORY TESTING

When clinical evaluation cannot definitively rule in or out an emergency
diagnosis and no laboratory study is available with sufficient positive or
negative predictive value to be of much help, the alternatives are treatment,
consultation, discharge with close follow-up, and observation. Observation
in the emergency department itself or in an emergency department holding
area is often overlooked as a means of assessment in pediatric emergency
medicine. Holding areas have traditionally been used primarily for short
courses of therapy for such diagnoses as asthma?® and dehydration.!! How-
ever, a few hours of observation can assist greatly in the diagnostic evalua-
tion of pediatric emergency patients. Most pediatric emergency conditions
have a rather predictable course. After 1 or 2 hours of observation and a
dose of acetaminophen, the irritable febrile infant often becomes a happy,
smiling, playful infant, ruling out serious infection other than possibly oc-
cult bacteremia. Similarly, the evaluation of the lethargic head trauma
victim or the irritable accidental poisoning victim will often be clarified
after a few hours of observation.

SUMMARY

The role of the emergency department is to recognize and stabilize
emergency conditions. In this setting, it is highly desirable that laboratory
studies have either high positive or negative predictive values, or both.
When suspicion for disease is low or therapy invasive, a test with a very
high positive predictive value is needed. When suspicion for disease is high
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or severity of disease is high, a test with high negative predictive value is
needed. In general, the negative aspects of laboratory/radiography testing
are more compelling in pediatric patients compared with adult patients. For
example, pain is a prime consideration when dealing with a pediatric pa-
tient. Radiation exposure may have greater consequences for young pa-
tients. Pediatric patients are at greater risk for clinical deterioration as a
result of the agitation produced by a procedure. Therefore, tests that do not
add to the medical evaluation of a pediatric emergency patient by virtue of a
clear analysis of their utility should not be performed. An alternative to
testing when tests of sufficient positive or negative predictive value are not
available is observation of the course of illness over a few hours in an
emergency department holding area.
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Optimizing Pediatric
Emergency Care
with Sub-optimal

3 | Resources

Joseph Simon

The concept for this chapter was conceived during a conversation with a
pediatrician from a small community who was implicated in a malpractice
case involving a child with epiglottitis. In was clear from the conversation
that this pediatrician and the emergency physician who was also named in
the legal action both clearly understood the pathophysiology and appropri-

ate treatment of epiglottitis. In particular, they both recognized the desir- -

ability of quickly establishing an artificial airway. However, because they
did not feel technically capable of establishing an artificial airway in a
patient with epiglottitis, and because they could not identify any other
physician in their small community who did feel capable of performing this
difficult procedure, they contacted a tertiary care pediatric center approxi-
mately 75 miles away and requested that an air-transport team be dis-
patched by this center to assume responsibility for the child. The tertiary
care center refused because they were unwilling to transport a child with
epiglottitis without an artificial airway (their team also lacked the skill to
intubate or perform a tracheostomy on an epiglottitis patient). The pediatri-
cian and the emergency physician therefore attempted to intubate the child
without success. The child deteriorated during the attempt. Again, the man-
aging physician contacted the tertiary care center and again transport was
refused. The pediatrician and emergency physician then elected to transport
by local ground rescue unit to the tertiary center. During transport, the
child arrested and could not be resuscitated. Did these physicians make the
correct decision? Was the decision of the tertiary care center appropriate?
Could advance planning have improved this child’s chances for survival?

29
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The answers to these questions are difficult. Most medical research is
conducted at medical centers with abundant medical resources. Conse-
quently, it is particularly difficult to find answers to these questions in the
medical literature. In particular, the relative risks of various courses of
management, none of which is regarded as ideal, are not well researched.
This chapter discusses general solutions to the probiem of suboptimal medi-
cal resource availability. A few selected situations are then discussed in
detail, using information available in the literature to speculate on the
optimal course of management for each situation.

SCOPE OF THE PROBLEM

Fortunately for children, both mortality and the incidence of life-
threatening illness and injury in the pediatric age %}ﬁp are low. Unfortu-
nately for children, a consequence of this low mortalily and low incidence of
serious disease and injury is that physicians’ experience in the management
of life-threatening pediatric problems is also limited. To illustrate the prob-
lem, imagine a hypothetical community called community A of 100,000
people served by two emergency departments and eight emergency physi-
cians. Twelve infant deaths, excluding neonatal deaths, would be expected
to occur in this community each year.! Assuming a 20 percent successful
resuscitation rate (high) for emergency department resuscitations of pediat-
ric patients and assuming that one-half of 12 deaths involved an emergency
department resuscitation, the number of infant cardiopulmonary resuscita-
tions conducted in community A’s two emergency departments can be esti-
mated at eight, or four per facility, or one per emergency physician per year.

As another example, community A would be expected to have two cases
per year of intussusception, one per emergency department per year or one
per emergency physician every 4 years.?

Another consequence of this low incidence of serious illness in the pedi-
atric age group is the limited number of pediatric subspecialists trained to
care for critically ill pediatric patients. Community A would be unlikely to
possess either a pediatric radiologist experienced in barium enema reduc-
tion of intussusception or a pediatric surgeon. In fact, the 1985 to 1986
Directory of Medical Specialists in the United States devotes 310 pages of
small print to the listing of general surgeons as compared with a total of
only 400 pediatric surgeons for the entire country.

In summary, when a pediatric emergency occurs outside a major metro-
politan area, optimal resources to manage the emergency are often not
going tao be available. Furthermore, many of those physicians who are called
on to manage these pediatric emergency situations will lack that critical
level of experience with pediatric emergency situations essential to optimal
provision of care despite otherwise excellent training and expertise in adult

emergency care.
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COMPENSATING FOR SUBOPTIMAL RESOURCES

Recognition

The first step toward solving a problem is recognizing that a problem
exists. Any emergency department caring for children must accurately as-
sess its capabilities in the following areas:

1. Pediatric airway management: ability to establish an artificial air-
way in the pediatric patient with upper airway obstruction, availability of
flexible and rigid bronchoscopy for the management of both lower and upper
airway obstruction

2. Pediatric respiratory failure: availability of physicians and intensive
care unit personnel knowledgeable and experienced in ventilator manage-
ment of pediatric patients, including sedation and restraint of pediatric
patients, and pediatric pulmonary toilet

3. Pediatric dysrhythmias, congestive heart failure, shock: availability
of physicians knowledgeable and experienced in these areas, including pedi-
atric echocardiography, ability to gain rapid venous access, including cen-
tral venous access, in sick infants and children

4. Pediatric central nervous system resuscitation: availability of pediat-
ric cranial computed tomography (CT) capabilities; availability of a neuro-
surgeon capable of decompressing intracranial mass lesions in pediatric
patients, establishing intracranial pressure monitoring and managing ven-
tricular shunt malfunctions

5. Pediatric surgical emergencies: availability of a surgeon experienced
and skilled in the management of pediatric bowel obstruction and pediatric
multiple trauma; availability of an anesthesiologist skilled and experienced
in the emergency anesthetic management of infants and children

6. Appropriate equipment, laboratory, and radiological support: for the
resources listed above

Other pediatric resources are obviously desirable. This list attempts to
outline only those resources for which very prompt or emergent availability
might be life saving.

Maximizing Availability of Key Resources

The next step is to work toward maximum availability of those commu-
nity resources that do possess needed skills. For example, separate call
schedules listing only physicians interested and skilled in the care of pediat-
ric patients might be developed by an emergency department. This would
serve the dual purpose of concentrating pediatric experience among a few
specialists, improving the likelihood that these physicians will remain cur-
rent in pediatric emergency care within their field. For example, this might
serve as an inducement to a physician to pursue appropriate continuing
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medical education experience in pediatric emergency care. In fact, one in-
centive a hospital might use to gain participation in a pediatric subspecial-
ity call schedule might be formal support for pediatric continuing medical
education activities for those who participate. Nonphysician resources
should not be overlooked when developing plans for the management of
pediatric emergencies. For example, selected intensive care unit nurses or
respiratory therapists might be identified as more skilled in the care of
infants and children. Often the only inducement necessary to gain the ready
availability of these personnel will be the recognition of their expertise.

Prorocols

The third step is the development of protocols for the management of
selected pediatric emergency situations. Aside from providing immediate
direction to emergency department personnel, protocols serve at least three
other purposes. First, protocols can serve as an effective component of an
emergency room’s in-service educational program. Second, by involving key
resources in the community in the writing of the protocols, the level of
cooperation of those resources with the management of a given pediatric
emergency situation when it arises is solidified. Finally, a protocol, if fol-
lowed, can be a protective instrument when legal action is threatened or
pursued, particularly with respect to institutional liability. Protocols should
be specific. In particular, they should not only provide direction regarding
key decisions in management but also provide nurses with direction in the
areas of monitoring and appropriate equipment/medication to assemble. Do
not’s as well as do’s should be included in the protocols.

One concern regarding detailed protocols is that they limit individual-
ization of medical care. They do not. Deviation from a protocol is and should
be permitted provided that there is detailed documentation in the chart of
the reasons for variation from the protocol. On the other hand, protocols can
be used effectively to limit the choices of a physician who is not prepared to
document appropriate reasons for deviation from protocol. Finally, all proto-
cols should define indications for patient transfer to a tertiary pediatric
facility.

Transfer Agreements

The Accreditation Manual published by the Joint Commission on Ac-
creditation of Hospitals recommends that hospitals that lack tertiary care
capability in a given area develop formal transfer agreements with hospi-
tals that do provide such care.? In particular, any hospital that lacks ter-
tiary care capability for selected or all pediatric patients should have a
transfer agreement with a pediatric tertiary center. These agreements can
greatly expedite the emergency transfer of patients,? define responsibilities
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during transfer, and clarify transfer procedures. These agreements can
guarantee that referrals from a given emergency department will be ac-
cepted without regard to the patient’s financial status. On the other hand,
these agreements can provide a measure of security to the tertiary institu-
tion that referral will not be based upon financial considerations. One aspect
that these agreements should, however, not attempt to define is the medical
indications for transfer.® These indications should be incorporated into the
referring hospital’s protocols. The tertiary pediatric receiving hospital
should guarantee acceptance of any patient which the referring hospital
desires to transfer subject only to considerations of resource availahiiity at
the receiving institution. Figure 3-1 is an example of a transfer agreement
that incorporates many of these characteristics.

Pediatric Interhospital Transport Systems

When protocol calls for transfer and a tertiary pediatric facility has
accepted the infant or child in transfer, the next step is rapid and skilled
transport to the receiving facility. Referring institutions should work with
receiving institutions and with the various transport resources within an
area to identify, train, and support a transport system that has special
expertise in the area of pediatric transport. Guidelines for such a system
have recently been developed by the American Academy of Pediatrics.’
Ideally, the system should be exclusively a pediatric transport system. In
most areas, however, practical considerations will dictate that the system
will share many components with a general transport system. One aspect
that should not be shared, however, is the medical directorship of the pediat-
ric system.® Also, it is desirable to have at least one member of the transport
team who possesses special expertise in the care of the critically ill/injured
infant or child.

If the urgency of the situation does not permit the delay inherent in a
round-trip transport by a pediatric transport team dispatched from the re-
ceiving tertiary center, then local transport resources must be available
that at least possess appropriate equipment and operate under appropriate
protocols for the management of pediatric patients. Local hospitals and
emergency departments should work with local transport services to guar-
antee at least this minimum level of pediatric transport expertise. In these
situations, arrangements should also be made, when necessary, for a physi-
cian from the local community with pediatric critical care knowledge to
accompany the local EMS team during transport. Unless these arrange-
ments are made in advance, it can be very difficult to assemble a transport
team quickly with the maximal skill available in the community and with
appropriate equipment.

Finally, it must be recognized that stabilization before transport from
one hospital to another is not necessarily equivalent to stabilization before
admission to the same hospital. Transport conditions such as noise, vibra-
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Transfer Agreement Batween and
To facilitate the transfer of patients between Hospital
(hereafter referred to as ") and
(hereafter referred to as "), the

following procedures are set forth and agreed upon by the two institutions. The guiding
principle of these procedures is to maintain the best interest of the patient in mind while
transferring the patient from one institution to another.

1. The decision to transfer a patient shall be made jointly between the attending

physician or his designate at and the receiving
physician or his designate at . The joint decision will
assure that adequate facilities are available at for a

patient who is properly prepared for the transfer.

2. A copy of the complete medical record, including x-rays and laboratory reports, must
be transferred with the patient. In addition, the foliowing information should be available
prior to the patient's transfer: (a) medical authorization; (b) patient’s or guardian's consent;
and (c) proper patient identification.

3. Patients who require a burn unit for their inpatient care shall not be transferred to

4. The physician sending the patient and the appropriate physician at
shall determine the necessity for medical or support personnel to
accompany the patient and the appropriate mode of transportation. (Land ambulance or

helicopter.) ,

5. When a patient does not require a physician to accompany the patient,
shall provide appropriate support personnel during the transfer. In this
case, the source and mode of transportation should consider returning personnel to

6. When a physician from __ does not accompany the
patient in transit, _ ‘ shall assume medical responsibility for
the patient until the patient arrives at the Emergency Department of

— . Upon such arrival, _ will assume medical
responsibility for the patient.

7. When a physician from accompanies the patient
in transit, shall assume joint medical responsibility for the
patient once the patient has been determined clinically stable for transportation and has
departed from : . Upon arrival at the Emergency
Department of " : will

assume medical responsibility for the patient.

Fig. 3-1 Sample form of a transfer agreement (Figure continues.)
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8. is not responsible for any costs associated with the
transportation of a patient by land or by air. Such costs shall be billed by the organization
providing the transportation to the responsible party of the patient.

9. encourages the utilization of medical communication
between the vehicle transporting the patient and the Emergency Service's radio at

10. All patients transported to shall be received in
the Emergency Department of the hospital, unless other arrangements have been made by
the receiving physician at .

11, and its physicians agree to provide appropriate
information to the referring physician and hospital about the progress and disposition of the
patient after the transfer is completed and for the duration of the patient's stay.

12. agrees to accept patients under age 18 without
regard for the patient's financial or third-party funding status.

13. agrees to make the decision regarding the transfer to
vs. admitting the patient or transferring to another
institution without regard for the patient's financial status or third-party funding.

14. In the event either party in its own unilateral judgement determines to perform under
this agreement and corrective efforts made in good faith by both parties are unsuccesstful,
either party may terminate this agreement upon the giving of thirty (30) days prior written
notice without penality.

15. This agreement shall be in effect for a period of one (1) year beginning on the date of
signature below. It shall be automatically renewed on an annual basis, unless either party
expresses their intent in writing to terminate or renegotiate the agreement at least sixty
(60) days prior to the renewal date.

Director, Emergency Services

Aministrator, Administrator,

Date Date

Fig. 3-1 (Continued).
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tion, temperature, and limited space often dictate different stabilization
measures than would otherwise be indicated. The subject of pediatric trans-
port has been reviewed elsewhere.® Pediatric emergency care hotlines or
the medical control physician from the pediatric transport system can be
useful resources to tap for advice on appropriate stabilization prior to trans-
port.

Pediatric Emergency Care Hotlines

Many states, regions, and tertiary care pediatric centers have taken the
initiative to establish the availability of telephone consultation on pediatric
emergency cases. For example, in the state of Georgia, the Emergency
Health Section of the Department of Human Resources has funded an 800
number located at a pediatric emergency department in the state, staffed by
pediatric emergency attending physicians. This line provides emergency
physicians and pediatricians throughout the state with immediate round-
the-clock access to consultation. The line can be used to obtain recommenda-
tions on the management of children who do not necessarily require transfer
or recommendations on the stabilization of pediatric patients prior to trans-
fer. These hotlines, however, are not a substitute for aggressive advanced
planning and protocol development by local hospital emergency depart-
ments. The advice that can be provided by these hotlines will be limited by
the availability of local resources. At a minimum, accurate knowledge of
availability of local resources must be provided to the consultant to permit
this consultant to assist in the development of sound medical judgments.

In-service Educarion/Quality Assurance
Evaluation

Finally, local emergency facilities that are only infrequently chal-
lenged by a critically ill or injured child should emphasize pediatric emer-
gency care in their in-service training and quality assurance evaluation.
Although this might, at first glance, appear contradictory, a strong case can
be made for experience as the best teacher. Consequently, when experience
is lacking, extra emphasis must be placed on other modalities of maintain-
ing a medical skill or a body of medical knowledge. Periodically providing
physicians and nurses with the opportunity to obtain clinical experience in
a high-volume pediatric emergency department is another way of supple-
menting an emergency room'’s limited exposure to critically ill or injured
infants and children.

In summary, there are a number of steps that an emergency depart-
ment, or more generally, a local community can take to compensate for the
limited availability of resources for the care of pediatric emergency pa-
tients. Frequently, there are more resources than are immediately appar-
ent. One dedicated physician can promote through the development of proto-
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cols, pediatric call schedules, transfer agreements and other means the
mobilization of a community’s resources to a level which will be more than
adequate for the large majority of pediatric emergency patients.

EPIGLOTTITIS

The case described earlier of a child with epiglottitis provides a classic
example of a pediatric emergency for which optimal resources simply cannot
be expected to be available at every community emergency department.
Many recent articles advocate establishment at prompt provision of an artifi-
cial airway, by intubation or tracheostomy, as the optimal care for a child
with epiglottitis.”-® However, intubating a child with edematous supraglot-
tic structures or performing an emergency tracheostomy on a struggling
three year old requires specialized skills—skills that are difficult to main-
tain when the need for them arises only infrequently. Furthermore, at-
tempting either of these procedures carries the risk of irreversible respira-
tory arrest if unsuccessful. What is the solution for the small community
hospital emergency department that must, on rare occasion, manage a child
with epiglottitis?

The first step is to identify, if possible, either an anesthesiologist or
surgeon, or both, within the community who possess the needed skills. If
present, their availability should be solicited. However, the limits of their
availability need to be clearly defined for their own medical-legal protec-
tion.

If such resources are not available, the next step is to develop a protocol
that maximizes all other aspects of the care of a child with epiglottitis, short
of establishing an artificial airway. For example, this protocol should mini-
mize the child’s agitation, provide oxygen if it does not produce agitation,
encourage the sitting position in a parent’s lap, and provide for close moni-
toring and the availability of needle cricothyroidotomy equipment at the
bedside. In particular, an IV line is no substitute for an artificial airway and
may aggravate the situation. Therefore, the protocol should either prohibit
establishing an IV line—a reflex act for most medical personnel when faced
with a sick patient—or should clearly authorize IV placement only if place-
ment without causing the child to become agitated is possible.

The key question that this epiglottitis protocol must address is disposi-
tion. Should an artificial airway be attempted by a physician who is uncom-
fortable with this procedure? Should the child be admitted and managed
without an artificial airway? Should transfer without an artificial airway be
attempted? Management without an artificial airway has been studied.
Glicklich et al.’? used dexamethasone and otherwise conservative manage-
ment in 40 of 53 patients successfully. Another interesting aspect of this
study was that bag-mask-valve ventilation was a successful temporizing
measure when respiratory failure occurred. This approach has been con-
firmed by others.!!''? Costigan and Newth!? also attempted conservative
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management of 40 selected cases out of a total of 170. Only 2 of the 40
patients subsequently required an artificial airway. In both studies, how-
ever, conservative management was attempted in a situation in which
placement of an artificial airway was readily available in the event of clini-
cal deterioration. To choose this course of action in a community hospital
without the in-house capability of emergency airway management of a pa-
tient with epiglottitis would be ill advised. However, both studies suggest
that rapid transport of a child without an artificial airway who is early in
the course of epiglottitis might be a viable option, given that many children
with epiglottitis have been successfully managed without an artificial air-
way. Furthermore, the first study indicates that deterioration during trans-
port might be successfully managed by someone skilled in bag-mask-valve
ventilation of the pediatric patient. (See Chapter 12 for further discussion of
epiglottitis.)

In summary, when the resources to provide an artificial airway to a
child with epiglottitis are simply not available a reasonable alternative is a
protocol that calls for:

1. Minimal agitation

2. Oxygen, if tolerated, in the sitting position

3. Close monitoring

4. Rapid transport to a nearby facility accompanied by the local physi-
cian who is most skilled in a bag-mask-valve ventilation of children and
who is familiar with the technique of needle cricothyroidotomy; or transport
via a pediatric transport team dispatched by a tertiary pediatric center with
these same skills (If the child’s respiratory status is rapidly deteriorating
then attempting an artificial airway at the referring hospital may be the
only viable option.)

Arrangements with the receiving facility and participating local physi-
cians and local EMS services should be well formulated in advance to facili-

tate rapid transport.

INTUSSUSCEPTION

Intussusception is another pediatric emergency that requires special-
ized management resources. Yet intussusception occurs so infrequently that
it is difficult for a smaller community to develop and maintain these re-
sources. It is generally accepted that the optimal management of intussus-
ception is prompt barium enema reduction under the supervision of a sur-
geon who is prepared to operate quickly in the event that barium reduction
fails.1%!® If these resources are not available, rapid transport must bé ar-
ranged. The problem that this poses is the increased risk of bowel ischemia
or necrosis engendered by the delay involved in transport to another facil-
ity. Can this risk be reduced through medical management at the referring
hospital prior to transfer? The answer is unclear. However, two forms of
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therapy warrant consideration for inclusion in local protecols dealing with
intussusception. The first is aggressive fluid therapy to maintain perfusion
to the splanchnic bed. Several factors may conspire to magnify the compro-
mised perfusion to the intussusceptum that results from its anatomic distor-
tion. First, the infant may be dehydrated from repeated vomiting and poor
intake. Second, blood may be lost through already ischemic bowel producing
the classic currant jelly stool.

Finally, there is evidence that endogenous opioids may be secreted in
large amounts in some patients with intussusception.!® These opioids may
produce vasodilation and shunting of blood away from the splanchnic bed.
Consequently, a fluid bolus of 20 ml/kg of saline or Ringer’s lactate followed
by additional isotonic fluid to restore and maintain extracellular fluid vol-
ume would seem appropriate prior to transfer. Indeed, many protocols call
for aggressive fluid therapy prior to an attempt at barium reduction even
when transfer is not involved.!415

Another approach to improving perfusion to the intussusceptum is re-
duction in the tone of the smooth muscle of the bowel. Administration of
glucagon is known to have this as one of its pharmacologic effects. In fact,
glucagon has been used as a substitute for barium reduction with limited
success!” and as an adjunct to barium reduction with more apparent suc-
cess.'® Haase and Boles'? studied the effects of glucagon in experimental
intussusception in puppies. He found that it resulted in “easier reduction,
and an easier return of normal vascular supply as measured by color and by
arterial pulsations.”

In summary, a reasonable protocol for the management of intussuscep-
tion at a community hospital emergency department would be:

1. Nasogastric decompression

2. One or more boluses of 10 to 20 ml/kg of Ringer’s lactate followed by
continuous infusion of Ringer’s lactate of at least a maintenance rate

3. Administration of 0.05 mg/kg of glucagon by the IV or IM route

4. Rapid transport to an appropriate tertiary care facility by personnel
skilled in the diagnosis and management of circulatory compromise in in-
fants

OCCULT BACTEREMIA

Five percent of infants between the ages of 6 and 24 months with tem-
peratures greater than 39.5°C and with no obvious source of infection will
have positive blood cultures, usually Preumococcus, occasionally Hemophi-
lus influenzae.?® This phenomenon of occult bacteremia of infancy has been
the subject of much study.??-22 Unfortunately, no one has as yet identified a
serum porcelain level that identifies infants with occult bacteremia with
sufficient positive and negative predictive value to be of much use. Conse-
quently, after obtaining appropriate blood cultures on infants with high
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fever, one is faced with the alternatives of either treating all such infants
empirically with antibiotics or withholding treatment pending culture
results. The best course of action is vigorously debated. The most compelling
data in favor of expectant antibiotic therapy has been provided by Carroll et
al.?® In their study of 96 infants, 10 of which were bacteremic, a randomized
double-blind prospective study method indicated that expectant therapy
could prevent occult bacteremia from developing into meningitis. By con-
trast, several retrospective studies do not support this conclusion.?42 Qne
variable that is never discussed in the conclusions of these studies is the
laboratory methodology used in the processing of a blood culture. Culture
technologies vary greatly in their speed and accuracy. Radioisotopic tech-
niques will usually identify Pneumococcus and Hemophilus influenza bacte-
remia within 12 hours.?® Other techniques may require up to 48 hours
before yielding reliable results. Although no data are available on the rapid-
ity with which occult bacteremia typically evolves into meningitis it would
seem prudent for an emergency room which does not have the support of
rapid blood culture techniques to adopt a protocol of expectant antibiotic
therapy for occult bacteremia. The antibiotic used in Carroll’s study was
Bicillin CR 50,000/kg IM, followed by penicillin V 100 mg/kg/day orally
divided into four doses. Unfortunately, this does not adequately cover the
occasional infant with Hemophilus influenza bacteremia. Nevertheless, it is
the only prospectively studied antibiotic regimen for which there is evidence
of efficacy at this time. On the other hand, the numbers in Carroll’s study
were small. Consequently, the choice of another antibiotic regimen, such as
oral amoxicillin, would be difficult to criticize.

In summary, an emergency room must consider the capabilities of its
laboratory support as it establishes policies and protocols for the manage-
ment of the various emergency conditions it will be confronted with. In the
case of occult bacteremia of infancy, a reasonable protocol for an emergency
department without the support of rapid blood culture techniques would be
as follows:

1. Culture of all infants aged 3 to 24 months without an obvious source
of infection and with a temperature measured at home or in the emergency
room of greater than 39.5°C

2. Amoxicillin, 50 to 75 mg/kg/day divided in three doses for 3 days,
pending blood culture results

3. Reexamination within 24 hours by a physician

4. Reevaluation within 72 hours when culture results are known
(phone evaluation may be permissible in some cases)

VASCULAR ACCESS

One of the greatest challenges in pediatric emergency care is establish-
ing rapid vascular access in a poorly perfused infant. It has been well docu-
mented that even physicians experienced in pediatric care employing cut-
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down and central venous access techniques, in addition to percutaneous
techniques, often fail to adequately meet this challenge.?” lHow does a com-
munity hospital emergency department with its low volume of critically ill
small infants develop and maintain its skill in this area? If the hospital has
a neonatal intensive care unit or a separately staffed pediatric inpatient
service, one solution is to arrange for nurses from these areas to respond to
the emergency department when a critically ill or injured infant arrives.
These nurses will often possess considerable skill at establishing rapid ve-
nous access in sick infants. However, even nurses with considerable experi-
ence with the task can have difficulty. An old solution to the problem that
has recently been revived and extensively reviewed is vascular access via an
intraosseous route.?82? A stiff, large-bore, styleted needle is placed in the
marrow space of the anterior tibia or distal femur. This technique is simple
and reliable and requires only seconds to perform. A recent study by Kanter
et al.?” of the effect of incorporating intraosseous needle placement into a
protocol for rapid vascular access demonstrated a reduction in mean time to
successful vascular access from 10 to 4.5 minutes. Even more significant,
this study documented a reduction from 40 to 10 minutes in the maximum
delay experience before vascular access was achieved after incorporation of
intraosseous infusion into standard protocol. The technique is safe. All re-
suscitation medications, including continuous infusions of pressors®’ and
rapid fluid boluses, can be administrated through an intraosseous needle.
Every emergency department, and in particular those that lack either a
large number of critically ill infants to maintain their skill at vascular
access or other in-house resources that can be of assistance, should develop a
protocol for vascular access incorporating the intraosseous route. An in-
traosseous needle should be readily available. Although little skill is needed
to place an intraosseous needle, in-service training using various manikins
(chicken legs work well) should be conducted regularly to develop familiar-
ity with the procedure. Ongoing quality assurance studies in an emergency
department should routinely identify every critically ill infant in which
vascular access required more than 5 minutes. Failure to em:loy intraos-
seous infusion in an infant so identified should trigger careful review.

HEAD TRAUMA

Trauma deaths account for more deaths between the ages of 1 and 14
years than all other causes combined.? Severe head trauma accounts for 60
to 80 percent of this mortality.3' Optimal resources for the management of
the pediatric trauma victim in general, and the pediatric head trauma vic-
tim in particular, have been described by Ramenofsky.*? Included in these
resource guidelines, which are currently being used with various modifica-
tions to designate institutions as separate pediatric trauma centers, are
such resources as a pediatric neurosurgeon, pediatric anesthesiologist, pedi-
atric operating room team, and pediatric intensive care unit. These re-
sources will not be available to most emergency departments. One solution
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to the problem is for emergency departments to cooperate with a regional
trauma system that directs severely injured pediatric patients directly from
the scene of an accident to those hospitals in the area that possess appropri-
ate resources for the management of the pediatric trauma victim in general
and the pediatric head trauma victim in particular. Unfortunately, in many
communities no hospital will possess all the needed resources. Conse-
quently, many emergency departments will be called upon to manage a
pediatric head trauma victim without the availability of optimal resources
for the immediate surgical management of such a patient. Is suboptimal
care inevitable for these children?

In a study of 146 children with severe head injury conducted by Bruce,?
only 26 children (18 percent) had CT evidence of a mass lesion for which a
definitive neurosurgical procedure was a consideration. (Six epidural hema-
tomas, 11 subdurmal hematomas, and eight intracerbral hematomas). Sev-
eral of these were managed nonsurgically, and several of those that were
treated surgically did not require emergency surgery. In another study by
Bruce the most common CT finding in the pediatric patient with severe head
injury was bilateral, diffuse cerebral swelling.?* The treatment for this
group, and for many other children with identified mass lesions, consisted of
control of intracranial pressure primarily with hyperventilation and, in
" refractory cases, with osmotic agents.

In summary, a large majority of pediatric head injured patients will not
require immediate neurosurgery. Instead, optimal initial management of
these infants and children consists of controlled intubation, hyperventila-
tion, and fluid restriction unless shock is a complicating factor. Therefore,
an emergency department that manages severely head-injured pediatric
patients should develop a protocol that includes the following components
for any child with a marked alteration in level of consciousness or a deterio-
rating level of consciousness:

1. Controlled intubation using paralyzation, sedation, and lidocaine to
prevent exacerbation of increased intracranial pressure during the proce-
dure

2. Hyperventilation to a PCO; of less than 25 using continuously moni-
tored exhaled PCO; to control ventilator settings

3. Fluid therapy with controlled boluses of Ringer’s lactate only as
needed to treat shock (IVs should be placed at KVO or to heparin seal at
other times.)

4. ‘Rapid transport after stabilization to an appropriate tertiary care
facility with pediatric neurosurgery, pediatric anesthesiology, and pediatric
intensive care capabilities.

SUMMARY

Critically ill infants and children require a high level of specialized
pediatric medical and surgical resources for their emergency care. Because
of the smaller number of pediatric emergency cases, however, these special-
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ized pediatric resources are less readily available than similar resources for
critically ill adult patients. Emergency departments that must manage an
occasional critically ill pediatric patient with limited resources must recog-
nize potential problem areas and devise appropriate strategies for these
situations. Steps need to be taken to maximize the availability of limited
specialized pediatric resources. Protocols that, in turn, maximize the effec-
tiveness of these resources should be developed and in-serviced frequently to
compensate for limited clinical experience. If a given emergency depart-
ment in a region possesses clearly superior resources for the management of
critically ill/injured children then other emergency departments should co-
operate with the development of a regional EMS plan for the direct trans-
port of the most critically ill/injured children to this emergency facility.
Transfer agreements between community emergency departments and ter-
tiary pediatric centers should be developed so that transfer is expedited.
Finally, interhospital pediatric transport systems need to be developed,
preferably as separate systems but as subsystems of larger systems if neces-
sary, in order to ensure rapid, safe transport of the critically ill pediatric
patient to a tertiary pediatric center, when necessary.
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Medical-
4 Legal Aspects

Steven M. Selbst

It is no longer possible to practice medicine in a pediatric emergency
department without serious consideration of the medical-legal risks in-
volved in this practice. While a pediatrician in private practice is not likely
to be part of a lawsuit, it must be remembered that physicians in the emer-
gency department are the focus of a disproportionate number of such «uits.
One study showed that 16 percent of all hospital lawsuits involved the
emergency department.! About one-half to two-thirds of these suits resulted
from misdiagnosis.!> The most common error made by physicians in the
emergency department is a grossly deficient examination related to the
chief complaint.! Another important error that results in lawsuits is failure
to order appropriate diagnostic studies.! Specific diagnoses are particularly
troublesome and are often the subject of malpractice suits. For instance,
failure to diagnose meningitis or appendicitis are two leading pitfalls for
those treating children in the pediatric emergency department. This is not
surprising because such conditions can be fatal or can result in serious
morbidity if they are not diagnosed and treated promptly. However, other
errors such as missed fractures or failure to find a foreign body in a wound
do not usually result in serious morbidity, yet they too are major causes of
malpractice suits.! Most likely this is because the public expects physicians
to make such diagnoses, regardless of the outcome.

45
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LITIGATION IN THE EMERGENCY DEPARTMENT:
ASSOCIATED FACTORS

Many experts believe that the recent explosion in malpractice suits
against physicians is because patients are aware of medical advances, and
therefore, expect physicians to always be correct. In the emergency depart-
ment, there are other reasons why lawsuits evolve so frequently.? For in-
stance, most pediatric emergency departments have an impersonal registra-
tion system, unlike the warm atmosphere of a private pediatrician’s office.
Parents are quickly told to fill out forms, sit in one location, and then move
to another waiting area. Privacy is often limited, and an overworked clerical
staff is likely to be abrupt or discourteous at times. Moreover, patients
usually endure a few hours of waiting in a dull seating area before they can
see the physician. The actual visit with the doctor is often very brief as
compared with the time spent waiting, and the encounter may seem imper-
sonal when an overwhelmed physician hurries off to see the next child. It is
difficult to establish good rapport with a patient who is not previously
known to the emergency physician, and it is unlikely that the emergency
physician will be as well informed about the child as the private pediatri-
cian who has followed the patient for years. All these factors can make a
family angry, and this anger is likely to be directed at the emergency physi-
cian if the ill child does not have a good outcome. Anger is a major force in
the initiation of a lawsuit.

Other hazards confront the emergency physician as well. These doctors
have no control over which patients come to the facility, and thus many
patients or parents are under the influence of drugs or alcohol when they are
interviewed. Some are abusive or uncooperative, providing an incomplete or
unreliable history. Also, such patients may provoke negative feelings from
the physicians or nursing staff, which could affect their judgment or deci-
sion making. Furthermore, the emergency department staff usually works
in an environment of excessive noise, high pressure, high volume, and
stress. The staff often endures long hours that can affect judgment and
record keeping. Despite this, they must treat critically ill children with
rapid decisions that have broad consequences.? The chances for error are
understandably high. Factors in the emergency department that can lead to
a malpractice suit against an emergency physician are listed below (Table
4-1).

Table 4-1. Factors in the ED Responsible
for Malpractice Actions
Long waiting times
Impersonal atmosphere
Relatively brief visit with physician
Difficulty establishing rapport
High volume of patients
Long hours for staff
Excessive noise level
Critically ill patients treated
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Most lawsuits against physicians are settled out of court or are dropped
completely. Only about 10 percent actually reach a jury verdict.? However,
this should not be terribly reassuring to the emergency physician. The
strain of the lawsuit is still burdensome. Also, the number of jury awards
that exceed $1 million has increased dramatically in recent years. Physi-
cians in the pediatric emergency department must remember that they can
be sued for just about any cause.? Physicians can face civil charges or some-
times criminal prosecution for their errors. They can be held accountable if
they make a mistake or if others working with them (i.e., nurses, respira-
tory therapists) act incorrectly. They can be liable for not doing enough for a
patient, for doing something incorrectly, or for doing too much for a patient
against the patient’s or guardian’s wishes. The physician can be accountable
for releasing too much information about a child or for failing to report
information about the child when indicated. The physician is responsible for
the outcome of the patient as well as the child’s family or other contacts who
might suffer from a missed diagnosis. The physician may be responsible for
faulty equipment used in the emergency department or perhaps for faulty
medical records prepared by other physicians.

Needless to say, treating children in the emergency department is
fraught with risks. Even experienced pediatricians and emergency physi-
cians are likely to be sued. Only about one-third of legal actions involve
inexperienced or unsupervised house staff and moonlighters.! Studies have
also shown that weekends, holidays, evenings, and nights are the most
hazardous times to practice in the emergency department. Such time peri-
ods account for more than 80 percent of malpractice actions.* This may be
due to chronic understaffing at these times.

There is no way to eliminate completely all legal actions against the
emergency department. Mistakes and poor outcomes are inevitable. How-
ever, knowledge about certain risk-management issues may limit the num-
ber and expense of some lawsuits. This chapter focuses on some of these
important risk-management issues.

THE MEDICAL RECORD

Risk management attempts to identify areas in which lawsuits fre-
quently occur and to take sfeps to avoid future problems and thus future
litigation. Perhaps the most important risk-management issue is that of
good medical records in the emergency department. A well-designed chart
cag remind the emergency physician to examine the child completely or to
pay particular attention to details in the history.? It is important to note
that litigation that involves children may not take place for several years
after treatment because of the extended statute of limitations. Thus, it may
be impossible for a physician to recall what was said or done for a particular
child. The physician is forced to rely entirely on what is written in the
medical record. This document can prove to be a friend or a foe to the
physician, depending on how well it was prepared at the time of treatment.
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Each chart should therefore be prepared as if it were to serve as the basis for
defense of a lawsuit, because one can never predict which case will end up in
litigation. In general, information that is not legibly written on the chart
will be difficult to justify in the future. Insurance companies have paid
millions of dollars annually in injury awards and out-of-court settlements
for cases in which good medical care was provided but not substantiated in
the medical records.’

The Joint Commission on Accreditation of Hospitals (JCAH) has sev-
eral requirements for adequate charting in the emergency department. If
physicians strictly followed their criteria, the medical record would serve
them well. One such requirement is that the patient be completely and
accurately identified on the records. Each page of the chart should clexriy
display the patient’s name and record number. Also, the time the child
arrived in the emergency department and the means of the patient’s arrival
must be included. For instance, it is important to note whether the child was
brought by ambulance or in the parent’s car, as this may suggest the seri-
ousness of the complaint in some cases. Any prehospital care received by the
child should also be recorded in detail. Certainly, the history of the present
illness must be described completely but concisely. This is often a stumbling
block for physicians in the emergency department because the excessive
volume of patients limits their time for recording information. While physi-
cians should not write a lengthy novel for each patient, they must record
any information that seems important to the chief complaints. A few extra
moments to record details about the child’s recent diet or activity will not
lead to a severe delay in patient flow. Instead it could save the physician
from many hours in court and will thus be time well spent. A complete
physical examination must be recorded for each child. This should include a
complete set of vital signs to be recorded repeatedly when appropriate. Also,
any diagnostic or therapeutic orders must be clearly written. They should
include the exact time the order was written, since minutes or hours are
important in the management of a sick child. If such orders are not carried
out promptly, the child may suffer grave consequences, and the records
must reflect this timely process. The emergency physician must also record
clinical observations of the patient. Moreaver, any laboratory test results or
reports of procedures performed must be documented. This often presents a
problem for the emergency department staff, since some laboratory test
results do not become available until long after the patient has left the
emergency department. Still, the physician is responsible for recording this
information on the chart, as it may have a bearing on the child’s cutcome.
The medical record must also include the diagnostic impression formulated
by the doctor, as well as4he final disposition of the patient. Any follow-up
instructions given must be recorded in detail. These instructions are best
put in writing for. the patient, but the physician should also go over them
verbally and see that the family understands. It is helpful to have the
parents sign a statement indicating that they understand the instructions
given. Finally, if the patient leaves against medical advice, this must be
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Table 4-2. JCAH Requirements for
Charting in the ED

Patient identification

Time and means of arrival
Emergency care prior to arrival
History of illness

Physical findings, vital signs
Diagnostic and therapeutic orders
Clinical observations

Reports of procedures/tests
Diagnostic impression
Condition on discharge

Final disposition

Leaving AMA

clearly documented, according to JCAH. Table 4-2 summarizes the JCAH
requirements for charting in the emergency department.

In addition to the JCAH requirements, charts in the emergency depart-
ment can be improved by adhering to several suggestions. First, the record
should display a concerned professional attitude toward the child and fam-
ily.® While some emergency department charts may use a checklist system
in an effort to save time, physicians are reminded to add details of important
positive or negative findings on the physical examination. A chart with the
entire examination merely checked off as normal will not impress a jury
that the physician examined the child carefully. In addition, it is important
to document any consultants called in on a particular case, as well as when
they were called. Not only does this demonstrate concern for the child’s
velfcre and the desire to provide proper treatment, it also shares the re-
sponsibility of a poor outcome. Similarly, if a child is transferred to the care
of another emergency physician (i.e., when one doctor completes a shift), the
time of this transferred care should be noted in the chart.

If the chief complaint is an injury, the medical record should reflect how
the injury occurred and whether the history is consistent with the physical
examination.” It may be best to use a picture or diagram to describe the
trauma in detail. It is also important to list any previous injuries the child
may have suffered. The physician should note any concerns of child abuse
and should record whether the case was reported to local authorities as
such. '

Furthermore, the chart should not contain any insensitive terms, such
as “F.L.K.” or “gomer.” Such terms used to describe “funny-looking kids” or
undesirable patients will undoubtedly show that the physician is uncaring
or unsympathetic, should this chart be reviewed for litigation. Likewise, one
should avoid such unnecessary terms as “inadvertently” or “by error.”8 If a
medication was given erroneously, this must be documented in the chart,
but there is no need to advertise the error. Also, it is important that the staff
(i.e., nurses, consultants, physicians) not engage in battles on the record.®
Blatantly expressing disagreements in the chart will not serve anyone well
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Table 4-3. Recommendations for Charting
in the Emergency Department

Demonstration of a concerned, professional
opinion

Thought process at examination

Specific time of orders, procedures

Consultants called

Instructions given

Injuries with diagrams

Table 4-4. Items to Avoid in the Emergency
Department Chart

Blacking out or erasures

Engaging in “battles” on paper

Use of insensitive terms (i.e., F.L.K.)

Use of unnecessary terms (i.e., inadver-
tently)

Alteration of the chart after completion

if the case comes to litigation. Instead, the chart should reflect agreement -
among all caretakers whenever possible, and inflammatory remarks should
not be written down.

Finally, any errors in the chart should be corrected appropriately. Phy-
sicians understandably make mistakes while writing in the chart. However,
they should not attempt to cover up these mistakes by blacking out words or
phrases. This tends to arouse suspicion. Instead, a single line through the
error, which is then initialed and dated, is a better way to correct a mis-
take.® Similarly, one should never attempt to add or subtract from the
record after the case is involved in litigation, as this will undoubtedly seem
a deliberate and dishonest cover-up. Obviously, the chart should never be
altered once the patient’s attorney has a copy of it. However, one never
knows exactly when the chart has been requested for review. Thus, it is best
never to alter a chart once it leaves the emergency department. Such tam-
pering can result in loss of the lawsuit, the physician’s license, as well as
other criminal charges.” Tables 4-3 and 4-4 summarize these additional
recommendations for charting in the ED.

CONSENT FOR TREATMENT

Another troublesome area for physicians caring for children in the
emergency department is the issue of consent for treatment. Young children
are often brought to the emergency department by siblings, extended family
members, day care workers, camp counselors, school teachers, or babysit-
ters. Many temporary custodians to not have authority to give consent for
medical care. Even written documentation of authority does not always
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substitute for verbal consent from parents.'® The physician must determine
whether immediate treatment is indicated before parental consent can be
obtained. This presents an additional challenge to the complicated task of
managing an ill or injured child. In general, treatment without consent of
parents is allowed in order to prevent serious injury or death.!' The greater
the risk of harm to the child, the more justified is treatment without consent
of the legal guardian. What is considered a true emergency such that paren-
tal consent is not needed varies from state to state. Almost all states recog-
nize severe bleeding or respiratory difficulty as emergencies requiring im-
mediate care. Some indicate that any condition that presents a threat to
“life and limb” or “life and health” constitutes an emergency.!? Still other
states consider that any painful condition should be promptly treated, even
without parental consent.!? Most have such vague statutes concerning this
issue that the well-meaning physician is protected. Certainly unnecessary
or elective procedures are unjustified without the parent’s permission, but
the physician should not withhold treatment that is rational and life-sav-
ing. In some cases, a guardian could bring suit against a hospital for deliver-
ing unauthorized care. This, however, is usually less disastrous and less
costly than withholding care when it is needed immediately. Moreover,
physicians should not appear more concerned about potential litigation
than about the health of the child, so reasonable care should not be delayed
in an emergency situation.!

Hospital staff should make every effort to contact the guardian as soon
as the child arrives in the emergency department, even in a true emergency.
Such attempts should be documented in the medical record.!® Parents
should be requested to come to the emergency department, but if this is not
possible, consent for treatment may be given over the telephone. In such
cases, a nurse, clerk, or physician should serve as a witness for the consent
by listening on another phone extension.'! If consent cannot be obtained
prior to treatment in an emergency, it is still beneficial to attempt to reach
the parents afterward. This will maintain rapport with the family and help
with discharge instructions and follow-up care.® If parents cannot be found
despite valiant efforts, a close relative should be contacted.®

If parents are legally separated or divorced, it is important to obtain
consent from the custodial parent when this can be determined.!! If the
situation is clearly not an emergency, it is best to withhold treatment until
the custodial parent can be reached. In general, the courts hold that parents
have the right to authorize treatment for their young children, and physi-
cians can be sued for violating this right.)? Again, if the situation is not
clear, it is better to err on the side of treatment or to contact a hospital
lawyer for help.

Adolescents who present for care without their parents provide an addi-
tional challenge for the emergency physician. Many of these patients do not
want their parents informed that they are at the hospital. Most states allow
physicians to treat these patients if they are “emancipated minors.” An
emancipated minor is one who has been married or is pregnant, who has
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Table 4-5. Examples of Emancipated
Minors

High school graduate
Pregnant (currently, previously)
Married (currently, previously)
Self-employed
Living independently
Served in armed forces

been graduated from high school, or who lives independently of parents.® In
some states, minors who are self-employed or self-sufficient or who have
served in the armed forces are also considered emancip&ted even if they live
at home. These criteria also apply to adolescents who run away from home
or are otherwise alienated from their parents, regardless of the parents’
feelings about the child’s “emancipation.”!® Some dtates specify a minimum
age at which these laws apply, which can vary from age 14 to 18 years. In
some states, a minor is still emancipated after a marriage dissolves, or after
a pregnancy ends, but others require parental consent for medical treat-
ment after a teenage pregnancy terminates.'? Table 4-5 lists examples of
emancipated minors.

Even if an adolescent does not meet the criteria for an emancipated
minor, some states allow medical care to be provided to those over 15 years
of age under the “mature minor doctrine.” This says that treatment for the
benefit of a minor may be given if the minor is “sufficiently mature to
understand the nature of the procedure and its consequences.”'?13 This doc-
trine has been used to allow a teenager to receive a smallpox vaccine volun-
tarily or to allow a finger laceration to be repaired without parental con-
sent.““

Finally, most states allow adolescents to receive medical care for prob-
lems that might lead to a delay in care if parental consent were required.
For example, pregnancy-related problems, contraception issues, or sexually
transmitted diseases may be treated without parental consent.!’ Likewise,
teenagers can seek treatment for drug- and alcohol-related problems with-
out notifying their parents.!® In some states, the child must be older than 12
years of age before treatment is allowed, but other states have no age re-
quirement. It is believed that if parental consent were needed for treatment
of these problems, treatment would be avoided and the child as well as
society may suffer. Table 4-6 lists certain medical problems that may be
treated in the emergency department without parental consent.

While the law allows the emergency physician to deliver care to chil-
dren without parental knowledge, it is best to discuss in depth with the
adolescent the medical and ethical problems that result from such care. It
should be noted that if information about drug or alcohol use is obtained
from a teenager, the physician has the legal right to convey this information
to a parent against the wishes of the minor. However, the physician may
elect not to do so if such action is likely to interfere with treatment. Other-
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Table 4-6. Medical Problems That May Be Treated
in the Emergency Department
Without Parental Consent

Any true emergency
Pregnancy

Sexually transmitted disease
Drug or alcohol abus:
Contraception issues

wise, the physician and social workers in the emergency department should
point out the benefits of discussing medical problems with the parents, and
the teenager should be told that a hospital bill may be sent to the legal
guardian. The parent may refuse such a bill, leaving the adolescent or
hospital to assume the costs of treatment.!® The parent may then demand an
explanation from the child or the physician about the bill. However, if the
adolescent insists on privacy, this should be respected.

LEAVING THE EMERGENCY DEPARTMENT AGAINST
MEDICAL ADVICE

In some situations, a legal guardian may be present but may refuse to
give consent for treatment or may wish to leave the emergency department
against medical advice. Likewise, an emancipated minor may also refuse a
certain procedure or treatment. An informed rational parent or patient has
the right to seek alternative care in many cases.'* This desire to leave the
emergency department may occur when patients or parents are angry about
the way they have been spoken to or treated thus far in the emergency
department, They may then direct their anger toward the physician and
refuse a painful procedure.!® Other patients or parents wish to leave against
medical advice because they are afraid of what is likely to happen to them or
their children.!® Parents may have uncertainty or fear of a serious diagno-
sis. They may have fears regarding previous hospital experiences. They may
fear that young physicians are “practicing” or “experimenting” with their
children. Some may have heard misinformation from others and may there-
fore be afraid of a procedure such as a spinal tap. Or, they may be concerned
about other children at home and how their lives will be disrupted by admis-
sion to the hospital. Those who do not understand English will be particu-
larly frightened. Such fears will frequently cause a teenager or parent to
wish to leave the emergency department or to seek a second opinion. Still
others will refuse a procedure such as a blood transfusion on religious
grounds.

Such patients are a significant headache for the emergency physician.
It is certainly easy simply to let the patient or parents leave the emergency
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department and go elsewhere for care. In some cases, an angry staff member
may actually invite the family to go elsewhere, especially if the parents
have been abusive. However, it should be noted that obscene language by
the patient or parent does not justify improper release of the child from the
hospital.’® Also, no one is likely to benefit when a patient leaves against
medical advice. The emergency department staff always feels a sense of
frustration or failure when their recommendations are ignored. Moreover,
the hospital and the emergency physicians may encounter a lawsuit if the
patient suffers after leaving the emergency department without proper
treatment, even if he/she left voluntarily. Most importantly, the child may
continue to suffer from persistent or worsening symptoms that have not
been treated. Thus, the emergency physician must make every effort to
convince them to stay in the facility for a complete evaluation and treat-
ment.!* This requires a great deal of sensitivity, compassion, and diplomacy,
as well as awareness of the law.

The emergency physician should first try to determine why the parent
or patient wishes to leave the emergency department. If they are angry or
afraid, they must be allowed to express their concerns without interruption.
The physician should remain courteous, humble, and flexible, if possible.!?
There is no advantage to threatening patients or agitating them further
with security guards, unless they are absolutely needed to maintain order.
Certainly, the staff should not direct anger at the family or challenge them
to sign out against medical advice. Instead, additional family members, a
familiar private doctor, a trusted friend or nurse, or a religious leader
should be contacted to help calm the family and ease their fears.!® A compe-
tent translator should be found if a language barrier exists. Certainly a staff
member who made the family angry should apologize or avoid further con-
tact with them.! If no progress can be made with the above measures, it
may be helpful to have a social worker speak to the family or let another
physician in the emergency department try to establish a better rapport
with them.

In all cases, the physician must spend a considerable amount of time to
ensure that the patient or parents understand all the risks and benefits of
the recommended treatment and of alternative treatments. They must un-
derstand the risks involved in refusing this treatment. They should be given
time to reflect on this information in a low-pressure atmosphere, so that
they can reach a rational decision.!®

Despite valiant efforts, it is sometimes impossible to convince parents
or teenagers to accept the recommendations of the emergency department
staff. If a procedure is refused, such as a spinal tap, the physician may
decide to manage the child without benefit of the procedure. For example,
the child can be admitted to the hospital for antibiotics with the assumption
that meningitis exists.

If the parent or teenager insists on leaving the emergency department,
they should be asked to sign a statement that releases the emergency de-
partment staff and hospital from all liability. This “against medical advice
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form” may shift some responsibility for a poor outcome to the parents but
does not entirely limit the physician’s liability,5% as parents can always
claim later they did not completely understand the doctor’s recommenda-
tions.
~ On the medical record, the physician should record any limited history

or physical examination that was obtained as well as the clinical impres-
sion. The parents’ reasons for leaving should be documented, as well as the
risks and benefits of treatment as it was explained to the parents. The
parents should be told, and it should be documented, that they can return to
the emergency department at any time for further treatment.!s If the par-
ents refuse to sign this release form, this must also be documented. Another
staff member should sign the forms and chart bearing witness to the events
that took place.* The items which must be documented for patients who
leave the emergency room against medical advice are listed in Table 4-7.

In some circumstances, a patient cannot be allowed to leave the emer-
gency department regardless of personal or parental wishes. In a true medi-
cal emergency, in which additional time or the act of transport would jeop-
ardize the life of the child, immediate medical care is justified regardless of
the parent’s wishes.5!8 It is still best to win their cooperation but, if they
refuse, the child should be treated and the case reported as child neglect.

If a blood transfusion is refused on religious grounds, court permission
can be obtained in life-threatening situations. Most courts will override
religious beliefs on behalf of minors if life or health is in danger. Likewise, if
child abuse is suspected, the patient cannot be released from the emergency
department unless the home is thought to be safe. Regardless of the parents’
request, if the perpetrator is not known and the emergency physician is
concerned about the child’s safety, security guards should be called to pre-
vent the parents from taking the child. The hospital lawyers or administra-
tors or a judge on emergency call should be contacted to obtain a temporary
restraining order. The conversation with the judge should be recorded on
the chart, and written permission from the judge should be forthcoming
within the next 48 hours.!

Finally, if a teenager or guardian of a young child is under the influence
of drugs or alcohol or is mentally impaired, it is not possible for them to

Table 4-7. Required Documentation for Patients Who
Leave Against Medical Advice

Risks/benefits of treatment

Risks/benefits of alternatives

History and physical examination

Impression

Reasons for leaving emergency depart-
ment

Invitation to return to emergency de-
partment

Signatures: parents, physician, witness
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Table 4-8. Conditions Where Leaving Against Medical
Advice Is Not Permitted

Life-threatening emergency

Suspected child abuse
Incoherent parents/patient

understand the risks and benefits of treatment. Thus, they must be re-
strained, if needed, to allow treatment to be given. It is best to assume that a
patient’s bizarre behavior is part of a medical illness until proved otherwise.
The physician may attempt to gain their cooperation, but it is pointless to
engage in lengthy conversation with a disoriented patient or parent. A
potentially violent patient should be interviewed in a room with an open
door. The hospital staff may use reasonable force to keep patients from
harming themselves or others.!” In fact, the staff is liable if the patient
leaves the emergency department and suffers or hurts someone else.* While
a lawsuit for battery could result from physical restraint in a situation in
which a patient is erroneously thought to be incoherent, the risks of allow-
ing the patient to leave are still greater. Conditions in which patients can-
not leave the emergency department are summarized in Table 4-8.

TELEPHONE ADVICE

The last medical-legal issue to be discussed here involves the dangers of
giving advice to patients or parents over the telephone in the pediatric
emergency department. While pediatricians in private practice encourage
their patients to call for advice, this invitation should be discouraged in the
emergency department. Parents may prefer to call the emergency physician
for advice about their child because it is a convenient way to receive care.
Certainly, parents would like to avoid bundling up an ill child and waiting
for public transportation to take them to the hospital.!? This is especially
true when they have other children at home to care for as well. Moreover, it
is less expensive to receive care by telephone, because transportation costs
are avoided and usually no hospital bill is generated.

While physicians and hospitals must be sympathetic to the needs of
families that have no other source of care, it remains unwise for the emer-
gency physician to give medical advice over the phone. Certainly, many
trivial complaints could be managed in this way, but some serious illnesses
can mimic an apparently trivial complaint. For instance, the vague symp-
toms of meningitis cannot be easily distinguished from a simple gastrointes-
tinal virus over the phone.

It is often impossible to deliver good medical care by telephone. Cer-
tainly, it is difficult to get a complete history by phone. Emergency physi-
cians are often distracted by the noise and sick patients around them, hence
they may not devote full attention to the caller. Likewise, parents may
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Table 4-9. Disadvantages of Giving Telephone Advice
in the Emergency Department

Complete history is unlikely.

Physical examination is impossible.

Documentation is difficult.

Instructions are misunderstood.

Other ill patients in the emergency department are dis-
tracting.

Remuneration is rare.

forget to relate important historic facts, and physicians may neglect to ask
certain questions if the child is not present in front of them.!® For instance, a
parent who is most concerned about symptoms of fever or vomiting may
neglect to describe a rash that seems insignificant. The physician may ne-
glect to ask about this specifically without seeing the rash. Several authori-
ties have recommended that certain screening questions can determine the
severity of a child’s illness.?” However, these questions are often misleading
or unreliable.

Moreover, it is obviously i1npossible to perform a physical examination
over the telephone. Trying to distinguish croup from epiglottitis by listening
to the child breathe into the phone receiver is not a rational approach.
Certainly parents cannot be expected to distinguish a petechial rash from a
viral exanthem or a benign pharyngitis from a peritonsillar abscess. Diag-
nosis of a rigid abdomen or an abnormal chest examination likewise re-
quires the skill of a well-trained physician.

Thus, it seems extremely hazardous to give advice about treatment of a
child with an incomplete history and without a physical examination. Fur-
thermore, it is difficult to document these conversations adequately, so it
would be impossible to defend the case should a poor outcome result. Un-
doubtedly, the physician stands a better chance in court if a full evaluation
including vital signs is carefully recorded in an organized manner. Finally,
emergency physicians who do not know the caller cannot be confident that
their advice has been unde stood. Follow-up evaluation of these patients is
difficult when there are so many other sick patients in the emergency de-
partment to care for.

Consequently, telephone advice should be limited. It may be given in an
extreme emergency, such as an accidental poisoning.® These patients should
always be told to come to the emergency department immediately after
initial measures are taken at home. They should be advised to call for
emergency transport if this seems indicated, or the hospital should arrange
this. Such a conversation should be documented if possible.!® Likewise, tele-
phone advice may be given to a patient who just left the facility and who
needs further clarification of instructions. An additional entry should be
made in this patient’s chart. The child should be brought back to the emer-
gency department if the phone call does not easily clarify the situation.!®

Otherwise, patients and parents who call should be told: “I'm sorry, I
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cannot give you any medical advice over the telephone. I would be happy to
evaluate your child if you bring your child to the hospital.”!® This should be
said in a caring, polite way, as this policy is really in the best interests of all
involved. If this statement is given consistently, the phone conversations do
not necessarily require documentation. Physicians should caution nurses
and other staff members against supplying further advice to patients over
the phone. Such persons usually have less training than the physician and
could provide wrong or misleading information. Table 4-9 reviews disadvan-
tages to giving medical advice over the telephone.

SUMMARY

The practice of pediatric emergency medicine has numerous legal haz-
ards. Some of these are unavoidable, and anyone who cares for children in
the emergency department is at risk for litigation. However, if the emer-
gency physician is aware of some important risk-management issues, the
number and cost of some lawsuits may be significantly reduced.
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Child Abuse:
5 Causes and Solutions

Stephen Ludwig

Child abuse is a term used frequently in the emergency department.
Since the awakening of the medical community to this problem in the mid-
1960s, there has been an explosion of information concerning the recogni-
tion and reporting of abuse.!-? In addition, the many faces of abuse have
been seen and reported in the medical literature.*® Physicians have been
educated concerning their medical, legal, and moral obligation to report
suspected abuse. Several large monetary awards have been granted to plan-
tiffs who claimed that their physician’s negligence in failing to report abuse
resulted in more severe injury. In some emergency departments, abuse is
such a frequently made diagnosis that physicians are instructed to consider
every traumatic injury for its abuse potential.

Beyond a recognition of abuse, an acceptance of its pervasiveness in our
society and a commitment to report suspected cases in a way prescribed by
local guidelines, the emergency physician must also consider the root causes
of abuse and the potential solutions to this serious health problem. The
emergency physician often bears the greatest stress in making the diagnosis
of abuse and initiating the report. Thus, the emergency physician should
strive to understand and remediate the causes of abuse. Ludwig® stressed
identification and reporting. This chapter discusses causes and solutions.
Obviously, the solutions are not easy ones for if they were children would no
longer be beaten, killed, raped, abandoned, or neglected as they are in ever-
increasing numbers. But we should recall that at certain points in time,

61
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solutions to poliomyelitis, tetanus, and smallpox did not seem feasible. As a
profession and as a society, we must stop reading the newspaper headlines
and simply shaking our heads in horror and disbelief. Action is required.

WHAT IS ABUSE?

One place to begin is to consider what is meant by the term child abuse.
Often in the emergency department we use the term as if it were a specific
diagnostic term, much like the diagnostic term pneumonia. However, child
abuse is not a diagnosis, it is a category of disease more akin to the term
infectious disease. Child abuse is a broad term indicating that injury has
occurred to a child as a result of family dysfunction. The injury is the result
of either actions on the part of the parents (or persons acting in the parental
role) or inactions.

Thus, child abuse as a category of diseases has many subelements. The
elements are frequently delineated further by indicating the kind of in-
jury—physical, sexual, emotional, or neglect. Further delination may be
indicated based on the parents’ intent—premeditated, intentional/repeti-
tive, intentional, overreactive, unintentional/ignorant, and act of omission.
We need to understand abuse with greater depth of understanding. Without
this depth of understanding, we will not be able ultimately to apply proper
treatment. For example, we understand infectious diseases as a category of
disease. Furthermore, we understand pneumonia as a pathophysiologic pro-
cess in addition to the specific causative organisms (e.g., pneumococcal). By
having all these levels of understanding, we know how to administer a
specific treatment and how to provide more general supportive care. When it
comes to child abuse, our knowledge remains at the most superficial level.
We have not penetrated deeper levels of understanding nor any specific
therapies. As physicians, we find satisfaction in applying treatments that
cure a problem. The diagnosis of child abuse has brought little satisfaction
thus far. We are in the preantibiotic era as far as the analogy.

For now, child abuse is a symptom of family dysfunction that produces
injury in a child. This is a broad definition, but one I find practical in the
setting of the emergency department. When facing a given case, I ask my-
self: (1) is there an injury? (2) is it demonstrable in a child? (3) is it the result
of family (parental) dysfunction? If the answers to these questions are yes, I
have diagnosed the category of disease we call child abuse. What caused it?
and What can we do to treat it? remain unanswered questions.

CAUSES OF ABUSE | ,

When the causes of abuse are identified, they can be broken into four
categories indicating the source of the cause. The etiologic factors are soci-
etal, community-based, family based, or individual/personal. In each case of
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child abuse, there may be one, two, or many causal factors. Some theorists
would consider the cause of child abuse to reside solely in the personal
category. They would claim that the responsibility for abuse rests in the
hands of a weak person, a defective parent—the abuser. If this were true, we
would be able to produce a profile of the abusive parent and have the ability
to pick out the abusive parent from a group of “normals.” Thus far, research-
ers have not been able to do s0.” I believe this is because there is no abusive
profile. A more cogent theory would indicate that any person placed under
the correct set of life circumstances could abuse a child. With this construct,
the entire responsibility for abuse does not rest with the individual alone,
and we may examine other societal, community, and family-based factors.?
The following sections explore each of the possible etiologies.

Societal Facrors

It is clear that some societies have the tendency to produce more abuse
than others. Cross-cultural studies show that some groups raise their chil-
dren in a child-oriented fashion, while children in other societies grow up in
a hostile, “grow up if you can” environment. For unknown reasons, child
abuse seems to thrive in Western industrialized societies. Perhaps it is the
value that such societies place on productivity and material goods that
unknowingly devalues nonproducers in the society. Perhaps children are
abused because they are takers rather than producers or because they have
no inherent economic value as they once did in an agricultural society. They
also have no political value.

In our own society, at least three factors are central to the problem of .
abuse. The first is a societal tolerance of violence in all forms. The Surgeon
General of the United States, Dr. C. Everett Koop, stated that family vio-
lence was the number one health problem facing the United States during
the remainder of this century.® With violence so much a part of societal
practice, it is no wonder that some befalls children. In any urban emergency
department, the effects of violence are dealt with on a continual basis. Even
when we examine specific forms of violent injury, such as death due to
handguns, we find children being swept into the mortality statistics.!?

A second societal factor is our economic system. David Gil and others
have indicated that with the extremes of our current economic system a
large number of children are abused by virtue of being born into families of
poverty.!! Such children are not physically abused but economically abused.
The societal economic system keeps them from being able to reach their
potential. Surely this cause of abuse is a broad one, and changing our capi-
talistic system is for most people out of the question. Yet is it important to
recognize that the system produces poverty, and the level of poverty that
some experience is injurious to the health of their children.

A third societal factor is an acceptance of corporal punishment as the
standard child discipline. Sweden has-taken a societal position—“Don’t hit
your children.” In the United States, you will often hear the position
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stated—“Hit your kid once a week, whether he needs it or not.” We have
accepted corporal punishment as the first response when our child acts out
rather than recognizing that it may on occasion be the last response. Corpo-
ral punishment is like societal drinking, just about everyone does it. Unfor-
tunately, like drinking, some people go too far. This results in abuse. Many
cases of abuse seen in the emergency deparuaent have had their beginning
with a parent who tried to teach their child right from wrong. Corporal
punishment is initiated and then escalated until severe harm is done to the

child.

Community Factors

Several community factors also contribute to child abuse.'? Perhaps the
most important of these is social isolations. Social isolation is a fact of
American community life-sty!e. The belief that “A man’s home is his castle”
has been taken so literally that many American families are building walls
and digging moats. Within our communities, there is little to bring people
together. Thus, families are isolated. When stresses overwhelm them, there
are few people around who know of a family’s distress and even fewer who
are willing to help. Most families that are having trouble coping are likely
to find rejection from neighbors for not conforming to community standards
rather than the help they need.

As a part of our social isolation, we isolate children with their parents
for the first 3 years of life. We keep children at home and certainly discour-
age their presence in public places until they are civilized. There have been
an increased number of preschool programs, but these are generally avail-
able for mothers who work or who go to school. Some mothers and fathers
would benefit from sending their children to day care and preschool from the
time of child’s birth, even though they are neither working nor going to
school. By the time the child has reached age 3, many of the problems of
parenting have been solved or the child has already been abused.

The other community factor that must be considered is our human
services delivery system for children with special needs. These children are
often the victims of abuse. In our community, a mother recently shot and
killed her 3-year-old retarded child because she saw no other way out. Thi
is abuse by an individual, and the mother was charged with murder. It was
also abuse by a community. For children who have sustained minor forms of
abuse, the community also has a responsibility to provide services that will
protect the child while preserving family continuity. This can only be done
at great initial expense to a community. Failure to provide community-
based family treatment results in separation of greater numbers of children
from their families. The alternatives to family care are foster care and
institutional care, which are themselves often damaging and more costly in
the long term. -
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Familial Factors

The family unit has clearly been weakened during the twentieth cen-
tury. There are more single parent families, more divorces, more alternative
family units, and more families becoming less unified than ever before. The
extended family that lives geographically close enough to share in common
tasks is slowly disappearing. These factors are major contributors to
abuse.!3 Child-rearing is a difficult, anxiety-filled, often unrewarding task.
It becomes much easier when shared by two parents or by an entire ex-
tended family unit. Early in this century, the average family had at least
three adult members, and often a grandparent, aunt, or uncle would be
living in the house. Today the work of those three adults is being managed
by one, and that one often is trying to work outside the home. The family as
the basic child-rearing unit has been devalued, and no other social structure

has moved in to fill the void.

Individual

There are still many individual factors'that lead to abuse. Although the
stresses may come from without, the control or loss of control still is cen-
tered in the parent. If the parent is weakened by other factors such as drugs
or alcohol, abuse more likely occurs. Parenting is a demanding job, often
confusing, often challenging, often numbing. If an adult has weakened self-
esteem or is lacking self-assurance, parenting will bring out these weak-
nesses more strongly. Thus, the crying child will be interpreted as “he hates
me,” and retaliation will result.

Kempe and Helfer have put forth two theoretical models for child
abuse.?!? Their first model indicates that the important elements of abuse
are (1) a parent with the proclivity to abuse, (2) a child who is seen by the
parent as different or special, and (3) a crisis that sets o7 a1 explosive abuse
reaction between the already existing elements. Kemp and Helfer contend
that the problem with abusive parents is that they have wezk self-control,
lack of knowledge of child development, unrealistic expectatio s, and a poor
parental model from their own childhood. The second theoretical construct
1s called the “world of abnormal rearing.” In this model, Kempe and Helfer.
show the cyclic nature of abuse: poor childhood experiences leading to poor
self-image, poor peer relationships, poor mate selection, and ultimately poor
parenting. Both models give us good examples of individual contributions to
abuse.

Other individual causes of abuse have to do with parental psychopatho-
logy. Some parents are depressed or psychotic or have inadequate personali-
ties. Other parents are psychopathic or sociopathic, for whom violence
against children is part of a more pervasive violent approach to life. Re-
tarded adults in some cases appear to be excellent parents, particularly for
small infants and toddlers. However, some retarded parents are unable to
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consider or meet the needs of their children. In all, these causes of abusive
behavior account for only a small number of cases. Estimates indicate that
in only 5 to 10 percent of child abuse cases can parental psychopathology be
identified.

SOLUTIONS

Just as the causes of abuse can be broken into four problem levels, so
are the solutions. Some of the solutions are global and cannot be accom-
plished by the emergency physician. The solutions stressed in this section
are primarily those the emergency department physician can modify di-
rectly or support through professional or public action.

Societal Solutions

As well-respected members of society, we must advocate for change on a
societal level. For many reasons, we must advocate for handgun control.
This step alone would save the lives in many children and decrease the
overall level of violence in our country. Our first goal should be the reduc-
tion of the child homicide rates that have increased sixfold since the 1930s.

In addition, we should advocate for the diminution of corporal punish-
ment in the society. This can be accomplished by a national referendum
condemning corporal punishment, as has been done in Sweden. This sets an
ideal for parents to work toward and states clearly that as a society we are
opposed to big people physically injuring little people. The abolishment of
corporal punishment can also be attached in each emergency room waiting
room as well as the supermarket and school. Whenever we see corporal
punishment occurring in public, we can be sure that more and more severe
injury is occurring at home. It is easy to walk away from this form of public
display or to intellectualize it and extol the virtue of maihtaining individual
privacy. However, in walking away and not interceding, we are passively
condoning abuse. Corporal punishment must be severely restricted or
stopped. As physicians who work with children who are uncooperative,
frightened, and overstressed, we must not fall into the trap of allowing the
parent to be violent with the child in order to make our job easier. Thus,
- “Hold still for the doctor or I'll beat you” should be discouraged. In rare
circumstances, the physician or nurse who is overworked and overstressed
may lose control and do something to hurt a child. This must be sternly
dealt with. There can never be an excuse for child abuse by a professional.
Every emergency department policy and procedure manual should have a
policy statement condemning this behavior and outlining a course of admin-
istrative action to be taken.

As far as the economic structure leading to abuse, it would be inappro-
priate for this paper to attempt to suggest any governmental reform or
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global changes in our political system that would redistribute the wealth of
society. However, physicians must never forget that poverty is a factor that
causes ill health and that poverty must be modified in order to treat many
medical conditions. For the purposes of emergency physicians, I would sug-
gest a semiannual follow-up visit conducted at the home of one of your
patients. Be aware how your patients live. This is something I have done
over the past 10 years. It has given me an important perspective on societal
effects on health and health care, made treatment plans more realistic,
encouraged a more empathetic approach, and instilled a broader view of the
physician’s role.

Community Solutions

The emergency physician must have a knowledge of the community and
community resources.!” The emergency physician should not drive to work
and drive home without knowing the community environment surrounding
the emergency department. If the emergency physician does not have this
awareness, it is incumbent on other staff members to bring such knowledge
to the emergency department. The emergency department is one of the
strongest community resources for social problems in addition to its medical
role. It is a fact of our current life-style that people who have problems of
any kind come to the emergency department. Social work services should be
available 24 hr/day. This is particularly important for cases of child abuse.
Social workers provide person-to-person services to the child and parents,
but of equal importance are their link to community institutions and re-
sources. Emergency services must include emergency social work services.

Other community solutions that can be encouraged and supported by
the emergency physician include (1) promoting support for community-
based child-protective services; (2) enhancing communication between child
protective services, police, and the hospital; (3) encouraging the use of crisis
nursing, day care centers, emergency babysitters for parents in crisis; (4)
developing a child-abuse hot line and support groups for parents experienc-
ing difficulty in parenting, and (5) providing increased services for special
needs patients. '

Family Solutions

The emergency physician needs to develop a view of child abuse as a
symptom of family dysfunction.!® Thus, in order to evaluate child abuse, one
must evaluate the state of family. The emergency physician needs to view
all children in terms of their place within the family and the family’s protec-
tion and nurturing of them. This perspective is difficult to achieve. In its
practical application, the emergency physician does not simply see and re-
pair a laceration but sees a child and notes:
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What was the cause of laceration?

Was this a preventable injury?

Was this an isolated injury?

Are there signs of inflicted injury or lack of adequate supervision?
Has the family been performing in other areas?

Is the child adequately nourished, clean, and clothed?

How are the parents treating the child?

Are they supportive, comforting, kind?

The family perspective also works in the other direction. For example, when
seeing an adult patient with a drug or alcohol problem, evidence of violent
behavior, or psychiatric emergencies, the emergency physician needs to
inquire about other family members, especially children. Where are they?
Who is taking care of them? Are they having any problems? Gaining this
family perspective is crucial to identifying high-risk situations that can be
helped before more serious symptoms and family malfunction occur.

Personal Solutions

Personal solutions can best be accomplished by the early effective re-
porting of abuse.!” Many studies documented that fatal abuse is often pre-
ceded by more minor abuse manifestations. If these are recognized and
reported, more severe injury may be averted. Reporting abuse and helping
the abused child will help to break the cycle of abuse and avoid the world of
abnormal rearing. All parents need help, not more social pressure, to have
their children meet some hypothetical TV model. Children must also be
considered individuals with their own set of human and legal rights.!8

SUMMARY

Child case management is often difficult, as it is emotionally charged,
unpleasant, tied to bureaucratic systems, and on occasion to a court appear-
ance as a witness. All these factors make us wish that we did not have to
deal with abuse. Abuse may never be eliminated completely. It is a basic
response that occurs in all animal species when circumstances bring it forth.
Our role as emergency physicians and as people is to try to understand the
factors that bring out this destructive response that adult humans have to
their offspring. Once we fully understand the causes of the problem of child
abuse, we can begin the difficult process of addressing the solutions.
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Problems in the
Management of
6 Multiple Trauma

Joseph J. Tepas III

Each year approximately 9,000 children under age 14 years and an-
other 26,206 adolescents and youths between 15 and 24 years of age die as a
result of accidental injury.! Considered in light of a 24 to 40 percent inci-
dence of preventable death in injured children, this fact becomes tragedy
and clearly mandates an understanding of the unique problems in caring for
the injured child.? Just as with all other aspects of pediatric care, proper
assessment and management of the injured child require more than an
application of adult principles to a smaller organism.

Children have common patterns of injury, unique physiologic re-
sponses, and special needs on the basis of size, maturity, and psychosocial
development. To ignore these requirements is to invite disaster and, more
importantly, will cheat our most precious natural resource. This chapter
first reviews the common problems and errors in the care of the pediatric
trauma victim and then reviews optimal trauma management and its ra-
tionale.

THE CHILD AS A TRAUMA VICTIM

Considering the child as a trauma victim, many unique characteristics
must be addressed. The incidence of blunt versus penetrating trauma is
highest in the pediatric population. Analysis of the National Pediatric
Trauma Registry (NPTR) data identified blunt trauma as the mechanism of
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injury in 89 percent of cases. Falls were the most common cause of injury (39
percent), closely followed by vehicular related accidents (38 percent). Injury
was accidental in 87 percent of cases, sports related in 4 percent, and the
result of assault in 4 percent. Multisystem injury is the rule rather than the
exception (mean 2.1 diagnoses per patient); therefore, all organ systems
must be assumed to be injured until proved otherwise. Although there may
be minimal external evidence of injury, potentially significant external de-
rangement of every major organ must be excluded.

The unique anatomic characteristics of the pediatric population require
special considerations in assessing and treating the pediatric trauma vic-
tim. The child’s smaller size produces a smaller target to which are applied
linear forces from fenders, bumpers, and falls. Because of diminished body
fat, increased elasticity of connective tissue, and close proximity of mulliple
organs, these forces are less well dissipated, and a more intense energy is
applied to multiple organs. The skeleton of a child is incompletely calcified,
contains multiple active growth centers, and is more resilient, making it
less able to absorb kinetic forces applied during a traumatic event. A situa-
tion may be produced wherein significant internal derangement has oc-
curred in the face of apparently minimal external damage.

The ratio between a child’s body surface area to body volume is highest
at birth, diminishing throughout infancy and childhood. As a result, ther-
mal energy loss becomes a significant stress factor in the smaller child.
While this problem may not be life-threatening of and by itself, it frequently
provides additional stress to a child who may be hypotensive and in severe
pain. If allowed to develop, severe hypothermia will frequently initiate irre-
versible cardiovascular collapse.

The psychological ramifications of caring for an injured child can also
present a major challenge. Especially in the very young child, emotional
lability frequently leads to a regressive psychological behavior when stress,
pain, or other perceived threats intervene on the child’s environment. The
child’s ability to interact with unfamiliar individuals in strange environ-
ments is usually limited, making history taking and cooperative manipula-
tion extremely difficult. An understanding of these characteristics and a
willingness to cajole and sooth an injured child will frequently be the most
effective means of achieving good rapport and a more comprehensive assess-
ment of the child’s physiologic state.

A final consideration in dealing with pediatric trauma is the effect that
injury may have on subsequent growth and development. Unlike the adult,
the child must not only recover from the effects of a traumatic event but
must also continue along a normal process of growth and development. The
effect of injury on this process especially in long-term disability, growth
deformity, or abnormal subsequent development both physiologically and
psychologically, cannot be underestimated. Children sustaining éven minor
injury may have prolonged disability either in cerebral function, psychologi-
cal adjustment, or organ-system disability.*# At the moment, it is unknown
how many of the 36 percent of injured children with functional impairment
at discharge have long-term disability. It is certain, however, that the cost of
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correcting these problems will be staggering and lifelong. The effect of in-
adequate or inappropriate care during the immediate post-traumatic period
may have consequences not only on the child’s survival, but perhaps as
importantly on the quality of the child’s life for years to come.

IMMEDIATE LIFE THREATS

The ultimate result of care for the injured child in regard to mortality,
morbidity and disability is largely determined by the quality of care ren-
dered during the first minutes after injury. By far the most common error
that occurs at this time is failure to diagnose a potentially lethal injury as
the result of an unorganized, chaotic assessment. Clearly, a systematized
approach using a well-understood protocol is the best defense against over-
looking an injury that may be rapidly fatal or that may provide unnecessary
morbidity or disability if inadequately managed during the immediate post-
injury period. As in the adult, the three most common causes of immediate
death secondary to injury are hypoxia, overwhelming central nervous sys-
tem (CNS) trauma, or massive hemorrhage. Lack of efficient triage to the
most appropriate center for treatment can compound any or all of the above
problems.

Hypoxia

Initial airway management must focus not only on the confirmation of
adequate patency but on the need for supplemental oxygen as a component
of therapy for CNS injury or hypoperfusion as well. Confirmation of airway
patency does not preclude the need for supplemental oxygen. This is espe-
cially true in cases of closed head injury, in which the patient may be
somewhat obtunded and may be provided with a significantly improved
potential for functional recovery if adequate cerebral oxygenation can be
supported. If at all pussible, patients in whom airway manipulation will be
required for definitive management should be hyperventilated with mask
O, prior to initiation of any attempt at intubation. Obviously, in the case of
a child whose airway is completely obstructed, needle cricothyroidostomy
with high-flow (15 L/min) O? delivered through the cannula should be an
initial consideration prior to more definitive airway management. In the
pediatric age group, supplemental oxygenation is clearly a modality that is
easily obtainable by most persons caring for children and carries absolutely
no potential for morbidity or longterm dettimental effect.

Brain Injury

" Children who have sustained massive brain injury may have a degree
of injury that will be rapidly lethal, regardless of management technique.
Nevertheless, provision of adequate cerebral circulation and oxygenation
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must begin as soon as the patient is identified. In the most severely injured
child, these efforts may have no positive effect at all, whereas in the child
whose injury is potentially reversible in the acute phase, this therapy may
make a significant contribution toward a more complete functional recov-
ery. Children sustaining closed head trauma frequently present with a mild
degree of obtundation and have sustained a period of unconsciousness that
is not always recorded during the patient’s initial evaluation. Clearly, a
history of loss of consciousness is one of the most important prognostic
parameters that will indicate degree of potential central nervous system
injury that the patient may have sustained. Likewise, incomplete documen-
tation of a baseline neurologic status, including response to sensory stimu-
lation, motor function, and cranial nerve function, is a common shortcoming
in initial pediatric trauma care. Since CNS injury is an ongoing spectrum of
disease that begins with an initial depolarization of CNS neurons and then
proceeds along a potentially recognizable course of secondary edema and
hypoprofusion, the absence of an adequate baseline assessment makes on-
going follow-up and assessment of intervention extremely imprecise and
difficult.

Hemorrhage

Fortunately, the experience recorded in the NPTR indicates that the
incidence of children presenting to emergency facilities in rapidly fatal hy-
povolemic shock is relatively low. Most children sustaining this type of
injury die on the scene or are dead on arrival in the emergency room. In
those children who present in an agonal state, the most common problem
encountered is inadequate restoration of red blood cell (RBC) mass lost as
the result of hemorrhage. Patients in this category clearly require massive
boluses of crystalloid solution (Ringer’s lactate) as expeditiously as possible.
Unfortunately, they are frequently transfused with blood that is old and
cold, so that oxygen-carrying capacity is minimally restored. The best
means of handling this particular problem is rapid resuscitation with crys-
talloid and immediate transfusion with packed RBCs reconstituted with
warm normal saline. This permits a degree of control over the viscosity of
the transfused solution as well as an opportunity to warm the transfused
RBCs as effectively and quickly as possible.

The concept of evolving shock must also be considered in any child who
has sustained blunt trauma. While the percentage of children presenting in
frank hypovolemic shock is relatively low, the incidence of children sustain-
ing hypotension secondary to a less severe injury is to be considered the rule
rather than the exception. These children may have minimal change in
their initial vital signs and progress to profound hypovolemia within a short
period of time. Accordingly, any child sustaining blunt trauma must have
vital signs carefully monitored in order to ensure that this does not occur
and that inadequate resuscitation does not set the stage for a profound
cardiovascular collapse at a time relatively remote from the time of injury.
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An additional common error seen in initial evaluation of the injured child is
the tendency to overresuscitate the patient with fluids once venous access
has been secured. Given the potentially high incidence of closed head injury
and blunt trauma in regard to the relatively low incidence of severe hemor- .
rhagic shock, it becomes obvious that gross overresuscitation of a child with
a closed head injury may be more detrimental than effective and may actu-
ally worsen the evqlving cerebral edema. Accordingly, careful assessment of
the child’s vital signs and even more compulsive evaluation of the effect of
therapeutic intervention must be the primary consideration for the child
during the immediate period after presentation to the emergency room. A
final common pitfall in initial management of the injured child relates to
inappropriate transfer decisions in regard to disposition and ultimate care.

Triage

The number of trauma centers capable of treating the severely injured
child is relatively small. The decision as to which child is most appropriately
referred to these centers must proceed on the basis of a careful and rapid
evaluation of the child’s status on initial presentation. The two most com-
mon preblems encountered are incomplete assessment that overlooks poten-
tial additional organ system injury, and inadequate stabilization prior to
discharge. The Pediatric Trauma Score (PTS) provides a reliable and simple
means of carefully assessing the injured child in order to come up with a
rapid numeric quantitation of the degree of injury and potential prognostic
outcome. This has been shown to be an effective means of determination of
triage to the appropriate trauma center; it is applicable both in the field as
well as in emergency centers functioning as referral sources in a regional
trauma care network.

Having thus identified potential pitfalls attendant to initial assessment
of the child, it is obvious that this process must be one of a protocolized
organized approach that begins with airway assessment and proceeds to a
progressively more involved and exhaustive organ system survey.

INITIAL ASSESSMENT

The small size of the patient, the diminished caliber and size of the
vascular system, and the unique anatomic characteristics of the airway
frequently cause the standard procedures used in basic life support to be
extremely challenging and technically difficult in the pediatric patient (Ta-
ble 6-1).

Obviously, the immediate availability of appropriate-sized equipment
is essential for successful initial management of the injured child. An at-
tempt at placement of an overly large intravenous cannula or inappro-
priate-sized endotracheal tube may result in more injury than benefit for
the patient. A pediatric trauma resuscitation area must therefore have im-
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Table 6-1

Problems and Potential Adverse Outcomes in the Initial Assessment

of the Child who has Sustained Multiple Trauma

Problem

Potential Result

Airway

Failure to protect cervical spine

Supplemental O, not immediately pro-
vided

Lack of understanding of sniffing posi-
tion

Inadequate preoxygenation prior to
airway manipulation

Use of inappropriately sized endotra-
cheal tubes

Completion of cord injury
Worsening hypoxia to injured brain

Poor visualization of larynx, passive
airway obstruction

Severe hypoxia with only minimal
airway control measures

Direct damage to larynx/trachea

Breathing

Failure to assess breath sounds repeat-
edly
Incomplete examination overlooking
Chest dynamics
External bruises

Dorsal surfaces

Development of tension pneumothorax
with improved tidal volume

Missed flail chest, pneumothorax

Harbinger of significant internal
injury

Missed penetrating injury

Circulation

Nonuse of Trendelenburg position

Underassessment of shed blood volume

Inadequate or late transfusion of RBCs

Overresuscitation of crystalloid in ab-
sence of hypotension

False security from normal or near-
normal initial vital signs

Insufficient filling of central circulation

Inadequate initial resuscitation

Minimal oxygen-carrying capacity

Needless increase for potential cerebral
edema

Missed hypotension progressing to
shock

Disability

Failure to document mechanics of cer-
vical spine injury

Loss of consciousness overlooked in
history

Inadequate baseline assessmeiit

Incomplete examination

Overuse of tests

Incomplete assessment

Improper immobilization

Missed potential for delayed injury
effect (edema, bleed)

Inability to document change, espe-
cially fundoscopy

Missed “minor” injury with major dis-
ability

Laboratory

Unnecessary blood drawn, unnecessary
expense, and laboratory overwork
Missed metabolic derungement

Triage

Inappropriate transfer decision

Incomplete assessment of injury in
transport
Inadequate stabilization

Inadequate total care, cveruse of ex-
pensive limited resource

Progression of missed injury in trans-
port

Deterioration during transport




Problems in the Management of Multiple Trauma 77

Table 6-2. Equipment Necessary For Initial Care of the Injured Child

8-10 yr
Premature Newborn 6 months 1-2 yr b yr (24—
(3 kg) (3.5 kg) 7 kg) (10-12kg)  (16-18 kg) 30 kg)
C-collars — — Small Small Small Medium
Chest tubes 10-14 Fr 12-18 Fr 14-20 Fr 14-24 Fr 20-32 Fr 28-38 Fr
Nasogastric 5Fr 5-8 Fr
tubes Feeding Feeding 8 Fr 10 Fr 10-12 Fr 14-18 Fr
Foley 5 Fr 5-8 Fr
catheters Feeding Feeding 8 Fr 10 Fr 10-12 Fr 12 Fr
[V equipment 22-24 22-24 22-24 20-22 20-22 20-22
angio angio angio angio angio angio
25 scalp 23-25 scalp  23-25 scalp 23 scalp 19 scalp 19 scalp
Arm bands 6 in. 6 in. 6-8 in. 8 in. 8-15 in. 15 in.
Blood pressure = Newborn  Newborn/ Infant/child Child Child Child/
cuffs infant Adult
Bronchovesi- Infant Infant Pediatric Pediatric Pediatric Pediatric/
cular Adult
markings
Laryngoscopes 0 1 1 1 2 Straight 2-3
Straight Straight Straight Straight and curved Straight
and
curved
Endotracheal 2.5-3.0 3.0-35 3.5-4.5 4.0-4.5 5.0-5.5 5.5-6.5
Uncuffed Uncuffed Uncuffed Uncuffed Uncuffed Cuffed
Suction/stylets  6-8F/6Fr 8Fr/6Fr 8-10Fr/6Fr 10Fr/6Fr 14Fr/14Fr 14Fr/14Fr
Oral airways Infant Infant/Small Small Small Medium Medium/
large
0O masks Premie/ Newborn Pediatric Pediatrie Pediatric Adult
Newborn

(Luten R: Pediatric resuscitation chart and equipment shelf: Aids to mastery of age-related problems.
J Emerg Med 4:9. 1986.)

mediately available laryngoscope blades, endotracheal tubes, nasogastric
tubes, Foley catheters, chest tubes, blood pressure cuffs, oxygen masks, and
other associated equipment of appropriate size. Table 6-2 indicates our rec-
ommended sizes of standard rescue equipment required for children of dif-
ferent size and age groups.® These guidelines should be posted and readily
available both for emergency field rescue units as well as for emergency
rooms and resuscitation areas.

Airway

The primary goal of initial assessment and triage of the injured child is
the restoration of adequate tissue oxygenation as effectively and completely
as possible. Oxygenation and circulation are as essential to the injured child
as to the adult. In this regard, the standard A-B-C, principles of airway
control, breathing, and circulation are no differently addressed in the in-
jured child than in the injured adult. As always, the first priority of assess-
ment is the child’s airway. The smaller the child, the greater the dispropor-
tion between the size of the cranium and midface, and the greater the
propensity of the posterior pharyngeal area to buckle as the relatively
larger occiput forces passive flexion of the cervical spine. As a result, the
child’s airway is best protected by a slightly superior—anterior position of
the mid-face known as the sniffing position. Careful attention to mainte-
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nance of this position is especially important in the obtunded chijld whose
level of consciousness is waxing and waning.

The larynx of the child is smaller than the adult, has a slightly more
anterocaudad angle, and is frequently more difficult to visualize for direct
cannulation. Despite this, the most reliable means of ventilation in the child
with airway compromise remains direct endotracheal intubation. Nasotra-
cheal intubation requires blind passage around the relatively acute poste-
rior nasopharyngeal angle and may cause inadvertent penetration of the
cranial vault. In the absence of appropriate intubation equipment, bag-
valve-mask ventilation with 100 percent oxygen is an acceptable alterna-
tive. In the child whose craniofacial injuries cause upper airway obstruc-
tion, a needle cricothyroidostomy through which high-flow (15 L/min)
oxygen can be delivered in 45/15 second on—off cycles, may provide enough
support until definitive management can be provided.

Brearhing

As in the adult, endotracheal intubation must include careful attention
to the cervical spine. The head must be maintained in a neutral position by
an assistant while careful laryngoscopy and insertion of an endotracheal
tube are performed. In infants and toddlers, an uncuffed endotracheal tube
should always be used, the size of which can be readily assessed by evaluat-
ing the diameter of the child’s fifth finger. A slight amount of cricoid pres-
sure will frequently bring the anterior structures of the child’s larynx into
better view and will passively obstruct the esophagus thereby insuring ac-
curate cannulation of the trachea. A frequent error made in children intuba-
ted under emergency circumstances is an overly aggressive insertion of the
endotracheal tube causing right mainstem bronchial intubation. Accord-
ingly, careful auscultation of the chest must be performed as soon as the
endotracheal tube is placed. In addition to confirming the presence of the
endotracheal tube above the carina, this will confirm adequate breath
sounds bilaterally and rule out the possibility that a tension pneumothorax
or other primary pulmonary injury has occurred. A child with a compro-
mised airway and a primary pulmonary parenchymal injury who is success-
fully intubated may be in greater jeopardy for the development of a tension
pneumothorax as a result of a more efficient deliv. y of tidal volume to the
tracheobronchial tree. It is absolutely essential that careful auscultation be
a reflex maneuver immediately and periodically after insertion of the endo-
tracheal tube to document both the presence of breath sounds, and the
overall status of ventilatory function.

Circulation

Establishment of intravenous access in a child can be succinctly sum-
marized by the adage that injured children need a good intravenous line, not
necessarily a central one. The survival rate from immediate exsanguinating
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injury is low in the pediatric population. Fortunately, most injured children
usually present with some degree of adequacy to their circulating volume.
In fact, 2,665 of 3,045 NPTR records reported an initial systolic blood pres-
sure above 90 mmHg.

If initial assessment suggests severe hypotension or shock, the most
" likely cause is blood loss through either a major external wound (readily
observable), an intrathoracic wound (identifiable by diminished ventilatory
mechanics and auscultatory findings), or loss of blood through a major ab-
dominal visceral injury. Since blood is a nondistensible medium, the latter
will frequently produce abdominal distention and increasing abdominal
girth. Consequently, any attempt at repletion of a child with severe hypo-
tension or frank shock must deliver adequate fluid volume to the right
atrium. The most appropriate site for initial venous access is thus above the
diaphragm and should first address the antecubital fossa. If the antecubital
veins cannot be cannulated, either percutaneous cannulation or direct can-
nulation of the external or internal jugular veins should be considered.
Placement of a subclavian catheter in an injured child should be performed
only under the most controlled of circumstances. The area beneath the clavi-
cle is extremely small and has in close proximity most of the major neuro-
vascular components of the upper extremity. A misguided catheter may not
only be unsuccessful in attaining venous access but actually may worsen the
child’s overall status by causing either a pneumothorax or brachial plexus
injury.

Multiple sites beneath the level of the diaphragm are much more easily
approachable for direct surgical cannulation. A saphenous venous cutdown
at the level of the ankle or direct cannulation of the femoral vein at the
groin are both appropriate and adequate resuscitative measures, however
they should be considered after an attempt is made above the diaphragm.5
Obviously, in the severely hypovolemic child multiple IV sites are required
and use of the subdiaphragmatic areas are to be encouraged as supplemen-
tal.

As in the adult, lactated Ringer’s or other balanced electrolyte solutions
are the best initial resuscitating fluid for the hypovolemic child. Since the
intravascular phase of crystalloid is so short, a 3:1 ratio for crystalloid
resuscitation must be followed. As in the adult, signs of significant hypoten-
sion develop with the loss of approximately 25 percent of the circulating
volume. Thus, an initial resuscitative bolus should reflect approximately 25
percent of the standard circulating volume in the pediatric patient, which
calculates to be approximately 20 ml/kg. Considering the 1:3 ratio, it be-
comes obvious that a bolus-of 40 to 60 ml/kg is actually what is required to
achieve adequate and rapid initial repletion of significant volume loss.

Injured children usually present in one of three ways; normotensive,
hypovolemic shock, or evolving shock. The greater majority demonstrate
little evidence of blood loss and hypotension. With the high incidence of
potential head injury, it becomes obvious that volume repletion of these
children must consider not only the restoration of adequate circulating vol-
umes but also the possibility of overresuscitation with potentially detrimen-
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tal effect on evolving cerebral edema. Children who present in hypovolemic
shock may need both large amounts (50 to 60 ml/kg in 20 ml/kg boluses) of
crystalloid resuscitation as well as fresh RBCs as soon as possible. This
group, fortunately very small, consists of the children in whom a high poten-
tial for preventable deaths occur. As a result of expeditious crystalloid
bolus, these patients frequently regain adequate cardiac output of a circu-
lating volume that has minimal oxygen-carrying capacity. Tissue oxygen-
ation plummets because of the diminished circulating RBC mass as well as
the diminished oxygen-carrying capacity of senescent RBCs usually trans-
fused during initial resuscitation. The child who presents in shock must
therefore be aggressively resuscitated with at least 60 ml/kg as an initial
fluid bolus and must be transfused with RBCs that are as fresh and warm as
soon as possible. Only under these circumstances will these unfortunate
children have even the slightest chance of successful management of their
hemorrhagic injury.

A major consideration in the assessment of the pediatric trauma victim
is the concept of evolving shock. By nature of their increased physiologic
reserve, children will frequently sustain hemorrhagic injury and present to
the emergency room with only slightly abnormal vital signs. Initial tachy-
cardia may be the result not only of hypovolemia, but of the effect of psycho-
logical stress, pain, and fear. Moreover, a small child may have a systolic
blood pressure that may be considered alarmingly low for an adult, but that
reflects normal homeostasis for a young, healthy child. Accordingly, all
injured children must be monitored continuously with close-order observa-
tion of blood pressure, heart rate, respiratory rate, and overall CNS status.
Adequate circulating volume can be maintained in the child with a hemor-
rhagic injury by increasing peripheral vascular resistance to maintain
mean arterial pressure. If initial resuscitation is inadequate, circulating
volume will eventually diminish to a point below which increased periph-
eral resistance can maintain arterial pressure. Tragically, this may occur
hours after the injury, when the child is either being inadequately observed
or undergoing secondary assessment at a location remote from adequate
resuscitative facilities. The concept of evolving silent shock must therefore
constantly be considered; the ability to monitor injured children closely and
resuscitate them appropriately must be provided until it is absolutely con-
firmed that no evidence of significant hemorrhagic injury exists.

Disability
Once initial assessment, airway control, and fluid resuscitation have
been accomplished, attention can be addressed to a thorough examination of
the entire child. The overall guidelines for this evaluation must be a high
index of suspicion that every major organ system is injured until proved

otherwise. Examination must first assess neurologic status. While the
child’s level of consciousness remains a reliable prognostic indicator of se-
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verity of CNS injury, this assessment must be expanded to include pupillary
and ocular muscle function, mid-brain function, motor function, orientation,
and sensory perception.” The Glascow Coma Scale is an excellent guideline
for assessment of neurologic status and should be repeated frequently
throughout the evaluation process of the child to determine progression or
regression of any CNS findings.

Completion of the child’s physical examination follows a standard head
to toe protocol. Intrathoracic organs must be evaluated with special consid-
eration of potential cardiac or pulmonary contusions, both of which may be
worsened by overly aggressive fluid resuscitation. Since the increased resil-
iency of the child’s ribs may have permitted transmission of significantly
greater energy to underlying thoracic organs, there may be an extensive
direct puimonary contusion. The child’s pulmonary status could only be
worsened by aspiration should the level of consciousness diminish. Exami-
nation of the abdomen must focus on distention, tenderness, discoloration,
or presence of a mass. A careful rectal examination must be performed
addressing the status of the rectal sphincter, the presence of blood in the
rectal ampulla, and the overall status of the intrapelvic structures. Careful
palpation of the iliac crests will provide evidence of an unstable pelvic
fracture and will increase suspicion for possible retroperitoneal or urologic
injury. A nasogastric tube should be passed and the aspirated contents
carefully assessed for the presence of blood. In the unstable child, a Foley
catheter should be passed into the bladder after exclusion of a pelvic, peri-
neal, or direct urethral injury. When auscultating the injured child’s abdo-
men, the presence of bowel sounds is highly suggestive of normal peristalsis
with lessened potential for significant injury. The absence of bowel sounds
may be the effect of aerophagia, ileus, stress, or a primary intraperitoneal
process. Bowel sounds thus play an extremely minor role in the overall
assessment of the child’s abdomen, although their status should be assessed
and documented for future comparison.

Each extremity must be palpated to rule out deformity, diminished
vascular supply, or neurologic deficit. The child’s incompletely calcified
skeleton with its multiple gr« wth centers increases the possibility of epiphy-
seal disruption. Accordingly, any area of edema, pain, tenderness, or dimin-
ished range of motion should be carefully evaluated and then radio-
graphed.? A missed orthopedic injury may have little effect on mortality but
a major long-term effect on deformity and disability.

Once anoxia and hypoprofusion have been either excluded or treated,
the next major threat to the injured child is sepsis secondary to disruption of
a hollow viscus. Because of this, the most efficacious means of assessing the
injured child is the combination of repeated thorough physical examinations
and appropriate imaging techniques determined on the basis of initial find-
ings. ‘

As the number of reports documenting the successful healing of splenic,
hepatic, and renal injuries without operative intervention has increased, a
consensus has developed among pediatric surgeons that the presence of
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blood within the abdominal cavity does not necessarily mandate operative
intervention.®-!! Because of this, peritoneal lavage is not a particularly
specific tool for the assessment of an injured child’s abdomen. While analy-
sis of lavage return for increased leukocyte count or the presence of bile,
amylase, or feces may be helpful, in reality most types of injuries suggested
by these findings can be easily diagnosed by thorough physical examination
complemented by computed tomography (CT) when indicated.

Because head trauma is frequently the most severe and life-threatening
injury, the probability of an injured child requiring immediate CT scan for
assessment of the CNS is quite high. Accordingly, in children with findings
of associated abdominal traurna who are hemodynamically stable, it is ap-
propriate to complement the CT scan of the head with a scan of the abdomen
and pelvis. When indicated, the installation of IV contrast will identify both
renal units as well as provide an indication of their functional capacity. The
installation of contrast within the stomach via swallowing or direct naso-
gastric tube will also highlight the status of the upper gastrointestinal (GI)
tract and further emphasize any abnormalities in architecture of the spleen,
liver, or retroperitoneum. Obviously, prior to instillation of contrast by any
route, the potential for allergic response or detrimental hyperosmotic effect
must be considered.

In the absence of positive findings on initial physical examination, the
most effective means of further evaluation of the child is continued careful
abdominal physical examination. The development of increasing tender-
ness, abdominal guarding, or distention are all signs suggestive of evolving
peritonitis, which mandates further evaluation and, if necessary, prompt
operative intervention. Automatic abdominal CT scan obtained in the ab-
sence of objective historical or physical findings suggestive of abdominal
injury is rarely useful. A review of 98 NPTR records identified a 54 percent
rate of positive findings in children with objective evidence of abdominal
injury and no positive findings in those without objective evidence of abdom-
inal injury.

Laboratory Findings

Upon arrival in the emergency department, all pediatric trauma pa-
tients must have blood drawn for complete blood count, and transfusion
crossmatch. Other than the hematocrit, there is very little laboratory sup-
port required for the accurate initial assessment and triage of an injured
child. Serum electrolytes, coagulation profile, platelet count, arterial blood
gases, and the myriad of laboratory tests that attend routine medical care
are frequently noncontributory in the first phase of assessment of the in-
jured child. For all children, however, it is essential to obtain a white blood
count, hematocrit, and urinalysis, so that subsequent assessments can as-
sist documentation of either evolving inflammatory process (i.e., peritonitis)
or primary urologic dysfunction (i.e., renal contusion). The remainder of the
standard laboratory battery including serum electrolytes, amylase, co. zula-
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tion parameters, and platelet count, are frequently superfluous studies in
all but the most seriously injured child. In a recent review of the contribu-
tion of emergency room laboratory studies to the initial assessment and
triage of the injured child, we identified that $2 of every $3 spent for labora-
tory assessment is wasted on laboratory tests that frequently return too late
to be considered in initial assessment of the child or with results that are
completely within normal limits and noncontributory to clinical decision
making.!? It is obvious that in all but the most seriously injured child, most
of these laboratory values reflect the normal baseline homeostasis that ex-
isted at the time of injury.

Triage

The tragedy of preventable traumatic death has been well documented
in multiple studies reported over the past three decades. In regard to the
pediatric population, Ramenofsky et al.!® identified an incidence of 53 of 100
pediatric trauma deaths that could be classified as preventable. These sta-
tistics have been among the prime motivations for development of regional
trauma referral systems intended to provide continuous high-quality so-
phisticated care at a few centers specifically designated for this function.

Since the level of care and commitment is extremely expensive, the
functional efficiency of such systems depends on accurate and judicious tri-
age of appropriately injured patients to appropriately designated centers.
This problem becomes even more acute for pediatric trauma patients, since
the few hospitals designated as pediatric trauma centers frequently serve
relatively larger population areas. Intelligent triage of an injured child thus
becomes a major factor not only in the determination of initial patient
management but in the overall function and impact of the regional trauma
system as a whole as well.

The PTS was developed specifically as a triage tool for dealing with
pediatric trauma victims. It consists of a grading system wherein six compo-
nents of pediatric injury are each graded and added to produce a score
predictive of injury severity and mortality potential (Table 6-3). Size is

Table 6-3. Pediatric Trauma Score

Category
PTS
Component +2 il =
Size =20 kg 10-20 kg <10 kg
Airway Normal Maintainable Unmaintainable
Systolic BP =290 mmHg 90-50 mmHg <50 mmHg
Central nervous Awake Obtunded/ Coma/decerebrate
system L.O.C.
Open wound None. Minor Major/penetrating
Skeletal None Closed/fracture Open/multiple

fractures

Sum: (PTS)
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considered first because it is readily obvious and is a major consideration in
the infant—toddler group, in which mortality from injury is highest. Airway
is assessed not just as a functional status but as a descriptor of what care is
required to provide adequate management. Any child who requires endo-
trachial intubation for management is clearly in a life-threatened status
and is graded as AL minus one (—1). Systolic blood pressure assessment is
arranged primarily to identify those children in whom evolving preventable
shock may occur—>50 to 90 mmHg systolic pressure (+1). Regardless of size,
a child whose systolic pressure is below 50 mmHg (—1) is in obvious jeop-
ardy. The child whose systolic pressure exceeds 90 mmHg (+2) probably
falls into a-better outcome category than does a child with even a slight
degree of hypotension.

The most important factor in initial assessment of the CNS is level of
consciousness. Because children frequently sustain transient loss of con-
sciousness during injury, the obtunded (+1) grade is applied to any child
with loss of consciousness, no matter how fleeting.!* Thus, the patient is
identified as able to develop potentially fatal and frequently treatable intra-
cranial sequelae secondary to head injury. Because of the high incidence of
skeletal injury in the pediatric population and its potential contribution to
mortality, it is also a consideration in determining PTS." Finally, cutane-
ous injury both as an adjunct to common pediatric injury patterns and as an
injury category that includes penetrating wounds is considered in comput-
ing the PTS. ‘

By nature of its simple design, the PTS serves as a simple checklist
ensuring that all components critical to initial assessment of the injured
child have been considered. It can be employed by paramedics in the field as
well as by physicians in facilities other than pediatric trauma units. As a
predictor of injury, the PTS has a statistically significant inverse linear
relationship with both the injury severity score (ISS) (Fig. 6-1) and mortal-
ity.'® Analysis of this relationship has identified a threshold PTS of 8, below
which all injured children should be triaged to an appropriate pediatric
trauma center. These are the children in whom the potential for preventable
mortality and morbidity is highest. According to NPTR statistics, they rep-
resent approximately 25 percent of all pediatric trauma victims and are
clearly the ones who require the most aggressive monitoring and obser-
vation.

DEFINITIVE ASSESSMENT
Head Injury

Head injury continues to be the most common cause of death in the
pediatric trauma patient.”!” While the most severe injuries are generally
treatable only by prevention, many initial resuscitative measures may at
least ameliorate the initial effect of the child’s CNS injury. Again, the prem-
ise of adequate oxygenation, ventilation, and circulation must be addressed
and, in the head injured child, hyperventilation with adequate oxygenation
should be considered (Table 6-4).” From the moment of injury, the reflex
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Table 6-4. Definitive Assessment of the Child who has Sustained
Multiple Trauma
Problem Result

Head and Neck
Failure to palpate skull for depressions = Missed fracture with potential bleed

Failure to note soft tissue, edema, dis- Missed basal fracture
coloration, tenderness
Failure to document absence of blood Confusion regarding injury versus
in auditory canal, nares, mouth result of intervention
Inadequate assessment of cervical Progression of cord injury
spine
Chest
Incomplete auscultation of breath Missed life-threatening injury
sounds, heart sounds, abnormal
sounds

Missed pulmonary contusions worsened Progression of respiratory failure

by overhydration
Inadequate assessment in absence of Missed internal derangement

external trauma

Abdomen/Pelvis
Failure to decompress stomach Ventillatory dysfunction
Underassessment of abdominal tender-  Missed intestinal pancreatic injury
ness

Inappropriate peritoneal lavage False data/security
Inadequate documentation of baseline Inadequate subsequent evaluation
findings
Failure to complete rectal examination = Missed injury, evaluation of sphincter
tone
Incomplete examination of genitalia Missed disruption or injury
Extremities
Failure to document limitation of Missed fracture or dislocation
range of motion, digital and vascular
status
Failure to diagnose greenstick torus Missed potential disability
fractures
Disposition
Inappropriate delays Increasing potential for morbidity/
mortality
Missed subtle child abuse Recurrence of injury

responses occurring within the closed cranial vault are partially related to
perfusion pressure, tissue oxygenation, and evolving edema. Thus, any child
who sustains head trauma in which there has been a continued diminution
in level of consciousness should be considered for hyperventilation as soon
as initial therapy is begun. Tissue perfusion can be improved considerably
by simply hyperventilating the patient to a PCO; level of 25 to 28 mmHg.
This is easily achieved in the obtunded or comatose child by initial airway
control and ventilation with either mask or endotracheal tube with 100
percent oxygen. Since animal studies have suggested that cerebral ischemia
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may develop at PCO; levels below 20 mmHg, careful blood gas monitoring is
essential for effective hyperventilation therapy.!®

Initial assessment of the level of consciousness is a rapid and reliably
prognostic exereise. It must be considered that any child, regardless of the
adequacy of neurologic status on initial assessment, may be susceptible to
the secondary changes post-CNS injury as the result of even the most minor
trauma. Loss of consciousness is an excellent criterion that indicates which
children should be more aggressively monitored and carefully observed.
Any child who sustains even a transient loss of consciousness must be as-
sumed to have sustained adequate degree of mechanical trauma to the brain
stem and reticular activating system to permit at least transient depolariza-
tion and dysfunction. If the level of consciousness returns to normal, careful
observation should be considered to rule out the possibility of evolving sec-
ondary dysfunction as a result of cerebral edema or space-occupying lesion
in the form of subdural or epidural hematoma. A careful Glasgow Coma
Scale assessment and follow-up examination is therefore paramount to suc-
cessful monitoring and management of these children.

Children whose Glasgow Coma Score is <7 or who have sustained se-
vere intracerebral injury require direct monitoring of the intracerebral
pressure. While this modality is somewhat imperfect in its reflection of the
status of the neuronal metabolism, it is still a relatively good predictor of
the overall status of the circulation and perfusion pressures within the
cranial vault. The application of other nonsurgical methods of coma man-
agement includes initiation of hypothermia, barbiturate coma, and chronic
mannitol or glycerol drip therapy. All these modalities require extremely
aggressive and careful monitoring and must be performed under the direct
observation and control of a physician in a pediatric critical care unit. Since
intracerebral pressure is just one facet of a complex pathophysiologic pro-
cess, concomitant monitoring of central venous pressure, cardiac output,
and arterial oxygenation must also be a consideration in these children.
Recent experimental work relevant to the physicochemical response of the
CNS to anoxia suggests that superoxide radical formation may play a major
- role both in immediate injury response and in outcome. Multiple investiga-
tions have evaluated a variety of drugs that may influence this process, but
to date, nothing has been identified that has a direct documented effect on
minimizing initial cerebral response to anoxic injury.

Thoracic Injuries

The extremely resilient rib cage of the child with its incomplete calcifi-
cation provides a means wherein energy transferred through the thoracic
cage to intrathoracic organs is frequently more devastating than in the
adult population. As a result, the child may have sustained a significant
parenchymal injury, disruption of vascular anatomy, or simple contusion
without manifestation of even the slightest degree of abnormality on exter-
nal examination. A high index of suspicion is key to diagnosis of these
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injuries. Every child who has sustained injury to the chest and torso should
be carefully monitored, anteroposterior and lateral chest radiographs in an
upright position, and have cardiopulmonary and ventilatory function moni-
tored. It is not uncommon to identify radiologic evidence of pulmonary con-
tusion in a child who, other than having a history of blunt torso trauma, is
completely asymptomatic. Cognizance of this potential mandates continu-
ous careful monitoring of fluid status.

Finally, the possibility of cardiac contusion in children sustaining blunt
thoracic trauma must be considered. Any child who has sustained a high
impact blunt thoracic injury should at least have a comprehensive 12-lead

electrocardiogram.

Abdominal Injuries

Because of the increased size of the torso relative to the extremities in
the pediatric population, abdominal injuries continue to be an extremely
common problem. The presence of blood within the peritoneal cavity does
not necessarily mandate immediate laparotomy.!?

Since the initial description of overwhelming postsplenectomy sepsis in
asplenic patients by King and Schumaker?’ (1952), there has been a gradu-
ally increasing ground swell among the pediatric surgical community to
minimize splenectomy whenever possible. Multiple studies have confirmed
successful nonoperative management of splenic injuries, and have most re-
cently documented similar success with hepatic and renal injuries. Obvi-
ously, common sense and good clinical judgment must be applied in the
management of the child who has sustained blunt abdominal trauma. A
child who is unstable on presentation and remains so or a child who requires
large volumes of blood transfusion to maintain adequate cardiovascular
stability must be explored. Figure 6-2 demonstrates a commonly used proto-
col initially developed at the Hospital for Sick Children in Toronto that
recommends transfusion to almost 50 to 75 percent normal circulating vol-
ume prior to the consideration for operative intervention.® Repeat careful
clinical examination of the abdomen is absolutely mandatory. The presence
of abdominal distention, tenderness to palpation, and evolving rebound or
guarding are all signs suggestive that either a hemoperitonium or rupture
of a hollow viscus may be present. In unstable or suspicious cases, it is
clearly better to explore the abdomen than to treat a potentially fatal injury
with uncertainty.?!

Although complex pancreatic or duodenal injuries seem to be somewhat
infrequent in the pediatric age group, duodenal perforation can and does
occur. A simple radiograph of the abdominal cavity with careful attention to
the presence of gas in the retroduodenal area on lateral projection may
indicate the possibility of a subtle duodenal injury. The incidence of isolated
mid-body pancreatic injuries secondary to falls and blunt trauma is quite
significant. The actual traumatic incident causing these types of injuries
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Liver and/or Splenic Injury

No Bleeding Moderate Bleeding Massive Bleeding
or

Associated Injury

Transfusion
(up to 40 mi/kg)

Further Bleeding

\\

Observe - Explore

Fig. 6-2 Protocol for management of liver and spleen injuries.

may actually be minor, so a high index of suspicion is essential for succi s-
ful identification and treatment of these injuries. The abdominal C'T scan 1s
an extremely sensitive tool for assessment of the status of the pancreas and
can be effective in identifying these injuries. Adequate therapy of these
lesions requires operative intervention and in most cases resection of the
segment of pancreas distal to the area of disruption. Since this is usually the
mid-portion of the body of the pancreas as it overlies the vertehral column, a
distral subtotal pancreatectomy without splenectomy is frequently the pro-
cedure of choice in treatment of this injury.

The development of peritonitis secondary to perforation of a hollow
viscus 18 both an immediate and long-term possibility. Children who are
injured wearirig seatbelts in an incorrect manner frequently sustain an
avulsion injury, in which part of the distal small bowel is torn from its
underlying mesentery. This, in combination with a direct contusive injury
to the abdomen, may cause immediate blowout of the involved segment of
gut with purulent fecal peritonitis developing shortly thereafier. It may,
however, cause a simple area of devascularization and ischemia that will
progress to necrosis and perforation within 48 to 72 hours postinjury. There-
fore, any child sustaining significant blunt abdominal trauma must be care-
fully observed for this possibility and explored immediately should signs or
symptoms of acute abdominal distress suddenly develop.
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Extremity Trauma

In comparison to the adult, the child’s skeleton is incompletely calci-
fied and consists of a high degree of cartilagenous tissue and metabolically
active growth plates. The collateral ligamentous structure binding this
skeleton is frequently stronger and better able to withstand mechanical
disruption than are the bony elements to which it is attached. As a result,
children sustaining skeletal trauma frequently sustain major deforming
forces prior to development of fractures or disruptions of their bony skele-
ton. Primary joint disruption from other than penetrating injury is uncom-
mon in comparison with disruption of the diaphyseal or epiphyseal seg-
ments of bone. Fractures involving the growth plate must be carefully
identified and treated in a manner that will ensure not only adequate heal-
ing but prevention of subsequent displacement or deformity.

The association of vascular injuries with orthopedic injuries must al-
ways be excluded in the pediatric population. Besides the obvious injury to
the brachial artery secondary to suprachondylar fracture of the humerus,
the possibility of minor vascular disruptions causing growth plate ischemia
or major vascular disruption causing low-flow or hypoprofusion states must
be considered. Since the pediatric population does not usually suffer from
advanced atherosclerosis, mechanical forces will temporarily deform rather
than disrupt major vessels. The adventitia and media of the child’s arterial
system can well tolerate this transient deformity and immediately return to
a normal anatomic state. The intima of these vessels, however, will fre-
quently fracture as a result of this stretching deformity and, upon return to
the normal anatomic position, develop an intimal flap that will impede
vascular flow. Rather than gross disruption of the vessel with hypovolemia
and hemorrhagic shock, a child sustaining blunt vascular injury either pri-
marily or in association with an orthopedic injury may sustain diminution
of flow as a result of a silent intimal flap. Here again, a high index of
suspicion and careful assessment of the distal vascular runoff of the injured
child must be routinely considered. When there is the slightest suggestion of
decrease in perfusion, arteriography should be considered. While the natu-
ral history of these lesions remains unclear, there is no question that a
major disruption of blood flow as the result of an intimal flap within the
aorta may well warrant at least careful observation, if not immediate opera-
tive correction.

Long-term Follow-up

According to Gallagher and co-workers,?? for every child who dies of
traumatic injury, 45 others require admission and intensive hospital care
and 1,300 additional children require at least assessment and therapy in the
emergency room. It becomes obvious that the effect of traumatic injury on
our pediatric population is extensive. Unfortunately, long-term follow-up of
injured children has focused primarily on that small segment with severe
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injury who have identifiable CNS dysfunction requiring prolonged rehabili-
tation. In reality, a variety of other injuries, some of which are survivable,
are being poorly followed and yet are providing ongoing morbidity and
health care problems for these children. Careful follow-up must be provided
for all injured children specifically in regard to developmental anomalies
and propensity for repeat injuries. Centers providing care for the injured
child and persons committed to this end should ensure that all children to
whom care is provided are given careful long-term scrutiny, so that the
effects of injury can be analyzed, with the hope that their detrimental
results can be minimized. This type of program should focus on subtle resid-
ual deficits in CNS function as well as psychological residual and the identi-
fication of accident-prone children.

In conclusion, initial and definitive care of the injured child requires
careful application of the standard trauma life-support principles to the
unique characteristics of this patient population. An understanding of the
types of injuries that frequently affect children, the mechanical forces at
play when children are injured, and the unique characteristics of the child
as a patient will most likely lead to a level of care that will be expeditious,
effective, comprehensive, and successful. Achievement of this goal will pro-
vide not only a tremendous sense of personal satisfaction but will also be a
major step forward in diminishing the most common cause of death and
disability in our pediatric population.
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Problems in
7 Minor Trauma Care

Robert Schafermeyer

Any experienced parent or emergency physician who cares for children
of all ages knows of the great variability in each encounter. The encounter
can be terrifying for the child and frustrating for parents and health care
providers. Some children are braver than others and tolerate the minor
injury, pain, and any approach used. Others are calm and inquisitive. Still
others demonstrate fear—of pain, punishment, or the unknown. This is the
child one must approach in a special way to help overcome fears and anxi-
ety.

The emergency physician should not rush in and try to look at the
injury as the first order of business. It is important to be calm and unhur-
ried, regardless of whether treatment is for an abrasion, laceration, burn, or
other minor traumatic event. Just a few minutes are necessary at the start
to gain the child’s confidence and obtain essential history about the child
from the parents. Once the child’s confidence has been gained, the injured
part can be examined! slowly and carefully.

Checking the neuromuscular function of an injured or lacerated part
can be a major undertaking or a test of ingenuity. Using a toy, light, paper
clip, or cotton is not as threatening as a pin or needle. Games that imitate
motions or that involve forming letters with the fingers are useful in assess-
ing the child’s motor function. How a child plays with a toy, pen, or penlight
will provide more information than will commands or férced manipulations.

The emergency physician should honestly explain the procedure to the
child, whether it involves debridement, suturing, or manipulation. Lights,
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soap, drapes, and needles can be frightening to the child. Explanations
should continue as the desired procedures are carried out. An aide or parent
can help distract the child by discussing an area of the child’s special inter-
est with the child. The child should be allowed to cry or scream when it
hurts but to try not to move the injured part.

Age alone does not predict which child will cooperate or which one is in
such a panic that the child cannot be quieted long enough to hear what the
physician has to say, let alone cooperate in the examination process; some 2-
year-olds cooperate better than 14-year-olds. Some form of physical re-
straint is usually needed for children under age 2 for the repair process.
Papoose boards or wrapping the child with a sheet can be used to make it
easier for an assistant or parent to hold the head or other injured part still;
children agec 2 to 5 years should be given a chance to cooperate without
physical rest: uints. The use of hypnosis may be desirable in this age range,
provided one is skilled in its methods.! The last resort should be chemical
sedation. Most sct tissue injuries do not require chemical sedation, since
topical agents can be used for relief of pain; furthermore, the risk of overdos-
age and other adverse reactions could convert a simple injury into a tragic
event. However, there are times when an unusually frightened or very
uncooperative child needs sedation. Choices include Nitronox (50 percent
0,—50 percent N,O mixture), meperidine and hydroxyzine, meperidine and
secobarbital, or chloral hydrate (Table 7-1). Maximal doses are used for
effect, and naloxone and emergency airway equipment must be available at
all times. The child must be observed in the emergency department for 4 to 6
hours, until the sedation has worn off and the risk of respiratory arrest has
passed. Complex injuries, even in cooperative patients, may be handled in a
safer and more humane fashion in the operating room with general anesthe-
sia. If this route is chosen, it is well to remember the maxim: A child’s
stomach is always full.?

One should not forget to check beyond the local wound or injury. Associ-
ated injuries should always be considered. Just as one considers a dislocated
hip or vertebral body fracture with a calcaneal fracture, there are combina-
tion injuries to be considered in the child. For a lacerated chin, it is impor-
tant to check for dental occlusion and injury to the temporomandibular
joints. If the primary dentition has been injured, the child should see a
dentist to check the secondary dentition. When a facial or scalp laceration is
noted, it is crucial to look at and palpate the wound for fractures. All lacera-

Table 7-1. Sedation Dosages

Agent Dosage
Meperidine 1 mg/kg IM
Hydroxyzine 1 mg/kg IM
Meperadine 1 mg/kg IM
Secobarbital 3 mg/kg IM
Chloral hydrate 50 mg/kg (1 g max)

PO or rectal
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tions should be checked visually for retained foreign bodies and debris. If a
wound was caused by a piece of glass, the neuromuscular function must be
evaluated carefully; occasionally the wound must be enlarged so that it can
be properly explored. In many cases, a more serious tendon or nerve injury
lies below an innocent half-centimeter surface wound. If a tooth is missing,
the wound should be checked first, and a determination made as to the need
for a chest-abdomen radiograph to check for aspiration of the tooth. Consid-
eration should also be given to the possibility of significant internal injury
or intracranial injury, if the history suggests that significant force or energy
v as involved in the accident. For example, a 3-cm scalp lageration may have
to be repaired in a child who tripped and hit a coffee table or in one who fell
off the top of a slide in the playground. In the latter case there is a greater
chance of intracranial injury, for which the child should be thorough exam-
ined. Clearly, the approach to the child should be calm, gentle, and thor-
ough.

Children heal faster than adults, since atherosclerotic disease, hyper-
tension, and diabetes are almost nonexistent. Oxygenation of their tissues is
excellent and, given proper care, injured parts heal rapidly. However, there
are children with chronic disease states, hematologic, and immunologic
problems mandating meticulous cleansing and care of their injuries and
close observation. For those who are susceptible to wound and skin infec-
tions, the wounds might be debrided and cleansed more thoroughly and
short-term prophylactic antibiotics considered. The same holds true for chil-
dren on subacute bacterial endocarditis (SBE) prophylaxis. The hemophiliac
patient may require Factor 8 or 9 and close attention to hemostasis in skin
wounds and compartment syndrome in contusions of even a mild nature.

One other consideration in the traumatized child is whether the prob-
lem might be due to child abuse or neglect. Improper supervision and abnor-
mal delays in seeking medical care may be signs of neglect. Physical abuse
may be indicated by a contradictory history or a history inconsistent with
the physical findings. Physical findings of multiple soft tissue bruises over
the soft parts of the body at various stages of healing, bruises that resemble
objects found at home (i.e., belt marks, electric cord loops, burns that take on
a pattern of a hot object), and multiple fractures especially of ribs, scapula,
and vertebrae should raise suspicion of abuse® (Table 7-2). In addition, some
injuries are unlikely to occur at younger ages (i.e., in a 6-month-old with
burns only on the hands a#d feet or perineum). All states have mandatory
reporting laws, and it is up to the physician to consider abuse when the
history or physical findings support such a suspicion.?

SPECIFIC MINOR TRAUMAS

The following discussion addresses specific clinical conditions com-
monly presented in the emergency department. Table 7-3 delineates the
potential problems inherent in these conditions, as well as the likely result
if they are improperly handled.
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Table 7-2. Soft Tissue Injuries Caused
" by Abuse
Integument injuries
Pattern marks (buckle imprint)
Linear whip marks
Loop marks (electric cord)
Hand prints
Punctures (fork marks)
Binding of wrist or ankles
Multiple bruises
Bruises in various stages of healing
Unusual location
Central distribution
Protected areas (neck)
Human bite
Hair loss
Burns
Pattern burn (cigarette, iron)
Immersion burn
Stocking or glove distribution
Buttocks and feet pattern
Splash burn
Injury to sensory organs
Ear

Boxed ear
Hemotympanium
Cauliflower ear
Eye
Periorbital ecchymosis
Conjunctival hemorrhage
Corneal abrasion
Hyphema
Dislocated lens
Vitreous hemorrhage
Retinal detachment
Retinal hemorrhage
Nose
Epistaxis
Fracture
Mouth
Lip trauma
Frenulum tear, “bottle jamming
Posterior pharyngeal trauma
Airway obstruction
Timing of healing-—Bruises
Red/blue: first 24 hr
Dark_purple: 1-4 days
Green: 5-7 days
Yellow: 7-10 days
Normal tint: 1-3 weeks

(Ludwig S: Pediatric Emergencies.
Churchill Livingstone, New York, 1985.)

L} ]
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Table 7-3. Problems in Minor Trauma Care

Problem

Potential Result

Abrasions

Failure to cleanse adequately
Use of adhering dressings

Infection
Pain with resultant lack of compliance
with instructions

Bites

Failure to differentiate types of bites

Failure to address tetanus status
Failure to address rabies potential

Inappropriate treatment and complica-
tions of same

Risk of tetanus

Risk of rabies

Puncture Wounds

Underestimation of significance
Attempts of foreign-body retrieval

Severe infections
Pain; unnecessary extension of wound
size; excessive morbidity

Lacerations

Misuse of anesthesia

Failure to address allergies

Failure of good infiltrative technique
Incorrect dosage of lidocaine

Misuse of anesthesia with epinephrine
Improper suture selection

Failure to consider special areas

Closing of oral mucosa for puncture
wounds

Failure to consider special goals of
finger injuries

Complications of anesthesia

Potential of anaphylaxis

Infection, pain _

Potential with small children and large
doses for cause of toxicity

Ischemic necrosis

Infection and other foreign-body com-
plications

Missed injuries

Infection

Loss of function; sensitivity; painful
scar

Minor burns

Considering burns as minor
Failure to consider CO poisoning
Failure to consider special burns
Inadequate pain control

Misuse of antibiotics

Loss of rapport with patient and par-
ents, with resultant lack of coopera-
tion and compliance

CO complications

Sequelae of inadequate treatment caus-
ing poor function or cosmesis

Pain, lack of cooperation, potential
addifional latrogenic injury

. Lack of infection control

Dental injuries

Failure to consider age
Failure of adequate follow-up

Loss of viable permanent tooth

_Incomplete treatment

Permanent teeth

Failure to replace avulsed tooth
Failure to search for “missing” tooth

Failure to refer fracture involving pulp
Peor technique in replacing tooth

Loss of tooth; malalignment

Potential loss of viable tooth; aspira-
tion of foreign body

Loss of tooth; infection

Loss of viable tocth
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Abrasions

Improper handling of abrasions can lead to infection or tatooing. Be-
cause children heal rapidly, it is generally sufficient to cleanse abrasions
adequately and use a nonadhering dressing that can be changed everyday.
The wound should be gently cleansed daily. Deeper abrasions may be
treated as a skin graft donor site with cleansing and a fine-mesh gauze
dressing. Bits of gravel, rock, dirt, or tar must be removed to avoid infection
or tatooing of the wound. For large areas of debridement, general anesthesia
will permit proper debridement. For smaller areas, a topical anesthesia
agent may be useful, such as TAC solution [topical adrenaline (epinephrine)
and cocaine] or gauze soaked in 2 percent lidocaine (Xylocaine). A stiff
brush, scalpel, scissors, pick ups, and a pulsating jet lavage unit should
suffice for equipment needs.

Bites

Animal bites may be closed with special considerations. Puncture
wounds should not be closed, as they cannot be adequately debrided. Other
lacerations should be anesthetized, irrigated, sharply debrided, and closed
in standard fashion. The use of antibiotics for prophylactic coverage is con-
troversial. Some authorities believe that no antibiotics are needed, while
others suggest the use of penicillin or a cephalosporin for 2 to 3 days. Bites
to the lower extremities tend to heal more slowly and are more susceptible
to infection.? Rabies prophylaxis should be considered on a case-by-case
basis based on Centers for Disease Control (CDC) and local guidelines*
(Table 7-4). Human bites should not be closed but rather debrided thor-
oughly, irrigated, and given local wound care. Most physicians use short-
term penicillin or cephalosporin coverage during the healing process.

Puncture Wounds

Many people consider a puncture wound to be a minor but painful
experience. In reality it has potential to escalate into a major problem.
Cellulitis, closed-space infections (especially palmar and plantar spaces),
abscesses, retained foreign bodies, and osteomyelitis can occur. The first
premise for puncture wound care should be to do no harm. The second
premise should be adequate local debridement and wound care with careful
follow-up. Consider whether joint spaces or bone penetration may have oc-
curred. Radiographic examination may reveal radiopaque foreign bodies.
Most glass is radiopaque. The radiograph may also demonstrate air in a
joint space.

Osteomyeletis has been reported with puncture wounds especially
through tennis shoes. Some puncture wounds must be opened and debrided
and antibiotics given for 3 to 5 days. Retrieving the foreign body is impor-
tant to prevent infection and further injury. However, many a physician has
palpated a needle edge and confidently attempted to get a “needle in the



Problems in Minor Trauma Care 99

Table 7-4. CDC Rabies Postexposure Prophylaxis Guide—dJuly 1984

Condition of Animal Treatment of
Animal Species at Time of Attack Exposed Person®
Domestic
Dog and cat Healthy and available None, unless animal
for 10 days of observa- develops rabies*
tion
Rabid or suspected rabid  RIG? and HDCV
Unknown (escaped) Consult public health
officials. If treatment
is indicated, give RIG¢
and HDCV
Wild -
Skunk, bat, fox, Regard as rabid unless RIGY and HDCV
coyote, raccoon, proved negative by
bobcat, and other laboratory tests®
carnivores
Other
Livestock, rodents, Constider individually. Local and state public health
and lagomorphs officials should be consulted on questions about the
(rabbits and hares) need for rabies prophylaxis. Bites inflicted by

squirrels, hamsters, guinea pigs, gerbils, chip-
munks, rats, mice, other rodents, rabbits, and
hares almost never call for antirabies prophylaxis.

@ These recommendations are only a guide. In applying them, the animal species
involved, the circumstances of the bite or other exposure, the vaccination status of
the animal, and presence of rabies in the region should be taken into account. Local
or state public health officials should be consulted if questions arise about the need
for rabies prophylaxis.

b All bites and wounds should immediately be thoroughly cleansed with soap and
water. If antirabies treatment is indicated, both rabies immune globulin (RIG) and
human diploid cell rabies vaccine (HDCV) should be given as soon as possible,
regardless of the interval from exposure. Local reactions to vaccines are common and
do not contraindicate continuing treatment. The vaccine should be discontinued if
fluorescent-antibody tests of the animal are negative.

¢ During the usual holding period of 10 days, treatment is begun with RIG and
HDCYV at first sign of rabies in a dog or cat that has bitten someone. The sympto-
matic animal should be killed immediately and tested.

- 4IfRIG is not available, antirabies serum, equine (ARS) should be used, in not
more than the recommended dosage.

¢ The animal should be killed and tested as soon as possible. Holding for obser-

vation is not recommended.
(Rabies Prevention—United States, 1984. MMWR 33:393, 1984.)

haystack” and been unable to readily locate the needle. It may be better to
refer the deep extremity foreign bodies to an orthopedist or general surgeon.
(Markers or 25-gauge marking needles inserted under fluoroscopy at 90-
degree angle to each other will improve your odds of retrieving the foreign
body.) Retained foreign bodies may cause infection, nodular granulomas,
chronic granulomatous lesions, and pilonidal sinuses and may even migrate
from the point of entry.® Tetanus prophylaxis is a must for puncture wound
since they favor the growtli of anaerobic organisms in closed tissue spaces®
(Table 7-5).
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Table 7-5. Tetanus Prophylaxis

History of Clean Minor All Other
Tetanus Wounds Wounds
Immunization
(Dose) Tdb TIG* Tdb TIG*
Uncertain Yes No Yes Yes
0-1 Yes No Yes Yes
2 Yes No Yes Nod
>3 No® No No/ No

¢ Refer to text on specific vaccines or toxoids for con-
traindications, precautions, dosages, side effects and ad-
verse reactions, and special considerations. Important de-
tails are in the text and ACIP recommendation (MMWR
1981;30:392-407). '

® The combined preparations Td, containing both tet-
anus and diphtheria toxoids, is preferred to tetanus toxoid
alone.

¢ Tetanus immune globulin.

4 Yes, if wound more than 24 hours old.

¢ Yes, if more than 10 years since last dose.

fYes, if more than 5 years since last dose (more fre-
quent boosters are not needed and can accentuate side

effects.)
(Adult Immunization Supplement MMWR 33(15):
685, 1984.)

Lacerations

Lacerations provide the bulk of soft tissue injuries next to contusions in
the emergency department setting. Lacerations are more than skin deep.
Occult injuries do occur. The face, scalp, and hands seem to be the most
common sites of injury. All lacerations must be properly examined,
cleansed, thoroughly explored for deeper injuries, closed, and have proper
follow-up before one can be satisfied with the repair. Transections of nerves
or tendons may be apparent only under proper visualization. Thus, ap-
proach to the child must be handled carefully as outlined previously. Use of
one'’s ingenuity to test motor function plus direct exploration of the wound
should prevent missing injury to deeper structures. Occasionally, general
anesthesia will be needed for proper examination and repair. The risks of
general anesthesia must be weighed against the benefits of the examination

and repair.

TREATMENT

The approach is crucial if one is to secure the confidence of the child.
Children are not small adults; they may have fears out of proportion to the
injury. These fears can be exacerbated by a hurried approach, brusk man-
ner, bright lights shining in their eyes, or drapes covering their eyes, nose,
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and mouth. One should approach the child slowly and confidently and talk
to him first. Once the child’s confidence has been won, explain what must be
done to get him repaired and on his way home. To check neurovascular
function, one just needs to use one’s ingenuity by using some of the methods
cited previously.

Anesthesia

Next, one must consider what type of anesthesia to maintain the child’s
cooperation. Does one use a topical anesthetic, local infiltration, Nitronox,
or general anesthesia? What does one do for the “Novacaine” allergic pa-
tient? If the child is suggestible and not in a panic state, you may wish to use
hypnosis if skilled in its application. Others may opt to use a topical agent to
numb the skin edges while preparing the suture tray. One can take a 2 x 2
and saturate it with 5 ml of 2 percent Xylocaine and have the parent hold
the gauze pad on the wound for 5 to 10 minutes. Supplemental infiltration
may be needed.

TAC is useful for small lacerations, but is it safe? One could use TAC
solution (a mixture of tetracaine 0.5 percent, epinephrine 1:2000, and co-
caine 11.8 percent in unit doses of 5 ml). White et al.” noted that TAC
solutions were useful on facial lacerations with minimal to no complica-
tions. Schaffer’ also noted that TAC solution was more effective than tetra-
caine alone and erythema of wound margins in 7 percent of cases without
progression to frank infection as the only complication. Pryor et al.? noted
that there was no difference in TAC versus lidocaine infiltration with effi-
cacy and total wound complications. He noted a shorter time needed for
repair. Nichols et al.? evaluated success of anesthesia, length of wound, and
complications prospectively in 125 cases and found that wounds anywhere
on the body other than pinna, nasal alae, digits, or of limited circulation
were successfully anesthesized in approximately 75 percent of patients if 3
cm or less in length. There was only 2 percent induration and 0 percent
infection incident. However, Barker et al.!° noted increased infection in
guinea pigs and rabbits. Wehner, et al.!' noted that even minimal usage of
10 ml or less of TAC solution in burn patients led to active seizures and
respiratory arrest. Thus, one would not want to use TAC in wounds that
would permit rapid absorption of drug into the circulation such as burns or
large abrasions.

If local infiltrative anesthesia is elected, which is still the gold stan-
dard, the wound should be infiltrated slowly through the open wound edges
(unless highly contaminated) with a 1-inch 25- or 27-gauge needle.? Rapid
instillation may shorten the painful experience at the cost of markedly
increasing the pain and burning sensation associated with lidocaine. In
small children and in very large lacerations, one must pay attention to total
dose delivered over time as several children had had adverse CNS stimula-
tion and or seizures from excess dosage. An occasional child has had a
respiratory arrest (Table 7-6). Local anesthetics with epinephrine can be
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Table 7-6. Local Anesthetics

Mepi-
Factor Procaine  Lidocaine Tetracaine® Bupivacaine® vacaine

Concentration

for

infiltration® 1% 0.5-1% 1% 0.25% 1%
Onset of

action® 5-15min  5-10min 10-20 min  10-20 min 5-10 min
Duration of

action® 45-60 min 30-60 min  1.5/2-3 hr 2—-4 hr 1-3 hr
Dosage 7 mg/kg 5 mg/kg 1.5 mg/kg 2 mg/kg 7 mg/kg
Group Ester Amide PABA Amide Amide

@ Recommended concentrations for children.
b Onset and duration varies from source to source.
¢ Not recommended for children under 12 years of age.

used to prolong the anesthetic effect. However, in small infants, one may see
systemic effects. In addition, one would avoid its use where end digital
arteries supply the tissues such as fingers, toes, tip of the nose, and pinnal of
the ears.?

What should be done if the parents say the child is allergic to Novacaine
or lidocaine? There are two major groups of local anesthetics, and it is rare
to have cross-reactions to these agents. Procaine is an ester type anesthetic
while lidocaine is an amide-type agent. Bupivacaine is an amide type, as is
prilocaine and tetracaine is a p-aminobenzoic acid agent.

One might consider the use of Nitronox for anesthesia by self-adminis-
tration. Nitronox will provide enough analgesia to repair lacerations or
debride large abrasions. However, one must be skilled in its use and in
airway management. The person administering the agent must be able to
intervene and protect the airway from aspiration. Nitronox is a 50 : 50 mix-
ture and relatively safe as compared with wall or tank sources of N,O and
Oz which must be adjusted individually.!?!3

Cleansing

Once the wound is adequately anesthetized, thorough cleansing and
debridement of devitalized tissue may be completed. The wound should be
explored to its depths searching for foreign bodies and injury to the deeper
tissues. Crushed and jagged edges should be trimmed.

Sutures

Selection of suture material and needle are determined by wound depth
and location. Absorbable sutures such as polyglycolic acid suture is used for
closure of subcutaneous tissues and ligation of small blood vessels. Nonab-
sorbable monofilament sutures such as nylon are useful for skin closure. A
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reverse cutting needle is a good choice for skin closure, since it has a lesser
tendency to cut out of the tissues, is a stronger needle yet penetrates the
tissue with less trauma.

The suture itself should not be stronger than the tissue it will hold
together. 4-0 suture is frequently used in the subcutaneous tissues and for
the skin in general; 5-0 nylon suture is useful for the hand and 6-0 nylon
suture for the face.!* The depth of the suture should equal the distance
between the sutures, with the wound edges approximated or everted
slightly. If the edges invert, one may need to undermine the tissues or use a
vertical mattress suture in selected places.

OTHER INJURIES

Areas of special consideration in the pediatric patient include oral lac-
erations and fingertips. Children frequently fall with foreign objects in or
near their mouths and subsequently have puncture wounds to the oral mu-
cosa, tongue, and soft palate. The wounds must be properly and thoroughly
examined for associated injuries and, unless bleeding is persistent or there
is a significantly placed lesion, the wound does not need to be closed. If there
may be injury to the nasopharynx, retropharynx, or Stenson’s duct, the
wounds should be evaluated under general anesthesia. If a child falls with
the end of a spoon or pointed object in his mouth, consider pharyngeal
performation and its possible sequelae if the retropharyngeal space was
violated. If there is palpable crepitus, drooling, or dysphagia, endoscopy is
indicated.? -

If there is a through-and-through laceration of the lip, the wound
should be irrigated and debrided thoroughly, the muscle layer closed, and
then the skin layer (loosely), and the mucosal side left open, if small. If the
mucosal wound is large or bleeding briskly, two or three sutures may be
used to decrease the size of the defect and stop the bleeding. Penicillin is
frequently given for several days due to the high bacterial content of the
oropharynx. If the vermillion border is crossed by the laceration, it must be
aligned exactly since a 1-mm mismatch is visible. The border area should be
the first stitch.!?

Injuries to the fingers of children are very common and the basic goals
of therapy are to preserve length and function, have fingertip sensitivity,
and a pain-free scar.!® The age of the child and condition of the nail bed often
affect decisions as to type of repair. There may be simple lacerations, flap
lacerations and complete amputations of tissue. Simple lacerations are
cleaned and repaired with 5-0 nylon after appropriate examination. If the
nail is involved one must check the nail bed for laceration and accurately
approximate the tissues for good results. Often that necessitates removal of
part or all of the nail to close the nail bed properly. The nail can then be used
as a protective splint.'6

Tip lacerations that create a flap may be closed after proper cleansing
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as if they were a graft. 5-0 nylon approximates the edges and a firm occlu-
sive dressing should be left in place for 7 days. A second dressing can be left
for 7 more days before sutures are removed. Tip amputations, involving less
than 1 cm tissue, will heal by secondary intention. The wound should be
cleaned and frequent dressing changes should occur down to a fine-mesh
gauze layer.!>!7

With avulsions or amputations of more tha 1 cm tissue, one may need to
consult with a hand surgeon. Some hand surgeons would allow an infant or
toddler to heal by secondary intention down to a level with bone tuft ex-
posed. Others would use some other method of closure. Once the amputation
level moves below the mid-shaft of the distal phalanx, special procedures
will be necessary.

If one is having difficulty evaluating a wound on the fingers due to
excessive bleeding, rather than blindly clamping, one should take a }- to }-
inch diameter penrose drain and apply it around the base of the finger. This
will provide a dry field for completion of the evaluation. The tourniquet may
be left in place for 5 to 10 minutes.

Crush injuries involve tremendous forces to an area of the body and
result in celular and vascular disruption in both the superficial and deep
tissues. Swelling worsens with time and necrosis of tissues is common but
frequently not apparent for several days. After proper evaluation of neuro-
vascular status, crush injuries are best treated with loose dressings and
elevation if only one to two fingers are involved. If the hand or extremity is
involved, the child should be referred immediately to a hand or orthopedic
surgeon since there is great risk of developing a compartment syndrome or
necrosis of the deep muscles.

Glass injury to the fingers and hands always appears innocent and
requires a very careful and complete neurovascular assessment and in-
cludes wound exploration. If a tendon laceration is uncovered, prompt con-
sultation with a hand surgeon or orthopedist is important.

Proper evaluation, cleansing, and repair would not be complete or guar-
antee excellent results unless follow-up care is ensured. The parents must
be properly instructed verbally and have a written copy of the guidelines for
a reference. The parents are frequently distraught and may not remember
what was said once they get home. They should keep the wounds clean and
dry. If no dressing is applied, the parents should be instructed in gentle
cleansing with hydrogen peroxide or betadine solution. Suture removal var-
ies literally from head to toe with facial sutures left in place for 3 to 5 days
and possibly supported with benzoin and steri-strips for 1 week and lower
leg and foot sutures left in place for 8 to 14 days (Table 7-7).

MINOR BURNS

To a child, no burn is minor. Most burns can be prevented by a few
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Table 7-7. Suture and Suture Removal

Site . Needle Days
Face 6-0 nylon P-3 3-5
Scalp 4-0 nylon FS2 7
Trunk 4-0 nylon FS2 7-10
Extremity 4-0 nylon FS2 8-14
Hand and foot 5-0 nylon P3 8-14

simple measures at home. The child’s play area should be supervised and
matches locked up. Water heater temperature should be reduced to 120°F
instead of 140°F. Children should be kept away from kerosene and wood
stovesand out of the kitchen while someone is cooking. Most burns are scald
burns. At 140°F, it only takes 3 to 4 seconds to get a second-degree burn.

When evaluating a child with burns, the ABCs should be checked first
and any necessary airway, ventilation, or circulatory resuscitative maneu-
vers performed. One must then consider any possible associated injuries
such as those due to blast, smoke inhalation, or a fall. One should also
consider whether carbon monoxide poisoning has occured.

Burn patients can then be divided into two groups—major and minor.
Minor burns include superficial, less than 10 percent dermal, and less than
1 percent subdermal. Burns of the face, neck, perineum, hands, and feet are
considered major burns for cosmetic or functional reasons. If touch sensation
is absent, the burn most likely is subdermal.

Basic care of the minor burn includes analgesia, debridement, dress-
ings, and fluids. Acetomenophen, soothing lotion, and cool compresses may
be all that are needed for first-degree burns while a shot of meperidine and
hydroxyzine may be needed for deep dermal burns. All loose skin should be
gently trimmed away, and gentle saline cleansing of the burned area com-
pletes the debridement. Small burns of the first-degree type and small burns
about the face are usually treated without dressings. Silvadene or another
antiobiotic cream may be applied three times daily with warm water cleans-
ing between applications. Decper-burns less than 9 percent dermal may be
treated with a fine-mesh gauze such as Zeroform and a light Kerlex gauze
wrap over it. The Kerlex gauze is changed daily. The wound should be
checked every 2 to 3 days for any signs of infection. Antibiotics are not
recommended in minor wounds unless signs of infection are present or if one
needs to provide SBE prophylaxis to a patient.

Fluids become more important the smaller the child and the larger and
deeper the burn area. A child with a deep dermal burn of 8 percent can lose a

Table 7-8. Maintenance Fluids

100 ml/kg for the first 10 kg
50 ml/kg for the next 10 kg
20 ml/kg for kg over 20
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moderate amount of fluid. The parent should see that the child drinks the
normal amount plus an additional amount of fluid to maintain good urine
output. An infant or toddler who goes more than 8 hours without wetting
the diaper should be rechecked. The amount of fluid can be calculated as
follows:

Maintenance plus 4 ml x weight in kg X percent burn
given over 24 hours

DENTAL INJURIES

Injuries to the teeth are common in childhood and cause anxiety for the
patients and parents. Although the physician is frequently the initial pro-
vider, most dental injuries ultimately will be resolved by the dentist. Delay
in seeking dental follow-up may adversely affect the ultimate prognosis.
Injuries can be divided into two major categories: primary teeth, with peak
periods between ages 2 and 5 years; and permanent teeth, with peak periods
between ages 8 and 12 years. Injuries are subdivided into coronal and root
fractures, displacement injuries, and avulsion. The goals of treatment are
preservation of the teeth and the dental arch, proper occlusion, and proper
development of the maxilla and mandible.'®

Displacement is the most common injury in the primary dentition; it
usually occurs in the maxillary incisors and less frequently in the mandibu-
lar incisors. Displacement may cause disruption of the neurovascular sup-
ply, with subsequent pulp necrosis and apical abscess formation. More im-
portant, it may damage the unerupted permanent teeth. Minimally
displaced primary teeth should be repositioned after local anesthesia and
splinted if necessary, unless the tooth is near exfoliation or pathologically
involved. Dental consultation and follow-up are indicated for grossly dis-
placed or intruded primary teeth, which are often extracted.

Primary coronal fractures involving only the enamel are smoothed and
kept under observation. If the fracture involves dentin or the pulp, or both,
the patient should be referred to the dentist for pulpal therapy and/or crown
restoration. Root fractures may necessitate extraction, with follow-up den-
tal treatment.

Avulsions are more likely to occur as physiologic root resorption occurs.
Avulsed primary teeth should not be reimplanted.!® Although rare, if bleed-
ing occurs following avulsion or extraction, a rinse should be used initially,
followed by direct application of pressure for 20 minutes.

It is important to see the injured tooth. If unable to do so, a radiograph
should be obtained to rule out intrusion, retained fragments, or soft tissue
impaction. A chest radiograph may be indicated as well to survey for aspira-
tion of a tooth.!?
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Injuries to Permanent Teeth

Protusive maxillary incisors (“buck teeth”) are the most commonly in-
jured permanent teeth; this injury occurs most often in boys aged 8 to 12
years. Crown fracture is the most common injury. Because sports are a
factor in dental injuries, parents and coaches should insist on the use of
protective appliances. Because malocclusion predisposes the patient to den-
tal injuries, early orthodontic treatment and preventive measure will re-
duce the incidence of tooth injuries.

Coronal fractures may involve enamel only; enamel and dentin; or
enamel, dentin, and the pulp. Treatment of coronal fractures involving
enamel only consists of smoothing the rough edges, radiographs to check for
root fractures, and watchful waiting by the dentist to determine pulpal
vitality. If loss of contact with the adjacent teeth occurs, dental restoration
is important. When enamel and dentin are involved, a slightly off-white
area and temperature sensitivity usually are present. It is important to
protect the exposed dentin. Referral to the dentist for adequate pulpal pro-
tection and restoration of the tooth is essential. As a temporary measure to
reduce thermal sensitivity, a layer of zinc oxide paste may be placed after
drying the tooth.”

Coronal fractures of permanent teeth involving the pulp must be re-
ferred for immediate dental treatment. Pulpal exposure with subsequent
pulpal necrosis presents difficult problems in younger children. Root forma-
tion is not completed until 2 to 4 years following eruption of the permanent
tooth. Although root canal treatment can be performed, the long-term prog-
nosis is diminished because of the shorter root. Therefore, tooth fractures
involving the pulp should be seen by a dentist as soon as possible.

Displacement of permanent teeth is common. When seeing the patient,
the physician should reduce the tooth digitally, if possible, and stop the
bleeding with direct pressure. Dental wax can be used as a temporary splint
until the pzatient sees a dentist. The wax is molded into a U shape and
applied over the teeth. Dentists use direct bonding of acrylic resins to teeth
for splinting. Splinting times are 1 to 2 weeks for tooth injuries and up to 6
to 8 weeks for bony fractures. Root canal therapy is required in approxi-
mately one-half of displaced teeth; therefore, routine dental follow-up to
check for pulpal necrosis is essential. Intruded teeth must have root canal
treatment to eliminate inflammatory root resorption.

Avulsion of permanent teeth is a true emergency as the successful
reimplantation is inversely proportional to the length of extraoral time.
Ideally, all avulsed teeth should be immediately reimplanted at the sight of
the injury. If dirty, the tooth should be rinsed gently with water or saline to
remove debris avoiding injury to the periodontal membrane remnants; the
tooth should then be reimplanted gently in the socket. If clotting has oc-
curred in the socket, the clot is removed by gentle saline irrigation. The
tooth is repositioned as well as possible. Dental wax can be used as a tempo-
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rary splint, until dental care can be obtained. If unable to reimplant the
tooth, it should be placed in the space between the gum and cheeks. If the
patient is too young and swallowing or aspiration are a danger, the tooth
should be placed in a glass of milk, physiologic saline, or water to keep the
tooth moist. Immediate dental care should be sought.?

Teeth reimplanted within less than 30 minutes after avulsion have a
good prognosis for long-term retention, All reimplanted teeth undergo some
root resorption. Reimplantation may be achieved even after several days;
however, more extensive root resorption and ankylosis will occur if the
extraoral time exceeds 2 hours. Retention of the permanent teeth is prefera-
ble to even the best prosthesis. All avulsed teeth that have fully formed
roots must have the pulp removed during the first week following replanta-
tion to avoid inflammatory root resorption. Therefore, dental referral is
mandatory [ollowing avulsion. It is important to institute tetanus prophy-
laxis.

Root fractures are best treated by reduction of the fractured segment
and placement of a splint. Dental splinting with acid etch resin techniques
are required to immobilize the coronal segment for 6 to 12 weeks. Union of
the segments may occur if reduction is achieved before blood clotting occurs
and the fracture is intrabony following reduction. Root fractures that com-
municate with the oral cavity following reduction will not heal, and the
coronal segment must be extracted. If the root is long enough, root extrusion
may be achieved orthodontically and the tooth restored. Dental consultation

is mandatory.

CONCLUSION

Minor trauma can be a major event for any child. Compassion and
honesty are crucial in the approach to the child. Ingenuity in examination
and evaluating function are important to identify subtle neuromuscular
injuries. Checking for retained foreign bodies and evaluation for associated
injuries is essential. Attention to details of anesthesia, cleansing, and repair
should result in a good result and a happy child.
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Problems in
Managing Cervical
8 Spine Injuries

Fred Tecklenburg

A spinal cord lesion in a pediatric patient is a devastating injury for the
child, family, and society. The child suffers a neuromuscular disability with
multiple attendant medical, rehabilitative, and psychological problems. The
family is often shattered emotionally and economically as the lifelong strug-
gle to support the unfortunate child unfolds. Our society also bears the
economic cost of spinal cord injuries; approximately $4 billion is expended
annually on this problem.!

It is understandable that prehospital EMS personnel and emergency
physicians have adopted “airway with cervical spine control” as the stan-
dard first priority in trauma resuscitation.? A significant percentage of spi-
nal cord injuries may be incomplete at the moment of trauma and, therefore,
have potential for neurologic recovery with appropriate early manage-
ment.? Cervical spine immobilization and radiographic evaluation have
been liberally applied in the trauma management of adult and pediatric
patients, often without an appreciation for the multiple differences between
the two age groups.

This chapter explores relevant data on pediatric cervical spine injuries,
anatomic and biomechanical properties unique to the child’s spine, and
common pitfalls in the assessment and management of suspected cervical
trauma in children.
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EPIDEMIOLOGY OF CERVICAL SPINE INJURIES

The annual incidence of traumatic spinal cord injury in this country has
been estimated to be 30 to 50 per million population or, in absolute num-
bers, approximately 11,000 new cases each year.*~7 Children under 16 years
of age account for roughly 6 to 9 percent of these debilitating cord lesions.*%9
Spinal cord injury is primarily a disease of adolescence and young adult-
hood. The National Spinal Cord Injury Data Research Center (NSCIDRC)
reported the data on 5,912 spinal cord injury patients referred to Regional
SCI Systems throughout the United States.'” This group represented ap-
proximately 10 percent of the total spinal cord injury patients in the United
States during the years the data were collected. Nearly one-half the spinal
cord injuries occurred in the 15- to 24-year-old age group. The mode, or most
common age, was 19 years, while the median, or 50th percentile, was 24
years old. Only 3.8 percent of the referred patients in this group were under
15 years of age.

These incidence figures and statistics do not include either deaths due
to spinal injuries at the scene or on arrival to emergency departments or the
tens of thousands of spinal column injuries not associated with cord lesions.
Although these latter statistics are not available, several studies suggest
some generalizations. First, spinal cord lesions have a high mortality and
may be underestimated as a cause of acute traumatic death. One of the first
thorough epidemiologic studies on spinal cord injury documented 619 cases
over 2 years (1970 to 1971) in northern California via elaborate protocol
autopsies and medical record searches.” There were 299 deaths, yielding a
case mortality rate of 48 percent. Death at the scene or on emergency de-
partment arrival accounted for 79 percent of the mortality, with most au-
topsy reports incriminating the spinal cord lesion as the primary cause of
death. Forty-four patients of the 619 cases (7 percent) were under 15 years of
age and, as an age group, they suffered a 66 percent mortality, compared
with a 37 percent mortality in the 15- to 24-year-old group. Other postmor-
tem studies of consecutive traffic accident victims have demonstrated cervi-
cal injuries in 21 to 24 percent by stress radiographic view or autopsy dissec-
tion.'"1? The ages of the victims were not revealed, but two facts have
implications for pediatric patients: (1) auto—pedestrian victims were dispro-
portionately represented in the cervical lesion groups, and (2) atlanto-occip-
ital and C1-C2 injuries accounted for the vast majority of lesions. Young
children actually die more frequently as pedestrians than as motor vehicle
occupants'?; they have a predisposition to upper cervical lesions. How these
facts interrelate is left to conjecture without further study, but suffice it to
say that cervical spine injuries are probably underreported in acute traffic
accident deaths in children.

Another generalization regarding the incidence of pediatric cervical
spine injuries is that most cervical column (ligamentous-osseous) injuries do
not lead to neurologic deficits. An analysis of several series of pediatric
cervical spine injuries illustrates this point.5'4-'7 (Table 8-1). Approxi-
mately one-third of radiographically positive cervical spine lesions will in-
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Table 8-1. Cervical Spine Injuries in Pediatric Series
Cervical Spine

Osseous/Ligamentous’
Age
Investigators (years)- Neurologic Deficit® Without deficit

Hill et al ® 2-18 27 (36) 47

* Anderson and Schultz!? 0-14 26 (42) 61
Apple et al.'? 1-16 11 (38) .18
Henrys et al.16 0-14 7 (38) 11
Hubbard!” 1-17 3 (25) 8
74 (34) 146

* Numbers in parentheses represent percentage.

volve a neurologic deficit. These studies emanated from referral institutions
and are probably biased toward more severe injuries. Although acute cervi-
cal spine injuries are not common in children, an accurate estimate ol all
significant cervical spine injuries in children or adults has not been re-

ported. A crude extrapolation of the foregoing would be that 6 percent of
11,000 spinal cord injuries are in pediatric patients, and these lesions would
represent roughly one-third of the total pediatric cervical spine injuries
demonstrable by radiography—or approximately 2,000 cases occur annu-
ally. '

The etiology of cervical spine injury in children does not differ substan-
tially from adult series. The major categories in both age groups remain
motor vehicle accidents, falls, diving accidents and, in urban areas, pene-
trating injuries. The young child seems more susceptible to auto—pedestrian
accidents and falls than the teenager or young adult. In adolescence, motor
vehicle accidents, athletic injuries (especially diving injuries'. and gunshot
wounds play a larger role. The United States is unigue qinong Western
countries in the proportion of spinal cord injuries due to penciratin s wounds
(typically gunshot wounds). NSCIDRC data' reveal penetratine injury as
the second most common cause of spinal cord injury in the 0 to | i-year-old
group (Table 8-2). Several other mechanisms of injury in children and
adults warrant mention because of their disproportionate responsibility for

- Table 8-2. Etiology and Age

Age

0-14 15-29

N % N %
MV A/Pedestrian 91 40 1,938 52
Penetrating 54 23 508 14
Sports—diving 32 14 467 12
Falls 27 12 394 11
Sports—other 19 8 240 6

Other 7 3 204 5
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spinal cord injuries. Motorcycles accounted for nearly 15 percent of spinal
cord lesions due to motorized vehicles.!® One of every 14 occupants ejected
from their cars suffers a neck injury.!® Football and trampoline injuries lead
the list of athletic related injuries, although the trampoline has steadily
decreased as a cause of cervical trauma as its use has fallen into disfavor.!®

An uncommon mechanism of injury unique to pediatrics is spinal cord
injury associated with parturition. Typically this injury occurs in the neo-
nate with breech presentation and with intrauterine hyperextension of the
neck—“the star-gazing neonate.”?® Shulman et al.2' demonstrated 25 cases
of cervical spinal trauma or vertebral artery disruption in 192 stillborn and
neonatal deaths.

Finally, another unusual etiology of spinal injuries specific for children
1s violent shaking by abusive parents.?>-?¢ There may be minimal outward
signs of abuse on examination, but frequently retinal hemorrhages and
intracranial pathology are evident on further examination or radiologic
workup.

ANATOMIC AND BIOMECHANICAL CONSIDERATION

The anatomic and biomechanical properties of the child’s cervical spine
will yield radiographic appearances and injury patterns different from those
of the adult. The pediatric spine exhibits hypermobility, unique vertebral
configurations, epiphyseal growth plates, synchondroses, incomplete ossifi-
cation, and numerous normal variations and congenital anomalies. This
developing anatomy will dictate the radiologic appearance and influence the
pathophysiology of injuries.?5-28

Although the details of the developmental anatomy are beyond the
scope of this chapter, several facts regarding ossification are necessary for
recognizing the normal appearance of the atlanto-axial segment at different
ages (Fig. 8-1 and 8-2). The atlas usually has three ossification centers: two
centers are present at birth, with each forming a lateral mass and neural
arch, which then extend posteriorly to unite the other arch at 3 to 4 years of
age; the third ossification center appears at 1 year of age and forms the
anterior arch, which fuses with the lateral masses by 8 years.

The axis has five primary ossification centers. The odontoid process,
which is phylogenetically the body of the atlas, has two centers, which fuse
in fetal life and form the base of the dens. An apical secondary growth center
(ossiculum terminale) appears at 2 to 3 years and fuses to the odontoid by 12
years. The other primary centers form the body and neural arches of the
axis and are present at birth. An epiphyseal growth plate separates the
odontoid from the axis and appears as a lucent horizontal line for the first 4
or 5 years. Closure of this epiphysis is variable with delayed closure up to 12
years of life and vestigial remnants lasting for life in some adults. Fractures
of the odontoid in childhood generally occur at this growth plate with ante-
rior odontoid displacement.
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Fig. 8-1 Diagram of first cervical vertebra (atlas). a, Body. Not ossified at birth
center (occasionally two centers) appears during first year after birth; body may fail
to develop and forward extension of neural arches may take its place. b, Neural
arches. Appear bilaterally about seventh fetal week; most anterior portion of supe-
rior articulating surface is usually formed by the body. ¢, Synchondrosis of spinous
processes. Unite by third year. Union may rarely be preceded by the appearance of a
secondary center within the synchondrosis. d, Neurocentral synchondrosis. Fuses
about the seventh year. e, Ligament surrounding the superior vertebral notch. May
ossify, especially in later life. (Bailey DK: The normal cerv1cal spme in infants and
children. Radiology 59:712, 1952.)

Ligamentous laxity and increased joint mobility are hallmarks of the
musculoskeletal system in the neonate and young child. This hypermobility
allows dissipation of traumatic forces and generally serves the child well
during childbirth and the later adventurous and physically active behavior
of childhood. Any casual observer in a busy pediatric emergency department
has noted the paucity of true sprains or dislocations in the very young
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Fig. 8-2 Diagram of second cervical vertebra (axis or epistropheus). a, Body. One
center (occasionally two) appears by the fifth fetal month. b, Neural arches. Appear
bilaterally by the seventh fetal month. ¢, Neural arches fuse posteriorly by second or
third years. d, Bifid tip of spinous process (occasionally a secondary center is present
in each tip). e, Neurocentral synchondrosis. Fuses at 3 to 6 years. f, Inferior epiphy-
seal ring. Appears at puberty and fuses at about 25 years. g, Summit ossification
center for odontoid. Appears at 3 to 6 years and fuses with odontoid by 12 years. h,
Odontoid (dens). Two separate centers appear by the fifth fetal month and fuse with
each other by seventh fetal month. i, Synchondrosis between odontoid and neural
arch. Fuses at 3 to 6 years. j, Synchondrosis between odontoid and body. Fuses at 3 to
6 years. k, Posterior surface of body and odontoid. (Bailey DK: The normal cervical

spine in infants and children. Radiology 59:712, 1952.)

child’s joints. The child’s cervical spine is no exception to this general rule
and, in fact, might be considered the epitome of the flexible pediatric joint.

The pediatric atlanto-axial joint has relatively lax ligaments allowing
major anterior-posterior excursion of the atlas during flexion and extension.
Further laxity of the transverse ligament is occasionally found in patients
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with Down'’s syndrome, Morquio’s disease, and rheumatoid arthritis leading
to clinically significant atlanto-axial instability.?’ This fact is the rationale
for the American Academy of Pediatric recommendation that all children
with Down’s syndrome participating in Special Olympic activities be
screened with dynamic cervical radiography.?® Even in normal children,
minimal trauma or the local inflammation of a pharyngitis causing in-
creased atlanto-axial ligamentous laxity may lead to rotatory subluxation
of C1 on C2.39-32 Rotation is the predominant normal motion between the
atlas and axis, with the alar ligaments preventing excessive rotation. It has
been demonstrated that in the setting of a 5-mm anterior displacement of
the atlas on the axis, unilateral C1 to C2 dislocation can occur at 45-degree
rotation.?? As the child matures, the transverse ligament, the primary stabi-
lizer of the atlanto-axial joint, will prevent excessive anterior shift of the
atlas on the axis.

The other cervical levels in children also have lax ligaments and elastic
joint capsules, but several other anatomic factors contribute to the pediatric
spinal column’s flexibility. In the upper cervical spine (C2 to C4), the ante-
rior portion of the vertebral bodies are wedge shaped and the facet joints are
in a relatively horizontal plane. The child’s vertebrae have no joints of
Luschka in the first decade. These physical properties allow some degree of
physiologic subluxation in C2 to C4 on flexion in 20 percent of children,2?
and they also give the young child a higher fulcrum of anterior-posterior
motion. Pennecot et al.?? demonstrated that children 3- to 8-years old have
greater anterior-posterior mobility at C2 to C3 to C4 than at C5 to C6 to C7,
although with increasing age the upper cervical spine mobility decreases.
The most mobile joint space, or greatest angular displacement, is at C3 to
C4 for 3- to 8-year-olds, C4 to C5 for 9- to 11-year-olds, and C5 to C6 for 12-
to 15-year-olds.

Hypermobility, however, does not always protect the skeleton or spinal
cord. In fact, most traumatic pathology in pediatric cervical injuries occurs
at the atlanto-axial level and upper cervical levels, the areas of greatest
flexibility.16.17.34 The combination of a relatively large and heavy head, weak
neck musculature, and hypermobile upper cervical spine may predispose
the child’s spine to injuries from accelerative and torsional stresses.? The
occipito-atlanto-axial segmerit seems especially vulnerable to torsional
stresses. For example, in the unfortunate newborn with difficult breech
presentation or forceps extraction, transection of the cord, atlanto-oceipital
and atlanto-axial dislocations, and odontoid fractures have been reported.
The rotational acceleration and resultant shear stress in the shaken baby
syndrome have also produced similar injuries.

Most cervical lesions in children under 8 years of age have been odon-
toid fractures, atlanto-axial dislocation or subluxations, and hyperextension
fractures of the axis (the “hangman’s” fracture). The mechanisms of injury
are similar to adults, but the traumatic lesions remain centered in the
atlanto-axial region. Adolescents and adults tend to have pancervical le-
sions and a greater percentage of neurologic deficits. The large diameter of
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the spinal canal at C1 probably accounts for this discrepancy in neurologic
sequelae. Steel’s rule of 3’s states the spinal cord at the atlas is equally
occupied by the spinal cord, odontoid process, and free space.’® Anterior
displacement of the atlas on the axis past a distance equal to the AP diame-
ter of the odontoid places the cord at risk. Since odontoid fractures are the
most ccrnmon osseous injury in young children, it follows that many of these
patients may be salvaged without neurologic disability. Table 8-3 separates
the available data from the previously cited series into two age groups,
demonstrating a lower percentage of neurologic deficits in children under 9
years of age.

It is not surprising that the spinal cord in a hypermobile spine may
suffer damage without fractures or dislocations of the spinal column. Some
pediatric series have reported a significant percentage of spinal lesions
without evidence of osseous or ligamentous pathology.’*3"-% The young
child’s long neuronal pathways are poorly myelinated and may be more
vulnerable to the effects of shear stress. Pang and Wilberger? reported a
series of 24 children with spinal cord injury and no radiographic abnormal-
ity. These patients represented 67 percent of all nonpenetrating spinal inju-
ries treated at their institution during the study period. Fourteen of the
children were under 8 years of age and, as a group, had many more neuro-
logic deficits than the older group. Thirteen of the younger 14 patients had
complete transections or severe central cord syndrome compared with only
one child of the older group with a severe deficit. Interestingly, 54 percent of
all the patients had delayed neurologic deterioration ranging from 30 min-
utes to 4 days. It was suspected that flexion compression forces were respon-
sible for the more severe lesions in the younger children. The traumatic
myelopathy occurred at C1 to C4 in most complete lesions in the younger
patients. However, the younger patients also had less severe injuries at C5
to C8—the area in which all but one older children incurred their lesions.
Hyperextension, longitudinal distraction, and ischemia also probably
played a role in the pathogenesis of some of these lesions. These data are
difficult to correlate with the outcome of osseous-ligamentous injuries de-
scribed in Table 8-3, but a reasonable conclusion is that the upper cervical
spine is inherently predisposed to injury in the young pediatric patient and
hypermobility places the spinal cord at risk. Further study is need to
delineate the biomechanics of injury in the pediatric spine.

Table 8-3. Cervical Spine Osseous-Ligamentous Injuries

< 9 years old 9-18 years old
Investigators Neurodeficit Without Neurodeficit Without
Hill et al.® 0 7 27 40
Hubbard!” 0 4 3 5
Henrys et al.'6 2 7 5 4
Apple et al.’? 2 3 9 15
4 (16%)° 21 44 (41%)° 64

@ Percentage of patients with neurologic deficit in specified age group.
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PREHOSPITAL CARE

Prehospital care involves the initial assessment and resuscitation, im-
mobilization, extrication, and transport to an emergency facility.*° The goal
is to maintain adequate cardiopulmonary function and, in the case of cervi-
cal spine injuries, to avoid any secondary mechanical or vascular disruption
of the central nervous system (CNS). There have been multiple reports that
3 to 25 percent of cervical spinal cord injuries occur after the traumatic
event during the early emergency care.>#-43 The possibility that poor pre-
hospital technique may lead to a lifelong neurologic disability has led to the
hiberal application of “cervical spine precautions” in the field.

Any traumatic event associated with multiple trauma, altered mental
status, or complaints of neck pain mandate cervical spine immobilization of
the patient. Many emergency systems also immobilize the cervical spine of
the asymptomatic patient when the forces involved in the traumatic event
are recognized as potentially life-threatening; the justifiable tendency is to
always err on the side of immobilization.

The skilled prehospital provider addresses the airway and cervical
spine immobilization simultaneously. Movement from a prone to supine
position is performed with a log-rolling maneuver, with one person main-
taining head and neck neutrality. Airway patency is ensured and oxygen
always supplied in the patient with altered sensorium or serious injuries.
(The difficult airway and problems with ventilation are addressed in the
emergency department management.) Cervical spine neutrality should be
maintained with gentle in-line traction by an assistant as a semirigid collar
is applied. Depending on the circumstances of extrication, the patient is
eventually placed on a spine board with the rescuer at the head still guard-
ing the cervical neutrality. The patient is then immobilized to the spine
board with tape on the forehead and sandbags alongside the head and neck,
tape on the collar, and secure binding or strapping of the trunk to the board.
Several important points and potential pitfalls in management are note-

worthy:

1. Soft cervical collars provide minimal, if any, immobilization.4!44

2. A semirigid cervical collar provides only a variable degree of immo-
bilization.44 It is an adjunct to cervical spine immobilization.

3. Taping and sandbags on a spine board are the most reliable tech-
nique of immobilization*! (th studies based on adult patients).

4. It is better to improvise than use ill-fitting collars. Oversized collars
do not immobilize and, more dangerously, may block the child’s airway.
Fitting children less than b or 6 years old with standard semirigid collars is
difficult, but at least one company is in the process of developing a collar for
infants and toddlers.*® A nice improvisation for an infant is the child’s car
restraint with rolls of toilet paper at the sides of the head and a towel for a
neck roll.

5. The patient should be sufficiently immobilized on the back board so
that the entire board may be log-rolled in the event of emesis.



120 Problems in Pediatric Emergency Medicine

Other questions arise in the field regarding cervical immobilization.
Should a crying and fighting child be restrained? I believe, in most cases, no.
Generally patients who vigorously resist attempts to immobilize the cervi-
cal spine are only going to mobilize the spine more in the fight over the
restraints. Children usually acknowledge their musculoskeletal injuries by
not moving the affected part; it is unlikely that a child would resist strongly
if a cervical spine lesion is present. Young children are not going to be
intoxicated with ethanol or other analgesics that make the signs and symp-
toms of cervical spine injury more elusive in adolescents and adults. On the
other hand, every reasonable effort should be made to gently immobilize the
crying child who obviously had a stiff neck after trauma. If the head is tilted
to one direction and the child resists gentle motion toward neutrality, the
spine should be immobilized in the original titled position and transported.

Another common question in the field is should a helmet be removed?
There is really no need to remove a helmet if the airway is accessible and
there is no extensive scalp bleeding. Aprahamian et al.*® demonstrated wor-
risome mobility of a cervical injury in a cadaver model utilizing standard
two person removal. Many sports trainers carry bolt cutters and razors to
remove the face masks on football helmets.*” The helmet can be removed in
the emergency department after cervical spine assessment with a cast re-
mover cutting in a coronal plane. If the helmet must be removed in the field.
a second rescuer should apply mandibular and occipital stabilization and
traction as the first rescuer carefully removes the helmet.4®

. In the long run, common sense often dictates the best course to take in
the prehospital setting. For instance, a teenager found in a pool should be
removed with a spine board and cervical spine precautions. However, the 2-
year-old found in the same pool needs to be rapidly scooped out for more
effective cardiopulmonary resuscitation. The remainder of the prehospital
care for children with possible cervical spine injury is dittated by the stan-
dard trauma management guidelines.

EMERGENCY DEPARTMENT
History

As in most patient evaluations, the history is extremely valuable in the
assessment of neck trauma and the later formulation of management plans.
In the seriously injured patient, a brief and pertinent history is obtained
after the assessment and management of life-sustaining functions. The rele-
vant history should detail the mechanism of injury, the delivery of care at
the scene, and any prehospital observation, especially changes in neurologic
status or cardiorespiratory parameters. Routine questions regarding past
medical history, allergies, current medications, and tetanus status should
not be neglected in the trauma patient. As time permits, a more detailed
description of the force and mechanism of injury should be obtained. The
height of a fall, the quality of impact surfaces, the velocity of moving vehi-
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cles, and the extent and pattern of vehicular damage will also frequently
influence management decisions. In the verbal and oriented child, subjec-
tive complaints of head or neck pain, paresthesias, amnesia, or weakness
should be elicited. Finally, the history may uncover discrepancies or un-
likely circumstances suggestive of child abuse.

Physical Examination

In the critically injured child, the initial assessment takes place with
simultaneous resuscitation and should always be prioritized by the acro-
nym:

Airway—with cervical spine control
Breathing

Circulation

Disability

The evaluation of the conscious patient with normal vital signs may be
more methodic and complete with emphasis on the head, neck, and neuro-
logic examinations. A complete neurologic examination includes evaluation
of the mental status, cranial nerves, deep tendon reflexes, muscle tone and
strength, sensation, and cerebellar function. It is important to remember
that one of the few indications for operative neurosurgical intervention in
cervical spine injuries is a deteriorating neurologic exam. It behooves the
examiner to do complete exams and to record them serially with time. Motor
strength should be scaled numerically, with 0 being no contraction; 1,
flicker or trace of contraction; 2, strength that cannot overcome gravity; 3,
antigravity strength; 4, active movement against resistance; and 5, normal
strength. The sensory examination should also be detailed, including vibra-
tory, positional, and pain stimuli. Testing for pain should be reserved for the
end of the examination and should start distal to any suspected complete
lesion. Sensory levels should be recorded by anatomic landmarks rather
than suspected dermatomes so that serial examinations by different observ-
ers will be reliable.

Subtle observations can be diagnosfic. Seiman*® described two children
with odontoid fractures who were comfortable in a supine or erect posture
but who cried intensely when changing positions-unless the head was sup-
ported. Another subtle finding may occur in a child with a C5 cord transec-
tion who has respiratory efforts with paradoxical chest motion secondary to
diaphragmatic motion and noeinteredstal innervation. The sternocleidomas-
toid and trapezius are partially innervated by the accessory nerve, and their
movement is often mistakenly presumed to be a sign of an intact spinal cord.
‘The child might assume a floppy posture with the hips in a frog-legs or
external rotation position. In the same child, a relative bradycardia, mild to
moderate hypotension with warm perfused extremities, and priapism would
suggest a diagnosis of spinal shock. A complete spinal cord lesion simulates
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a sympathectomy, leaving unopposed parasympathetic innervation that
produces the signs of spinal shock. Autonomic dysfunction may also lead to
a poikilothermic state. A different case presenting with classical physical
findings is atlanto-axial rotatory subluxation. Typically, these children
present with a painful torticollis after minimal trauma or recent respiratory
infection. Their head and neck posture is described as being in a “cock-
robin” position: lateral flexion to one side, rotation to the opposite side, and
slight flexion.3°-3 In this condition, the elongated sternocleidomastoid is in
spasm, as if attempting to correct the deformity, in contrast to spasmodic
torticollis (or “wry neck”) in which spasm of the shortened sternocleidomas-
toid is the deforming force. The latter condition is also not as painful, immo-
bilizing, or as recalcitrant to conservative treatment as atlanto-axial rota-
tary displacement.

Different patterns of neurologic findings should be sought in the exam.
For example, an examination that indicates greater motor weakness in the
arms than in the legs, loss of bladder function, and varying degrees of
sensory deficit is suggestive of a central cord syndrome. The preservation of
position and vibratory sensation associated with a complete segmental pa-
ralysis and hypesthesia is suggestive of an anterior cord lesion. The impor-
tance of spending a couple of extra minutes performing a complete exam
cannot be overemphasized. The presence of anal sphincter tone, perianal
skin sensation, and bulboc¢avernosus reflex may be the critically important
sign that the acutely paralyzed child has a chance of recovery.

LABORATORY TESTS
Who Requires Radiography?

This is not a question for the child who presents with severe multiple
trauma, mental status changes, or complaints of neck pain. It is assumed
that this patient has a cervical injury until proved otherwise. The conse-
quences of missing a cervical injury are too catastrophic to act otherwise.
However, for many patients who have not suffered such severe injuries, the
question of who requires radiographs raises a score of related questions.
Does an asymptomatic cervical injugy exist in a patient with normal mental
status? Can a clinician predict which patients are likely to have a ligamen-
tous/osseous injury? Does every child arriving at the emergency department
in cervical spine immobilization require radiographic evaluation? The un-
derlying issue in all these questions is how do we avoid missing a cervical
fracture.

The question of whether an occult cervical fracture exists is an impor-
tant one. Millions of dollars are spent each year searching for one, and thus
far the medical literature has not clearly substantiated its existence. On
close scrutiny, the frequently cited literature reporting “asymptomatic¢” cer-
vical lesions do not concern alert patients without neck pain. On the con-
trary, the reports described patients who complained of neck pain®5! or who
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had pain demonstrated on physical examination,’!52 or the report simply
referred to patients who were unconscious, inebriated, or suffered multiple
injuries.®® A more recent study® concluded painless cervical fractures may
exist after reviewing the medical records of 12 patients with cervical frac-
tures who had “no documented complaints of neck pain or stiffness on pre-
sentation.” Chart review also revealed 10 of these patients had mental
status changes secondary to ethanol or trauma, neurologic signs, or major
multiple trauma. The remaining two patients had neck pain on readmission
to the emergency department, after the injuries were missed by misinter-
preted or inadequate radiologic examinations, and the patients were called
back. Rather than substantiating the existence of a painless cervical frac-
ture, this study more importantly documented that 10 percent of 67 patients
with cervical injury were not initially diagnosed because of difficulties in
radiologic interpretation. Supporting the contention that the asymptomatic
fracture does not exist, Fischer,® in a retrospective study, was unable to
document a cervical fracture in 291 pediatric and adult patients without
neck pain who were admitted to the hospital for observation of grade 1 head
injuries. Five of an additional 42 admitted patients with signs or symptoms
of neck injury had cervical spine fractures. Loss of consciousness was re-
ported in 79 percent of the 333 patients, but they were described as alert
during the emergency department examination. Intoxicated patients were
excluded from this study.

The foregoing seems to discredit the notion that a totally asymptomatic
cervical fracture occurs in an alert patient, but what clinical criteria should
be used to select the patient for cervical spine radiography? Two recent
studies attempted to identify clinical predictors of cervical spine injuries in
children. In the first study, 2,133 cervical radiographic studies of pediatric
patients over a 6-year period yielded 25 (1.2 percent) cervical fractures.
After a chart review of the 25 patients with cervical fractures and 713
randomly selected patients with negative films, it was determined that ei-
ther a complaint of neck pain or of head injury associated with a motor
vehicle accident would have identified all the cases of cervical injury. Using
these two criteria would have reduced the number of cervical spine radio-
graphs by 32 percent. Jaffe and colleagues® retrospectively reviewed the
charts and radiographs of 206 children, 59 of whom had cervical spine inju-
ries. Clinical criteria were developed that would have correctly identified 58
of the 59 children with cervical spine injury and avoided radiographic evalu-
ation of 79 children. The clinical criteria used were abnormal mental status,
neck pain, neck tenderness, limitation of neck mobility, abnormalities in
reflexes, strength or sensation, and history of direct neck trauma. It was
believed that cervical spine immobilization and radiographs should be ob-
tained in any child who has one or more of the clinical criteria. The clinical
algorithm had a sensitivity of 98 percent; only one cervical injury was
missed, probably due to inadequate information on the medical record. This
study had potential biases in the sampling methods, especially consideting
that 95 percent of children with cervical injuries were referred to the ter-
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Table 8-4. Criteria for Cervical Spine Radiography
S/P Trauma

One criterion warrants cervical spine radiography
Subjective
Complaint of neck pain
Paresthesias, weakness
Objective
Altered mental status
Tenderness on neck palpation
Decreased range of motion
Abnormal motor or sensory exam
Major multiple trauma

Lower threshold for ordering film

Significant deceleration injuries

Congenital or acquired cervical spine vulnerability
Down’s syndrome
Morquio's disease
Klippel-Fiel syndrome
Rheumatoid arthritis
Status post cervical spine operative procedure

tiary institution. Despite the lack of prospective validation, these latter two
studies do suggest that the clinician can selectively order cervical films for
alert patients after a careful history and physical. In other words, all chil-
dren who arrive at an emergency department with cervical immobilization
in place do not necessarily need cervical radiography. An estimated
$140,000,000 is spent each year on cervical spine studies.’® This enormous
expense could be dramatically reduced by a clinical algorithm that has
undergone a prospective muliticenter trial and maintains a sensitivity of 100
percent. Meantime, it is suggested that when in doubt, radiographs should
be ordered. Table 8-4 summarizes the clinical criteria I use. In addition, a
low threshold for ordering radiographs must be present in certain high-risk
situations, even if the patient is alert and without complaints at that point
in time.

Which Views to Order—QOr What Views
After the Cross-Table Lateral?

There is no question that the cross-table lateral view (CTLV) of the
cervical spine is the most reliable view to ‘detect abnormalities. Recent
studies in adults, however, have suggested that the CTLV only detects 70 to
80 percent of the cervical skeletal pathelgy.5*-%! Blahd et al.?® found that the
CTLV most frequently missed odontoid fractures and C1 to C2 subluxations/
fractures because the odontoid, lateral masses, and transverse processes of
C1 and C2 were not easily visualized. They also found that the false-nega-
tive interpretations of the CTLV were increased in patients older than 35
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years, probably due to the degenerative changes, posture, and osteoporosis
associated with aging. Another retrospective study of adult patients demon-
strated that an anterior-posterior view and open-mouth odontoid view with
the CTLV increased the detection of cervical spine abnormalities from 82
percent to 93 percent in 71 patients."” Similarly, Shafer and Doris® in-
creased the diagnostic yield from 83 percont to 100 percent in 37 adult
patients by adding open-mouth odontoid and anterior-posterior views. It is
not clear whether these data reflect the pediatric experience. For instance,
in their pediatric series, Jaffe et al.®” noted that the CTLV detected 95
percent of the cervical pathology and 100 percent when it was used in
combination with an anterior-posterior view. Again, without a prospective
large-scale study for more definitive guidance, the prudent course is to ob-
tain the anterior-posterior and open-mouth odontoid views after the CTLV.

Suspicious findings on the three basic emergency department views—
neurologic signs or severe pain and spasm—demand additional views" for
better definition of cervical anatomy. For example, oblique views will often
demonstrate fractures at the pedicles, intervertebral foramina, or lamina
and permit examination of facet allignment. Oblique views may be obtained
with the patient supine. A pillar view may be helpful in providing visualiza-
tion of the lower cervical posterior elements. Many authorities advocate
thin-section conventional tomography for better definition of suspected or
known abnormalities.’? Computed tomography (CT) can also play a valu-
able role in identifying abnormalities of the atlanto-axial segment or en-
croachment of the spinal cord by bone fragments or ruptured discs. Dynamic
flexion-extension films are also useful in the diagnosis of ligamentous in-
jury. Pennecot et al.?® reported eight cases of severe ligamentous injuries in
children in whom the diagnosis was delayed for 2 weeks to 4 months. On the
first radiologic examinations, there was no cervical lordosis, but otherwise
the films were interpreted as normal. When the muscle spasm resolved, but
pain continued, the injuries became apparent on active hyperflexion views.
Flexion-extension views are also useful in examining the atlanto-axial joint
for stability. Finally, in evaluating possible rotatory atlanto-axial sublux-
ation, the diagnosis can be difficult to make on plain film, and lateral fluo-
roscopy_of C1 to C2 during attempted rotation or CT scan may be neces-
sary.'”

RADIOLOGIC PITFALLS

The pediatric anatomy lends itself to radiographic findings not seen in
adults. The emergency physician must be familiar with the more common
pediatric findings in order to avoid misinterpretation and overally aggres-
sive treatment and referral. The following description of pediatric findings
presumes familiarity with the basic cervical spine film interpretation in
adults,?6.64-69
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Prevertebral soft tissue space. There is considerable variability in the
prevertebral soft tissue space in young children. It often appears in-
creased in flexion or forceful expiration and should not be interpreted
as a hematoma due to cervical fractures. Large adenoidal tissue can
also cause a pseudothickening of the prevertebral space. It is not
possible to give precise measurements of the prevertebral space that
is indicative of pathology, but suggested norms have included soft
tissue spaces less than 7 mm anterior to C2 or anterior-posterior
diameter less than three-fourths the adjacent vertebral body diame-
ter.1s

Atlanto-dental distance. The predental space (distance between the an-
terior odontoid surface and posterior cortex of the anterior arch of C1
is increased in childhood. Distances up to 5 mm have been docu-
mented in normal children. There is also significant atlanto-axial
movement, with flexion and extension manifested by variations in
the predental distance up to 3 mm. In extension, the anterior arch
may appear to ride up over the odontoid, so that the posterior two-
thirds of the anterior arch is lying above the tip of the odontoid
process. A truly increased predental space (greater than 5 mm) is
suggestive of atlanto-axial instability, a Jefferson fracture, or
atlanto-axial rotatory subluxation.

Atlanto-axial-ossification. One of the more notable findings in infant
cervical spine films is that the anterior arch does not appear until
approximately 1 year of age (Fig. 8-3A) It fuses with the lateral
masses of C1 by approximately 8 years of age, while the neutral
arches will fuse posteriorly at approximately 4 years of age. A small
apical secondary ossification center may appear at the odontoid at 2
years of age and usually fuses by 12 years of age. This small ossifica-
tion center at the tip of the dens should not be confused with a larger
os odontoideum, which is associated with a hypoplastic odontoid. Like
many secondary ossification centers the os terminale has variable
configurations. The posterior arch of C1 is also a favorite spot for
congenital defects, which may be confused for posterior arch frac-
tures. The bony remnants in the congenital defects of the posterior
arch often have a triangular shape with tapered ends pointing ante-
riorally. The synchondrosis between the odontoid and body of C2 is
present at birth and through most of childhood. This is the site of
most odontoid fractures in children, which typically lead to anterior
displacement of the odontoid (Fig. 8-4A,B) Nondisplaced fractures
through the synchondrosis can be subtle and the diagnosis may not be
made until several weeks later when persistent symptomatology
leads to a repeat radiograph. It is hypothesized that hypoplasia of the
dens and some os odontoideums may result from such unrecognized

fractures. Multiple other synchondroses throughout the cervical
spine are best identified with standard radiographic textbooks. It is
often on oblique views that these are visualized and they are gener-



Fig. 8-3 (A) Lateral view in
an infant shows normal ab-
sence of anterior arch ossifi-
cation and anterior tapering
of vertebral bodies. Note the
synchondrosis between the
odontoid and body of C2. (B)
Lateral cervical spine of a
young child demonstrates
normal findings: predental
space of 4 mm, pseudo-
subluxation of C2 on C3; an-
terior wedged shape of C3.



Fig. 8-4 (A) Odontoid frac-
ture through the epiphyseal
growth plate with anterior
angulation of the odontoid.
(B) Occasionally, the syn-
chondrosis may be mistaken
for a fracture.
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B

Fig. 8-5 (A) A hangman’s fracture
may be relatively subtle. The mild C2
to C3 subluxation may have been
misdiagnosed as a pseudosubluxation
if the fracture site was not visualized.
(B) Drawing a posterior cervical line
would suggest the true diagnosis.

ally very subtle at that. Rarely, a secondary ossification center will be
seen at the end of the spinous processes in an older child which may
be confused at C7 with a clay shovelers fracture.

Increased C1 to C2 interspinous distance. An increased distance be-
tween the spinous processes of C1 and C2'should not be mistaken for
posterior ligamentous . isruption,

Wedge-shaped C2 to C4 vertebral bodies. The anterior portions of the
vertebral bodies C2 to C4 taper anteriorly and may be confused with
compression fractures. C3 especially has this tapered appearance in
young children (Fig. 8-3B).

Pseudosubluxation. Up to 40 percent of children under 8 years of age
have apparent anterior displacement of the upper vertebral bodies C2
to C4 on a physiologic basis. It is especially apparent on flexion radio-
graphs. It may only occur at the C2 to C3 level, which is the fulcrum
for flexion in the young child. In evaluating pseudosubluxations,
Swischuk™ described the use of a posterior cervical line that is drawn
from the anterior cortices of the C1 and C3 spinous processes. The
anterior cortex of the C2 spinous process should lie within 2 mm of



130  Problems in Pediatric Emergency Medicine

A

Fig. 8-6 Lethal cervical spine injuries in young children typically involve the
upper cervical vertebrae. (A) Odontoid fracture with major anterior displacement
and (Figure continues.)

this line. If the C2 spinous process lies more than 2 mm posterior to
this line, a fracture through the posterior elements of C2 should be
sought in the setting of apparent anterior displacement of C2 on C3
(Fig. 8-5). A fracture through the posterior elements of C2 with resul-
tant anterior displacement of C2 on C3 is the classic hangman’s frac-
ture.

Lack of normal cervical lordosis. Older children may lack a normal
cervical lordosis that may be mistaken for muscular spasm.

Table 8-5 summarizes these radiographic normals. More detailed de-
scriptions of pediatric cervical radiographic findings are in the medical liter-
ature,26-28.3031.33,34.70-72 Many of these pathologic lesions resemble the adult

radlologlc picture (Figs. 8-6 through 8-8).
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Fig. 8-6 (Continued). (B) atlanto-axial dislocation were fatal injuries in these cases.
Note the significant prevertebral swelling.

Table 8-5. Radiographic Pitfalls

Radiographic Normals

Common Misinterpretations

Spurious prevertebral soft tissue thick-
ening :

Increased predental distance (<5 mm)

C1 anterior arch overiding odontoid (in
extension)

Synchondroses

Os terminale

C1 posterior arch anomalies

Increased C1 to C2 interspinous dis-
tance

C2 to C4 wedge-shaped vertebral
bodies

Pseudosubluxation C2 to C4

Absent cervical lordosis

Prevertebral hematoma

Atlanto-axial instability
Posterior C1 to C2 subluxation

Fractures, especially at odontoid syn-
chondrosis

Odontoid apical fracture or os odon-
toideum

Fractures of posterior arch

Posterior ligamentous disruption

Anterior compression fractures

Anterior subluxation
Spasm with sprain or strain
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L.

Fig. 8-7 C7 compression fracture in a 16-year-old patient demonstrates the need to
visualize C7 to T1 joint space on lateral cervical spine radiograph. Approximately 18
percent of cervical fractures in adolescents and adults involve C7.

MANAGEMENT

Immobilization of the cervical spine with assessment and correction of
any cardiopulmonary problems is always the initial concern in manage-
ment. The immediate diagnostic and therapeutic decisions that follow de-
pend on the overall stability of the patient.

The Alerr Child Withour Multiple Trauma

The approach to the alert child or adolescent without life-threatening
injuries may proceed according to the clinical findings (Fig. 8-9). As a gen-
eral rule, prehospital and emergency triage personnel should be encouraged
to immobilize the spine if there is any question of cervical injury. In my
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Fig. 8-8 CTLV of 8-year-old demonstrates anterior subluxation of C3 on C4, C4
compression fracture, and increased C3 to C4 interspinous distance.

view, however, immobilization does not obligate the physician to order ra-
diographs. After a careful history and physical examination, when no neu-
rologic deficits or complaints of neck pain are noted and the child is alert
and cooperative, the immobilization of the cervical spine may be removed,
as an assistant manually safeguards a neutral cervical position. If no ten- .
derness or spasm is evident on physical examination, the child is asked to
slowly undergo cervical range of motion, unless pain develops. If there is no
pain, radiographs are not needed. In my experience, this algorithm will
safely permit more selective radiologic evaluation. Similar approaches have
been used successfully in adult patients.5562 Another common management
decision presents when despite the paramedics’ best attempts, the defiant
toddler is quite successfully arching out of immobilization with obvious
cervical range of motion. If the child is not combative because of hypoxia or
other major injuries, I remove the restraints and allow the child to assume
the most comfortable position (often sitting up or running to the mother). I
do not advocate this approach for physicians who rarely deal with children.

If the decision is made to pursue radiographic evaluation, a portable
CTLV should be obtained in the emergency department. After this view is
interpreted, the open-mouth odontoid and anterior-posterior views may be
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filmed in the radiology suite, with the patient remaining in the supine
position and immobilized. This approach will identify the vast majority of
cervical spine injuries. However, if the patient has significant pain and
spasm, additional views or techniques may be indicated.

If additional views are unsuccessful in identifying an abnormality, flex-
ion and extension views should be considered. Depending on the radiolo-
gist’s and emergency physician’s experience and time commitment, it may
be reasonable to obtain orthopedic or neurosurgical consultation at this
point. Flexion and extension views should only be obtained in alert and
cooperative patients with physician supervision. If no abnormality is identi-
fied, the patient should be followed as an outpatient with consideration of a
repeat dynamic study for persistent symptoms.5?

Airway and Brearhing in the Critically
Injured Child

The management of the child with life-threatening injuries presents
more challenging therapeutic decisions. In the setting of a possible cervical
injury, addressing an unstable airway is the most urgent dilemma because
most routine airway techniques produce neck motion. In addition, the stom-
ach is full from accompanying ileus, food, or blood, and facial trauma is
common. Study of an adult cadaver model with a surgically induced liga-
mentous C5 to C6 injury revealed that a chin lift, jaw thrust, and orotra-
cheal intubation produced subluxation, extension, or disc-space widening.
The application of a semirigid collar did not limit extension significantly
during these procedures. Placement of a nasopharyngeal airway or blind
nasotracheal intubation yielded the least cervical motion.” It is not known
whether these and similar data from adult studies are applicable to the
pediatric airway. The pediatric airway does not require much extension for
visualization of the glottis; in fact, hyperextension often makes the airway
less accessible.

Fortunately, most children can be ventilated via bag-valve-mask with a
chin lift elevating the tongue block from the hypopharynx. (The chin life is
preferred over the jaw thrust by the Advanced Trauma Life Support course.)
~ A Sellick maneuver (gentle cricoid pressure) reduces gastric insufflation
and the risk of regurgitation and aspiration. An assistant should manually
provide cervical immobilization and in-line traction with any airway ma-
nipulation. The child who is apneic on presentation will require prompt
intubation prior to radiologic studies. A common mistake is to jeopardize

Fig. 8-9 Approach to the trauma patient. AP, anterior-posterior; OMO, open-mouth
odontoid; CT, computed tomography. (Adapted from Wales LR, Knapp RK,
Morishima MS: Recommendations for evaluation of the acutely injured cervical
spine: A clinical radiologic algorithm. Ann Emerg Med 9:422, 1980.)
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needed oxygenation and ventilation while awaiting cervical spine clear-
ance.

The ideal method of intubation in the patient with possible cervical
injury is via advancement of the endotracheal tube over a flexible fiberoptic
bronchoscope.”>7 This technique is not commonly available, however, and
requires experienced hands to perform. Another disadvantage is the size of
the pediatric bronchoscope; there is no suction channel, and endotracheal
tubes smaller than 4.5 mm will not readily fit over the scope. The guided
sytlet for orotracheal intubation is another promising airway technique
that avoids movement of the cervical spine,’”7® but there is little experience
with this procedure in pediatric patients. Blind nasotracheal intubation
requires a spontaneously breathing patient for best results and is difficult to
perform in young children because of their anterior and relatively cephalad
airway. When faced with an unstable airway in the pediatric patient with
multiple trauma, most emergency physicians will reasonably resort to oro-
tracheal intubation.

A nasogastric tube, or alternatively orogastric with facial fractures,
should then always be placed because of uniform gastric atony and ileus in
the patient with spinal cord injuries. The actual risks of orotracheal intuba-
tion and other airway maneuvers to the pediatric spine require further
study. The low incidence of spinal cord injuries in children coupled with the
difficulty and risks of performing cricoidthyroidotomies in children probably
make the orotracheal route the overall safest approach.

The child with a cervical lesion (below C4) that paralyzes the intercos-
tal musculature but preserves diaphragmatic function will also require in-
tubation relatively early in the hospital course. The physician should not
take comfort in seemingly adequate ventilation on initial presentation, be-
cause respiratory insufficiency usually supervenes. Vital capacity is only 21
to 24 percent predicted in adult patients with intercostal paralysis.” An
inability to sigh or cough forcefully adds to the respiratory dysfunction.
Prior to intubation, the patient should be preoxygenated; if the patient is
alert with a good gag reflex, the stomach may be decompressed by nasogas-
tric suction.” Atropine should be used routinely in these patients because of
the prominent reflex bradycardia upon laryngeal manipulation. If intuba-
tion is facilitated via rapid-sequence induction, succinylcholine may be
safely used the first 48 to 72 hours postinjury.’® After this period, the us: of
depolarizing agents may induce hyperkalemic cardiac arrest. Other author-
ities suggest that even fresh spinal cord injury patients are susceptible to
this denervated muscle potassium release and therefore advocate nondepo-
larizing agents or awake intubations.® Sedatives should obviously be used
in either case.

Neurogenic pulmonary edema is another potential respiratory problem
in spinal injuries. Recognition of its existence followed by prompt treatment
with oxygen and positive end- explratory pressure (PEEP) may minimize
this complication.
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Circulation in the Child with a Spinal
Cord Injury

In the setting of multiple trauma and hypotension, the presumption
must be that the lowered blood pressure is due to intraabdominal or intra-
thoracic hemorrhage. Peritoneal lavage or abdominal CT scan should be
considered because the patient with a complete cervical cord lesion will not
localize pain. Once the assessment of spinal shock is ascertained by physical
examination, fluid therapy should be carefully monitored. A Foley catheter
should always be inserted in the spinal cord injury patient to assist in
monitoring cardiovascular status and avoid bladder distention. Fluid ther-
apy should be guided by urine output, capillary perfusion, and arterial pH
rather than the absolute blood pressure. Central monitoring should be
strongly considered in the intensive care unit for accurate management of
fluid therapy, and any needed vasopressor therapy. Occasionally, hyperten-
sion is present immediately after a spinal cord lesion, for up to 30 minutes.
This transient phenomenon generally should not be treated.

Referral

" Consultation and referral patterns for spinal cord injuries should be
pre-established at all emergency departments. Application of Gardner-
Wells tongs should only be considered after consultation with the receiving
neurosurgery unit. (The soft skull of infants and young children generally
precludes tong placement.) Transport of children with spinal cord injury
should be as smooth as possible, with special efforts to maintain body tem-
perature and prevent any secondary neural injury due to cardiopulmonary
compromise.
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Problems in
Fracture
0 Management

Jorge K. Alonso

Fractures involving the pediatric age group present unique problems of

diagnosis and management. There is a false sense of security that children’s
fractures will always heal and deformities will remodel but, as Mercer Rang
stated, “there are bad results.” As many as 50,000 children are permanenciy
crippled secondary to trauma each year in the United States. Orthopedic
problems are second to neurologic problems in permanent disability. This
has driven the pediatrician and emergency physician away from treating
pediatric fractures. Most will refer all fractures. This can be improved by a
more expedient diagnostic approach and early management of the fracture.

DIFFERENCES BETWEEN PEDIATRIC AND
ADULT BONES

The child’s skeletal elements are in a more dynamic and constantly
changing growth mode, whereas the adult skeleton has ceased growth and
apposition is remodeling the established elements in accord with stress
responses. The major differences can be grouped in three categories: anat-
omy, physiology, and biomechanics.!?

Anatomy

Periosteum. The periosteum in the child is thicker, more osteogenic,
and more resistant to disruption than the periosteum of the adult. Since
periosteum separates more easily from the bone in children when there is a

141
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PERIOSTEAL | , Fig. 9-1 (A) Periosteum as a
HINGE | ¢ friend, helping with the
hinge for reduction. (B) Peri-
osteum as an enemy in the
fracture site, preventing full
reduction.

fracture, it is less likely to rupture completely and usually remains intact on
the compressive side. This intact side can be used as a hinge to assist in the
reduction. At the same time, the periosteum can be our enemy, and the
ruptured periosteum on the tension side can be interposed between the
fracture fragments and thus hinder reduction (Fig. 9-1). The periosteum
permits some degree of continuity as a tube for osteogenic potential. The
subperiosteal new bone quickly bridges the fracture leading to a more rapid
stability.!-3

Growth Plate. Even though ligaments exhibit a greater degree of laxity
than they do in adults, they are more resistant to injury than the growth
plate. A sprained ligament is the last diagnosis to consider in a child.
Growth plate injuries and buckle fractures are the childhood equivalent to
an adult sprain.!-* Approximately 15 percent of all fractures in children
involve the physis. Injury to this area can produce not only angular deformi-
ties but growth and overgrowth as well. A careful diagnosis of injuries in
this area is therefore mandatory.

Physiology

The child’s bone is more porous than an adult’s, permitting the bone to
bend, buckle, and sustain greenstick fractures. The child’s bone is undergo-
ing active, rapid growth and remodeling. Fractures heal rapidly in most
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cases, and nonunions are rare. The younger the patient, the faster the frac-
ture heals. However, damage to the capacity of the bone to accomplish these
physiologic functions may impair subsequent growth and development in

several ways.

Biomechanics

Comminuted fractures are rare in children. The porosity in a cross sec-
tion of a child’s bone is much greater than that of an adult, and this
may play a role in stopping fracture propagation. Adult bone usually
fails in tension stiffer bone), whereas a child’s bone may fail in either
tension or compression.

Joint stiffness is rare in children, but new concepts of cast braces and
new philosophy o motion of joints have prepared the orthopedic sur-
geon not to immonilize a joint for more than 3 weeks regardless of the
radiographic appearance.

Remodeling is a tra) used by the orthopedic surgeon in treating chil-
dren’s fractures. Femodeling will help if the child has two or more
years of growth renaining, has a fracture near the end of a bone, and
if the deformity or sagulation is the plane of motion of a joint. Remod-
eling will not help n displaced intraarticular fractures; in mid-shaft
fractures that are [rossly shortened, angulated, or rotated; and in
displaced fracturesnear the ends of the bones in which the axis of
displacement is at ight angles to the plane of motion, and in dis-
placed fractures crosing the growth plate at right angles.??

FAILURE TO CONSDER THE UNIQUE CLASSIFICATION OF
PDIATRIC FRACTURES

In communicating wit other physicians, terminology should accu-
rately locate and morphologeally describe any fractures. Anatomic location
of fractures in children mayhave a major impact on appropriate treatment
methods and potential long-erm problems. The emergency physician must
not only understand the clasification of children’s fractures but must also
be able to communicate thisinformation to the consultant.

Diphyseal Fracrures

Diaphyseal fractures irolve the central shaft (Fig. 9-2). The basic
types are listed below; diagpsis must be based on appropriate roentgeno-

grams of the injury.2?
Longitudinal. The fractre line follows the long axis of the bone. This

fracture is more likel to occur in the older child (Fig. 9-2A1).
Transverse. The fractur line is at right angles to the long axis of the



144 Problems in Pediatric Emergency Medicine

DIAPHYSEAL FRACTURES
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bone. It is secondary to direct trauma ad is frequently seen in the
diaphysis of young children and infants f:g. 9-2B1).

Oblique. The fracture line is variably angle relative to the long axis of
the bone usually 30 to 40 degrees. Its mehanism is usually a direct
trauma with some rotational componer. This type is common in
greenstick injuries.(Fig. 9-2C1).

Spiral. The fracture line is not only obliqe but encircles a portion of
the shaft. It is common in tibial and humral shaft injuries. Its mech-
anism of injury is usually a twisting iury. When this fracture is
seen in the toddler, the possibility of chilabuse should be considered
(Fig. 9-2D1).
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Fig. 9-2 Types of fracturs.
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Fig. 9-3 Buckle fracture of distal wrist (arrow) with comparison film of the opposite
wrist.

Impacted. The cortical and trabecular bone of each side of the fracture
line are crushed together. The mechanism is usually a compression
injury, also called torus fractures (Fig. 9-2E1).

Bowing. In this type of fracture, no fracture lines are visible. The bone
is deformed beyond full elastic recoil into a phase of permanent plas-
tic deformation. The younger the child, the more likely this type of
skeletal injury may occur. It is more commonly seen in the fibula and
ulna, both of which may bow, while the paired bone (tibia or radius)
tends to fracture (Fig. 9-2F1). _

Greenstick. The greenstick fracture is a common injury in children (Fig.
9-3). The bone is incompletely fractured, with a fractured cortex in
the tension side and intact cortex in the compression side. Since the
intact cortex is deformed and may produce an angular deformity,
complete fracture of the intact cortex and reduction are necessary
(Fig. 9-2G1).

Pathologic. This is a fracture through abnormal bone. This bone is more
susceptible to injury when a tumor, infection, or metabolic hereditary
disease alters normal bone formation (Fig. 9-2H1).
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A | B

Fig. 9-4 (A) anterior-posterior and (B) lateral radiographs of stress fracture in a
long-distance runner. The proximal tibia is more common in children.

Stress. Cyclic, minor, repetitive trauma on certain bones may lead to
cortical fractures. Referred to as stress fractures, in children they are
seen more frequently in the proximal tibia, spine, and metatarsals
(Figs. 9-2I1 and 9-4).

Comminuted. The fracture lines propagate in several directions. This is
an uncommon fracture in infants and young children but becomes
more common in adolescents and in high-energy injuries (Figs. 9-2J1
and 9-5).

Merhaphyseal Fractures

Methaphyseal fractures involve the area between the diaphysis and the
epiphysis (Fig. 9-2). They are classified as follows:

Subcapital. Subcapital fractures consist of metaphyseal involvement of
certain bones, such as the proximal femur or radius (Fig. 9-2A2).
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Fig. 9-5 Segmental comminu-
ted fracture of the tibia, most
commonly associated with
high-energy trauma.

et

Germinal Zone

Proliferating Zone

Palisading Zone

Hypertrophy Zone

Calcification Zone

Fig. 9-6 The five zones of the growth plate. Injuries occur through the weakest area
the hypertrophy zone.
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A - " B
Fig. 9-7 An 11-year-old with injury to the right knee. Anterior-posterior (A) and
lateral (B) views are inconzlusive (Figure continues.)

Supracondylar. Supracondylar fractures are found above the level of
the condyles and epicondyles in the femur and humerus respectively
(Fig. 9-2B2).

Compression. The torus type of fracture is frequently seen in the me-
taphyseal area because there is more cancellous bone and the cortical
bones is not as thick as in diaphyseal bone.

Pathologic. This type of fracture is seen frequently in cystic lesions in
the proximal humerus and tibia (e.g., simple bone cyst, aneuryseal
bone cyst).

Stress. Stress fractures are seen more commonly in the child in the
proximal metaphyseal area of the tibia.

Epiphyseal Fractures

Epiphyseal fractures not involving the growth plate are classified as
follows (Fig. 9-2):

Avulsion. Avulsion fractures occur more commonly ir the tibial spine,
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5 D
Fig. 9-7 (Continued). Stress film (C) shows an epiphyseal injury. Salter-Harris I1I
anterior-posterior (D) and lateral (Figure continues.) , '

the ulna styloid, and the bases of the phalanges. If the fragment is
displaced, nonunion can be seen because the fracture line is bathed in
joint fluid and inhibits callus formation. Also, the fragment may
block motion or leave a joint unstable (Fig. 2A3).

Osteochondral. Osteochondral fragments are most commonly seen in
the distal femur, patella, and head of the radius. If the fragment is
small, it should be removed. If it is large and from an important part
of a joint, it should be fixed surgically (Fig. 9-2C3).

Compression. Compression fractures of the epiphysis are unusual (Fig.

9-2B3).

Growth Plate Injuries

The growth plate generally repairs well, but occasionally these injuries
leave the potential to cause angular deformities, if part of the plate is in-
jured or a bony bridge has formed, progressive shortening of the limb, if the
majority of the plate is injured, and joint incongruity if less than optimum
alignment has been obtained in intra-articular fractures.!-33
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Fig. 9-7 (Continued). (E) radiographs
of the intraarticular fracture reduced
and internally fixed. Follow-up ante-
rior-posterior (F) and lateral (G) radio-
graphs 1 year after implant removal.
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Fig. 9-8 Open grade III hu-
merus fracture. Arteriogram
shows the artery to be intact.

The growth plate is a cartilaginous disc situation between the epiphysis
and metaphysis. Five layers have been described. The hypertrophic layer is
the weaker and accounts for the site of disruption when the plate tears.
Because of the wavy configurations of the plate, tears may damage other
layers (Fig. 9-6).

The Salter-Harris classification is particular to children. It is an accu-
rate method of describing growth plate injuries (Fig. 9-2):

Type I. Epiphysis separates completely from the metaphysis.

Type II. The line of fracture travels through much of the plate before
passing through the metaphysis.

Type III. These fractures are rare. The fracture line passes along with
the growth plate for a variable distance before entering the joint
through a fracture of the epiphysis (Figs. 9-7 and 9-8).

Type IV. The fracture line passes from the joint surface, across the
epiphysis growth plate, and into the metaphysis.

Type V. These are crush injuries and are therefore usually difficult to
define. The growth plate is crushed frequently resulting in growth
disturbance.

Special attention should be placed to Salter-Harris types III and IV because
Hf their intraarticular component.
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DIAGNOSIS

The most important part of fracture care in children is the diagnosis. If
the physician fails to make the correct diagnosis, all other steps from here
on are set off in the wrong direction. A significant proportion of poor results
in children are attributable to this initial error.

Different tools can be used to arrive at the correct diagnosis. A good
history by either the parents or the child, or both, can guide us in the right
direction. The most important part, however, is a good physical examina-
tion; then, after the physician has an idea of the injured area, an appropri-
ate radiologic evaluation should be performed.

Historical Diagnosis

Failure to Appreciate the Mechanism of Injury

The opportunity to make a good start should not be wasted. The injured
child and the alarmed parents are impressed—positively or negatively—by
the physician’s initial behavior. The parents should be asked how the injury
happened. The child should be told to point to the painful spot and to move
the digits. It is surprising how much information can obtained by a proper
history.

Certain fractures can be diagnosed by the mechanism of injury. Avul-
sion fractures of the anterior intercondylar eminence are seen usually be-
tween 8 and 15 years of age and present with a history of a recent accident—
commonly a fall from a bicycle. This history should serve as a guide to the
right direction, to a good physical examination (painful, swollen knee, with
decreased range of motion), and to which radiograph to order. This type of
fracture is best appreciated on the lateral radiograph, but both views should
always be obtained.

A fall with the elbow extended can produce a fracture of the wrist; if
there is more energy, it can produce a greenstick fracture of the olecranon
with or without a fracture of the radial neck or avulsion of the medial
epicondylar apophysis. A fall against the extended elbow places a varus
stress on the forearm. The result is a greenstick fracture of the olecranon
with lateral dislocation of the radial head (Monteggia lesion).

. Bumper injuries can be determined on the basis of the patient’s age. A

toddler is usually run over by the car, sustaining head and multiple other
injuries. As the patient gets older, hip fractures and pelvis fracture are seen,
as in the 6- or 7-year-old group. In the 12- to 14-year-old, fractured femurs
are most frequent (Fig. 9-9), and in the adolescent, knee injuries are sus-
tained. Thus, with an adequate history, one can make a good start not only
as a guide to the diagnosis but also to impress the child and parents in a
positive way.
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Clinical Diagnosis

Failure to Consider Adequately All
Parameters of the Examination

The worst mistake is to take the history and send the child to the
radiology suite without a good clinical examination and then have the child
return without a pulse 1 hour later. The physical examination is of para-
mount importance. |

Palpation of the injured limb can give some guidelines as to the type of
injury the child has. There are four signs: pain, deformity, swelling, and
abnormal motion. The soft tissue should be examined. It is part of the
injury. A fracture is defined as the breaking of bone as well as soft tissue.
Injuries of the soft parts may be more important than the fractured bone.
The physician should check around the limb to make sure there is not an
opening, which would convert a closed fracture to an open fracture. The
pulses are checked for vascular integrity. The neurologic status of the limb
is checked and recorded if there is a change in the first few hours, which
would mandate attention oriented toward the soft tissue treatment. Limbs
have been lost because physicians have omitted the physical examination,
and pulseless extremities have been placed in casts.

The fracture, hematoma, and soft tissue injury cause increased pressure
within the limb compartments, ischemia of the musculature, and occlusion
of the artery. It must be remembered that a compartment is like an envelope
made up of bone, fascia, and interosseous membrane. Compartment syn-
dromes tend to follow relatively minor closed fractures rather than the more
severe injuries, in which the soft tissues are disrupted and decompression
occurs. Compartment syndromes can be seen in the upper and lower extrem-
ities but are more commonly seen in the lower extremities, especially with
tibia fractures.

Clinically there is more pain, the pain being out of proportion to the
severity of the injury. Sensory deficit is another common finding. When the
signs and symptoms are inconclusive, tissue pressures should be obtained.
There are many methods of obtaining compartment pressure levels. At our
center, we use the Stryker compartment pressure monitor. Fasciotomy is
advised when the tissue pressure rises to 10 to 30 mmHg above the patient’s
diastolic pressure in the presence of any sign or symptom of a compartment
syndrome. :

Radiologic Evaluation

Radiology is crucial to the evaluation of fractures in children, but frac-
tures in children are not always easy to visualize radiographically. Frac-
tures may be missed if proper views are not requested. It is important to get
as many views as necessary to rule out a fracture, and remember that
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Fig. 9-9 (A) Anterior-poste-
rior radiographs and tomo-
grams showing the intraarti-
cular fracture of the
proximal tibia. (B,C) Patient
had open reduction-internal
fixation. (Figure continues.)
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Fig. 9-9 (Continued). (D,E) Anterior-posterior and lateral radiograph (D,E). Radio-
graphs show implant removal and fracture healed.

ultimately the diagnostic proof of a fracture is a radiograph showing the
fracture. In evaluating radiographs, there are many pitfalls to avoid:

Adequate films. Any suspected fracture should be visualized in at least
two views, anterior-posterior and lateral projections. Occasionally be-
cause of pain, deformity, and displacement, a true anterior posterior
or lateral cannot be obtained, confusing even an experienced clini-
cian. Technically poor films should never be accepted. Radiographs
should show not only the grossly evident skeletal trauma but the
normal and distorted soft tissue contours, fascial planes, and fat-fluid
levels in the joint as well. Also, radiographs should show the joint
above and the joint below the fracture, since dislocations are common
with fractures of the diaphysis. An example is radial head dislocation
with a fracture of the shaft of the ulna, otherwise known as-the
Monteggia fracture.

Splinted extremity. The extremity should be adequately splinted and
protected prior to sending the child to the radiology suite. The splint
should be adequate, supporting the joint above, and the joint below,
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the injured bone. This is important because the technician may sim-
ply turn the unprotected part, producing two similar views.

Comparison views. (Fig. 9-3). Occasionally, the appearance of displaced
apophysis may be so subtle that even an experienced observer may
fail to recognize the injury initially. A comparison view is sometimes
necessary to avoid excessive confusion, multiple reexaminations, and
inappropriate treatment.

Stress films. Because of the elastic capacity of the child’s bone and soft
tissues, the injured part often springs back into its anatomic position.
This is particularly common in epiphyseal fractures around the
knee.? As in the skeletally mature patient in whem ligament injuries
are tested using stress, in the skeletally immature patient stress may
open a fracture to document the injury (Fig. 9-7).

Soft Tissues

Adipose tissue has a different specific gravity than the rest of the soft
tissue and is more radiolucent. The shadows of fatty tissues may serve as a
contrast density, partially outlining the margins of other soft tissues; thus,
injury to such tissues is frequently concomitant to fractures and should be
assessed as accurately as possible as part of the evaluation.

Special Techniques

Because of the difficulty in visualizing some fractures and epiphyseal
contours, there is sometimes a need to use techniques other than routine
radiography, if an absolute diagnosis is mandatory

Arthrography. This modality is mainly used for chrcnic problems, but it
has been used for acute fractures, especially in infants with a radiolu-
cent distal humerus.

Computed tomography. This technique has been helpful in the diagno-
sis and management of spinal trauma.

Bone scan. This technique has been underused in children’s fractures. It
is simple and noninvasive, making it an attractive screening proce-
dure. Bone scans in trauma have been used in detecting stress frac-
tures before there is radiographic evidence of a fracture, permitting
early diagnosis of these lesions.

Arteriography. Arteriography is especially helpful in adequately delin-
eating vascular injury (Fig. 9-8).

Tomography. With the advent of the CT scan, anterior-posterior and
lateral tomograms are used less frequently (Fig. 9-9).

Parents worry about the amount of radiation their child will be sub-
jected to with radiographs. The rad is a unit that measures the amount of
radiation absorbed by human cells. Radiation is considered low when it is
below 1 rad. Most diagnostic x-rays are in low levels and are measured in
millirads (one-thousandth of 1 rad). With today’s equipment, physicians can
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obtain more accurate information with less radiation to the patient. For
example, a fractured femur will receive an average of six series of x-rays
while in the hospital and about another six series (anterior-posterior views
and lateral) before the fracture heals. According to the FDA’s Bureau of
Radiological Health, in each series the patient will receive about 3 or 4
mrad. This is a total of 48 mrad for the treatment of the fractured femur as
compared with 100 mrad each American receives each year from cosmic
rays, fallout, electronic products, and other sources.

TREATMENT

The Necessity of Relating to the
Child and Family

Once the correct diagnosis has been made, the emergency physician can
relate to the parents and to the child as to the options of treatment for the
particular type of fracture, making them part of the decision-making. There
are fractures that can be splinted and referred to the orthopedic surgeon and
there are fractures that have to be treated on an emergency basis. The
physician explains in detail the type of complications to be expected with
the type of fracture, with the method of treatment, and if appropriate follow-
up is not obtained. The object of the treating physician is the complete
restoration of function with least risk, pain, and inconvenience to the child
and the least amount of anxiety to the parents and physician.

Trearment of Specific Fractures

For treatment purposes, fractures can be divided in three groups: undis-
placed, displaced, intraarticular fractures. By far most of these fractures can
be managed successfully by closed methods, but there are a few indications
for open reduction and internal fixation.

Undisplaced epiphyseal separations. These do not show on radiographs,
but there is soft tissue swelling and tenderness over the growth plate.
In children, sprains are rare, so a growth plate injury (Salter-Harris
D (Fig. 9-2) should be the diagnosis until proved otherwise and the
treatment should be a cast for 3 weeks. These fractures need to be
followed to make sure that there is adequate growth and that no
growth plate closure has occurred.

Undisplaced diaphyseal fractures. These should be casted, including the
Joint above and the joint below, for a period of 3 weeks, and followed
as closure of part of the growth plate or stimulation of the growth
plate can occur. Adequate follow-up at 6-month intervals for the first
year and then yearly visits for 3 years are adequate to pick up poten-
tial limb discrepancies.
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A B

Fig. 9-10 An 11-year-old boy with a transverse fracture of the femur (A,B) that was
treated in skeletal traction. (Figure continues.)

Displaced epiphyseal injuries. These can be managed by closed reduc-
tion and casting. The physician should explain to the parents and
child about the technique of reducing the fracture, the type of anes-
thesia to be used, and the possibility that if the fracture cannot be
reduced, the child might need to go to the operating room suite for a
closed reduction, and possibly open reduction. An adequate anatomic
reduction should be done in all children’s fractures to prevent deform-
ities and long-term disabilities. But the parents should be aware that
a fracture is likely to remodel in children with two or more years of
growth remaining, near the ends of the bones, in the plane of motion
of the joint, in the event that the parents want to avoid manipulation
and reduction. In treating this type of injury, I recommend one trial
at the emergency suite and, if there is no success, the patient should
be taken to the operating suite and given general or regional anesthe-
sia. Two trials are given in the operating room; if reduction is not
obtained, open reduction and casting or open reduction and internal
fixation is the method of choice. The problem with serial closed reduc-
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Fig. 9-10 (Continued). (C)
Result 1 year after fracture
healed.

C

tion is that every time it is tried, the growth plate is crushed, which-
can cause partial or total closure of the growth plate. After an ade-
quate reduction, radiographs should be taken and the alignment and
rotation should be matched with that of the intact limb.

Displaced diaphyseal fractures. In children these fractures can be
treated by initial casting or occasionally by a period of traction and
then casting (Fig. 9-10). Bending and lateral displacement by the
width of the shaft are permissible, but rotation at the fracture should
be fully corrected. Remodeling will not correct rotational deformities.
Excessive longitudinal growth is regularly seen following fractures of
the diaphysis; this is compensated for by permitting the fracture to
unite with slight initial shortening. Severe angulation should be
avoided and rotational deformity should be fully corrected. This is
seen in forearm fractures, where bayonet apposition is acceptable and
in femoral shaft fractures, where 1 cm overriding is acceptable. Cast
immobilization of displaced shaft fractures always should include the
joint above and the joint below. In the lower limb, 6 weeks of immobi-
lization may be wise before unprotected weight bearing is allowed.
When closed reduction fails, a period of traction or open reduction
may be indicated. Difficulty in reduction is usually caused by the
interposition of periosteum, muscle or tendon. Open reduction is nec-
essary to remove these tissues from the fracture gap.
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Nondisplaced intraarticular fractures. In evaluating intraarticular
fractures, it must be determined whether there is an osteochondral
fragment or a Salter-Harris III or IV fracture. Intraarticular frac-
tures of less than 1 mm displacement can be treated by casting and
observation. In triplane fractures of the ankle, a 2-mm gap is an
indication for surgical reduction.

Displaced intraarticular fractures. When there is a loose osteochondral
fragment or rotation and it is large enough to reattach, this should be
done either by arthroscopic technique or by open reduction and inter-
nal fixation. If the fragment is small, surgical removal is a must
because it might produce mechanical locking of the joint. Intraarticu-
lar Salter-Harris fractures (III and IV) with a displacement of more
than 1 mm and joint incongruity should have open reduction and
internal fixation. This will not only align the joint surface but will
also align the growth plate to prevent bony bar formation and partial
closure of the growth plate (Figs. 9-7, 9-9, and 9-11).

Timing of Treatment

Children’s bones react more quickly to a fracture than an adult’s
bones. Within a few days, the bony fragments are joined by callus and a
precise reduction is no longer possible. A common mistake is to see the child
with a displaced fracture in the emergency department and have the child
splinted and referred to the orthopedic surgeon. Because of problems with
the parents or lengthy appointment time, the child is seen 2 weeks later
with a fixed deformity. Delays may complicate treatment and spoil end
results. The emergency physician must establish a functional referral basis
with the orthopedic surgeon to avoid this outcome. Whether fractures are
splinted and referred or casted initially will be determined by this relation-
ship as well as each individual situation.

Closed Method of Trearment
Splints

A splint should be placed in a fracture only as a temporary method of
immobilization. The splint should be placed after the fracture has been
satisfactorily reduced or to transfer a patient prior to reduction. Before
applying the splint, the extremity should be well padded and free from gaps
and folds. The splint is then applied; it is important to remember in stabiliz-
ing a fracture that the splint or cast should include the joint above and the
joint below.

There are many types of commercial splints, but a simple plaster-of-
paris splint is usually sufficient. The physician should make sure that there
are 15 layers of plaster to render it strong enough before the child is dis-
charged from the emergency department.
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Most children’s fractures can be managed successfully by closed reduc-
tion, plaster immobilization, or traction treatment. There are two types of
cast application: primary and secondary.

Primary cast applications. A primary cast should be applied when the
fracture has been satisfactorily reduced and the limb is in the desired
position, before the plaster is rolled. The cast should be applied in
stages. The cast is never applied on a moving screaming child. The
first stage after reduction is to apply a padding layer that is free from
gaps and folds; additional padding is applied over bony prominence.
The second stage is to apply the plaster of paris. It is applied in a
circular fashion, forming a tube at the level of the fracture. This will
hold the fracture temporarily in the required position. The water
should be cold before the plaster bandage is dipped into it; cold water
allows more time for molding. The tube is extended to the joint
proximally and distally. It should include the joint above and the
joint below. Now three-point molding is applied to make use of the
periosteal hinge and reduce the fracture (Fig. 9-1). The parents
should be instructed to elevate the extremity and check the circula-
tion and the innervation distal to the fracture. It should be checked
frequently and thoroughly. If there is any question about the circula-
tion and swelling of the limb, the child should be admitted for obser-
vation. If the child is uncooperative, something is wrong. The cast
should be split and the extremity checked. It is better to lose reduc-
tion than the limb. If that does not help, compartment pressures
should be obtained; if elevated, fasciotomy should be considered, as a
next stage.

Secondary cast application. A replacement cast 1s applied when the
previous one no longer fits or following a period of traction. For the
secondary cast, one should wait until the initial swelling has sub-
sided. The primary cast is usually worn for the first week to 10 days.
It is then changed to the secondary cast and the patient then returns
in 3 weeks for a radiograph out of plaster. It is important to obtain
radiographs after each cast change to make sure there are no dis-
placement or angulations. For the lower extremities, the cast is
changed at 4 weeks, and a third cast is applied. At 7 weeks, unpro-
tected weight-bearing is allowed.

Traction

Traction is less frequently used nowadays but is still the method of
choice for femoral shaft fractures.

The type of traction used depends on the age, weight, and anatomic
location. In the child under 2 years of age, we use skin traction (Bryant's
traction or modified Bryant’s traction), making sure that the traction tape
will not cause skin irritation and limb compression. The prominent areas
are covered with padding and the traction tapes are held in place with an
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elastic bandage. The tape should be applied over the knee joint to distribute
the sheer force over a sufficiently large area to ensure maximum comfort
and safety.

In the child over 2 years, I recommend split Russell’s traction. In the
child over 10 years of age, balanced skeletal traction with femoral and tibial
pins is the treatment of choice. In proximal subtrochanteric fractures, femo-
ral 90/90 pin traction is the treatment of choice. After 4 or 5 weeks of
skeletal traction, the child is placed in hip spicas; the older child is given

cast braces.

Open Trearment of Fractures

Rang believes that open reduction should follow failed closed reduction
in fractures of both bones of the forearm, in teenagers, tibial spine fractures,
and radial neck fractures. Rang has also stated that open reduction with
internal fixation should be the initial method of treatment in fractures in
which remodeling would not help: displaced intraarticular fractures, in the
multiple traumatized child, and in the child with head injuries. By early
immobilization of the fracture, the child can be mobilized.

Internal fixation devices should be used as infrequently as possible and
should be easily removable. Smooth Kirschner wires and screws are prefer-
red. This should be done by an experienced orthopedic surgeon. Injuries to
the growth plate can occur.

At the Orthopaedic Clinic of the Cantonal Hospital in St. Gall, Switzer-
land, a study of 891 fractures in children was undertaken to see the percent-
age of open reduction and internal fixation in children fractures. Internal
fixation was carried out in 16.1 percent (145 fractures) of cases.®

Complications

Failure of Early Diagnosis

If an incorrect diagnosis is made, everything that follows will be wrong.
This is especially true of growth plate injuries, in which the cartilage is not
fully ossified and hard to evaluate in simple radiographs. Here is where
additional studies should come into play; arthrograms for distal humerus
fractures and knee injuries, tomograms, and so forth.

A displaced intraarticular fracture can give the child deformities sec-
ondary to growth plate malalignment, with angular deformities and growth
discrepancies. Therefore, early diagnosis, and the correct diagnosis, is a
must.

Failure of Early Treatment

A displaced intraarticular fracture ora displaced shaft fracture should
be seen by an orthopedic surgeon as soon as possible and treatment insti-
tuted if there is no contraindications. Fractures in children heal more
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quickly than in adults. Within a few days, a fracture that was initially
reducible becomes fixed in deformity and, to make it acceptable, a surgical
procedure is indicated. As a general principle, fractures should be always
reduced as early as possible, to prevent soft tissue swelling.

Failure of Treatment Method

The physician should make it a point to explain to the parents the
different methods of treavment and the possibility of having to do open
reduction if closed reduction is unsuccessful. It is difficult to tell the parents
that the child has to go to surgery for an open reduction after they have been
told that the fracture is a simple one that can be taken care of in the
emergency department.

In attempting closed reductions, the child should be completely relaxed
with intravenous sedation and a one-try done in the emergency department.
Forceful manipulations of growth plate injuries can produce crushing of the
plate. This may produce long-term problems of angular deformities. If an
easy reduction cannot be achieved by sedation in the emergency depart-
ment, the child should be given general anesthesia and complete relaxation.
Open reduction and internal fixation should be done by an experienced
orthopedic surgeon. It is crucial to avoid injuries to the growth plate and
vascular supply with pins and screws.

Special Problem Fractures in Children
Child Abuse

Approximately one-third of all physically abused children require or-
thopedic management. Injuries to the long bones, ribs, and skull are the
most common locations.?3

Fractures may be classified as epiphyseal, metaphyseal, dlaphyseal
and other types:

Epiphyseal fractures. These are rarely seen in the femur, tibia, and
humerus. A fracture through the growth plate, especially when the
epiphysis is not visible, may cause difficulty in diagnosis. Arthro-
graphic examination of the joint may be helpful in certain cases.

Metaphyseal fractures. These are more common and are classified into
impaction, buckle fractures, corner fractures (avulsion fractures),
and the rare metaphyseal fractures. Corner fractures are caused by
forceful downward pull of the extremity and are often bilateral. They
may not be large enough to be visible in the first radiograph, but they
result in periosteal separation and hemorrhage that will cause pe-
riosteal new bone formation that will be visible in about 7 to 10 days.
Buckle fractures are common in the metaphyseal area and often are
multiple.

Diaphyseal fractures. These are divided into three types:

Spiral or oblique fractures of the shaft—the twisting type of fractures
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Multiple lesions in various stages of healing
Gross bony deformity

Spiral or oblique fractures in children, especially in nonambulatory
children, are suggestive of child abuse. Many of these fractures leave per-
manent sequelae of gross deformities. This is partly because the parents do
not seek medical care and because some of these fractures heal with rotatory
or angulatory deformities. Some children may require reconstructive sur-
gery during adult life. Fractures involving the ribs are usually posterior and
posterolateral and may be in various stages of healing. As a last word for the
abused child, consultation by an orthopedic surgeon is often helpful also

from the legal standpoint.

Fractures of the Shoulder Girdle

Fractures of the clavicle are benign, but if they are of the outer third,
they are equivalent to the acromioclavicular separations and may benefit
from closed percutaneous K-wire fixation.

Fractures of the Proximal Humerus

Proximal epiphyseal separation of the humerus with less than 40 de-
grees of angulation can be treated in a sling, while more than 40 degrees of
angulation requires closed reduction and percutaneous K-wire fixation.

Fractures of the Elbow

Fractures of the elbow in children are among the most difticult to diag-
nose. Errors in diagnosis in children under 2 years of age can complicate
treatment with malunions and deformities. There are two types of fracture
of the elbow:

Supracondylar fractures. These are fractures of the distal humeral me-
taphysis just above the epicondyles. They usually occur from forced
hyperextension or hyperflexion of the elbow. Posterior and medial
displacement of the distal fracture fragment with respect to the proxi-
mal humerus is the most common finding. One in five has a nerve
injury, and subsequent complications can occur if this fracture is not
treated by an experienced orthopedist. Accurate reduction is essen-
tial. A number of methods are employed in treatment, including
closed reduction, overhead traction, and open reduction with internal
fixation. The choice depends on the degree of displacement, the sever-
ity of associated swelling and soft tissue injury, and the experience of
the physician in charge. After reduction, a long arm cast with the
elbow flexed is of utmost importance, the neurovascular have to be
checked because of the swelling. During the early phases of healing,
displacement may occur and closed follow-up is necessary.
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Fractures of the Lateral Condyle. The lateral condyle of the distal hu-
merus or capitellum articulates with the radial head and forms the
lateral half of the elbow joint. Fractures of the lateral condyle may be
a Salter-Harris type I11 or IV. Lateral condyle fractures are intraarti-
cular fractures. Anatomic reduction is therefore essential (Fig. 9-11).

All displaced fractures require open reduction and fixation with K
wires. Even slight displacement is unacceptablc. Malunion and nonunion
lead to progressive valgus angulation at the elbow joint with significant late

deformity.

Fractures of the medial condyle. The medial condyle or trochlea articu-
lates with the proximal ulna and forms the medial half of the elbow
joint. Isolated medial condyle fractures are uncommon. As with other
articular fractures, anatomic reduction is necessary, and open reduc-
tion and internal fixation with K wires is usually the treatment of
choice.

Fractures of the medial epicondyle. The medial epicondyle is a second-
ary ossification center on the medial aspect of the distal humerus.
They are intraarticular and may result from forced lateral rotation of
the forearm or medially directed of the extended elbow. There is
controversy over the best method of treatment. Most surgeons will
operate to reduce the duration of disability and to secure union. °

Fractures of the radial neck. Fractures of the proximal part of the radius
are usually associated to other type of fractures. Nondisplaced frac-
tures are treated in a cast. When there is more than 20 degrees of
angulation, reduction 1s required, preferably closed if possible. Fail-
ing closed reduction, open reduction and internal fixation may be
necessary.

Fractures of the olecranon. These fractures are usually intraarticular.
More than 2 mm of displacement or a gap greater than 2 mm is best
managed with open reduction and internal fixation.

Fractures of the Wrist

Buckle or torus fractures of the distal radial and ulna metaphysis are
common in children. They frequently result from minor trauma (Fig. 9-3).
Salter-Harris types [ and Il are commen epiphyseal injuries of the distal
radius and ulna. In most cases, the distal radial and ulna fracture fragments
are displaced dorsally with resultant open volar angulation. Cloged reduc-
tion is usually successful in closed fractures after intravenous sedation or
Bier block. In open fractures, surgical debridement will be required, no
matter how small the wound.

After reduction, immobilization in a bivalved long arm cast or long arm
splint is appropriate to prevent neurovascular compromise from postreduc-
tion swelling. This is used for 3 to 4 weeks. In the clder child a splint or short
arm cast is then used for an additional three to four weeks. -
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Fig.9-11 (A,B) Patient with
lateral condyle fracture.
(Figure continues.)
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Fractures of the Pelvic Girdle

Fractures of the pelvis and acetabulum. These fractures in children
are usually the result of significant violence.” Automobile accidents are the
most frequent cause. These are usually associated with multisystem injury,
and the orthopedic component is but a part of the total team approach to the
injured child.

There are three primary centers of ossification in the pelvis, one each
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Fig. 9-11 (Continued.) (C)
Intraoperative radiograph of
the fragment reduced and in-
ternally fixed.

for the ischium, the pubis, and the illium. These meet at the triradiate
cartilage, where fusion takes place between 18 and 23 years of age (Fig. 9-
12). Secondary centers of ossification may occur in several areas of the
pelvis, such as the illiac apophysis, the inguinal apophysis, the anterior
inferior spine, pubic tubercle, the crest of the pubis, and the inguinal spines.

Fractures of the pelvis in children are classified as stable and unstable
fractures. Stable fractures are avulsions of the secondary ossification cen-
ters, stable anteroposterior compression (open book), and lateral compres-
sion (triradiate cartilage injuries) (Fig. 9-12). Unstable fractures are classi-
fied as vertical shear fractures, as in the adult.

Stable pelvic fractures require little treatment in children. In many
cases, only a brief period of bed rest is necessary. Walking may be started
when the child is comfortable. Unstable or displaced fractures may require
skeletal traction or open reduction to achieve alignment. Emergency exter-
nal fixation have been utilized not only to stabilize the pelvic fragment but
also to produce a tamponade effect in a bleeding pelvic fracture.

Fractures involving the acetabulum or lateral compression fractures of
the pelvis, when they are not displaced, may cause early closure of the
triradiate cartilage and may produce an acetabular dysplasia; therefore,
parents may be warned of the possibility (see Fig. 9-12). Displaced fractures
must be restored as nearly as possible to anatomic alignment. Internal

fixation may be required.
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Fig. 9-12 A 7-year-old boy sustained an injury to the lateral aspect of the right hip.
(A) Radiograph taken at the time of injury was read as normal. (B) Patient returned
at age 16 with a bump in the lateral aspect of the right hip, and was found to have
subluxation of the hip and premature closure of the triradiate cartilage.
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Fractures of the hip. Fractures of the hip in children, like fractures of
the pelvis, are most often the result of automobile accidents. Proximal
femoral fractures may occur through the proximal growth plate, the femoral
neck, and the intertrochanteric region. Hip pain, limitation of active mo-
tion, and resistance to passive motion are the consistent findings.

The diagnosis can be confirmed with anterior-posterior and lateral ra-
diographs of the hip. It is not necessary to move the injured extremity to
obtain these views. Attempts to move the injured extremities to qbtam the
radiograph are painful and unnecessary.

Anatomic reduction of the fracture fragments must be obtained fol-
lowed by immobilization. Although closed reduction and spica cast immobi-
lization are sometimes successful, open reduction and internal fixation are
often necessary. Physical and neck fractures are often associated with dam-
age to the vessels that supply the proximal epiphysis; the potential for
avascular necrosis is high with these fractures. Children with hip fractures
should be followed until they have reached skeletal masturity.

Fractures of the Knee

Fractures of the distal femur and proximal tibia are common in chil-
dren. They are more frequent than ligamentous injuries. In children, a
ligament disruption is the last diagnosis to make. Meniscal injuries are also
rare.

Fractures of the distal femur. Fractures through the distal fernoral
growth plate may mimic knee ligament injuries in clinical appearance.
S‘ress radiographs are necessary to distinguish the type of fracture and
open reduction and internal fixation may be necessary. Even with anatomic
reduction, the risk of angular deformity secondary to growth plate injury is
high (Fig. 9-7).

Fractures of the proximal tibia. Because of the unique configuration
of the growth plate separating the secondary ossification center of the proxi-
mal tibial epiphysis from the tibial metaphysis, avulsion fractures of the
tibial tubercle occur occasionally in adolescence after athletic, bieyele, or
motor vehicie accidents. The injuries are probably the result of violent quad-
riceps contractures against a flexed knee. The fracture in some cases stops
short of the anticular surface. In others, the fracture extends into the joint.
Minimally displaced fractures are treated in a cast. Fractures with wide
separation and joint incongruity are better treated by open reduction and
internal fixation.

Fractures through the anterior or posterior tibial spines may occur if
load applied through the cruciate ligaments exceed the failure limits of
underlying bone. Posterior spine fractures are much less common than ante-
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rior spine fractures. These avulsion fractures are usually displaced and
rotated 360 degrees; adequate reduction and internal fixation are required.

Proximal tibial physeal fractures are rare injuries and are usually the
result of motorcycle or athletic accidents. Injuries to the popliteal vessels to
the posterior border of the proximal tibia are high, and damage to the
peroneal nerve may occur at the time of bony injury or as result of subse-
quent swelling. If distal pulses are not present, arteriography and surgical
exploration may be necessary to restore blood flow.

The treatment of proximal growth plate injuries depends on the type.
Salter-Harris type I and II fractures can usually be treated nonoperatively
when vascular compromise is not present. Salter-Harris type III and IV
fractures are intraarticular fractures and, whe:. these are joint incongruity,
open reduction and internal fixatior are necessary (Fig. 9-9). The incidence
of premature plate closure is high, and late joint incongruity may result in
deformity and premature degenerative disease.

Other types of fractures are osteochondral fractures of the tibia or distal
femur. These fractures may require open arthrotomy and removal of the
fragment. If left alone, they can produce locking and joint destruction.

Fractures of the ankle joint. Fractures around the ankle joint are
usually the result of a combination of twisting and bending forces. Ankle
fractures require careful orthopedic treatment. The ankle is one of the major
weight-bearing joints; residual joint incongruity is poorly tolerated.

Careful radiologic evaluation of patients with suspected ankle injuries
is essential. Anterior-posterior, lateral, and oblique views should be ob-
tained. Intraarticular fractures must be treated by open reduction and in-
ternal fixation. Complications are frequent.

SUMMARY

In treating children’s fractures, a few guidelines should be kept in
mind. First, the line of fracture should be defined and classified. This will
determine the management of pediatric fractures. Next, adequate radio-
graphs and other tests are obtained, if necessary. It is crucial to discuss with
the child and parents the treatment options as well as the complications,
risks of growth disturbance, the method of reduction, and follow-up. Closed
reduction is done in most Salter-Harris type I and II injuries. A few will
prove impossible to treat by closed method. Open reduction may be neces-
sary. Open reduction is a must for intraarticular fractures, Salter-Harris
types III and IV. Immobilization of fractures should include the joint above
and the joint below. Three weeks is usually enough. In the lower extremity,
6 weeks of immobilization may be necessary before weight-bearing is al-
lowed. Finally, whether a fracture is splinted and referred by the emergency
physician or seen initially by the orthopedist, follow-up is essential. It must
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be stressed to the parents that initial treatment is not necessarily definitive
and that, depending on the type of fracture, the child may have to be seen
repeatedly to ensure a good outcome.
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Problems in the
Monagement of

Vomiting, Diarrheq,

10 and Dehydrafion

Roger M. Barkin

Acute infectious diarrheal disease in children is common, accounting
for approximately 4 percent of outpatient visits and 3 to 5 percent of inpa-
tient admissions. Together with hemorrhagic shock from trauma, dehydra-
tion secondary to gastrointestinal (GI) losses represents the most common
cause of reversible shock in infants and children. Appreciation of this fact,
as well as early recognition and appropriate treatment of the dehydrated
patient, may prevent further progression of the disease process. Diarrheal
disease is caused by a wide range of viral, bacterial, and parasitic agents.
Rotavirus or reovirus accounts for as many as 39 percent of pediatric admis-
sions due to diarrheal disease and for 22 percent of such disease in ambula-
tory children. It is the etiologic agent in 70 to 80 percent of diarrheal disease
in winter and 20 percent of cases in summer. Salmonella, Shigella, Campy-
lobacter, and Giardia are also important pathogens.!*

The child with vomiting and diarrhea is frequently dehydrated and
requires urgent fluid therapy. The management of such patients requires a
correlation of historical, physical, and laboratory data with pathophysio-
logic principles. The therapy must combine replacement of fluid deficits
with the concurrent administration of maintenance fluids.

Specific concerns in evaluating the significance of vomiting or diarrhea
in the child reflects the relative difficulty in the subjective or objective
assessment of fluid losses. Abnormal losses may develop rapidly; reduction
of the abnormal losses may be difficult. This chapter addresses common
problems, pitfalls, and difficulties in the recognition and treatment of the
dehydrated patient.

173
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RECOGNITION OF THE DEHYDRATED INFANT

Failure to use Clinical Parameters to
Determine the Extrenr of Dehydrarion

It cannot be overemphasized that the assessment of an infant for dehy-
dration is a clinical determination. Laboratory data should generally be
used to confirm the diagnosis. For this reason, therapy, especially therapy
for shock secondary to vomiting, diarrhea, and dehydration, should be initi-
ated without awaiting the results of laboratory values.

Correlation of a child’s clinical status and laboratory data determines
the type of therapy required after initial volume expansion. The physical
examination is helpful in determining the magnitude of dehydration and
must reflect a careful evaluation of mucous membranes, skin turgor, fon-
tanelle fullness, as well as vital signs, specifically focusing on hyperapnea,
orthostasis, and tachycardia. Clinical recognition must include the integra-
tion of numerous findings. Recent weights are rarely available for compari-
son, nor are they necessarily accurate unless done on the same scale, by the
same person, with the infant fully undressed.

The findings in the child with only very mild dehydration (less than 5
percent) may be subclinical. At 5 percent dehydration, decrease in mucosal
membrane moisture and prominence of the papillae of the tongue may be
noted. Table 10-1 lists the clinical signs and symptoms encountered with
various degrees of dehydration. For the purpose of this chapter, mild dehy-

Table 10-1. Degree of Dehydration
Mild Moderate Severe
(<5%) (10%) (15%)

Signs and symptoms

Dry mucous membrane + + +
Reduced skin turgor - * 4
Depressed anterior fontanel - + +
Sunken eyeballs - + +
Hyperpnea - & +
Hypotension (orthostatic) = x +
Increased pulse - + +
Laboratory
Urine
Volume Small Oliguria Oliguria/anuria
Specific gravity* <1.020° >1.030 >1.035
Blood
BUN Within Elevated Very high
normal
limits®
pH (arterial) 7.40-7.30®  7.30-7.00 <7.10

¢ Specific gravity can provide evidence that confirms the physical assessment.
® Not usually indicated in mild dehydration.
+, present; —, absent; *, variable.
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Table 10-2. Body Fluid Compartments by Age

Newborn lyr  3yr 9yr Adult

Weight (kg) 3 10 15 30 70
Body surface area (m?) 0.2 05 0.6 1 1.7
Body surface area +

weight 0.07 0.05 0.04 0.03 0.02
TBW (%) 78 65 — — 60
ECF (%) 45 25 — - 20
ICF (%) 33 40 — - 40

TBW, total body weight; ECF, extracellular fluid; ICF, intracellular fluid.
(Finberg L, Kravath RE, Fleischman AR: Water and Electrolytes in Pediatrics.
WB Saunders, Philadelphia, 1982.)

dration is defined as less than 5 percent, moderate as 5 to 10 percent, and
severe as greater than 10 percent dehydration.

Clinically, the assessment of the degree of dehydration may be roughly
delineated on the basis of defined parameters. However, because of the
excellent ability of children to compensate for decreased vascular volume,
abnormalities in vital signs may not be immediately evident. Vital organ
functions are maintained by intrinsic compensatory functions that stabilize
vital signs. As fluid loss progresses, venous capacitance may decrease by 10
to 25 percent, fluid shifts from the interstitial to intravascular compart-
ments, and arteriolar constriction increases. With compensation, the cen-
tral venous pressure (CVP) is decreased, as are stroke volume and urine
output; heart rate and vascular resistance increase. Orthostatic changes
may be the only evidence of these compensatory mechanisms. An acute
volume loss of 10 percent may be marked by an increase in pulse rate of 20
beats/min, and a 20 percent deficit has an associated heart rate increase of
30 beats/min. A gradual volume loss produces minimal physiologic changes,
while deficits of 20 to 30 percent are marked by compensatory alterations.

The clinical effect of fluid loss reflects the distribution of water loss
within compartments. The percentage of total body water decreases with
age, while the relative percentage of intracellular fluid increases (Table
10-2).

Table 10-3. Rapidity of Evolution of Dehydration
and Compartment Fluid Source

Portion of Fluid Lost

(%)
Period of Evolution
of Dehydration From ECF From ICF
Rapid: <2 days 75 25
Average: 2-7 days 60 40
Long: 7 days 50 50

ECF, extracellular fluid; ICF, intracellular fluid.
~ (Barkin R: The dehydrated child: A management
approach. J Emerg Med 1:399, 1984.)
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Table 10-4. Maintenance Water Loss Components”

Age Group
Component 0-6 mo 6 mo-5 yr 5-10 yr Adolescent
Insensible 40 30 20 10
Urinary 60 60 50 40
Fecal 20 10 - -
Total 120 100 70 50

2 In ml/kg/24 hr.
(Barkin R: The dehydrated child: A management approach. J Emerg Med 1:399,

1984.)

Compartmental distribution of fluid losses reflect the period of evolu-
tion of the dehydration. In general, 60 percent of fluid is lost from the
extracellular fluid (ECF), while the remaining 40 percent comes from the
intracellular fluid (ICF). With a more acute progression, the relative per-
centage lost from the ECF increases. (Table 10-3).

In determining fluid therapy, it is essential to understand normal main-
tenance fluids; daily water and electrolyte losses from the skin and the
respiratory, urinary, and gastrointestinal (GI) tracts must be replaced. In-
sensible losses (approximately 30 ml/kg/day) occur through the skin and
respiratory tract. About two-thirds results from skin loss. The rate of insen-
sible loss is affected by humidity, body temperature, respiratory rate, and
ambient temperature (Table 10-4). Insensible water loss increases also by 7
ml/kg/day for each degree rise in temperature above 37.2°C (99°F)7# (see
also Tables 10-5 and 10-6).

Limitations of Laborarory Confirmarion

Laboratory data may provide confirmation of the clinical assessment of
the degree and type of fluid deficit, but clinical assessment determines the
urgency of emergency therapy. Examination of the urine with respect to
volume and specific gravity can be useful. Urine specific gravity increases
markedly in children with any degree of fluid deficit, and even minimal
dehydration produces marked concentration. However, it does not provide a
means of assessing the magnitude of any deficit. Serum electrolytes and
BUN provide additional parameters. The BUN should decrease by at least
50 percent during the first 24 hours of appropriate rehydration (see Table
10-1). Restrictions in the use of laboratory data are further delineated in

Chapter 2.

Table 10-5. Water Requirements on a Daily Basis

Subject Weight Fluid Requirement
Children 10 kg 100 ml/kg/day
Children 11-20 kg 1,000 ml plus 50 ml/kg/day for each kg over 10 kg
Children 20 kg 1,500 ml plus 20 ml/kg/day for each kg over 20 kg
Adults 2,400 ml/day (approximate)

(From Barkin RM, Rosen P.® with permission.)
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Table 10-6. Electrolyte Requirements

Cation Requirement Compartment
Sodium 3 mEq/kg/day (adult: 80-100 ECF
mEq/day)
Potassium 2 mEq/kg/day (adult: 50 mEq/ ICF
day)

(Barkin RM, Rosen P (eds): Emergency Pediatrics. 2nd Ed. CV
Mosby, St. Louis, 1986.)

Special Situations Associated with
Dehydration

Several situations may be associated with dehydration and vomiting
and diarrhea that can exacerbate its consequences and make evaluation
even more difficult. Children with pneumonia or meningitis may appear
lethargic associated with the primary illness and superimposed fluid deficit.
Cther infections may also result in inadequate intake, such as viral sto-
matitis or pharyngitis.

Maternal deprivation, overfeeding, or mixing formula may incorrectly
produce excessive vomiting or diarrhea, with resultant dehydration. This is
rarely acute in onset, and a careful history should be useful in confirming
the diagnosis.

Endocrine abnormalities, such as adrenogenital syndrome in the new-
born, can result in rapid onset of shock requiring fluid therapy. Diabetes
mellitus and diabetes insipidus can uniquely cause dehydration in the face
of ongoing urinary output, the first on the basis of osmotic diuresis and the
latter due to pitiutary dysfuncion. Hyperthermic syndromes can cause ab-
normal fluid losses as well.

Patients in Whom Clinical Diagnosis
May Be Difficult

There are some situations in which it may be more difficult to make the
clinical diagnoses of dehydration. These should be kept in mind and under-
stood.

The Hypernatremic Patient

Because of relative sparing of the extracellular volume, the signs and
symptoms of dehydration may be obscured in the hypernatremic patient. On
the other hand, the hyponatremic patient might have exaggerated signs and
symptoms.

Dehydration is classified into three categories based on serum sodium
as a reflection of the osmolality in the moderately and severely dehydrated
child. Similar degrees of dehydration may have a number of clinical signs
and symptoms, partially reflecting the relative decrease in the ECF com-
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Table 10-7. Types of Dehydration

Isotonic Hypotonic Hypertonic
Serum sodium (mEq/L) 130-150 <130 >150
Physical signs
Skin
Color Gray Gray Gray
Temperature Cold Cold Cold
Turgor Poor Very poor Fair
Feel Dry Clammy Thick, doughy
Mucous membrane Dry Dry Parched
Sunken eyeballs - + -
Depressed anterior fontanel ¥ + +
Mental status Lethargic = Coma/seizure  Irritable/seizure
Increased pulse ++ ++ +
Decreased blood pressure ++ +++ +

+, ++, +++, relative prominence of finding.
(Barkin RM, Rosen P (eds): Emergency Pediatrics. 2nd Ed. CV Mosby, St. Louis,

1986.)

partment. Isotonic dehydration, the most common form, decreases extracel-
lular space to only a moderate extent, whereas hyponatremia has a more
marked effect on the extracellular compartment. By contrast, hyperna-
tremic dehydration has a relatively balanced effect on both the extracellular
and intracellular compartment .(Table 10-7).

Isotonic dehydration is the most common category, with serum sodium
ranging from 130 to 150 mEq/L. Correction of deficits must focus primarily
on the replacement of ECF and ICF losses without an additional correction
of the serum sodium (Table 10-8).

Hypotonic dehydration is present with a sodium below 130 mEq/L and
often results from inappropriate administration of hypotonic fluids prior to
hospitalization and less commonly from inappropriate secretion of antidiu-
retic hormone. In addition to the correction of deficits outlined in isotonic
conditions, the sodium must be supplemented to normalize it (Fig. 10-9).

Hypertonic dehydration occurs most commonly from a deficit of free
water. Correction of the deficit must occur within 48 hours to minimize

rapid fluid shifts.

The Newborn Patient

Newborns are difficult to assess because of the nonspecific nature of
signs and symptoms of illness as well as the relative lack of subcutaneous
tissue in many of these cases. The evaluation of such children takes careful
attention to the intake and output, with specific reference to the number of
ounces ingested, the amount of stooling and the frequency and weight of wet
diapers. As in all circumstances involving the acutely ill newborn child, an
aggressive approach to evaluation and treatment is mandatory.
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Table 10-8. Isotonic Dehydration: Management with Moderate Deficit

1. Initial findings
a. Pre-illness weight: 10.0 kg (a 1-yr-old)
b. Degree of dehydration: moderate (10%)
¢. Body weight on admission: 9.0 kg
d. Electrolytes:

Na* 135 mEq/L K* 5 mEq/L Cl- 115 mEq/L HCO; 12 mEq/L

2. Summary of fluids requirements

H;0 (ml) Na' (mEq) K" (mEq)
Maintenance 1,000 30 20
(100 ml/
kg) (3 mEq/kg) (2 mEq/kg)
Deficit (100 ml/kg) -
ECF (60%) 600 84 (140 mEq x 0.6)
ICF (40%) 400 30 (150 mEq x 0.4 x 50%
correction)
Total 1,000 84 30
3. IFluid schedule
Fluids
Phase Calculation Administered
I. 0-%2 hr 20 ml/kg 200 ml DsW.9% NS or D;WLR

over 45-60 min
II. 2-9 hr V& deficit: 500 ml D;W with 42 833 ml (—~100 ml/hr) of

mEq NaCl and 15 mEq KCI D;W.45%NS with 22 mEq KCI
/3 maintenance: 333 ml D;W (~27 mEq/L) (this approxima-

with 10 mEq NaCl and 7 mEq tion facilitates care)”

KCl

Total: 833 ml with 52 mEq NaCl
and 22 mEq KCl
III. 9-25 hr 14 deficit 1,167 ml (~75 ml/hr) of
%3 maintenance D;W.45% NS with 28 mEq KCI
(~24 mEq/L) (this approxima-
tion facilitates care)

¢ If patient is acidotic with HCO3 <11 mEq/L or pH <7.1 (on the basis of meta-
bolic acidosis), one-third of sodium should be administered as NaHCO;.

(Barkin RM, Rosen P (eds): Emergency Pediatrics. 2nd Ed. CV Mosby, St. Louis,
1986.)

The Chubby Infant

The excessive amount of subcutaneous tissue makes evaluation of hy-
dration even more difficult, but other parameters can be used, including
urinary output, and the appearance of the mucosal membrances, eyes, and
fontanelle.
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Table 10-9. Hypotonic Dehydration: Management with Moderate Deficit

In children the most common form of hyponatremia also is associated with
hypovolemia (decreased total body water) caused by abnormal GI losses.

1. Initial findings
a. Pre-illness weight: 10.0 kg (a 1-yr-old)
b. Degree of dehydration: moderate (10%)
c. Body weight on admission: 9.0 kg
d. Electrolytes:

Na* 110mEq/L  K'5mEgL  Cl 90mEqL  HCO; 12 mEq/L

2. Summary of fluid requirements

_ H,0 (ml) Na' (mEq) K' (mEq)
Maintenance 1,000 30 20
(100 mi’kg) 3 mEq/kg) (2 mEqg/kg)
Deficit (100 ml/kg)
ECF (60%) 600 84 (140 mEq x 0.6)
ICF (40%) 400 ' 30 (150 mEq x 0.4 x
50% correction)
Sodium 125
Total 1,000 209 30
A. Na' required to correct 135 mEg/L = 135 mEq/L — 110 mEq/L (observed Na')
= 25 mEg/L
B. Total body water (TBW) (L/kg) = 0.6 L/kg (preillness TBW) — 0.1 L/kg (water
loss) = 0.5 L’kg

C. Pre-illness weight = 10 kg
Sodium deficit = A x B x C = 25 mEq/L x 0.5 L/kg x 10 kg = 125 mEq

3. Fluid schedule
* Fluids

Phase Calculation Administered
I. 0-%2 hr 20 ml/kg 200 ml D;W.9%NS or DsWLEK
over 45—60 min
II. ¥2-9 hr V2 deficit; 500 ml D;W with 833 (~100 ml/hr) of

104 mEq NaCl and 15 mEq D;W5.9%NS with 22 mEq
KCl KCI (~27 mEq KCVL) (this

approximation facilitates
care)®

/3 maintenance: 333 ml D;W
with 10 ml NaCl and 7 mEq
KClI
TOTAL: 833 ml with 114 mEq
NaCl and 22 mEq KCI
III. 9-25 hr 12 deficit 1167 (~75 ml/kg) of
/3 maintenance DsW.9%NS with 28 mEq
KCI (~24 mEq KCI/L) (this
approximation facilitates
care)

@ If patient is acidotic with HCO3; <11 mEq/L or pH <7.1 (on the basis of

metabolic acidosis), /3 of sodium should be administered as NaHCOj.
(Barkin RM, Rosen P (eds): Emergency Pediatrics. 2nd ed. CV Mosby, St. Louis,

1986.)
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Inadequate History

The caregiver may be unfamiliar with the child’s history, underlying
medical problems, and normal appearance. Furthermore, they may be poor
historians. Historical evidence, although only confirmatory, can be an es-
sential component of evaluation of subclinical dehydration. The nature of
the vomiting and diarrhea can lead to focusing on fulminant conditions,
such as salmonella or shigellosis, which can lead to rapid progression of
dehydration. Other adults who are involved in the child’s care should be
contacted for historical information if possible.

The Emaciated Infant

The absence of subcutaneous tissue makes it difficult to evaluate the
emaciated child for subtle signs of dehydration, especially skin turgor qual-
ity. In many cases, such children have a chronic deficit and may develop an
acute illness leading to acute deterioration.

Failure to Appreciare the Acuity of
the Process

Perhaps the most common mistake is the failure to recognize the sever-
ity of the illness and the relative risk of the child to progress rapidly and
rreversibly. The first problem is inherent with a lack of familiarity with the
subtleties of taking a history and performing a physical examination on the
infant compounded by an inherent anxiety. There is also an underlying
assumption made by many that children are healthy and need to prove that
they are ill. This is a particularly dangerous position, especially when
placed in the context of a child’s unique ability to compensate for intravas-
cular depletion. Children can maintain a compensated state for an extensive
period, responding with marked vasoconstriction and tachycardia, often de-
tected only with measurement of orthostatic vital signs. Acidosis may be an
early indication of the severity of the process. Once these compensatory
mechanisms are no longer effective, however, uncompensated shock with
rapid progression to irreversible shock occurs and management becomes
increasingly difficult. The point is obviously to recognize the problem early
and initiate trcatment then.

TREATMENT
Failure to Trear Shock

The progression from dehydration to fulminant shock may be precipi-
tous. Delay in initiating treatment to the dehydrated infant is unacceptable.
There are several reasons why shock might go untreated.
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Lack of Recognition

The diagnosis of shock secondary to dehydration is a clinical diagnosis.
Lack of end-organ perfusion and respective clinical signs is the key to diag-
nosis.

Failure to Monitor Inadequate Therapy

Although therapy is calculated, it must be monitored. Miscalculations
or ongoing losses can easily result in lack of adequate therapy.

Vrong Fluid or Fluid Rate

Initial treatment of the child with marked dehydration and shock is
volume expansion, irrespective of the reason for the hypovolemic state. The
initial focus must be on restoration of the vascular volume. All patients with
compromised volume status, particularly those with abnormal vital signs,
must be given an immediate infusion of fluids. Laboratory analysis should
be initiated early, but initial fluid resuscitation must be started upon the
patient’s arrival and not await these confirmatory data. It may be adjusted
later as more clinical and laboratory parameters become available.

Fluid therapy should include a rapid infusion of 5 percent dextrose and
lactated Ringer’s (DsW LR) at a rate of 20 ml/kg (adult 1 to 2 L) over 10 to 20
minutes in the moderate or severely dehydrated child. If the child is in
shock, this should be pushed as fast as possible. If there is a poor therapeutic
response to the initial infusion, an additional fluid bolus of 10 ml/kg may be
given over 20 to 30 minutes, assuming normal renal and cardiac function.
This second infusion may be repeated for a total infusion of 40 ml/kg during
the stabilization period. Laboratory values are not necessary before therapy
can be started. The use of these guidelines in the child without known renal
or cariac disease is a relatively safe approach to management and is cer-
tainly the desirable option when confronted with a child with intravascular
depietion. The alternative is to allow shock to progress beyond salvage.

Glucose should be omitted if diabetic ketoacidosis is the underlying
etiology. It is not required if the patient is over 8 years of age and has a
normal glucose and nutritional status or is in acute hypovolemic shock on
the basis of blood loss.

If a poor response is noted in the severely ill dehydrated child following
two fluid pushes (i.e., no urine output, continued abnormal vital signs, poor
perfusion, ongoing losses, or suspected cardiac or renal disease), central
venous pressure or pulmonary capillary wedge pressure may be measured.
Urinary output should be maximized.

Failure to Address Associated Abnormalities

Metabolic and acid-base abnormalities are commonly encountered and
need to be considered in the management of the dehydrated child. However,
paramount to identifying such problems must be the recognition that the
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initial stabilization will be the same as described above—rapid infusion of
isotonic crystalloid.

Acidosis

Dehydrated children are often acidotic, and the degree of acidosis is
worthy of monitoring on an ongoing basis as one parameter in measuring
the efficacy of the therapeutic plan. Furthermore, acidosis is often one of the
earliest objective parameters in assessing a compensated shocklike state.
Rarely is specific therapy required. Fluid resuscitation and improvement of
perfusion are usually adequate without bicarbonate therapy. Serum bicar-
bonate should be monitored, while ABGs are indicated only if there is a
marked delay in obtaining serum values or there is some question of hy-
poxia or hypercapnia.

Hypocalcemia

In the severely dehydrated child in shock, hypocalcemia may develop
during prolonged resuscitation and support. Because of the recent evidence
regarding the lack of efficacy of calcium during cardiopulmonary resuscita-
tion, the role of calcium infusion must be weighted carefully and not initi-
ated until there is documented evidence of a deficit.

Hypoglycemia

Children with vomiting and diarrhea as the underlying pathology for
dehydration may have impaired nutritional stores and may benefit from
glucose infusion early. Many recommend that the initial fluids include dex-
trose, while others suggest that dextrose be added to the crystalloid infusion
once the initial stabilization period has been passed. Either is acceptable,
but certainly it is imperative to monitor the glucose metabolism. Diabetic
ketoacidosis and children over 8 years of age do not require dextrose admin-
istration.

Hyponatremia or Hypernatremia

Hyponatremia results from either decreased intake of sodium with re-
spect to the amount of water ingested, excessive sodium loss, or excessive
water intake. By contrast, hypernatremia usually stems from excessive in-
take or decreased body water in the face of a normal total sodium. Identifica-
tion of these states is essential beyond the initial stabilization period and
correction of any deficits over the subsequent 24-hour period.

Potassium

Only 1.5 to 2.0 percent of total body potassium is in the ECF and is
measured by serum values. During metabolic acidosis, renal secretion of
potassium is decreased. For every 0.1-decrease in pH, serum potassium
increases by about 0.5 mEq/L. Abnormalities in potassium can have an
impact on cardiac conduction as well as on the GI tract.
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Complications of Therapy

Overhydration

With appropriate attention to the volume of fluid infused, children
should not be significantly overhydrated. Volume-limiting devices such as
Buretrol or Soluset should be inserted in an infusion line to minimize inad-
vertent excess fluid infusion. The real danger comes with the clinician who
fails to pay attention to both the volume and the type of fluid infused. If care
if taken, overhydration should not be a problem. In most cases, overhydra-
tion is safer than inadequate fluid resuscitation in the dehydrated child.

Sodium

Correction of sodium deficits must be done with care. Hyponatremia is
usually corrected over 24 hours, using normal saline as the solution. It is
essential to correct hypernatremia over 48 hours using a variety of solutions
based on both personal preference and scientific data supporting the infu-
sion of fluids ranging from 5 percent dextrose in water (D;W) 0.2 percent to
0.9 percent normal saline (0.9% NS).

Acidosis

A conservative active correction of any noted acidosis i1s essential to
prevent creating alkalosis. Many of the arguments that support constraint
are parallel to those leading to a marked restriction in the use of sodium
bicarbonate in cardiopulmonary resuscitation and diabetic ketoacidosis.

Potassium

Because of the ever-present potential for acute renal railure and hy-
perkalemia, the addition of potassium to intravenous fluids should usually
be withheld until the patient urinates or if the history supports good uri-
nary output. :

Difficulty in Obraining IV Access

Venous access in the dehydrated child may present substantial logisti-
cal problems to the clinician. In the severely ill child, peripheral and central
sites may be considered. A more recent alternative is intraosseous infusion.
Peripheral sites are commonly used, particular attention being given to the
traditional sites as well as the external jugular vein, which is often over-
looked.

Central access is rapidly achieved by those experienced with the tech-
niques. The relative risks must be balanced by necessity to gain access and
alternative routes. Many prefer to use the internal jugular or subclavian
veins: however, this route has substantial risk in terms of pneumothorax,
interferes with airway and ventilation intervention, and has a relatively
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high resistance to rapid fluid infusion. The femoral vein is the preferred
route in many settings.

Venous cutdown is a good option. The saphenous cutdown at the ankle
can be easily monitored and performed quickly. Intraosseous infusion offers
a mechanism with which to infuse fluids while a more definitive route is
being established. The technique commonly involving insertion of a bone
marrow or spinal needle into the tibia and has been demonstrated to be very
effective in fluid resuscitation on a transient basis pending direct venous
access. However, the long-term and short-term safety has not been defi-
nitely established and further research is required.”

Oral Routes

The use of oral rehydration techniques has been popularized of late. In
selected settings there has been repeated success with substituting oral
rehydration for the traditional intravenous route. Using solutions with 75
to 90 mEqg/L of sodium and 2.5 percent dexirose, children with moderate,
and even severe dehydration may be resuscitated using the oral route. How-
ever, such a technique requires the childs cooperation and may be difficult if
vomiting is ongoing. Intravenous therapy has an identical efficacy.!?'*

Oral hydration is usually totally adequate in the child with mild dehy-
dration who can tolerate oral intake. If oral fluids are not initially tolerated,
an initial parenteral fluid bolus of 20 ml/kg DsW 0.9 percent NS or D;-
lactated Ringer’s (LR) over 30 to 40 minutes may facilitate intake. Patients
require monitoring of intake, output, and weight. Laboratory tests are
rarely required. Clear liquids (Table 10-10) should be pushed as tolerated by
the child, although slowly in the child who is vomiting.

[deal fluids for the infant include Pedialyte or Lytrew. Podialyte RS is
designed for initial hydration of children with fluid deficit. Other clear lig-

Table 10-10. Commonly Acceptable Clear Liquids ;
HCOy/ Osmolality

Na' K' Cl- Citrate Glucose (mosm/kg
Solution (mEq/L) (mEg/L) (mEg/L) (mEg/L) (mg/dl) H,0)
Lytren 25 25 30 18 945 290
Pedialyte , 45 20 35 30 2,500 250
Pedialyte RS 75 20 65 30 2,500 305
Infalyte 50 20 40 30 2,000 111
Gatorade 28 2 — — 2,105 322
7-Up 4 0.2 — — 3,095 225
Coca-Cola 3 0.1 - 13.4 1,495 600
Pepsi-Cola 2 0.9 - 73 4,900 672
Jello-O water (/2
strength—
strawberry) 10 0.1 — — 1182 253

? Long-chain oligosaccharide subject to hydrolysis.
(Barkin RM, Rosen P (eds): Emergency Pediatrics, 2nd ed. CV Mosby, St. Louis,
1986.)
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Table 10-11. Underlying Causes of
Gastroenteritis

Congenital

Intestinal obstruction
Infection

Acute gastroenteritis

Hepatitis

Meningitis
Trauma

Concussion and head trauma

Intramural hematoma
Intoxication

Iron

Acid or alkali

Gastrointestinal irritants
Vascular

Migraine

Hypertension

Superior mesenteric artery syndrome

Endocrine/Metabolic
Acidosis
Diabetic ketoacidosis
Uremia
Inborn errors of metabolism
Psychiatric
Attention getting
Hysteria
Neoplasm
Chalasia
Improper feeding technique
Hyperthermia

uids, although less desirable because of their variability in electrolyte com-
position, are acceptable alternatives and work well in older children with
only mild dehydration. Contraindicated foods include rice water, tea, and
boiled milk; many fruit juices are hyperosmolar and may draw water into
the intestinal lumen, worsening diarrhea.

Once ongoing losses are decreased, the diet may be advanced, usually
within 24 hours of a restricted clear liquid diet. Milk may then be initiated
slowly, many authorities suggesting that a lactose-free product is better
tolerated by the child with prolonged (more than 7 days) gastroenteritis.

Failure to Address the Underlying Causes |
of Dehydration

Concurrent with therapy of the dehydrated child, the clinician must
focus on the underlying disease process leading to the fluid deficit. Common
entities that must be considered beyond acute gastroenteritis are listed in

Table 10-11.
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SUMMARY

The management of the dehydration in a child, usually secondary to

vomiting and diarrhea, requires intervention on an emergency basis to fore-
stall progression of disease and ultimate decompensation. This initial ther-
apy consists of isotonic fluids and must not await laboratory confirmation.
With proper initial management and systematic ongoing correction of defi-
cits, both morbidity and mortality should be minimal and children returned
rapidly to their normal state of health.
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Problems in the
Management of
1 1 Seizures

Jonathan I. Singer

A seizure 1s an abrupt synchronous depolarization of many neurons
that is propagated to affect end organs. The end-organ response may involve
sensory and motor disturbance, alterations in consciousness, and behavioral
disturbances in variable combinations. The polymorphic expressions of a
seizure are occasionally subtle.

RECOGNITION OF SEIZURE

Most patients who have a seizure complete the sensory or motor activity
or behavioral changes prior to transport to Lthe emergency department. We
become historical investigators indirectly sharing another’s experience.
Most parents, guardians, or caretakers who witness a seizure share their
experience with unreserved willingness. However, we must appreciate that
a good portion of parents believe that the child’s actions reflected a terminal
or near-terminal event.! An initial unguided sympathetic interview may
serve as a catharsis but is uncommonly diagnostic. In their panic, parents
typically distort temporal relationships or concentrate on specific noncon-
tributory details. Historians may be more competent witnesses if the poten-
tially diverse features of a seizure are independently explored. The emer-
gency physician may be able to extract and synthesize cooperatively all the
component parts of their testimony. This chapter anticipates the key ele-
ments of clinical expression. It is promoted as a partial solution to the
problem of seizure recognition.

189
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Aura

An aura consists of motor, sensory, autonomic, or psychic symptoms. It
generally constitutes the initial manifestation of a seizure and occurs prior
to an impairment of consciousness.? Auras in children are typically unpleas-
ant. They include headache, discomfort in the chest, pins-and-needles feel-
ing throughout the body, or complaint of a metallic taste in the mouth.
Vague sensations such as a feeling of fright, of impending doom, or of de-
tachment from the surroundings or feeling vacant are common. Perceptual
distortions in olfactory, auditory, or visual sense are rare. When distinct
hallucinations do occur, they are intensely unpleasant and often alarming.?
Auras, even when present, may not be described if children are developmen-
tally nonverbal or if the seizures occur only during sleep.?

Facial Expression

Involuntary facial expressions that can be quantitated and categorized
according to outlined criteria may be witnessed at the onset of seizure. The
largest number of patients have a cessation of facial muscle movement
creating a blank or neutral expression. Of those who display some emotional
response, sadness is followed in frequency by expressions of fear, surprise,
happiness, and disgust.*

Eye Movement

A frequently encountered complaint is that the eyes turn upward and
disappear behind the upper eyelids, leaving only a rim of sclera visible
between the half-closed eyelids. Sustained eye opening and fixed gaze is
most common with seizures in infants under 1 month of age.® Quiet staring
at any age is generally associated with a change in facial expression. Re-
peated blinking may be the sole observable feature of clonic motor activity.

Unsustained wandering or seemingly voluntary eye movements are
uncommon. More often there is involuntary, sustained, unnatural, tonic,
conjugate deviation, which may be associated with nystagmus. The nys-
tagmus may last for 60 to 90 seconds and may be accompanied by blinking.®
It is more common for the eye movements to be associated with ipsilateral,
forced, tonic head movement—versive movement. Involuntary movements
of the eyes and head results in sustained unnatural positioning that cannot

be interrupted.

Unresponsiveness

Variable degrees of clouding of consciousness occur with seizures. Pa-
tients may have either transient or prolonged loss of contact with surround-
ings. Disorientation or confusional states may occur without abnormal mo-
tor activity or may be associated with immobility. Patient unresponsiveness
may be due to apraxia, dysarthria, or preoccupational awareness of other
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seizure manifestations. Desire for uninterrupted sleep lasting for minutes to
hours may also be seen.

Abnormal Speech and Vocalization

An inarticulate or gutteral sound created by forced expiration through
a closed glottis may attract the attention of a caretaker. Equally alarming
to an observer is the responsive patient whose verbal activity may suddenly
be cut off. Those whose seizure is associated with mutism cannot be engaged
in conversation, nor are they able to answer questions or repeat phrases.
Mutism ends as abruptly as it was initiated.”

Motor Activity

Seizures without abnormal motor activity (nonconvulsive) are far less
common than convulsive seizures where muscular contractions are promi-
nent. In convulsive seizures, movement is more often rhythmic than asyn-
chronous. With subsequent seizures, the movements are repetitive and ster-
eotyped and often affect the same muscle groups. The contractions can occur
continuously or in series and may last seconds to days.’

The extent of motor activity may range from isolated regions such as
eyelids, mouth, and hands, without disturbing posture, to involvement of
the entire trunk, face, neck, and extremities. The movement may be con-
fined to a single area of the body in which the movement starts. Motor
activity may only extend to adjacent body parts, such as conjugate eye
movement, with tonic or clonic contractions of the facial muscles. The ver-
sive movement may have accompanying clonic movement or tonic posturing
of the upper limbs, creating a fencing position with elbow flexion followed by
abduction of the shoulder to 90 degrees with the patient looking at a fist.®

With some seizures, there may be an extensive progressive march in a
regular way, stereotypically in every new attack from the initial focus to all
other parts of the body.? Only newborns exhibit motor activity of one ex-
tremity that migrates randomly to other extremities.®

In older children, the motor activity may be generalized from the start.
The motor activity may be simple, expressed as either tonic stiffening or
clonic with symmetric jerking. Motor activity may occasionally be inte-
grated into such complex activities as repetitive walking in small circles or
picking up and turning objects.!?

Loss of Body Tone

Seizures may be manifest as selective or generalized loss of body tone.
Such loss of body tone is abrupt in onset. If sitting, the infant may lose only
head control and have nodding spasms, or loss of motor tone of the trunk
may lead to forward flexion spasms. If the child is walking the abrupt loss of
motor tone may make the child fall suddenly forward in a position mimick-



192  Problems in Pediatric Emergency Medicine

ing a salaam greeting. Those patients who lose body tone may either remain
on the ground motionless and unconscious for 1 to 2 minutes, or they may
abruptly arise with perhaps a brief phase of confusion.!' As these attacks
are rapid and the patient has no warning, sitting or standing children will
fall with no opportunity to protect themselves with their hands. Such falls
often result in repeated facial or head injury. As a postictal phenomenon,
paralysis may result.'?

Behavioral Changes

It may be difficult to establish behavioral changes as a seizure, espe-
cially if the abnormal behavioral is the only or major manifestation of o
seizure.'® Children who have no mental disturbances interictally without
provocation may suddenly exhibit mood alterations or abnormal behavior.
The most common mood alterations observed as seizures are fear, followed
in frequency by feelings of sadness and happiness. Feelings of anger and
disgust are rare.* Behavioral disturbances that may occur as manifestation
of seizures include poor memory, restlessness, agitation, irritability, uncon-
trolled emotional outburst with euphoria or laughing, and crying. Abnor-
mal verbiage that includes inappropriate flow of words, delusions, or para-
noid ideation may be expressed. These sudden changes in mood and
behavior may end abruptly but may alse gradually abate.?

Involuntary Actions

Involuntary actions during seizure activity are called automatisms.
This repetitive and stereotypical behavior is poorly coordinated or frag-
mented. The types of automatic behavior that occur vary from patient to
patient but tend to be similar from seizure to seizure in the same patient.?
These disjointed behaviors include sitting, standing up, fumbling with a
belt, rocking, dropping objectives, placing hands over eyes, snapping fin-
gers, scratching, grimacing, yawning, chewing, lip smacking, and tongue
movements. Neonatal automatisms include paddling, swimming, or rowing
movements of the extremities. Most automatisms occur de novo and do not
appear to be reactions to environmental stimuli.? Occasionally some ictal
automatisms can persist as a continuation of the activity the patient was
engaged in before the seizure.!* Sometimes during automatisms it is possi-
ble to elicit partial responsivity to environmental stimuli.® However, in
most cases, the patient is totaily unresponsive during automatisms and is
generally amnesic for the gvents. Automatisms may accompany versive
seizures.® Automatisms may follow the loss of body tone.!

Respiratory Distress

Breathing difficulties accompany various types of seizures. Circumoral
cyanosis, is common during the tonic phase of generalized seizures, when
respiration may be. suspended. This apneic phase is typically brief and
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rarely prolonged. Respirations are jerky and sonorous during the clonic
phase.

Cyanosis and altered consciousness may accompany pure apneic events
that are the dominant manifestation of a seizure in the newborn. Such
apneic seizures may last 1 to 2 minutes.' Isolated apnea is unusual as the
only manifestation of seizure beyond the neonatal period.'®

Laryngospasm may be a solitary manifestation of seizure. The patient
may exhibit a short cough followed by intensive inspiratory effort, with
severe air hunger, generally withoutl stridor. The attack may last 2 to 3
minutes and may be associated with cyanosis.!”

Dysrhythmia

Patients who have primary rhythm disturbances may present with non-
convulsive or convulisive seizures. The most important dysrhythmia to rec-
ognize occurs with the congenital long QT syndrome. In children with con-
genital long QT syndrome. ventricular tachycardia, and fibrillation have
been documentied ! efore and during frank seizure activity.'® Such attacks
are often precipitated by acute arousal reactions engendered by loud noise,
emotion such as fright, or acute vigorous physical exertion.'” Unexplained
syncope, deafness, or a history of sudden death in the family or seizures in
other family members =hould arouse suspicion of hereditary QT prolonga-
tion.?

Loss of Control of Body Fluids

During the clonic phase of seizures, the jaws move rhythmically; appar-
ent chawing motion of saliva produces foaming oral secretions. If the mu-
cous membranes have been bitten, the {oam may be bloody. The foam may
be pink or blood tinged if the patient has compounding pulmonary edema %
Young infants, particularly those under 1 month of age, may drool as a
manifestation of seizures.?”

Unexplained urinary or fecal incontinence may be clues to seizure ac-
tivity.

INFLUENCE OF AGE ON DIAGNOSTIC ACCURACY

The age of the patient may influence the clinician’s ability to diagnosis
a seizure. The expression of neurclogic dysfunction in younger and smaller
infants may be nonspecific and ambiguous. The ambiguity is intensified in
preterm and term infants under 1 month of age. Inconsistent neurologic
response-to insult in neonates is partially explained by morphologic and
biochemical immaturity of the central nervous system (CNS). The very
young have incomplete development of intracortical connections, delayed
myelination of the corpus callosum and corticospinal tracks, and early de-
velopment of inhibitory networks than of excitatory circuits.>® Restlessness,
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tremor, jitteriness, decreased motor activity, decreased motor tone, apa-
thetic response to the environment, and high-pitched or weak cry are the
principal manifestations of neonatal brain disturbance. These manifesta-
tions of underlying brain dysfunction may occur without pathologic electro-
encephalographic (EEG) changes. Altered suck, refusal to feed, apnea,
bradycardia, tachycardia, cyanosis, peripheral vasoconstriction, and tachy-
pnea may also be seen with neonatal brain disturbance unassociated with
EEG changes.?

Apnea with or without bradycardia, vasomotor instability, and abrupt
change in respiratory patterns may occur as ictal phenomena.?-28 There-
fore, without a concurrent EEG tracing, it may be difficult during the neo-
natal period to differentiate a true ictal pattern from other nonictal phe-
nomena resembling seizures.?22?

Infants under 1 year of age with seizures may occasionally be difficult to
diagnose accurately. These children readily display reflex activity resem-
bling seizures with little provocation. Once older then 1 year of age, children
with seizures are generally recognizable, unless the seizure lacks motor
activity or altered consciousness.

DIFFERENTIAL DIAGNOSIS

Historians occasionally verbalize sequential events that may be unjus-
tifiably attributed to seizures.?° Diseases or syndromes that may lead to an
erroneous diagnosis of seizure disorders are varied (Table 11-1). The follow-
ing comments are offered about selected conditions that may arouse suspi-

cion of epilepsy.

Reflex Anoxic Syncope

Juvenile breathholding spells and adolescent fainting attacks are clini-
cal expressions of vasomotor instability in progressively advancing ages.
For example, in breathholding the toddler strikes the head in a minor fall

Table 11-1. Conditions that Simulate Childhood Seizures

Infancy Early childhood Adolescence

Tremor Breathholding spells Vasomotor syncope (faint)
Jitteriness Venipuncture fits Orthostatic hypotension
Dysrhythmia Swallowing syncope Dystonic drug reaction
Apnea Postmicturitional syncope Rage attacks
Sandifer’s syndrome Cough syncope Pseudoseizures
Micturitional shivering Paroxysmal choreoathetosis Hysteria
Decerebration fits Complicated migraine Hyperventilation

Tics

Masturbation

Night temors

Narcolepsy
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but does not cry. The parent finds the child with eyes fixed upward, wit-
nesses truncal stiffening, then brief jerking movements of the extremities
associated with acrocyanosis, followed by limpness. The child may then
awaken briefly and then returns to sleep. These events occur most com-
monly in the 6- to 8-month-old group and are rare beyond 6 years.?! Such
attacks are precipitated by external factors, such as anger, discipline, or
frustration. Painful stimulation such as cuts, minor blows to the head, or
spanking are precipitating events in children under age 2. Venipuncture
can precipitate the event in an older child.??

Older children and adolescents may become syncopal from emotional
stimuli or experience orthostatic difficulties. Those who are repeatedly syn-
copal may complain of nausea, inability to suppress yawning, dyesthesias of
the face and extremities, heightened awareness of cardiac activity, and a
generalized feeling of weakness prior to loss of consciousness.?® In all age
groups, the genesis of the syncope lies in the afferent—efferent loop between
the brain stem reticular formation and the cardiovascular system. Increased
vagal tone leads to profound bradycardia or brief asystole.?* Carotid and
vestibulobasilar insufficiency result in loss of consciousness. If the ischemia
is prolonged, electrical cortical inhibition of the brain stem is suppressed
allowing for tonic spasms.?? Vagotonic procedures such as ocular compres-
sion, carotid body massage, or facial emersion in ice water may reproduce
the clinical expression of reflex anoxic seizure in these patients. Those pa-
tients who have postmicturitional syncope or cough syncope can be confi-
dently diagnosed when there is an accurate description of the precipitating
events.3®

Decerebration

Central transtentorial herniation or acute anoxia can lead to intermit-
tent episodes of decerebrate posturing that can be misinterpreted as seizure
activity.?¢ Generalized tonic extension dominates. The legs are always rig-
idly extended, but the arm position is more variable. In the fully developed
extensor spasm, there is internal rotation of the shoulder as well as elbow
extension and hyperpronation. The wrist and finger positions are those of a
clinched fists. Differentiation of extensor posturing from seizures may be
particularly difficult in the first month of life.?7

Dysrhythmia

Non-life-threatening bradycardic and tachycardic dysrhythmias in
childhood may be associated with ineffective cardiac output and decreased
cerebral blood flow.33 As these conduction disturbances are recurrent, pa-
tients present with repeated attacks of lightheadedness or frank syncope. In
some patients, brief, clonic movements occur as consciousness is lost, and
the episode may be confused with a true seizure. Simultaneous monitoring



196  Problems in Pediatric Emergency Medicine

of the EEG and electrocardiogram (ECG) during an episode reveals normal
electrical discharges.3

Dyskinesia

Involuntary movements in children occur principally with structural
abnormalities of the cerebellum or impaired dopaminergic, cholinergic, and
GABAminergic transmitters within the basal ganglia. With few exceptions,
both congenital and acquired diseases associated with movement disorders
are insidious in onset and associated with either coordination difficulties,
abnormal speech, emotional lability, or mental deterioration. Only several
states have clinical manifestations commonly associated with, and mis-
taken for, seizures. They include dystonic drug reactions, paroxysmal cho-
recathetosis, and dyskinesia during the acute phase of bacterial meningitis.

Phenothiazines, even in therapeutic doses, can lead to involuntary ex-
tension and twisting of the neck, shoulders, and arms, often with oculogyric
crisis. This activity resembles a tonic seizure, but the patient remains alert
throughout the episode.?® Diphenylhydantoin at therapeutic levels has been
reported to induce movement disorders, including choreoathetosis, dystonia,
and asterixis.*” Similarly, carbamazepine at therapeutic levels may produce
multiple motor tics*' or, at toxic levels, produces facial dyskinesias and
choreoathetosis.*?

Paroxysmai choreoathetosis is an uncommon disorder characterized by
involuniary movements triggered by anxiety or initiation of movement.
Episodes are paroxysmal, brief, and usually unilateral. They are character-
ized by arm abduction, elbow fiexion, forearm pronation, wrist dorsifiexion,
and digital flexion. Auras, dysarthria, or facial grimacing may accompany
attacks.®

Focal athetoid movement of a single extremity or generalized chorei-
form movements of all extremities have been described in children during
the course of treatment for meningitis. Such movement may be of abrupt
onset and severe enough to resemble seizure activity.*

Tics, tremor, and jitteriness are occasionally confused with motor activ-
ities that accompany seizures. In children, tics involve primarily the head,
neck, and shoulders. They consist of complex movements such as facial
grimacing, eye blinking or rolling, head nodding, and shrugging of the
shoulders. In contrast to seizures, these attacks are all precipitated by exter-
nal factors. Tremors usually involve multiple muscle groups and have a
rhythmic to-and-fro movement, in contrast to seizures, in which movements
are more abrupt, with a distinct interval between each movement.? Jitteri-
ness is characteristically a disorder only of the newborn period. In contrast
to seizures, jitteriness is exquisitely stimulus sensitive; the alternating
movements are rhythmic, not jerking.?? Infants with jitteriness tend to have
enhanced deep tendon reflexes. In addition the jitteriness may be dis-
minished by passive limb flexion.
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Complicared Migraine

Classic migraine headaches are usually diagnosed in children when
transient autonomic, visual, motor, or sensory phenomena accompany the
incapacitating headache. However, when migraines are atypical or compli-
cated, they may resemble seizures.

In basilar artery migraine, the attacks are sudden. Visual disturbance,
vertigo, ataxia, loss of postural tone, dysarthria, 2nd tinnitus may be seen in
varying combinations. Impairment of consciousness as part of the syndrome
is variable. The headache may occur only after other symptoms resolve.
Diagnosis 11ay not be apparent until there are repreated stereotypical at-
tacks. As with hemiplegic migraine, a strong family history is often encoun-
tered.®

In the hemiplegic variant, significant motor and sensory deficits of a
unilateral nature accompany the headache. The paralysis, usually of sev-
eral hours’ duration, may precede, accompany, or follow the contralateral
head pain.*® Diagnosis may be apparent only after repeated episodes. Differ-
entiation from a primary seizure disorder may be compounded by the occa-
sional occurrence of tonic-clonic motor activity with an attack.4”

In confusional migraine, children may experience aberration of time
perception, distortion of body image, or impaired visual analysis of the
environment while remaining lucid and oriented to place and person.** The
confusional state may last as long as a day.*” Behavioral alterations during
episodes may resemble nonconvulsive seizures. They may only be recogniz-
able as a complicated juvenile migraine variant when associated with scintil-
lating scotoma or incapacitating headache.*?

Sieep Disturbance

Periodic episodes of night terrors bear resemblance to seizures. Several
hours after falling asleep, parents are alerted to difficulties as the child
screams Inconsolably. Those affected seem to be in a state of panic. They
may tremble and stiffen out. Children exhibit semipurposeful behavior,
such as walking throughout the attack, which may last several minutes.
Children cannot be aroused. The terror abates, and the child falls back to
sleep and is amnesic for the event.?

Rage Arracks

Rage attacks or the episodic discontrol syndrome may resemble noncon-
vulsive seizures. These attacks usually begin during adolescence. Recurrent
rage attacks occur suddenly, with minimal provocation. Patients typically
exhibit uncontrollable, seemingly psychotic, behavior. After the attack,
they may have amnesia and fatigue, and occasionally remorse may occur.
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Physical violence such as scratching, fighting, biting, kicking, or spitting, is
typical.’! This violent behavior is in contrast to true seizures, in’ which
directed physical violence is unusual.??

Pseudoseizure and Hysteria

Children manifesting pseudoseizures willfully produce or feign episodic
stereotypical behavior, whereas those exhibiting hysteria display the be-
havior involuntarily. Pseudoseizure and hysterical seizure patients mimic
true seizures by their abrupt onset. However, bizarre clinical features can-
not be explained on sound neurophysiologic grounds. No abnormal electrical
discharges occur before, during, or after the event. Pseudoseizures may
occur in children of normal intelligence, with no evidence of hysterical per-
sonality, conversion reaction, or other apparent psychiatric disorder.5® Pa-
tients with hysteria often have associated intellectual and cognitive impair-
ment.>* Patients with either condition may have additional complaints of
paralysis, snycope, vertigo, paresthesias, blindness, or diplopia.®

SIGNIFICANCE OF HEAD TRAUMA

All children, especially the young, are continuously vulnerable to head
trauma during the course of their usual daily activities. The history of a
recent injury may be difficult to ascertain with certainty. Nevertheless, the
physician who confronts a child with seizure must interpret any information
gathered from guardians, parents, playmates, and prehospital care takers
about head trauma. Impact seizures closely following a head injury may
present a diagnostic challenge.

An estimated 1 to 7 percent of pediatric patients under 16 years of age
sustain a seizure within 1 week of a head injury.?® Sixty to 80 percent of
those who seize will have the convulsion within 24 hours of the trauma.5” Of
these, one-third seize within 1 hour and one-half within 3 hours of the head
injury.5® Of those who are provoked to seize following head trauma, focal
motor seizures are seen in 75 percent of cases, and 10 percent with general-
ized motor seizures will present with status epilepticus. The latter is most
common in children under age 5.57

Current practice advocates a careful neurologic evaluation of the pedi-
atric patient with suspected impact seizure and a strong consideration for
cranial computed tomography (CT). Unfortunately, there are no absolute
criteria for pediatric CT scanning following isolated head injury.5%€0 If one
commits all post-traumatic seizure patients to immediate CT, as advocated
by some,®! the rare space-occupying lesion will not be overlooked. However,
such a decision is inflexibly rendered in isolation of the clinical environ-
ment. The efficacy of screening for mass lesions would increase in specific
situations (Table 11-2). Most of the circumstances delineated are associated
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Table 11-2. Indications for Cranial CT
in Children who Seize
After Head Injury

Multiple trauma

Unconsciousness for greater than 10 min-
utes

Decreasing level of consciousness

Focal neurologic deficit

Suspected, proven skull fracture

Suspected intracranial hypertension

Suspected child abuse

Previous craniotomy with shunt in place

Anticonvulsants needed to abort seizure

Age: less then 1 year

with increased likelihood of space-occupying intracerebral pathology.5” In
low-risk situations, such as a brief impact seizure following trivial head
injury in a child above 1 year of age, a neurologic examination can dictate
the extent of diagnostic intervention.

SEIZURE ASSOCIATED WITH FEVER

It is crucial to distinguish those previously healthy children who seize
with fever who have benign intercurrent illnesses from those whose fever
and seizure occur as a result of CNS infection or other serious infection.
Most authorities are in agreement as to the characteristics that separate the
two groups.

Ninety-five percent of children who seize unrelated to intracranial or
serious infection are between 6 months to 5 years of age.®? They have no
preexisting neurologic or developmental abnormalities and are without his-
tory of epilepsy. Their convulsion occurs early in the course of the illness.
The seizure may be the first sign that alerts guardians to the existence of
the fever. In general, fever will be present for less than 24 hours.®® The
seizure is brief and self-limited.!? The seizure is either single or, when
multiple, occurs in a series having a total duration of less than 30 minutes.5
In 85 percent of cases, the seizure is generalized, clonic, or tonic-clonic
without focal or lateralizing features.®> The seizure is followed by a brief
postictal somnolence phase, during which no neurologic abnormality can be
appreciated. An extracranial focus of infection may be apparent on exami-
nation or the source for fever may not be apparent in spite of detailed
history and optimal physical examination.?® Further seizures are unlikely
within 24 hours.5’

Several historical and clinical features of a seizure coincident with fe-
ver increase the probability of focal infection or serious illness. The first
historical aberrancy is a child younger than 6 months or older than 5
years.%® Children who have seizures 24 hours after the onset of fever are at
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Table 11-3. Characteristics of Seizure with
Fever that Suggests Focal
Infection or Serious Illness

History

Age: less than 6 months, more than 5
years
occurrence late in illness

Visit to physician within 48 hours

Prolonged seizure, requiring anticonvuls-
ants

Focal or akinetic seizure

Repeated seizures during one febrile ill-
ness

Prodromal CNS derangement

History of pica

Presence of explosive diarrhea

Physical Examination
[ll appearance
Abnormal physical examination
Abnormal findings on neurologic examina-
tion

increased risk of having a significant illness.%? The history of a physician
visit within 48 hours prior to seizure with fever or the occurrence of the
seizure on arrival at the emergency department identifies children at risk of
meningitis.”™

Those who require anticonvulsant therapy to abort the seizure either in
the prehospital setting or within the emergency department have had a
prolonged seizure that increases the risk of serious infection. A focal seizure
with fever increases the likelihood of intracranial infection.” Multiple sei-
zures during the course of a single febrile illness should raise suspicion for
CNS infection, metabolic derangement, or electrolyte disorder.'? A history
of preceding neurologic symptoms, such as headache, head tilt, morning
vomiting, visual impairment, ataxia, altered mentation, or a history of
pica prior to the seizure, raises a possibility of intracranial hypertension or
structural lesion.” Those patients who seize concurrent with frequent pas-
sage of loose stools, possibly mixed with blood or mucus, are likely to have
an enteric pathogen, with potential complications of bacteremia, dehydra-
tion, electrolyte imbalance, or acid-base abnormality.”

The risk of serious infection in febrile seizure patients is greatest in
those who appear ill. The young child’s quality of vocalization, eye function,
motor behavior, and response to the environment are beneficial to the inter-
pretation of the degree of illness.”™ Serious illness is predicted in infants who
are inconsolable when held or fed or who are unresponsive to the examiner
or parents.”™ Although subjective, identification of serious illness based on
ill appearance and toxicity is facilitated as children advance in age.”® A
child who has seized and who exhibits any constellation of abnormal physi-
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cal findings that includes cranial bruits, nuchal rigidity, full fontanel, ta-
chypnea, rales, grunting respirations, gingival lead lines, petechiae, poor
skin perfusion, soft tissue erythema, and induration or cyanosis is likely to
have a serious illness.”""-"® Abnormal neurologic findings that predict seri-
ous illness include increased or decreased motor tone, nystagmus, positive
doll’s eye sign, inability to fix and follow, lethargy, inadequate response to
verbal command, no response to painful stimuli, or focal findings such as
hemiparesis.'2 7

SEIZURE UNWITNESSED

A seizure is but one of many events that can occur with such rapidity in
a child that it is possible for an observant adult not to witness the entire
episode. As a partial observer, the parent may not be able to reconstruct the
action with enough accuracy to make the history valid. However, unex-
plained facial trauma, incontinence, somnolence, headache, confusion, or
confabulation should arouse suspicion of a seizure. It is appropriate for the
emergency physician to convey any suspicions to the primary care physician
and to arrange for an EEG. It is unlikely that the patient will have another
seizure during the recording, but the interictal record may display spike
discharges that provide presumptive evidence of a seizure disorder.” There
is no justification to withhold therapy if the EEG is abnormal. Those pa-
tients who have a single seizure and an epileptiform EEG when begun on
anticonvulsants have fewer recurrences than do those for whom therapy is
withheld until subsequent seizures.?’

FAILURE TO RECOGNIZE AN ACTIVE SEIZURE

Limited morbidity and mortality should be associated with failure to
recognize seizures manife«ted primarily as sensory disturbance, autonomic
dysfunction, or behavioral « hange. Left unrecognized, seizures that present
as confusional states unassociated with motor activity, could lead to bodily
injury in those who are independently mobile. Similarly, those who lose
body tone without exhibiting unusual motor activity may be subjected to
repeated injuries. Those patients who develop altered consciousness are at
risk of an unprotected airway. Patients at greatest risk of permanent dam-
age or death are those who present with prolonged, generalized tonic-clonic
seizures—major motor status epilepticus. These children may develop sig-
nificant alterations in general energy requirements, cardiovascular hemo-
dynamics, and cerebral metabolism. Patients in status may develop hypo-
glycemia, hyperkalemia, hyperpyrexia, dehydration, myoglobinuria, lactic
acidosis, hypotension, respiratory failure, and raised intracranial pres-
sure.?! Ischemic changes may appear within 15 to 30 minutes after onset of
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a continuous seizure and irreversible neuropathologic changes may occur
within 60 to 90 minutes.?? The development of permanent neurologic se-
quelae and potential for death correlates directly with the interval between
onset and termination of the prolonged seizures. Unrecognized and un-
treateig major motor status has carried as high as 10 to 12 percent mortality -
rates.8384

FAILURE TO PROVIDE SUPPORTIVE CARE

As in any critically ill or injured patient, the physician who confronts a
child with prolonged major motor seizure must institute general care mea-
sures that include provision of an airway and assuring adequacy of breath-
ing and circulation. Failure to optimize and protect the airway may lead to
upper airway obstruction or aspiration of saliva or vomitus. Failure to com-
bat hypoxemia and hypoventilation may lead to cerebral anoxia, refractory
acidosis, respiratory insufficiency, apnea, or pharmacologic failure to abort
the seizure. Failure to achieve venous access makes fluid replacement and
pharmacologic termination of the seizure difficult.

When airway-preserving maneuvers and supplemental oxygen are met
with lasting pallor or cyanosis, assisted ventilation with bag-valve-mask is
indicated after insertion of a nasogastric tube. When clinical examination or
arterial blood gas confirms inadequate respiratory function, the clinician
can choose between induction of apnea with benzodiazepines or a nondepo-
larizing neuromuscular blocking agent. Benzodiazepine induced apnea can
be overcome with bag-valve-mask ventilation.? Respiratory depression
with benzodiazepines is preferred by many to blocking agents and endotra-
cheal intubation. The latter facilitates respiratory control but requires on-
going EEG monitoring, since peripheral motor activity is suppressed in the
face of ongoing cerebral neuronal dysfunction.

SELECTING AN INTRAVENOUS DRUG TO TERMINATE
STATUS EPILEPTICUS

Termination of major motor status need not be initiated contemporane-
ously with general care measures. Only seizures that do not spontaneously
resolve require pharmacologic abortion. The intravenous route remains the
preferred route for administration of anticonvulsants. It may take up to 5
minutes to establish a peripheral percutaneous intravenous catheter in a
critically ill child.®¢ Therefore, a seizure that presents for 5 to 10 minutes
may tax vital functions during the ensuing 5 minutes, and efforts should be
initiated to abort the seizure.

Those with a new-onset seizure can often be managed with a single
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drug. Lorazepam, diphenylhydantoin, phenobarbital, paraldehyde, and
diazepam are available for monotherapy of status epilepticus.

Lorazepam

Ativan, a newer benzodiaz~pine, is the ideal drug for the treatment of
status epilepticus. This fast-acting drug has a long duration of action and
limited toxicity.®” The efficacy of Ativan, first noted in adults, has been
documented for children of all ages. In two major studies, doses as low as
0.05 to 0.1 mg/kg have stopped status epilepticus in 75 percent of children
within 10 minutes® and in 92 percent of children with a median latency of 6
minutes.®® Several doses can be administered in 15-minute intervals if nec-
essary to a maximum of 0.15 mg/kg. Seizure control for at least 3 to 6 hours
can be expected in most patients, obviating the need for an immediate
choice of a traditional long-acting anticonvulsant.?® Mild and transient ad-
verse effects noted are sedation, confusion, hallucination, tremor, ataxia,
and vomiting.%%?! Uncommon but significant adverse effects are a loss of
brain stem reflexes, decorticate posturing, and difficulty in handling secre-
tions.%” Cardiovascular depression and respiratory depression have been
seen only when used concomitantly with other central CNS depressants.??

Phenobarbital

For status epilepticus outside the neonatal period, between 10 to 20 mg/
kg phenobarbital infused at a rate of 25 to 50 mg/min is therapeutically
efficacious in abolishing status. Such conventional therapy in the newborn
may fail to control convulsive activity, unless the loading dose is increased
to 30 mg/kg.*? The latency period has individual variation, but often status
epilepticus abates during the continuous administration of the loading dose.
Phenobarbital has the potential to depress the activity of nerves, skeletal
muscles, smooth muscles, and cardiac muscle, as well as a number of cellu-
lar metabolic functions. Cardiorespiratory compromise and impaired cere-
bral blood flow are the immediate limiting toxicities and are encountered
infrequently at lower infusion rates.%

Diphenylhydantoin

Between a 13 to 18 mg/kg loading dose of Dilantin at a rate of 25 to 50
mg/min is successful in abolishing status epilepticus in more than 80 per-
cent of children.® Loading doses of up to 20 mg/kg must be used in the
newborn infant.? Dilantin can be administered manually undiluted into a
vein or an IV line not containing a dextrose solution or diluted with saline
and administered with a constant infusion pump.?” The controlled infusion
reduces the variability in rate of delivery and is less likely to induce cardio-
vascular depression and cardiac dysrhythmia.%
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Paraldehyde

Paraldehyde is a potent anticonvulsant that has long enjoyed the repu-
tation of being a rapidly effective drug, equipotent to phenobarbital in the
treatment of status epilepticus.® In the absence of hypotension or signifi-
cant liver or pulmonary dysfunction, the drug may be a suitable alternative
in children as a first-line drug for the treatment of status epilepticus when
administered at 50 mg/kg/hr.'™ When infused intravenously at a controlled
rate for several hours in the form of a 4 to 5 percent paraldehyde solution in
5 percent dextrose, reported complications from prior decades of increased
coagulation of the blood, as well as pulmonary edema, pulmonary hemor-
rhage, metabolic acidosis, hypotension, or death are not seen.!!:192 Because
paraldehyde controls seizures in newborns or older children that are refrac-
tory to phenobarbital and Dilantin, paraldehyde use is often reserved as a
backup medication. In refractory seizures, successful control can be
achieved with 200 mg/kg IV bolus followed by 16 mg/kg/hr in the new-
born'® and 20 mg/kg/hr in older children.!!

Diazepam

The 88 percent success rate in status epilepticus of Valium compares
favorably to the response rates quoted for Ativan.!'” Valium had been the
drug of choice for status epilepticus since its introduction in the mid-
1960s.1% Neonates have been successfully treated with a continuous infu-
sion of Valium diluted in saline delivering 0.3 mg/kg/hr of drug.'% The
predominant mode of therapy in all age groups has been direct intravenous
injection of 0.1 to 0.25 mg/kg. When delivered slowly up to the point of a
decrease in intensity of the seizure activity or until the patient evidences an
audible sigh, it abolishes the seizure within minutes without depressing
respiration. When given until the seizure ceases or after the patient sighs,
respiratory arrest is often encountered. Apnea after parenteral administra-
tion may also be an idiosyncratic response or an additive response, when
given with other respiratory depressant drugs.*® Other reported toxicities,
such as bradycardia, hypotension, thrombophlebitis, loss of a limb, and
bronchospasm, are less frequently encountered.'?”!® To the disadvantage of
Valium, seizure activity may resume within 10 to 30 minutes of initial
arrest of seizure activity, necessitating either repeated administration of
Valium or use of one of the conventional leng-term anticonvulsants.'%

CIRCUMSTANCES THAT PREJUDICE CHOICE OF AN
INTRAVENOUS ANTICONVULSANT THERAPY

Circumstances may influence the selection of an intravenous anticon-
vulsant to suppress status epilepticus. Patients with status from impact
seizures or bacterial meningitis should receive an anticonvulsant that has
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Table 11-4. Significant Anticonvulsant Interactions

Primary Drug Secondary Drug Primary Drug Secondary Drug
Aspirin Dilantin 171
Ibuprofen
Imipramine
Isoniazid
Aminophylline !
Chloramphenicol ) 171

—_ = —p —>

Aminophylline Phenobarbital
Chloramphenicol
Dilantin 1

— ——

| l

Phenobarbital Paraldehyde
Dilantin

e

no adverse influence on mental or behavioral functions. Dilantin becomes
the drug of choice, as it does not impair consciousness at therapeutic lev-
els.!10

Patients on chronic phenobarbital who present in status are likely to
have subtherapeutic levels. They are best treated with a slow infusion of
phencbarbital pending a drug level. It is best to avoid the use of Valium, as
the synergistic effects with barbiturates may lead to prolonged hypotension,
respiratory depression, or both.''t

Patients on chronic Dilantin therapy who present in status epilepticus
may be noncompliant or, conversely, intoxicated.''? Valium or Ativan would
be preferred therapy pending a phenytoin level. Patients in status epilepti-
cus with underlying renal or hepatic disease who have compromised metab-
olizing capacitiesanay benefit from paraldehyde due to its significant rate of
pulmonary elimination.’

For adolescent girls who would be disturbed by hirsutism and children
of all ages receiving orthodontic treatment, status epilepticus can be
aborted by Dilantin, but a chronic antiepileptic regimen with this drug
would be inappropriate.

Caution should be exerted in administering any anticonvulsant for
abolishing status epilepticus if that drug may change the metabolism of the
added drug or its own metabolism may change in the presence of the second
drug. One must be cognizant of the clinically significant interactions that
may result from changes in drug absorption, elimination, or distribu-
tion!'4115 (Table 11-4).

LACK.OF VENOUS ACCESS

The physician who fails to achieve percutaneous, peripheral, or central
venous access or who is unable to gain venous access by peripheral venous
cutdown must choose another route to treat status epilepticus. Alternate
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routes of anticonvulsant administration include intramuscular, rectal, en
dotracheal, and intraosseous.

Inframuscular Route

It is possible to administer Valium,!'® Dilantin,!'” and paraldehyde.!!
Because absorption may be erratic, local toxicity to tissues may occur and
the length to achieving therapeutic levels is prolonged, intramuscular ad-
ministration of these anticonvulsants should be avoided. Single administra-
tion of 10 mg/kg intramuscular phenobarbital irregularly produces serum
levels at the lowest therapeutic range.!'® Higher therapeutic levels can be
achieved with larger doses.!?° The 45 to 90 minutes it takes to attain thera-
peutic levels makes the intramuscular route less desirable.

Rectal Route

The undiluted intravenous preparation of Valium, when given per rec-
tum, is absorbed rapidly. Although variable, levels can be achieved in the
same range as with an intravenous injection.?! At a dose of 0.23 to 0.45 mg/
kg, therapeutic levels are achieved within 10 minutes and maintained for
30 minutes.'?? At higher doses of 0.5 to 0.75 mg/kg, to a maximum of 20 mg/
kg, seizures are interrupted in 66 percent of children in less than 15 min-
utes.!?3 Respiratory depression, the most serious complication, is unlikely,
unless the patient is chronically taking barbiturates.!23

Paraldehyde, at a dose of 0.3 ml/kg diluted twofold in mineral oil to
enhance absorption when administered by rectum achieves onset of seizure
control in 5 to 10 minutes. Although mucosal penetration may be erratic,
the physician can recognize effective absorption by the smell of pulmonary
excretion. Gastrointestinal hemorrhage is the limiting toxicity.!?*

Endotracheal Route

Prior to 1987, only a single case of endotracheal Valium use in a human
subject was recorded in the literature.!?® Recently, undiluted Valium inject-
able was reported to stop status epilepticus in an infant at a dose of 0.1 mg/
kg endotracheally when attempts at intravenous access proved unsuccess-
ful.’?6 Several studies have demonstrated adequate blood levels in
experimental animals within 30 seconds of endotracheal of 0.5 mg/kg. Lev-
els may be maintained above therapeutic threshold for at least 30 min-
utes.!?” However, the high incidence of pneumonitis seen in the experimen-
tal animal may preclude endotracheal use in the currently available

commercial form,!26
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Infraosseous Roure

The intraosseous route has been shown in the experimental animal to
be an alternate means of rapid and effective administration of Valium.
Comparable blood levels and seizure suppression to the intravenous route
occur with the intraosseous infusion of 0.1 mg/kg Valium.!?® Intraosseous
infusion of Valium in a child has been reported when intravenous access
was not available.'?’

EXTENT OF THE EVALUATION

As seizures may be a manifestation of cerebral insult from diverse
affections, a proper extent of laboratory assessment of an emergency patient
with a completed seizure is unclear. A rational approach groups patients
into categories of either first seizure, recurrent seizure, or seizure associated
with fever.

First Seizure

Recent prospective and retrospective studies have commented on the
standard seizure workup in adults who present to the emergency depart-
ment with a seizure. The routine acquisition of laboratory investigations
regardless of clinical features including chemistries, toxic screen, cultures,
radiography, and CT is deplored.!?*!30 ]t is everyone’s impression that the
yield of unselected screens in the pediatric seizure patient is similarly low.
Pediatric patients can be categorized into metabolic, infectious, inflamma-
tory, traumatic, and toxic categories on the basis of history and physical
examination. Laboratory attempts to confirm a specific etiology for the sei-
zure can be tailored to the clinical circumstance. The history and physical
examination can accurately guide the clinician in choosing those diagnostic
evaluations most likely to have an impact on a child who experiences a
seizure.

One of the two exceptions includes neonates. These subjects have a
limited repertoire of responses to cerebral insult, and a relatively high pro-
portion of their seizures result from potentially correctable metabolic or
inflammatory insults to the brain.!3! The second exception is the child with
hypoglycemia. Causes of hypoglycemia are myriad, and the condition may
complicate toxic, metabolic, and infectious conditions. It is therefore appre-
priate to screen all seizure patients who evidence altered sensorium with a
glucose oxidase tape.

Despite my personal opinion, current literature recites the current lit-
any of electrolytes, calcium, phosphorous, BUN, blood sugar, liver-function
studies, hematologic profile, skull radiography, cultures of blood, stool, and
‘cerebrospinal fluid.32132
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Recurrent Seizure

The most common cause of a recurrent seizure in the patient with a
known seizure disorder is a subtherapeutic drug level. If there is no evi-
dence of intercurrent infection, trauma, or metabolic derangement, the di-
agnostic investigations can be limited to anticonvulsant levels.

Seizure and Fever

Unfortunately, wide variation in diagnostic evaluation of febrile chil-
dren with seizures has been reported.'* If no historic or clinical risk factors
for serious illness exist, diagnostic evaluation for the child who experiences
the seizure in association with fever should be age dependent (Table 11-5).

A well-appearing child under 1 year of age without alarming historic
features and having a negative examination should receive a lumbar punc-
ture. The lumbar puncture should be performed regardless of a history of a
previous seizure with fever or the finding of a source for the fever outside the
CNS."¥* A complete blood count, zeta sedimentation ratio, erythrocyte sedi-
mentation ratio, or C-reactive protein may be used as screening criteria for
acquisition of a blood culture. This should be done only if the clinician is
accustomed to acquiring a laboratory profile to aid the search for occult
bacteremia,'®® or the clinician believes in presumptive antibiotic therapy of
only that subset of patients with confirming laboratory data at risk of occult
bacteremia.'®® Alternately, blood can be cultured without performance of
screening laboratory procedures when patients exhibit temperatures above
39.5°C.137 Urinalysis should be obtained for all female patients. Urine cul-
tures should be sent if bacteruria or pyuria are present. Chest film should be
obtained, even in the absence of objective findings in those with tempera-
tures 40°C who have had fever for more than 12 hours.

Children aged 12 to 24 months who seize coincident with fever have
equal or higher rates of bacteremia than comparably febrile children with-
out seizures.!?® Therefore, a blood culture is justified. A lumbar puncture in
the low-risk group is not mandatory and may be done selectively based on
experienced clinical judgment.'® The often quoted precaution of blunted
nuchal signs in the immediate postictal phase in children under 16 montus
of age should hold.'*° If uncertainty concerning nuchal signs persist after
the initial evaluation, repeated observation is advisable. When doubt re-
mains, performance of the lumbar puncture is the safest choice. Urinalysis
remains an appropriate and noninvasive investigation. Chest radiography
is optional.

Diagnostic testing in low-risk children beyond 2 years of age should be
tailored to the clinical situation. No diagnostic interventions may be appro-
priate in those without predisposing illness, significant exposure, negative
review of systems, and a benign clinical appearance. Bacteremia without
apparent focus of infection is uncommon beyond the second year. Beyond
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Table 11-5. Diagnostic Adjuncts for Those Without Historical or Clinical Risks
Who Seize with Fever

Age
. . 12-24

Diagnostic Adjunct 6-12 months months >2 years
Lumbar puncture Yes Optional Judgment
Blood culture - Yes Yes No
CBC, phase reactants i Yes Yes No
Urinalysis Female Female Female
Chest radiograph Yes Optional No

age 2, those with serious illness are consistently recognized on the basis of
clinical observations.'#!

The febrile patients who seize and have associated risk factors for seri-
ous illness should receive prompt investigation (Table 11-5). The yield from
biochemical investigations and cultures of body fluids is significant.'*?
Those with suspected noninfectious space-occupying intracranial lesions, or
altered cerebral blood flow should have an immediate CT scan.!** Those who
have suspected intracranial hypertension associated with intracranial in-
fection should have a CT scan prior to contemplating lumbar puncture. It
may be ill advised to subject a patient with either altered sensorium with
little or no response to painful stimuli, ophthalmoplegia, pupillary dilation,
papilledema, bulging fontanel, or protracted seizures to lumbar puncture
prior to a diagnostic CT.'** Such patients should have measures to reduce
cerebral edema. They should have prompt administration of empirical anti-
biotic therapy after blood enltures and acquisition of countercurrent immu-
noelectrophoresis, enzyme-linked immunosorbent assay (ELISA), or Latex
partical agglutination.'*® Those stable patients in whom the seizure is com-
pleted and who are suspected of uncomplicated intracraniai infectien should
have phlebotomy prior to performance of lumbar puncturc The patient’s
glucose level should be estimated with a glucose oxidase tape. The esti-
mated value should be confirmed with a serum sample also submitted
for electrolyte determination. Rlood culture and complete blood count
are appropriate. Those not suspected of intracranial infection but who
have a probability of significant electrolyle imbalance based on history
of present illness should also have electrolytes, blood sugar, and blood
urea nitrogen performed.'* Other laboratory investigations are rarely war-
ranted.

INDICATIONS FOR ADMISSION

Guidelines for hospitalization should be based on the type of seizure,
cause of the seizure, general medical profile including the evolving neuro-
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logic status, as well as the projected course over the next 6 to 8 hours and the
quality of parenting.

Admission should be most liberal for patients with major motor sei-
zures, as the potential for morbidity and mortality is greatest in this group.
Those with prolonged or repetitive major motor seizures who require anti-
convulsant administration to abolish the seizure are potential candidates
for prolonged observation. Patients with seizures associated with critical
underlying discases (i.e., adrenal insufficiency, thyroid storm, or intracra-
nial or metastatic tumor) require hospitalization. Those with seizures sec-
ondary to ingestion (i.e., theophylline, Isoniazid), exposure to environmen-
tal intoxicants (i.e., organophosphates), and overzealous therapeutics
(diphenylhydantoin intoxication) and who require antidote administration
or prolonged supportive care should be hospitalized. Patients who seize due
to rapidly reversible metabolic derangement (i.e., hypoglycemia, hypocalce-
mia) may require admission for evaluation of biochemical imbalance. Chil-
dren with tenuous vital signs, poor airway control, or general debilitation
may require hospitalization for preventive or supportive care. Patients who
experience a disturbing postictal phenomenon, such as prolonged altered
sensorium, visual impairment, aphasia, or hemiparesis, are best admitted
for observation. Those with poor guardianship may have to be admitted if
immediate observation is to be guaranteed. Patients who may have been
abused should be admitted.

Hospitalization of previously healthy febrile children with seizures is
carried out more often than necessary.!*® General practitioners admit more
patients than do pediatricians.'®’” No data exist for emergency physicians.
Hospital admission should be reserved for febrile children who have true
hyperthermia illness or who meet high-risk criteria-and have incomplete
investigations of their present illness. Hospitalization is warranted for
proven or suspected extracranial infection associated with significant risk of
intracranial spread or for proven intracranial infection. If a holding area
admission is not possible for febrile patients who seize, inpatient manage-
ment may occasionally be necessary for alleviating parental anxiety.!*®

TRANSFER CONCERNS

The decision to transfer to another facility is best made in concert with
the physician responsible for the patient’s ongoing care. If the seizure activ-
ity is completed and the patient has an active gag reflex and exhibits no
cardiorespiratory depression, transportation in the left lateral decubitus
position under the watchful eye of a skilled attendent who has intravenous
access is acceptable. Patients who are actively seizing, who lack life-sustain-
ing blood pressure, pulse, and temperature, who have unsecured airways,
respiratory depression, and unprotected cervical spine in the face of trauma,
or who lack intravenous access should not be transferred.
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Problems in the
Management of
12 Respiratory Distress

Kim A. Ogle

RESPIRATORY DISTRESS

Respiratory failure is the preceding event in most pediatric arrests.
Because respiratory failure most commonly follows a variable period of
respiratory distress, identification of the child with respiratory distress and
early intervention may prevent the progression to respiratory failure and
cardiac arrest. Assessment of the patient must be rapid and many times is
done simultaneously with treatment. The child’s color, mental status, and
work of breathing should be quickly assessed.

Suprasternal and infrasternal retractions are the hallmark of increased
work of breathing or respiratory distress. As the pediatric patient’s work of
breathing increases, accessory muscles are recruited. Initially, intercostal
retractions appear, followed by suprasternal and supraclavicular retrac-
tions and nasal flaring as the distress worsens. The severity and depth of the
retractions may lessen in the child with severe respiratory distress who
becomes fatigued and can no longer maintain the increased work of breath-
ing. This child will have other signs of impending respiratory failure (i.e.,
behavioral changes and/or cyanosis) (Fig. 12-1). The patient who presents
with respiratory complaints, looks well, and has no signs of increased work
of breathing is not in respiratory distress. Cyanosis is an ominous sign, if
present. Significant hypoxemia can exist in infants and young children
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Fig. 12-1 Evaluation of the child with increased work of breathing.

without cyanosis because of their relative anemia and ability to increase
cardiac output, compared with the older child and adult. Behavior is an
extremely important clue to hypoxemia and respiratory acidosis. The young
pediatric patient who is restless and agitated may be hypoxemic. Headache
and mental confusion in an older child are signs of decreased PaQO,. In-
creased PaCO; usually follows hypoxemia as respiratory distress worsens.
The child with CO; retention is lethargic and somnolent.

All children in respiratory distress should receive high concentrations
of supplemental oxygen, but only if telerated. The oxygen should not be
administered if it causes the pediatric patient to become agitated because
crying and agitation worsen airway obstruction. If the child is alert the
oxygen should be delivered by whatever method causes the least agitation.
Young children and infants tolerate oxygen tubing held close to the face by
the parent. Older children usually tolerate a face mask. In the patient with
a depressed sensorium airway patency must be ensured by suctioning and
positioning maneuvers, before administering oxygen. The patient should be
allowed to assume a position of comfort. A child with respiratory distress
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should not be forced to lie down on a stretcher. Infants and young children
are more comfortable on a parent’s lap. All children should be allowed to
remain close to their parents. Noxious stimulation should be kept to a mini-
mum.

The child who is apneic on arrival in the emergency department needs
rapid airway and breathing assistance to prevent cessation of cardiovascu-
lar function and irreparable central nervou: system damage. The child in
respiratory failure should not have airway intervention delayed. The prob-
lem is to decide when overt respiratory failure is present. It is a clinical
diagnosis, which can be supported by laboratory values. The clinical signs of
respiratory failure include (1) decreased or absent breath sounds, (2) severe
retractions and accessory muscle use, (3) cyanosis in 40 percent oxygen, (4)
decreased level of consciousness and response to pain, (5) poor muscle tone,
and (6) weak to absent cough or gag reflex.! Any child presenting with
respiratory distress should be assumed to have the potential for deteriora-
tion to respiratory failure and have immediate intervention that may pre-
clude a complete history and physical examination. Once the patient is
stabilized, the details of the history and a complete phrsical examination
may be performed.

Respiratory distress can result from disturbances in any of the systems
contributing to the normal function of breathing. Causes of respiratory dis-
tress include CNS disorders that alter the state of consciousness, resulting
in either hypoventilation or hyperventilation; metabolic disturbances caus-
ing acidosis; neuromuscular and structural disorders altering the mechan-
ics of respiration and disorders within the respiratory tract. A careful his-
tory and physical examination should identify the system dysfuncticn
responsible for the respiratory distress. Dysfunction within the respiratory
tract is divided into three areas: obstructive disorders of the upper and lower
airways and alveolar/interstitial lung disorders. Physical examination
should determine the area of disorder within the respiratory tract. Posture
is an important identifying sign. The child with upper airway obstruction
often sits upright with the neck slightly flexed and head slightly extended
on the neck. The tripod position is assumed by patients with lower airway
obsiruction disease. Upper airway obstruction causes suprasternal and su-
praclavicular retractions; intercostal and subcostal retractions occur with
lower airway obstructive diseases. Severe obstruction of either upper or
lower airways causes retractions of all the accessory muscles. Grunting is a
sign of respiratory distress, caused by an infant exhaling against a partially
closed giottis 1n an attempt to generate positive end expiratory pressure.
Grunting is associated with interstitial and aveolar diseases such as pneu-
monia or pulmonary edema. Grunting usually signals that the child is in
severe distress.

Assessing the depth of respiration in children may aid in determining
the cause of respiratory distress. Metabolic acidosis causes deep rapid respi-
rations while obstructive lesions usually cause a decreased depth of respira-
tion. An estimation of the depth of respiration can be made by placing a
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hand in front of the child’s nose. Normally airflow can be felt a measurable
distance away, usually 2 to 3 inches in infants under 3 months, 4 inches up
to 12 months of age, and 5 to 6 inches for 12 to 24 months.? The quality of
breath sounds, length of inspiration and expiration, and phase of respiration
in which abnormal breath sounds occur, offer important clues to the origin
of the respiratory distress. Stridor is a musical inspiratory noise associated
with upper airway obstruction. Lower airway obstruction initially causes
expiratory wheezing but as the obstruction worsens, airway collapse occurs
in inspiration as well. The normal inspiration expiration ratio is 1:1.5.
During inspiratory obstruction the ratio may be 1:1 or as much as 2:1.
Lower airway obstruction prolongs the expiratory phase altering the ratio
to 1:3 or 1:4.% Patients who have severe airway obstruction may not have
sufficient air entry to generate wheezes or stridor. Difficulty occurs in differ-
entiating inspiratory and expiratory sounds in young children and infants
with rapid respiratory rates. Correllating the auscultatory findings with
observation of the chest and abdominal wall motion may help in determin-
ing whether the sounds are inspiratory or expiratory. Rales are associated
with aleveolar/interstitial processes but often are heard in patients with
obstructive disorders as well.

UPPER AIRWAY OBSTRUCTION
Assessment

The causes of upper airway obstruction in the pediatric patient are
many (Table 12-1). Acute airway obstruction is generally due to viral or
spasmodic croup, acute supraglottitis, and foreign body aspiration. Differen-
tiating between the causes of upper airway obstruction is important because
their management is different.

A foreign body in the extrathoracic airway can cause inspiratory stridor
and a croupy cough. There is often a history of the child playing with small
objects followed abruptly by choking and coughing. The child is often unable
to talk.4

The typical course of viral croup begins with URI symptoms followed by
the development of a barky high-pitched cough; 6 to 24 hours later, the child
develops hoarseness and inspiratory stridor. Wheezing may develop if the
bronchi are involved in the infectious process. Low grade fever is variable
and mild leukocytosis is occasionally seen. The inspiratory stridor and
cough typically get worse at night, with crying and agitation. This picture
usually lasts 3 to 5 days, during which time the symptoms may remain
unchanged or progress, and is followed by a convalescent period of 2 to 3
days.5

Supraglottitis is an acute rapidly progressive bacterial illness. After a
brief period of sore throat and URI symptoms, usually less than six hours,
the child with supraglottitis rapidly develops a high fever, lethargy and
dysphagia. With progression of the illness, the child becomes toxic appear-
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Table 12-1. Differential Diagnosis of
Upper Airway Obstruction

Congenital
Subglottic hemangioma
Cystic hygroma
Pharyngeal cysts
Laryngomalacia
Tracheomalacia
Acquired
Neoplastic conditions
Inflammatory conditions
Laryngotracheobronchitis
Supraglottitis
Bacterial tracheitis
Pharyngeal abscess
Miscellaneous
Spasmodic croup
Vocal cord paralysis
Subglottic stenosis
Foreign bodies

ing, has a muffled voice or is unable to speak. The child begins to drool and
assumes a characteristic posture, sitting upright with the head and neck
leaning slightly forward. If inspiratory stridor is present, it is usually softer
and lower in pitch than the stridor from croup. Cyanosis and suprasternal
retractions are present with severe obstruction.®

The child who presents with the classic history and appearance of croup
or supraglottitis is not difficult to recognize, but the presentation is not
always so clear cut. Younger children may not have the typical signs and
symptoms. Singer and McCabe’ reviewed the cases of epiglottitis in patients
less than 24 months seen in their institution over a 10-year period. Only 5 of
the 19 children exhibited an abrupt onset of a febrile illness associated with
impairment of swallowing, vocalization, and inspiration. Seven of the 19
patients had prodromal symptoms, including cough, rhinorrhea, and ano-
rexia for more than 12 hours. Dysphagia, retention of oral secretions, and
drooling were uncommon. Only four of the children assumed the character-
istic sniffing posture. The only sign present in all the children was high
fever, temperature greater than 39.3°C. In only 8 of the 19 patients was the
diagnosis of ‘epiglottitis suspected after the initial history and physical ex-
amination. The other 11 children were erroneously thought to have croup,
reactive airway disease, or bacteremia. Among this group of 11 children,
three had respiratory arrests and one child died while being evaluated or
treated for these other illnesses. In a series of 33 cases of epiglottitis re-
ported by Welch and Price,® 13 of the children had a prodromal coryzal
phase of 24 hours or longer. The clinical pictures of croup and epiglottitis
are not always distinct. The clinician evaluating young children with signs
and symptoms of upper airway obstruction needs to be cognizant that atypi-
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A

Fig. 12-2 (A) Croup frontal view, showing typical funnel-shaped glottic and sub-
glottic narrowing in infant croup. (B) Croup lateral view, with typical findings
including marked overdistention of hypopharynx and paradoxical narrowing of the
subglottic trachea (arrows). The epiglottis and aryepiglottic folds are normal. (Swis-
chuk LE: Emergency Radiology of the Acutely Ill or Injured Child. Williams &
Wilkins, Baltimore, 1987.)

cal presentations do occur. Early recognition of supraglottitis in this special
group of patients should improve their outcome.

Soft tissue radiographs of the neck are very helpful in the evaluation of
upper airway obstruction in the pediatric patient. Radiologic examination
may locate foreign bodies, identify subglottic edema or stenosis and other
causes of acute and nonacute obstruction. Lateral neck films aid in differen-
tiating between croup and epiglottitis. The films are helpful in the manage-
ment of the child in whom the diagnosis of croup or supraglottitis is not
apparent. The lateral neck radiograph of the patient with supraglottitis and
croup has features in common, i.e. hypopharyngeal distention and trachael
collapse on inspiration. The anterior-posterior cervical film of the child with
croup may show a long segment of tracheal narrowing (steeple sign)® (Fig.
12-2). Initially, the lateral neck radiograph of the patient with supraglot-
titis may demonstrate only swelling of the aryepiglottic folds, which is a key
to early diagnosis of the disease, with progression the epiglotfitis becomes
swollen resembling the size and configuration of an adult thumb'® (Fig.

12-3).
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Fig. 12-3 Epiglottitis. (A) Pronounced
changes consisting of marked thicken-
ing of the epiglottis (uppermost arrow)
and aryepiglottic folds (lower two ar-
rows). Note that the subglottic portion of
the trachea is of normal caliber. (B) Less
pronounced findings in another patient.
Again note that the epiglott:s is edema-
tous and thickened (upper a.row) and
that the aryepiglottic folds (lower arrow)
are also thick and swollen. (C) In this
patient, the findings are more difficult to
assess because airway distention is not
marked. Because of this, the aryepiglot-
tic folds are buckled, but it should still
be noted that they are markedly thick-
ened (lower arrow; and that the epiglot-
tis is abnormally swollen (upper arrow).
(Swischuk LE: Eniergency Radiology of
the Acutely Il or Injured Child. Wil-
liams & Wilkins, Baltimore, 1986.)
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The child who presents to the emergency department in severe respira-
tory distress, or in whom the diagnosis of epiglottitis is strongly suspected,
should not have radiographs done.® For the child in minimal respiratory
difficulty and an unclear clinical picture, the lateral neck film can aid in his
management. These children should have portable radiographic studies
done in the emergency department, preferably in the parent’s lap or with
the parent near by. The child who has to be taken to the radiology depart-
ment should be transported with airway equipment and accompamed by a
person skilled in airway management.%6:11-13

CROUP
Management

The clinical picture of the child with croup is related to the severity of
his airway obstruction. The patient with mild croup has only a hoarse voice,
croupy cough and stridor when agitated. With worsening obstruction stridor
at rest develops. As the disease progresses, the child’s distress increases.
The child becomes tachypneic and tachycardic and develops suprasternal
retractions and sternal recession. As the child becomes fatigued, stridor and
retractions diminish and signs of hypoxemia develop. An unwary observer
seeing the child at this stage may conclude that the child is improving
because the stridor is quieter and the retractions milder. If this downhill
course continues interrupted, the hypoxemia will worsen, resulting in
PaCO, retention, and leading to respiratory arrest.

Assessment of the severity of croup is often difficult. Air entry and the
intensity of stridor are difficult to assess objectively.!3!* The intensity of the
noise the child makes does not correlate well with the degree of obstruction.
Respiratory rate and heart rate have been found to correlate with the sever-
ity of the hypoxemia, both rising as PaO; declines.® Clinical scoring systems
have been developed to aid the clinician in judging severity and monitoring
response to treatment!516 (Table 12-2). Arterial blood gas analysis is useful
in the initial assessment and to follow the child’s course and response to
therapy.®

MIST

For inpatient management of croup, the child is placed in a cool mist
tent. The efficacy of cool mist is debated and its mode of action unknown, but
some children seem to benefit from the humidified air. Animal studies have
shown that droplet deposition on upper airways may reflexly alter the pat-
tern of breathing and improve air flow rates.> Mist tents are generally not
available in the emergency department, but the child with mild croup may
be given aerosolized normal saline. The child with moderate to severe croup
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Table 12-2. Subjective Assessment of Clinical Severity of Croup?

0 1 2 3
Stridor None Mild Moderate at ~ Severe on inspiration
rest and expiration or

none with markedly
decreased air entry

Retraction None Mild Moderate Severe, marked use of
accessory muscles
Air entry Normal Mild de- Moderate Marked decrease
crease decrease
Color Normal Normal (0- Normal (0- Dusky or cyanotic
score) score)
Level of con- Normal Restless Anxious, Lethargic, depressed
sciousness when when agitated,
undis- disturbed restless
turbed when un-
disturbed

¢ Score: 5,mild; 5-6, mild to moderate; 7—8, moderate—most cases admitted; 8,
severe—admit (or if child has any one sign in severe category).
(David HW: Croup and epiglottitis. Pediatr Clin North Am 28:866, 1981.)

Fig. 12-4 Aerosol delivery
using paper cup mask.

can receive nebulized normal saline with oxygen in between racemic epi-
nephrine treatments while awaiting admission. The aerosol can be adminis-
tered by face mask held in front of the child’s face (Fig. 12-4). The parents of
the patient with mild croup should be instructed in the use of a cool mist
vaporizer and sheets to make a mist tent in the child’s crib and using the
steamy bathroom for exacerbations at home.
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RACEMIC EPINEPHRINE

Racemic epinephrine has been used in the treatment of croup for more
than 15 years. Racemic epinephrine is a mixture of L and D isomers of
epinephrine. The L isomer is 30 times more active. Racemic epinephrine was
originally chosen because it was believed to have fewer cardiovascular side
effects than L-epinephrine; however, there is no pharmacologic basis for this
belief.'® The a-adrenergic effect of the racemic epinephrine is believed to
shrink the edematous subglottic mucosa and the 3-agonist effect may help
by reflexly reducing laryngospasm or tracheal muscle constriction.>!7

Racemic epinephrine is administered as an aerosol, 0.5 ml of the 2.25
percent solution diluted with 3.5 ml normal saline. Early in its use, racemic
epinephrine was administered by intermittent positive-pressure breathing
(PPB), but several studies have found simple face mask nebulization to be as
effective.’®2° Racemic epinephrine can be given as often as every 20 to 30
minutes or can be spaced 4 to 6 hours apart, depending on the severity of the
crcup and the patient’s heart rate.® Any child who receives racemic epineph-
rine in the emergency department should be admitted, since the effects of
racemic epinephrine wear off in 2 hours and the patient may rebound with
worsened respiratory distress.'® If racemic epinephrine is not immediately
available, L-epinephrine may be used instead. The dosage equivalent is 5 m]
L-epinephrine 1:1000.%

STEROIDS

The role of corticosteroids in croup is controversial. Despite numerous
studies published in the literature the effectiveness of steroids in croup is
not known. A recent review in the literature suggests that the controversy
arises from methodologic inadequacies in the nine studies analyzed by the
authors. The studies fail to define diagnostic criteria adequately for croup,
often including spasmodic croup and viral croup together. The dose of ste-
roids, the steroid preparation used and the dosing interval vary between the
studies and make comparisons difficult. The choice of outcome event was
poorly defined and varies among the studies.”” Koren et al  compared the
effects of dexamethasone and placebo in pediatric patients with viral lary-
ngotrachetitis and spasmodic croup. They found that dexamethosone low-
ered the respiratory rate of the children with spasmodic croup at 6 hours but
did not affect the patients with viral croup. The clinical significance of this
study is questioned?¥?® as the difference in respiratory rate while statisti-
cally significant was a decrease from 31 breaths/min to 27 breaths/min, and
is not clinically important. Steroids have no role in the outpatient manage-
ment of croup.® If steroids are to be given to admitted children, the initial
dose should be equivalent to at least 100 mg cortisone.??
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_Disposition S

Most chlldren presentlng to the emergency department with eroup can
be managed at home. Ten percent will require hospital admission, and of
those admitted 8 percent will require establishment of an' amﬁcml airway
The following are disposition gu:delmes for children with croup 3

“1. All children with croup score of 8 or greater should be adnutteﬂ
2. Most children with croup scores of 6 or 7 should be admitted,, espe-
cially if the parents are extremely anxious and unable to care for the child
properly The avallablhty of the famﬂy to emergency health’ care should
also be considered.

3. Children in a high-risk category and with a hlstory of prematurlty,
neonatal pulmonary disease, or postintubation should be adm1tted with
lower croup scores.

4, All children who receive racemac epmephrlne in the emergency de-
partment should be admitted.

~ SUPRAGLOTTITIS
Management

The child with supraglottitis requires an artificial airway. Observation
and antibiotic therapy of a pediatri¢c patient with supraglottitis in mild
respiratory distress is not recommended, as this carries a ngmﬁcant mor-
bidity and mortality.562627 The hospital should have a supraglottitis team
that is called as soon as epiglottitis is suspected. Composition of the team
depends on the resources within the hospital and communlty The team
might consist.of a pediatrician, an otolaryngologist or general surgeon and
an anesthsiologist. The hosp1ta1 should have an supraglottltls protocol
agreed upon by the emergency department and the members of the team,
The current literature advocates airway management by a nasotracheal
tube, with trachestomy only if intubation is not possible.?62628 Ajrway
placement should be done under controlled conditions, in the operating
room, intensive care unit, or the emergency department Each institution’s
protocol should address airway placement and where it is performed.

While awaiting the team’s arrival, the child should be kept under con-
stant surveillance by nursing or physman personnel. Equipment for airway
maintenance should be readily accesmble The child should be allowed to
maintain his position of comfort on parent s lap or near parents. Because the
child with supraglottitis may suddenly have a respiratory arrest all proce-
dures that ¢an cause crymg or agitation, for example taking blood, starting
an Intravenous line, giving injections, giving antipyretic medlcatlon un-
dressing the child, restraining the child for a neck radlography or examlna—
tion of the throat and ceparatlon from parents should be avoxded untll a

3 & 1o
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stable airway is established.?®3? Oxygen should be administered in a man-
ner that does not agitate the patient. Racemic epinephrine should not be
given to pediatric patients with supraglottitis in an effort to improve the
respiratory distress while waiting for placement of a secure airway. A re-
cent report in the literature describes four children with epiglottitis who
received racemic epinephrine by nebulization and within 60 minutes of
treatment each had a respiratory arrest.3!

Once the team is assembled, the child, accompanied by team members
and airway equipment, should be taken to the operating room or intensive
care unit. The child should be transported with the parent, in a wheelchair
on the parent’s lap for a young child. If the child deteriorates or has a
respiratory arrest in the emergency department prior to arrival of the team,
airway management should be done by the most skilled person available. It
is important to keep in mind that most pediatric patients with supraglottitis
can be effectively oxygenated with a bag-valve-mask apparatus.3233 If this is
unsuccessful, oral intubation should be done using an endotracheal tube 1 to
2 mm smaller than appropriate for the child’s size. After the posterior phar-
ynx is visualized with a laryngoscope, gentle compression of the chest, forc-
ing an air bubble out of the glottis may help to identify the glottic opening if
the anatomy is distorted. A needle cricothyrotomy can be done if intubation
is unsuccessful as a last resort.

Ideally, patients needing transfer to a medical center for pediatric in-
tensive care should have an airway established prior to transfer. The child
should then be restrained and sedated during transport. The parent should
accompany the child during transport to decrease the child’s agitation. Not
all hospitals will be able to provide definitive airway management at their
institution. If transport times are brief and the child is not in severe dis-
tress, transfer via ambulance without an airway may occur. There is signifi-
cant risk associated with transferring patients without a protected airway.b
Community hospitals should have an agreement with their referral centers
concerning the airway management and transport of children with su-
praglottitis.

LOWER AIRWAY OBSTRUCTION
Assessment

- The three major causes of lower airway obstruction in children are
asthma, bronchiolitis, and tracheobronchial foreign bodies. When a young
child presents with his first episode of wheezing it is often difficult to deter-
mine the etiology.

A history of a choking or coughing episode followed by the abrupt onset
of respiratory distress suggests a foreign body aspiration. Of 50 children
with tracheobronchial foreign bodies evaluated at Denver Children’s Hospi-
tal, 75 percent had a history of a choking episode. The classic triad of unilat-
eral wheezing, cough, and decreased breath sounds was present in less than
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half of the patients. All 50 children had an abnormal physical examination:
decreased breath sounds in 39, wheezing in 38, cough in 18, and a variety of
the other findings in 14 children.?® The chest radiograph of the child with
a tracheobronchial foreign body is often normal or the findings subtle or
nonspecific. Very few aspirated foreign bodies are radiopaque. Unilateral
hyperexpansion, atelectasis, and an infiltrate may be seen after aspira-
tion.3® Any child who presents with a history or physical examination com-
patible with a foreign-body aspiration or who has persistent unequal breath
sounds after therapy for bronchospasm should have inspiratory/expiratory
or decubitus radiographs taken. Decubitus films are often easier to obtain in
the uncooperative or young child. Normally, the dependent hemidiaphragm
moves in the decubitus position, decreasing the dependent lung size. When a
foreign body is present in the dependent lung, the hemidiaphragm is unable
to elevate, and the lung cannot empty. The dependent lung appears radiolu-
cent compared with the other lung. The child with a possible aspirated
foreign body should be admitted and referred to a subspecialist for bronchos-
copy.

Bronchiolitis is a viral infection of the lower distal respiratory tract,
most commonly caused by respiratory syncytial virus. It affects children
under 2 years of age and tends to occur in epidemics during fall and winter.
The virus causes necrosis of the respiratory epithelium, destruction of the
ciliated layer and edema of the submucosa and adventitia of the bronchioles.
Airway obstruction is caused by the edema, cellular and fibrin debris, and.
secretions. The contribution of bronchial smooth muscle constriction to ob-
struction is uncertain.?® Infants do have the ability to decrease airflow in
response to noxious stimuli and to increase flow with bronchodilator ther- .
apy.’” The physiologic manifestations are hyperinflation, decreased lung
compliance, and increased airway resistance, resulting in an increased work
of breathing. Ventilation-perfusion mismatch occurs because of the patchy
pattern of involvement.

Infants with broncholitis usually have a history of a few days of nasal
congestion, cough, and fever with a gradual onset of wheezing and respira-
tory distress. The infants are tachypneic, tachycardic, and coughing, with
chest retractions, prolonged expiration, wheezing and rales. Tachypnea of
60 to 100 breaths/min is not unusual as the infant compensates for airway
obstruction by increasing his respiratory rate rather than tidal volume.
Wheezing may not be a prominent sign because the involved airways are
small peripheral bronchioles where airflow is not sufficient to produce tur-
bulent noisy flow. The sicker infants with bronchiolitis have respiratory
rates over 60/minute, are anxious or irritable, are unable to take a bottle or
suck without frequent interruptions for coughing or choking. They have
subcostal and intercostal retractions and as the severity increases, sternal
and supraclavicular retractions and nasal flaring occur. Infants in impend-
ing respiratory failure are pale and lethargic and have poor air entry.3®
These infants are hypoxic and have CO, retention.

More than 50 percent of asthmatic children have the onset of symptoms
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in-the first' two' years 'of life.3” Because the physiologic manifestations of
asthma‘are similar to bronchiolitis, the presentation and appearance of a
young child with asthma 'may be-identical to a child with bronchiolitis. A
careful history may help distinguish between the two entities. A history of
previous wheezing or bronchitis episodes, other atopic manifestations (such
as atopic eczema) and a family history of reactive airway disease all suggest
asthma. Fever is not a sign specifie for bronchiolitis. Young asthmatic chil-
dren often: have fever and nasal congestion with their bronchospasam be-
cause viral respiratory infections are the common 1n1ttat1ng events for an
asthmatic episode in a young child. ‘

Clinically, it is probably not necessary to distinguish between these two
entities. Their initial management is the same. The standard treatment for
asthma in the emergency department involves subcutaneous or aerosolized
B-agonists. A trial of one of thesé agents should be administered to all
infants and young children with wheezing. Young asthmatics may respond
to B-agonist therapy relatively less well than older children and adults. This
lesser effect may be explained by the predominence of mucosal edema and
inicreased secretions rather than bronchospasm in the pathophysiology of
their asthma.***! The response of infants with bronchiolitis to bronchodila-
tor therapy is unpredictable. Several investigators have failed to show &
consistent response to aerosolized and oral bronchodilators.**-# If the pa-
tient responds by a decrease in respiratory rate, work of breathing, or z
decrease in wheezing, the child should receive further therapy in the emer:
gency department and if dlscharged should be continued on bronchodllatol
therapy. 3
Assessment of the severity of a thld’s acute asthmatic eplsode can be
difficult. Patients, parents, and physicians may not agree on the degree of
distress the child is experiencing.*® The objective measurements of severity
used in adults such as spirometry and arterial blood gases are often dzfﬁcult
to obtain in children.

Historic factors are useful in assessing severity. The duratlon of the
wheezing episode is important, especially in young children and infants; in
whom fatigue canicontribute significantly to the development of respiratory
failure. The thild’s current drug therapy should be noted, espec¢ially the use
of steroids. An asthma attack that develops after a recent decrease in sterdid
dose should be considered severe:* A pediatric patient who is unable to
sleep or continue usual activities should be considered to have a serious
exacerbation of asthma. A history of a previous mternswe care umt admls-
gion suggests the potential for a severe attack. ‘ |

Tachypnea and tachycardia occur with acute: asthma SeVeral stud:es in
adult asthmatics have correlated tachycardia with 'severity 4748 Reeset al.4’
noted that a heart rate greater than 130 beats/min was associated with a
Pa0; value less than 40 mmHyg i 83 percent of their patients. Callins et
al*é reported a‘mean heart'rate of 126 beats per minute in'patients:with
severe asthma. The clinical scoring system'developed by Fischl et'al.*®-uses
a heart rate greater than 120 beats/min as & criterion. A heart rate greater
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than 150 beats/minin a ¢hild should alert the physician: It may signify prior.
abuse of B-agonist Lherapy, hypqxemla, andjer derangements in, acld base,
status.®0 ;
.. The quallty pf breath sounda and Lhe work of bfneathmg are used to_
assess severity. Wheezing is not a reliable sign: When o.bstructl_qn_ is mini-
mal and airflow great, wheezing is loud. As obstruction increases, wheezing.
becomes high pitched and of low intensity, The most severe asthmatics have
decreased, distant breath sounds with diminished wheezing.?' As the sever-.
ity of the attack increases, the child uses the accessory muscles of respiras
tion. In adults, sternocleidomastoid muscle retraction is associated with
severe airway obstruction; however, severe obstruction can &kist without
sternocleidomastoid muscle use.*?

_The presence of pulsus paradoxus correlates well with seventy A fall of
more than 10 mmHg in adults is associated with an FEV,; of less than 40
percent. of predicted.®® Among acutely ill :asthmatic children studied by
Gluck et al.,® all patients with a decrease of 20 mmHg or greater were
ad.rnltted to the hospital in status asthmaticus.

~ One study in adult subjects found derangments in patterns of speech o
correlate well with severity. Too dyspneic to speak was labeled severe;
monosyllabic speech, moderately severe; and frequent pauses, mild. All
three groups. were found to be severe by spirometric criteria.*® In an older
child this may be a very helpful assessment tool. . .

_ A change in mental status usually heralds severe obstruction The Chl]d
who is restless or agltated is hypoxemic. As the obstruction progresses with
impending respiratory, failure, the pediatric patient becomes fatigued, le-
thargic, and somnolent. This oecurs as the child can no longer maintain the
increased Work of breathing and respiratory acidosis develops

Chnh.al scoring systems have been developed to aid in identifying the
severely ill child or child with impending respiratory failure. Most of the
scoring systems are modeled after the system developed by Woods et al.®
(Table 12-3). The indices are based on assessment af the uulu S, woxk of

S AR able 12-3; : A ,,C_linical_ Asthma _Score“

Cyanosis, /v, None - . In air In 4G%: Q4

(PaQq) i1 - o (70-100 ( < 70 mmHg) (< 70 mmHg)
: mmHg)
Insplratory breath ~~ Normal Unequal Decreased or
sounds 2l .' e & ' absent
Usel of accamgery st - Noper: o = - Moddtate s  Maximal: ;-
Exp1r,atory wheezmg . None .' Moderate ~ Marked
Cerebra’l functlon Normal o Depressed or agi Corha’
18R a3M1 “tated '

é Score 50r rriore sugge's'ts 1mpendmg resp}ratory failure; 7 or more with PCOg-
66 mdwates exigting respiratory failara/ :

(annes Jd; Raphaely RC: Pedlatrlc mhenswe care. Anesthesxolegy 43: 328 '
19-75) v o
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breathing, quality of breath sounds and mental status. Recently, the ability
of these scoring systems to detect significant hypoxemia has been ques-
tioned. Hurwitz et al.>® examined the correlation between the initial clinical
score and the initial PaO, determined by arterial blood gas analysis. Four of
the 37 children who had ABG analysis had PaO, less than 60 mmHg. The
mean clinical score of these four children was not significantly different
from the mean score of the remainder of the children, whose average PaO,
was greater than 80 mmHg. The authors conclude that the scoring system
did not predict the degree of hypoxemia in the pediatric asthma patient and
suggest that significant hypoxemia can exist in the absence of clear clinical
signs of respiratory distress.

Arterial blood gas analysis is a valuable adjunct to assessing severity of
an asthmatic episode. The ABGs in an early asthma attack show a mild
decrease in PaO; and a low PaCO; usually less than 35 mmHg. As the
obstruction increases the PaCO, rises toward normal values and the PaQ,
continues to decrease from the worsening ventilation perfusion mismatch.
The point where the PaCQ; is normal has been called the crossover point,
where the asthmatic patient’s compensatory mechanisms are no longer ade-
quate. The sickest asthmatic children will have severe hypoxemia, respira-
tory acidosis, and often a metabolic acidosis. It is important to use the ABG
analysis in conjunction with the clinical assessment of the patient. A nor-
mal PaCO; in a wheezing retracting child is an ominous sign. It needs to be
emphasized that most pediatric asthmatic patients will not need arterial
blood gases drawn. However, when there is a question concerning the sever-
ity of the attack or response to therapy, they may be extremely helpful.

Spirometric measurements provide an objective assessment of severity.
They are not routinely obtained in most acute pediatric asthma patients.
Spirometry cannot be performed by infants or young children. An acute
episode is also not the optimum time to teach an anxious child how to use a
spirometer. The severely ill child may be too dyspneic to accomplish a full
expiratory maneuver.

Chest radiographs are often obtained in the acutely wheezing child. The
information obtained from this study rarely alters the emergency treatment
of the patient. The frequently found abnormal findings, hyperinflation, atel-
ectasis, and peribronchial cuffing do not alter the management. The appear-
ance of the chest radiograph does not correlate with the severity of the
asthma attack.5” Chest radiography should be delayed until after therapy is
instituted, unless a pneumomediastinum or pneumothorax is suspected. A
radiograph sheuld be taken if there is a poor response to therapy.

Fatal outcomes in asthmatics do occur. A significant number of child-
hood asthmatic deaths are sudden and unexpected, often without time to
seek medical attention. Because the large majority of asthmatic episodes in
children will resolve uneventfully irrespective of the therapy they receive it
is easy to become complacent in treating asthma. The possibility of respira-
tory failure should always be kept in mind. Although severe hypoxemia
(PaO; < 50 mmHg) or hypercapnia (PaCO, > 50 mgHg) clearly define respi-
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ratory failure, findings that should lead one to suspect its development at an
earlier stage include (1) faint or absent breath sounds, (2) a normal arterial
PaCO; in the face of strenuous respiratory effort, (3) appearance of fatigue,
(4) history of previous respiratory failure, and (5) failure to respond to ther-

apy promptly.50

MANAGEMENT
Oxygen

Oxygen should be given generously to acutely ill pediatric asthma pa-
tients. The patient with minimal airway obstruction has a mildly decreased
Pa0,. As the obstruction worsens, the PaO; continues to decline. 3-Agonist
therapy administered to the child may increase his hypoxemia by worsening
the ventilation perfusion mismatch. Patients should receive their nebuliza-

tion therapy with oxygen.

Fluids

Many asthmatic children presenting to the emergency department are
mildly dehydrated. This results from poor oral intake secondary to their
dyspnea, from vomiting and increased respiratory losses. Most children’s
fluid requirements will be met if they are given 14 times daily maintenance
requirements. There is no evidence to suggest that large amounts of intra-
venous fluids aid in liquefying secretions. Overhydration may predispose
the child to pulmonary edema or exacerbation of the syndrome of inappro-
priate antidiuretic hormone secretion.?!

B-Agonist Agents

B-Adrenergic drugs are the primary therapeutic agents for an acute
asthmatic attack. Epinephrine, given subcutaneously, has been the first-
line treatment for more than 40 years in the United States. The standard
regimen was two or three subcutaneous injections of epinephrine twenty
minutes apart followed by Susphrine. This regimen has not been found to
produce greater bronchodilation than Susphrine alone. Ben-Zvi et al.*® con-
cluded that repeated injections of epinephrine sustain the improvement
provided by the initial injection but do not add to its action. Susphrine
provided a pattern of response (as measured by spirometry) similar to multi-
ple injections of epinephrine. If the clinical situation warrants epinephrine,
one dose of Susphrine should be given instead of multiple doses of epineph-
rine.

With the introduction of more selective inhaled Bs;-agents into the
United States, the use of epinephrine, which has both a- and B-activity has
declined. The inhaled beta agonists offer several advantages over epineph-
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Table 12-4 Clinical Pharmacology of the B Adrenerglc : '-., - 7

! L ) Aeroso'ls ST B E
- R 'Relative’  * Duration’  B-Selectiv- '~ '
Agent Potency® '« (h) - Abye) 1 el 2id
Isoproterenol 4 1-2 Ba=pBy
Isoetharine 2 2-3 B2 = B
Metaproterenol 3 3-4 Bz > B
Terbutaline Ak . 4-6 B2 > By
Albuterol 4 4-6 B2 > By
Fenoterol 4 4-6 Bz > By
¢ The hlghest potency is equal to 4.

rine therapy Nebulization of the drug delivers it to its site'of action, thereby
decreasmg systemic absorptlon and side effects. The prolonged duration’ of
the aerosoI treatment may permit delivery of the drug into parts of ‘the
airway that were initially obstructed. Multiple studies have shown that
inhaled B-agonists are at least as effective as, if not more effective than,
subcutaneously administered epinephrine, but with fewer side effects.59-63
Severe airway obstruction does not alter the response to these inhaled
agents compared with the response to injected agents.52%¢ Nebulization
therapy offers a psychological benefit to the young child who is scared and in
respiratory distress. The avoidanee of painful injections may make the
child’s experience in the emergency department less threatening and fr1ght-
emng and lessen respiratory distress.

- Several 3-agonist aerosols are used in this country. They differ in thelr
potency, B;-specificity, onset and duration of action (Table 12-4). Albuterol
has been widely used in Canada and Europe for several years. It has proved
effacacious and safe, with minimal side effects.5%:5° Albuterol aerosol solu-
tion is now available in the United States. It rnay well replace the other B-
adrenergic agents and become the treatment of choice for acute asthma in
the pediatric'patient. *+ :

The B-adrenergic aerosols should be admlmstered by oxygen-powered
nebulizers. Most older children can use a hand-held mouthpiece to adminis-
ter the aerosol. Tni younger children or infants, the inhalation can be given
with a face mask held close to'the facé. Some children become very agitated
and upset by the face mask. The aetosol may be successfully given in these
children by using a paper or foam cup instead of the face mask (sée Fig. 12-
3). If the c]'u]d continues to cry, increasing resplratory distress, the aérosol
should be' stopped and a subcutaneous f-agonist given: ‘Oxygen flow' of at
least 6 L/min, 4fd a chambeér volume of'4 ml provides optimum particlesizé
and dehvers the aerosol over 5 to'10 minutes. With the best technique only
I2 _percent of the nebuhzed solution'is deposited ‘in the Iungs and 20 to 40
percent of the solution remains inl'tHe nebulizer56 The Bsspecific aerosols
have a wide margin of safety, thus, precise dosing is not critical. The
‘amoun’t of drug a child receives is based 'on the tidal volume-and resplratory
Tate, whlch are related to the child’s’ size.”The dosage séhedulés ‘recom:
'mended for the B,-agenits dre based on age i‘ather than weight® (Table 12:
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Table 12-5. Dosing and administration guidelines for

nebulized B-3 agents
Dose
|n Drug (ml)
Metaproterenol (5% mhalant solution, 50 .
mg/ml) _
2yr - 0.1
2-9 yr 0.2
9yr 0.3
Terbutaline (0.1% parenteral ampule,
1 mg/ml) P
2 yr 0.5
2-9 yr , 1.0
9yr ' ] S 15
Albuterol (salbutamol) (0.5% resplrator - '
solution, 5 mg/ml) i
T IR , 0.2
2-9 yr o 0.4
9yr 0.6
Fenoterol (0.5% respxrator solutlon
5 mg/ml): ; : - -
290 b ot el : 0.1
2-9 yr - 0.2
9yr 0.3

(Bolte RG: Nebulized p-adrenergic agents in the
treatment of acute pediatric'asthma. Pediatr Emerg Care
2:250, 1986.)

5). The B,-agonists can be given every twenty minutes for a total of three or
four treatments, depending on clinical response and heart rate. Spirometric
studies show that this shorter dosing interval provides for a smooth increase
in forcad explratory volume in 1 second ( FEV.) and achieves an earlier peak
response whlch i8 mamtamed 65

Theophymne

'Phe roie of thenphylhne in the initial management of an acute astb
matic episode is in question. Intravenous aminophylline should be given to
the asthmatic child who has failed to improve enough for discharge from the
‘emergency department after adequate treatment with g-adrenergic agents
and who has a subtherapeutic theophylline level. Oral theophylline or in-
travenous aminophylline have not been shown to improve upon the bron-
chodilation achieved in the emergency department from potent nebulized 3-
agonist therapy.%:7! If a child has failed to respand to B-adrenergic therapy
sufficient enough to be sent home, hospital admission should be arranged
and:intravenous aminophylline given. Aminophylline.should be given as.a
‘loading dose of 6 to.7 mg/kg over a 20~ to 30-minute period. The full loading
dose:should be given to ¢hildren who are not cutrently taking a theophylline
preparation, ‘who have not received a short-acting .preparation within 6
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Table 12-6. Total Daily Theophylline

Doses
Dose
Age mg/kg/kg
6—-12 mo [0.2 (age in wks) + 5]
1-9yr 20
9-12 yr 16
12-16 yr° 16
12—-16 yr? 13

2 Smoker.
b Nonsmoker.

hours or a long-acting preparation within 12 to 18 hours. If the patient has
received theophylline in the recent past, the loading dose should be de-
creased to 2 to 3 mg/kg. A theophylline level should be checked prior to
giving theophylline to any patient in whom the dose, time of last dose, or
medication name is uncertain. Once the child is fully loaded an intravenous
continuous infusion should be started at a rate of 0.7 to 1.1 mg/kg/hr, via a
rate minder. The dose should be adjusted based on the patient’s age, concur-
rent medications and preexisting chronic illnesses (Table 12-6).

Steroids

The contribution of corticosteroids in the management of acute asthma
is controversial. Various authorities have found them beneficial,’'-"3 while
others have not.” The precise mechanism of action is unknown. A portion of
its effect is probably due to potentiation of B3-adrenergic stimulation. Pier-
son et al.” found that steroids administered to children in status asthmati-
cus produced a more rapid recovery from their arterial hypoxemia. An addi-
tional effect was not found on airway obstruction. Other investigators have
not found a improvement in oxygenation but have documented an addi-
tional improvement in airway obstruction greater than that produced by -
adrenergic agents alone.””7? Until recently, steroids were not thought to
play an important role in management of the asthmatic in the emergency
department because their onset of action was felt to be several hours to a
day.”" Littenberg and Gluck” administered methylprednisolone in a dou-
ble-blind placebo-controlled study to acutely ill asthmatic adults within 30
minutes of their arrival in the emergency department. The patients then
received standard emergency treatments for asthma. After an average stay
of 4 hours for both groups, 81 percent of patients in the steroid-treated group
were discharged, as compared with 53 percent in the placebo-treated group.
The patients receiving steroids had improved scores on subjective symptom
assessment. Littenberg and Gluck” conclude that “prompt use of intrave-
nous methylprednisolone in the emergency care of acute asthma can help to
terminate the attack, to alleviate symptoms, and to reduce the need for
hospitalization.”!! Steroids should be given to every asthmatic child who is
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hospitalized.” There is no agreement on which steroid, how much or how
often it should be given. One to 2 mg/kg IV methylprednisolone can be given
safely in the emergency room.

Disposition

Early identification of pediatric asthma patients requiring hospital ad-
mission has several potential advantages. Patients at high risk of admission
could initially be treated more vigorously, perhaps reducing the length or
eiiminating the need for hospitalization. Delays in admitting patients could
be reduced. Several studies have attempted to identify factors that would
predict the need for hospitalization of asthmatics early in their emergency
department course.’>-"7 The two pediatric studies used initial spirometric
measurements, clinical asthma scores and historical factors to identify the
children that need admission.” 7 Fischl et al.”® used an index for adults
based on pulse rate, respiratory rate, pulsus paradoxus, peak expiratory
flow, dyspnea, use of accessory muscles and wheezing. Scores to predict
admission have had poor success in prospective studies.”®’” A reliable valid
scoring system to predict hospital admission needs to be developed.

A few admission guidelines do exist: (1) all children who remain in
respiratory distress after three or four treatments with beta agonist agents
should be admitted; (2) any child who repeatedly vomits asthma medica-
tions probably needs admission; (3) a child receiving emergency treatment
in the preceding 24 hours should be considered a strong candidate for admis-
sion; and (4) a low threshold for admission should exist for wheezing infants
in high-risk categories (congenital heart disease, bronchopulmonary dyspla-
sia, neuromuscular disease and cystic fibrosis).

The goal of treatment in an acute exacerbation of asthma is not com-
plete relief of airway obstruction. Most patients are discharged with mild to
moderate obstruction.!* Because significant small airway obstruction may
remain for days after an acute episode, patients need to be discharged on
medication for several days. The child on a maintenance regimen who has
an acute exacerbation needs a therapeutic change either to ensure compli-
ance with current therapy, a dosage adjustment, or additional therapy. Pe-
diatric patients currently not taking asthma medications should be started
on therapy.

Discharge medications may include oral or inhaled §3;-agents, theophy-
Iline, or steroids. The preparation used depends on the age of the child,
current therapy, and past medication intolerance for failures. For patients
discharged on a theophylline preparation, an attempt should be made to
obtain a therapeutic level (10 to 20 ug/ml) prior to discharge either by
administering a loading dose of an oral short-acting theophylline or intrave-
nous aminophylline. The loading dose should be based on the child’s pre-
vious theophylline doses and current level. A loading dose is especially
important for children discharged on sustained-release theophylline prepa-
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rations. Theophylline should be used cautiously in infants less than 12
months because of their variable clearance rates.

Oral B-adrenergic drugs such as metaproterenol or albuterol are as
effective as theophylline in controlling asthma.” B-Agonists can be used as
single-agent therapy or in conjunction with theophylline. They are well

tolerated with fewer side effects than theophylline preparations. Inhaled g-
agonists can be used with success in children older than 5 to 6 years of age.
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The 1985 annual report of the American Association of Poison Control
Centers' has once again defined the spectrum of human toxic exposures
relative to age as a variable. Sixty-three percent of reported exposures oc-
curred in children below the age of 5 years; 8.3 percent in children under 1
year old of age, and 55 percent in the 1- to 5-year-ald group. This is dis-
tinctly different from the 5.2 and 4.1 percent incidence in the 6- to 12- and
13- to 17-year-old groups, respectively. Confirming what we already know to
be true, 72.6 percent of toxic exposures occurred in'children and adolescents
under 17 years of age. Nlnety percent of the exposures were termed acciden-
tal, 93.3 percent involved exposure to only one substance, and in 79.2 per-
cent of cases the product was ingested. It is clear that most of these toxic
dilemmas appear within the pediatric age group. Herein lies our basic prob-
lem.

A clinician, comfortable with management of toxic exposures in adults,
may make some serious errors in deduction when translating the diagnos-
tic, prognostic, and therapeutic management guidelines from adult to pedi-
atric intoxications. Failure to appreciate the inherent differences between
these two groups of patients may result in either an underaggressive or
overaggressive approach to a potentially toxic situation. The presence of
age-dependent variables may influence the pharmacokinetic or pharmaco-
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dynamic handling of the toxin. This is further complicated by the variability
and unpredictability in the maturation process within the pediatric age
groups. Indeed, children may be more sensitive or more resistant to toxic
effects when compared on a milligram-per-kilogram basis with their adult
counterparts. The differences in the handling of toxic substances may dic-
tate a more aggressive or lenient approach to the management of the poi-
soned pediatric patient.

FAILURE TO APPRECIATE DIFFERENCES BETWEEN PEDIATRIC
AND ADULT TOXIC EXPOSURES

Differences in Pharmacokinetic Parameters

Failure to recognize inherent age-related variability in the pharmaco-
kinetic and pharmacodynamic handling of compounds may lead to serious
errors in judgment when attempting to predict the toxic potential of an
exposure. It is beyond the scope of this chapter to discuss the pharmaco-
kinetic and toxicokinetic parameters characterizing toxic exposures in de-
tail. Highlights of the age-related changes in the pharmacokinetic handling
of toxins are presented to familiarize the nonpediatric-trained physician
with certain parameters which may explain differences in clinical presenta-
tion, as well as the decision process needed in dealing with pediatric poison-
ings or overdoses.

Age-related modification in the absorption, distribution, metabolism, or
excretion (ADME) of a compound will influence the pharmacokinetic han-
dling of a drug or toxin. These alterations in the ADME appear to be most
marked in the newborn, with a progressive trend toward the normal adult
situation.? In addition to the magnification of toxic effects seen with certain
compounds in these age groups, other entities may demonstrate an age-
related protective effect (e.g., the sulfate route for conjugation of ace-
taminophen). Pediatric patients demonstrate shifts in elimination rate ki-
netics due to age-related differences in the amount of enzyme stores, enzyme
activity, and hepatic and/or renal maturity.

Factors known to influence the absorption of an orally ingested com-
pound include variations in gastric pH and emptying time, intestinal pH
and motility, absorptive surface area, biliary functioning, cell membrane
permeability, and gut flora.? Gastrointestinal (GI) absorption is influenced
in the first few weeks of life by a relative achlorhydria, delayed gastric
emptying time, and irregular and unpredictable intestinal mobility.* Ab-
sorption of acidic drugs may be decreased. Adult values for gastric acidity
are usually not reached until 2 to 3 years of age.?® Gastric emptying time
may be as long as 6 to 8 hours in the newborn and may not approach adult
values until 6 months of age.” Both pH and motility are also greatly influ-
enced by individual diet and feeding patterns.” The bioavailability of orally
ingested compounds exhibiting high hepatic clearances may also display
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great interindividual variability, consistent with alterations in the hepatic
first-pass metabolism (e.g., propranolol, propoxyphene).237

Percutaneous absorption of certain compounds, such as those related to
hexachlorophene, analine dyes, naphthalene, pentachlorophenol, boric acid,
potent corticosteroids, and phenylmercury diaper rinses, are known to pro-
duce intoxication in infants.*® There is increased potential for dermal ab-
sorption in infants as compared with adults, apparently due to the presence
of an immature stratum corneum, and a thinner more well-hydrated epi-
dermis.

The distribution characteristics of a potential toxin can be markedly
affected by changes in the proportion of body water, fat, protein and tissue
binding, circulatory factors, blood-brain barrier development, and other
concurrent physiologic and pathologic conditions.?? Since drugs are distrib-
uted between extracellular water and fat according to the lipid/water parti-
tion coefficient, the relative variability of these parameters can alter the
distribution characteristics, hence the concentration found in the plasma
and tissue compartments. Throughout infancy and childhood there is a con-
tinual change in the body's water compartment with age.*68 Blood flow,
tissue mass, and fat content will determine how much of the drug actually
reaches the tissue receptor sites. These receptors in turn may vary with age
with respect to sensitivity and binding affinity characteristics. A relative
change in the amount of tissue mass, especially lymphatic and renal tissue,
which occurs throughout childhood may further alter distribution charac-
teristics.4

Total body water may be responsible for as much as 85 percent of pre-
mature infant weight and 70 to 75 percent of full term infant weight, while
accounting for only 55 percent of adult body weight.®8 Intracellular water
remains fairly constant throughout life. The inost dramatic changes appear
in the postnatal and infancy periods, with 50 percent of body weight in
premature newborns accounting for extracellular water, 35 percent in the 4
to 6-month-old, 25 percent in the 1-year-old, and only 20 percent in adult
life,® which is reached at approximately 13 to 15 years of age.® Lower plasma
levels of water-soluble compounds occur when comparing doses on a milli-
gram-per-kilogram basis. Conversely, the fraction of total body weight
present as fat increases with age; therefore, the volume of distribution for
lipid-soluble drugs is smaller in the neonate than in the adult.

Infants and young children will display reduced plasma protein binding
as compared with their adult counterparts; therefore more free drug will be
available for distribution and interaction with tissue receptors. In addition
to the reduced plasma protein concentration, the serum albumin is qualita-
tively different, exhibiting a lower binding capacity for acidic drugs.®-!!
This characteristic results in an increased free fraction of drug (unbound)
with an enhanced potential for toxicity. The binding of basic drugs to a-1-
glycoprotein also exhibits age-related effects. Adult values are usually not
reached until 7 to 12 years of age.?
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resulting in increased perm,eablhty for certam substances mto the brgln
(e.g., lipid soluble drugs).% This may make the infant or young child more
sensitive to direct central nervous system (CNS) effects than the older chlld
or adult. .

Metabolic degradatlon in humans enhances the water solubxhty of a
compound to make it more easily. excretable. Apparently, the rate of oxida-
tive metabolism (hydroxylation) and glucoronidation is often reduced in
newborns, resulting in persistent drug- or toxin-related effects of com-
pounds metabolized via this pathway,®* while sulfate conjugation and de-
methylation seem to proceed at adult levels.*® Decreased oxidation in new-
borns is characteristic for acetaminophen, phenobarbital, phenytoin,
diazepam, lidocaine, and nortriptyline, while immaturity of the glucuroni-
dation pathway may influence the kinetic handling of chloramphenicol as
well as salicylic and nalidixic acids. After 1 month of age, there is a dra-
matic increase in the enzyme efficiency, approaching adult levels at approx-
imately 1 year of age. Differences in acetaminophen metabolism in children
under 9 to 12 years may be responsible for the relative hepatotolerance seen
in this age group.

Pharmacogenetic differences, such as glucose 6-phosphate dehydro-
genase deficiency, as well as genetic differences in oxidation, acetylation,
and pseudocholinesterase actnuty, also play a role in the characteristics
elicited by certain drugs or toxins in different segments of the population.*

Drug or toxin elimination occurs by either the excretion of metaholites
of the parent compound (active or nonactive) or by elimination of the un-
changed parent product. Developmentally, renal function is 1ncomplete at
birth, with glomerular. filtration rates for newborns 35 to 50 percent of that
of older children and adults (newborn 10 ml/min/m? versus 70 ml/min/m? for
adults.2* Tubular function, both. secretory and. absorptive, is. decreased
slightly by adult: standards ‘Renal functlon comparable to that of adults is
not achieved until approx1mately 6 months to. 1 _year of age. 1Z Newborn
renal plasma ﬂow is only 20 to 40. percent of adult values, improving quu:kly
by 4 weeks of age.. Full adult capacxty may not be realized until 12 months of

age.!

Recognmon of Normol Volues i Ch+1dren

. One of the preventable pltfalls assocmted w1th detectmg J;oxmty in the
pediatric age group is related to changes in vital signs and basie physlcal
examination parameters, It is imperatiye that the nonpedlatnclan taking
charge of the poisoned. or overdosed child be aware of the normal values in
relation to these patients in order to approprtately detect, assess, and dlag
nose the toxic syndromes. Table 13-1 hsts the a.ppmprlate normal values for
just that purpose. . S T ‘ -
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:"‘Thl‘il‘e‘ 13-1. Normal Values for Children

- 7 Respiratory

' Weight: " Pulse " Systolic BP Rate -

Age: Dol oAk o (per min) - (mmHg) (per min)
NB CRCIER T ¥ SRS ‘ 94175 60 +/- 10 30-60
1mo  u oo dBianr o 100-190 - " 80 +/—10 30-60
6 mo 7.0 111-179 90 +/— 30 - 24-30
1-2 yr 10-12 98-163 96 +/— 30 20-24
3-5yr 14-18. . 66-132 99 +/—- 25 - 16-22
6-9 yr . 20-28. . ..  70-115 -, 108 +/= 13 . 14-20
10-12 yr 32-34 50-110 112 +/—.19 12-20
12-14 yr 34-40 ) 50-105 120 +/- 20 0 12-20
15-16 yr 50 ' 50-100 120 +/-'20 12-20
> 16 yr - 60-T0 50-100 120 +/-— 20 | 10-20

Parameter Neonateflnfant Child

Central venous pressure 10 em H,0 ; 20 em H,0

Pulmonary capillary wedge . 3-6 mmHg o 6-12 mmHg

~

FAILURE TO RECOGNIZE THE DIFFERENCES
IN THE ASSESSMENT OF A POISONING OR DRUG

OVERDOSE IN CHILDREN
- History .

The spectrum of incidence and etiologic reasons behind pediatric poi-
sonings and 'drug overdoses is different. from those encountered in adults.
Therefore, a'different approach to the history is warranted in this'age group.
A recent review of pediatric exposures admitted to a children’s hospital
confirmed that history is the most important indicator of poisoning.® His-
tory may be more accurate with accidental ingestions because it often occurs
under observation. However, as with most unknown ingestions, a precise
history is often unobtainai le or unreliable. It should be common practice to
ask for the specific container in question. This is important, since toxic and
nontoxm products may share the same phonetic name. product formulations
may be changed over time by the manufacturer, and certain product lines
have numerous varieties of the same product, with small changes in their
ingredients. One should not accept patient’s or parent’s word as gospel con-
cerning the'product ingested; it is important to insist on reading the ingredi-
ents for oneself. In evaluating the information on the manufacturers label,
one must remember that these labels are notoriously inaccurate onifirst-aid
advice for poisoning.

.During the initial contact with the poisoned patient, assessment of the
severity can be made with the help of other experienced health care practi-
tioners, such as those found in a. regional pmson control center. Symptoms
should be assessed first. If present, it mandates a med1ca1 exammatldn (Wlth
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the possible exception of vomiting). It may not be necessary for the child to
be brought into the emergency department or, for that matter, even treated.
Seventy-five percent of human exposures reported to the American Associa-
tion of Poison Control Centers data collection system were treated in a non-
health care facility.! The following information should be obtained to permit
accurate assessment of whether the victim is in immediate or potential
danger or is in no danger at all:

1. Demographic data and source of the exposure

2. Symptomatology present with an assessment of severity

3. The nature of the toxin as assessed by the labeled ingredients, place
and date of purchase, name of the company or person who purchased, ob-
tained, or used the product; color, odor, and intended use of the product

4. What other medications or toxic products are available in the envi-
ronment

5. Time of or since exposure

6. The amount involved (How many tablets or milliliters are left? How
many/much was initially in the container? How much was spilled on floor or
clothes?

7. Actions taken prior to presentation to the emergency department

8. Assessment of the reliability of informant

9. Assessment of intent: accidental, therapeutic overdose, or suicide
attempt

The literature derived from poison control center experience suggests
that “accidental” ingestions in children over the age of 5 years are often not
truly accidental but rather intentional, requiring investigation into the
motivational aspects for the act. This type of event may actually be a “cry
for help” indicating an intolerable home situation.!* Psychological factors
may also play a role in children even younger than 5 years of age.!® “Acci-
dental” ingestion in children under 1 year of age warrants investigation,
since it is highly unlikely that a child under 1 year of age would possess the
developmental skills necessary to accomplish an accidental ingestion. The
“chemical maltreatment” of young children appears to be much more preva-
lent than was previously believed.!® Therefore, “accidental” ingestions,
whether toxic or nontoxic, should be investigated under the following cir-
cumstances:

1. The ingestion occurs in a child over the age of 5 years

2. There is an occurrence of more than one episode of “accidental inges-
tion”

3. Bizarre clinical manifestations are apparent (possibly Munchausen

by proxy syndrome)
4. The “accidental” ingestion occurs in a child under 1 year of age

It is distressing to think of poisoning as a form of child abuse but, for the
aforementioned reasons, necropsy in child abuse cases should always in-

clude toxicologic analysis.
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Table 13-2. Nontoxic Ingestions

Adhesives

Antacids

Antibiotics

Baby product cosmetics

Ballpoint pen inks

Bathtub floating toys

Batteries (flashlight, if bitten)

Bath oil (castor oil and perfume)

Bleach (< 5% sodium hypochlorite)

Body conditioners

Bubble bath soaps (detergents)

Calamine lotion

Candles (beeswax or paraffin)

Caps, toy (potassium chlorate)

Chalk (calcium carbonate)

Cigarettes or cigars

Clay (modeling)

Colognes

Contraceptive pills

Corticosteroids

Crayons (marked A.P., C. P., C.S.
130-46)

Dehumidifying packets (silica)

Detergents (phosphate/anionic)

Deodorants

Deodorizers (spray/refrigerator)

Elmer’s glue

Etch-A-Sketch

Eye make-up

Fabric softeners

Fertilizer (with no caution label)

Fish bowl additives

Fluoride, caries preventative

Glues and pastes

Golf ball (possible mechanical injury)

Grease

Hair products (dyes/sprays/tonic)

Hand lotions and creams

Hydrogen peroxide (3%)

Indelible markers

Ink (blue, black)

Iodophor disinfectant

Laxatives

Lipstick

Lubricant

Lubricating oils

Lysol brand disinfectant (not toilet
cleaner)

Magic markers

Make-up (eye, liquid facial)

Matches

Mineral oil

Newspaper

Paint, indoor latex/acrylic

Pencil (lead-graphite, coloring)

Perfumes (dependent on alcohol con-
tent)

Petroleum jelly

Plaster (nonlead content)

Play-Doh

Polaroid picture fluid

Porous-tip marking pens

Prussian blue

Putty (less than 2 ounces)

Rouge

Rubber cement

Sachets (essential oils/powder)

Shampoos (liquid)

Shaving creams and lotions

Soap and soap products

Spackles

Suntan preparations

Sweetening agents

Teething rings

Thermometers (mercury)

Toilet water

Toothpaste

Petroleum jelly

Vitamins (with/without fluoride)

Warfarin

Water colors

Zinc oxide

Zirconium oxide

(Mofenson HC, Greensher J, Caraccio TR: Ingestions considered nontoxic.

Emerg Med Clin North Am 2:159, 1984.)

Assessment of NonToxic Ingestions

Failure to properly designate an exposure as nontoxic may result in an
overly aggressive approach to treatment, exposing the patient to undue risk
from unnecessary therapeutic modalities; on the other hand, it may result
in inadequate handling of a potentially toxic situation. The decision to treat
or not to treat is based on history, presenting symptomatology, potential to
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Table 13-3. Signal Words Relating to Toxic Potential

LDs Oral Household
Signal Word (mg/kg) Measure
No label 5,000 Pint or more
Caution 50-5,000 Ounce to pint
Warning 50-5,000 Teaspoon to ounce
Danger—Poison <50 Taste to teaspoon

(Adapted from Mofenson HC, Greensher J, Caraccio
TR: Ingestions considered nontoxic. Emerg Med Clin-
North Am 2:159, 1984.)

cause severe toxicity, the risk versus benefit ratio relating to invasive and
noninvasive therapeutic and dlagnostlc maneuvers, and the experience of
the clinician. A nontoxic ingestion is said to occur when the victim elther
consumes a nonedible product which does not usually produce toxic sy.mp~
toms (Table 13-2); a medication in therapeutic or otherwise subtoxic
amounts, or as characterized by the following discussion. Caution must
always be exercised when an evaluation of a case is termed nontoxic, since
(1) no product or drug is entirely safe, (2) all products can produce undesir-
able effects if ingested in a sufficiently great quantity, and (3) a variety of
clinical manifestations may be displayed. The designation of an mgestlon as
nontoxic requires satisfaction of the following criteria'® .«

Absolute 1dent1ﬁcatmn of the product -

Absolute assurance that only a single product was mgested

Assurance that there is no signal word on the container (as descrlbed m
Table 13-3)

Good approximation of the amount ingested I

Assurance that the victim is free of symptoms :

Ability to call back at intervals to ensure that no symptoms have devel
oped

When to Suspect a Poisoning or Overdose s
‘in-a Child ' 90 AR

Various elements in:the history and clinical presentation of the'sick
child should raise clinical suspicion for the possmlhty of an ‘overdose or
poisoning—especially if the child is in'the at-risk age group of I'to’5 yEars if
there is a previous history of ingestions of nonedible substances, or if the
child is in the socioeconomic at-risk group. Clmlcal susp1c1on should be
aroused under the following circumstances: | P SREM

1. The child has an abrupt onset.of an illness, particularly the appear-
ance of an' afebrile-or complex febrile convu]smn or cnma wnihout any ap~
parent cause or-explanation.' . riiisloor o sant visas

2. The illness’ mvo]ves multlple orga‘n systema wtthout'an: ppaxent
cause or explanation.. . - : izid no bea ¥ of o
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3. There is an unusual odor from the mouth, there are stains on the
clothing, or stains/burns of the skin or mucous membranes around or in the
mouth.

4. There is unexplained hematemesis.

The importance of history and an assessment of toxin availability is
critical to the awareness that a poisoning has indeed occurred. Assessment
of a product ingested from an unlabelled or illegible container is truly a
frustrating experience. For the most part, if there is any doubt, emesis,
lavage, and/or administration of charcoal and a cathartic may be warranted,
unless absolute or relative contraindications to the implementation of these
pro~edures exist, such as the involvement of a caustic or corrosive product as
evidenced by symptoms of dysphagia, drooling, and burns on the skin or in
the mouth, or if the product has the distinctive odor of petroleum distillates.

Assessment of Symptomatology and
Severity in Children

Equally important to the evaluation of the variables and factors previ-
ously discussed is the ability to assess physical, neurologic, and laboratory
examinations accurately in the different pediatric age groups. To the nonpe-
diatrician, this may result in one of the most common pitfalls. It has already
been established that differences exist in the evaluation, ability, and will-
ingness to give a history when young children are compared with older
children, adolescents, or adults. In addition, the ability to exhibit toxin-
related symptomatology may vary with age and chronicity of exposure.

The American Academy of Pediatrics has extended the age of pediatric
care to 21 years of age; therefore, the physical examination of the pediatric
poisoned patient requires a basic knowledge of the normal variations within
these age groups. It should be remembered that the poisoned child can
present with or without symptoms. Those without symptoms may turn out
to be a nontoxic exposure or, on the other hand, a potentially toxic exposure
where the decision to treat the patient requires specific knowledge about the
toxicity of the agent and the degree of exposure. The seriously poisoned
patient may present comatose, with convulsions, respiratory depression or
failure, cardiac dysrhythmias, GI disturbances, or any combination of these
manifestations. The poisoning may also be complicated by trauma or an
underlying medical condition. Clues to the diagnosis may be helpful when
the poisonous agent is unknown in single entity exposures.

When evaluating the poisoned patient, stabilization procedures should
always precede definitive poison management. One of the common causes of
death occurring outside the hospital in poisoned/overdosed patients is upper
airway obstruction, which may result from CNS depression and aspiration,
convulsions, muscle paralysis, or the presence of foreign bodies. Therefore,
it is imperative that establishment and maintenance of an adequate airway
and ventilatory function, as well as restoration of adequate heart rate,
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rhythm, and blood pressure, be part of every initial patient assessment.
Evaluation of these parameters should also be obtained with adequate and
due caution for the cervical spine. Any patient presenting in coma or with
severe CNS or respiratory depression should receive an endotracheal tube,
cuffed over the age of 9 years to protect against aspiration. If the patient
does not tolerate the tube, chances are he or she does not need it. Endotra-
cheal intubation is therefore the best test of protective airway reflexes. It
should be remembered that an appropriate gag reflex may be absent in an
otherwise normal individual, thus it may not be a good test of protective
airway reflexes. Subsequently, adequate ventilation and perfusion should
be assessed by clinical evaluation and arterial blood gases (ABGs).

Cardiovascular dysfunction of varying degrees may be induced by tox-
ins which cause a loss of vascular tone (phenothiazines), have a direct
myocardial depressant effect (barbiturates) and/or produce dysrhythmias
(cyclic antidepressants). Best initial assessment of the cardiovascular status
in a patient is by blood pressure, heart rate, and rhythm; assuming one
knows the normal and acceptable ranges for the particular age group. The
minimum acceptable systolic blood pressure in an adult may be 80 mmHg,
or 90 mmHg in age 40 and over. Whereas in children 1 to 8 years of age and
in infants under 1 year, 70 mmHg and 60 mmHg respectively, are consid-
ered adequate. The appearance of hypotension in a previously well and
healthy child may mean that circulatory shock and collapse are imminent.
Adequacy of circulation and tissue perfusion may be inferred from skin
moisture, temperature, capillary refill, and the urinary output (at least 0.5
to 1 ml/kg hr). Catheterization of the bladder, while not usually required in
the conscious and cooperative patient, may be required in the comatose
patient to avoid bladder distention, as well as providing a monitoring pa-
rameter for urinary output.

In cases of poor circulatory function that fails to improve after estab-
lishment of adequate ventilation and oxygenation, the patient should be
placed in the Trendelenburg position in an attempt to aid venous return.
Fluid challenge should be used and will improve the circulatory function if
hypovolemia is a problem. If the child does not respond to adequate fluid
challenges (20 ml/kg), additional invasive critical care monitoring (e.g.,
CVP, PCWP) may be considered to guide further fluid administration. Vaso-
pressors may be required; it should be remembered that the choice of the
appropriate vasopressor may depend on the toxicologic derangement.

If the patient is comatose, the following are indicated as soon as vital
functions are stabilized:

1. Administration of 100 percent oxygen

2. Administration of 0.5 g/kg glucose as 10 to 25 percent dextrose in
water (after a blood specimen for glucose determination is obtained); too
large an amount of glucose delivered too rapidly may result in reactive
hypoglycemia in the child who does not have diabetes mellitus’®

3. Assessment of ABGs, BUN, creatinine, liver-function tests, blood
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ammonia and electrolytes, blood culture, osmolality, toxicology screen, and
an additional tube of blood held in reserve

4. Administration of naloxone 0.1 mg/kg, up to 2 mg IV in a child or 2
mg initially up to 10 mg IV in an adult

5. Administration of thiamine 100 mg IV if the patient is malnourished
or a chronic alcoholic (in adolescence)!®

6. Careful recording of the negative or positive response to glucose and
naloxone

Physical Examination of the Poisoned Child

Failure to recognize the subtle differences, as well as normal age-re-
lated phenomena in the pediatric age group may result in the loss of a
crucial assessment parameter. A thorough examination should be con-
ducted, recording the precise time of the examination. Repeated examina-
tions and clinical assessments, including continuous monitoring of vital
signs, are mandatory, since changes in the patient’s condition may develop
with dramatic rapidity. The following vital functions should be recorded:

1. Respiratory pattern—rate and depth (requires 1 full minute to eval-
uate because of variability in infants)

2. Heart rhythm, rate, strength of pulse

3. Blood pressure—correct size cuff important for accurate determina-
tions (alternately Doppler method may be used)

4. Temperature—the rectal temperature determined with an instru-
ment that can detect the extremes of hyperthermia and hypothermia

5. Weight—a baseline weight extremely important in children

6. The child’s cry—strength of the cry and the response to procedures
an important parameter of evaluation

7. Capillary filling—determined by pressure on a fingernail, a reliable

indicator of tissue perfusion

The physical examination of the child should concentrate on the follow-
ing (the order of which may vary with the patient’s presentation):

1. Determine evidence of:
An unusual odor
External trauma
Needle marks, tracts, tatoos and other evidence of chemical abuse
Skin burns or bullae
Abnormal skin color (pigmented, pallid, flushed, cyanotic or jaun-
diced) and degree of abnormality

" Temperature
Diaphoretic or dry skin
Skin turgor (is often used to determine the degree of dehydration
in infants and children)

© o TP

0
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2. Assessment of the breathing rate, depth, pattern and the quality of
breath sounds. Children under 6 to 7 years have diaphragmatic breathing,
therefore the physician should evaluate the abdominal excursion. Note the
ease of respiration and the presence of upper respiratory protective reflexes
(cough, swallow, contraction of the pharyngeal muscles with or without
gagging). Comatose patients should have airway protection. Patients who
have ingested materials that contraindicate emesis should not be made to
vomit by assessing the gag reflex.

3. Assessment of the heart rate, rhythm and sounds. Irregularities of
the cardiac rhythm due to normal sinus arrhythmia and extrasystoles are
common in healthy children. Innocent heart murmurs occur in well over 50
percent of healthy children. Investigation of the dysrhythmia or murmur in
a poisoned patient depends on the history, the clinical state of the patient
and the toxic agent. All seriously poisoned patients deserve an electrocardi-
ogram and continuous monitoring.

4. The presence of the following during gastrointestinal tract examina-
tion should be noted:

‘ 1) Circumoral or oral staining or burns.
2) Drooling and dysphagia.
3) - Any evidence of the toxic agent (odor, color, pill fragments, blood,
coffee ground material, etc.) in the vomitus or aspirated material.

5. A thorough abdominal-rectal examination for organomegaly, ten-
derness, bladder distention, and the presence or absence of bowel sounds
should be performed and findings recorded.

6. The neurological survey is particularly important, noting:

1) Level of consciousness and mental status. If the patient appears
- comatose, check response to noxious stimuli in the form of pres-
sure on fingernail with a blunt object. Note relaxation of the
angle of the mouth or if comatose, blowing out of cheek (cranial
nerve VII). In children, it is important to note their behavioral
state and their interaction with their parents and the examiner.
Language and cognitive function can be examined in older chil-
dren and adolescents.

2) Pupil size, reactivity to bright and dim light and accommodation,
shape, equality, consensual reflex, cerneal reflex (cranial nerve
V), nystagmus, ocular movements, deviation of eyes (cranial
nerves IV, III, VI), oculogyric crisis and fundoscopic examination
(for papilledema and retinal hemorrhages).

3) Motor system function; convulsions and involuntary movements.
Look for tremors, myoclonus, asterixis in toxic metabolic disor-
ders; increased muscle tone, decorticate and decerebrate rigidity
or focal weakness in neurological structural lesions, and fasicula-
tions of anterior horn cell disease. Some types of convulsions in
children may be subtle. Note the position of the patient.

4) Reflexes; deep tendon, superficial abdominal and cremasteric,
vestibulo-ocular brain stem reflexes (cold caloric and doll’s eye;
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cranial nerve III, VI, medial longitudinal fasciculus and vestibu-
lar part of cranial nerve VIII, midbrain). Always exclude cervical
spine injury prior to doll’s eye testing.

5) The presence of focal neurologic findings and pathologic reflexes
and clonus warrants consideration of structural neurclogic le-
sions. The plantar flexion of the toe reflex (Babinski reflex) is
present up to 12 to 24 months of age in healthy infants and
appears to be dependent on the state of central nervous system
myelination. A limited amount of ankle clonus (5 beats) may be
present normally up to 4 months of age.

6) Check for meningeal signs. Always exclude cervical neck injury
prior to testing of meningeal signs.

7) Autonomic nervous system function; indicated by evaluation of
cardiorespiratory systems, the bladder and bowel function, and
the temperature control

Coma in the Poisoned Pediatric Patient

The Glasgow Coma scale underestimates the patient with intoxications
and should not be used to evaluate the poisoned patient. The comatose
poisoned patient is better monitored by the Modified Reed Coma Scale (Ta-
ble 13-4).

One of the most important diagnostic considerations is to differentiate a
structural primary central nervous system disorder, which requires ad-
vanced radiologic evaluation (CT scan) and may require neurosurgical con-
sultation, from a toxic-metabolic or systemic disorder, which requires metic-
ulous supportive and possibly antidotal therapy. The incidence of the toxic
metabolic disorder exceeds the structural etiology by 15 to 1.2° It should be
realized that both situations may coexist. Table 13-5 delineates the differ-
ences between neurologic coma and toxic metabolic coma.

Table 13-4. Modified Reed's Coma Scale

Conscious Pain
Stage State Reaction Reflexes Respiration Circulation
0 Asleep Arousable Intact Normal Normal
1 Comatose Withdraws Intact Normal Normal
2 Comatose None Intact Normal Normal
3 Comatose None Absent Normal Normal
4 Comatose None Absent Abnormal Abnormal

(Cyanosis) (shock)
(Adapted from Reed CE, Driggs MF, Foote CC: Acute barbiturate intoxication:
A study of 300 cases on a physiologic system of classification. Ann Intern Med
37:290, 1952.)
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Table 13-5. Differentiation of Structural Neurologic Coma from Toxic
Metabolic Coma

Structural Toxic
Signs Neurologic Metabolic
Motor signs precede Usually Rarely
conscious changes
Brain stem compres- May be present Absent
sion
Focal signs Often present Usually absent?®
Cranial nerve palsies May be present Usually absent
Brain level dysfunc- Consistent Inconsistent
tion
Rostrocaudal progres- Present Absent
sion®
Pupillary reflex Develop nonreactive Preservation of reactivity®
Neurologic signs Asymmetric Usually symmetric
(symmetry)
Neurologic signs; Usually do not vary May vary
variability from
one examination to
another
Spasticity Present until reaches Usually flaccid®
lower pons

¢ Rostrocaudal progression is a progression of the respiratory pattern, pupil size,
reactivity, oculovestibular response, and motor response from one level to another
(i.e., from the diencephalon to the mid-brain to the pons and medulla).

® Exceptions to flaccidity and focal signs may occur with phenothiazines, glu-
tethimide, cyclic antidepressants, methaqualone, and stimulants and the sequelae
to intoxication.

¢ Exceptions to pupil reactivity are anticholinergics and glutethimide which

may give a unilateral dilated pupil.

FAILURE TO APPRECIATE THE PARTICULARS OF PEDIATRIC
DECONTAMINATION PROCEDURES

Failure to appreciate the differences in adult versus pediatric decon-
tamination modalities may permit evolution of incorrect and even danger-
ous treatment modalities in the child. In discussing the basic management
of poisoning, it will be assumed that an attempt to diagnose the intoxication
has been made, although the exact identity of the agent may still not be
known. It is also assumed that the management and maintenance of vital
functions, the first priorities in the management of the poisoned patient,
have received appropriate attention. It should be remembered that most
ingestions in young children involve nontoxic products or those that cause
only minor toxicity.?! A frequent error is to treat all ingestions aggressively,
even when unnecessary.
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General External Decontamination

Ocular exposures warrant immediate attention by irrigation with copi-
ous amounts of water or saline solution. Wrapping the child in a sheet or
blanket, papoose style, may help control the writhing infant and may also
be used in other procedures in which control of flying limbs is preferred. In
these instances, the help of the parent or guardian may be beneficial in
calming the child and making him or her more amenable to health care
personnel and procedures. Dermal exposure requires removal of clothes,
followed by complete soap and water washing of the child (including the
hair, fingernails, and navel), in an attempt to limit further percutaneous
absorption. Again, the help of the parent is suggested and may limit the fear
reaction of the child.

General Internal Decontamination

Evaluation of the need for GI decontamination in the child must include
assessment of various factors concerning the toxic versus nontoxic potential.
Although transit time through the GI tract is shorter in the infant, it has
not been systematically investigated in pediatric intoxications. The shorter
transit time in infants appears to approach adult values at approximately 2
to 3 years of age, with considerable individual variation. Absorptive proper-
ties of the infant reach adult levels at 3 to 6 months of age, which may have
some impact on substances left in the gut that have the potential for pro-
longed or continued absorption. These factors are of importance, since GI
exposure appears to be the most common route of poisoning in children.!
Whereas adult and adolescent suicide attempts often involve polydrug in-
gestions and the history obtained is often unreliable, most children ingest
only a single substance, and histories may be more reliable, since the inges-
tion often occurs while being observed. The accidental ingestion of a bad-
tasting household product often results in only one swallow (5 ml) in the
child. Medications thought of as candy by children may be ingested in multi-
ple quantities.

Dilutional Therapy

In caustic or corrosive ingestions, the use of dilution techniques with
milk or water may be warranted. Contraindications to the use of this dilu-
tional therapy include an inability of the patient to swallow, signs of upper
airway obstruction or esophageal perforation, and shock. The administra-
tion of greater than 15 ml/kg in a child (up to a maximum of 250 ml) may
result in vomiting, the event the physician was trying to avoid. Dilutional
therapy also has other drawbacks; consequently, it should not be used rou-
tinely. Evidence indicates that ingestion of a large volume of water has the
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potential to enhance GI absorption of certain toxins by increasing the solu-
bilization of the product.?’-25 The use of specific neutralization techniques
with caustics or corrosive ingestions should be abandoned. An exothermic
reaction will result in a thermal burn in addition to the chemical burn.

Emesis

Controversies concerning the use of syrup of ipecac for pediatric intoxi-
cations have included discussions on appropriate dosage, use in infants un-
der 1 year of age, co-administration of fluids, and ambulation after ipecac
administration. Although no one method of GI decontamination demon-
strates more than 30 to 50 percent effectiveness in the removal of orally
ingested toxins, it is generally accepted that emesis or lavage should be
performed up to 4 hours postingestion, and in some cases up to 12 hours
postingestion.?® It should be well noted that certain substances, including
anticholinergic agents and opioids, as well as the ingestion of a large
amount of tablets or capsules, may result in a delay in gastric emptying,
leaving the compound available for removal long after ingestion. This ele-
ment has been demonstrated in well-controlled adult studies,?” but not in
children.

Emesis is generally accepted as being more effective in removing in-
gested substances in children than lavage, if only due to the absolute size of
the tube tolerated by the child. It is most effective in preventing further
systemic absorption of a toxin if induced within 30 minutes of ingestion.
Children often cannot tolerate large-bore tubes, which make the removal of
partially dissolved tablets, capsules, and plant parts difficult, if not impos-
sible. Emesis is not without its own inherent dangers; consequently, the
unnecessary and routine administration of syrup of ipecac should be
avoided. The following remain as contraindications to the use of ipecac

syrup for induction of emesis.

Relative Contraindications:

1. Ingestion of a high-viscosity petroleum distillate that is usually not
systemically absorbed but may result in lipoid pneumonia if aspirated dur-
ing emesis

2. Ingestion of an agent that is likely to produce rapid depression of
consciousness, loss of protective airway reflexes, or convulsions (i.e., pro-
poxyphene, camphor, isoniazid, strychnine, ethanol, cyclic antidepressants)

3. Significant vomiting occurring prior to presentation

4. A child under 6 months of age who may have immature protective

airway reflexes?!

5. Ingestion of a foreign body, in which emesis is usually ineffective in
the removal of the object, while the risk of creating or worsening of airway
obstruction and aspiration exists

6. Certain other petroleum distillates in small quantities, which have a
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much greater potential to cause pulmonary and CNS toxicity if aspirated
than if left in the gastrointestinal tract

Absolute Contraindications:

1. Ingestion of a caustic or corrosive product

2. A comatose or seizing patient

3. Presence of hemetemesis

4. Neurologically impaired children who may lack or have depressed
upper airway protective reflexes, hence enhanced aspiration potential

Emesis in g child under 1 year of age was not recommended in the
unsupervised home setting, for fear of immature protective airway reflexes.
However, this concept has recently been challenged, with some clinicians
recommending use of ipecac at home in a child 6 months or older.?8-30 The
appropriate dose of ipecac syrup should be based on the age of the child as
shown in Table 13-6.2'?° This dose of ipecac may be repeated once if the child
does not vomit within 15 to 20 minutes. Further investigations have now
suggested that 30 ml may be employed safely in patients 12 to 60 months of
age, resulting in a more rapid onset of vomiting.??3% The mean time for
emesis reported in pediatric studies range from 14 to 37 minutes, with an
average of 20 minutes. Increasing the dose from 15 to 30 ml in children has
been shown to decrease the time to emesis by 10 minutes.3? The induction of
emesis seems to be delayed in infants,® possibly making lavage or the
preferential initial use of activated charcoal a more advantageous modality
in this instance.

Although still controversial,3 most authorities will administer 5 ml/kg
body weight of water after the ipecac dose in infants and children, and 250
ml in older children or adults.?? In an attempt to improve the efficacy of the
emetic agent, patients are kept ambulatory in the belief that this will has-
ten the onset of emesis. It is further believed that this procedure will aid in
decontamination by washing the pill fragments and debris from the gastric
mucosal folds, permitting more forceful and complete emptying of the stom-
ach. Recent studies have challenged the efficacy and practicality of this
procedure.?13435 Tepid water should be used preferentially over cold water,
since the latter can decrease gastric emptying time.??2 For the child who
refuses to drink syrup of ipecac, a small nasogastric tube may be inserted,
whereupon the dose of ipecac and an appropriate volume of water may be

Table 13-6. Pediatric Dosages for

Syrup of IPECAC
Amount
Age (ml)
6-9 mo : 5
9-12 mo 10
1-10 yr 15

>10 yr 30
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easily introduced into the stomach. This tube is removed after the dose is
administered.

If vomiting does not occur after two doses of syrup of ipecac, lavage
should be performed, based on the toxicity of the ingested substance. Al-
though normal doses of ipecac syrup pose little threat of toxicity, ipecac has
reportedly produced mild adverse effects, such as protracted vomiting, diar-
rhea, lethargy, irritability, diaphoresis, and fever.*® Symptoms, if noted,
should not be mistaken for part of a toxic syndrome. Lethargy, the appear-
ance of which we associate with a depressed level of consciousness, is re-
ported to occur in 20 percent of patients after ipecac-induced vomiting,29:33:37
However, in spite of the good track record of syrup of ipecac, studies have
suggested that the safety of ipecac should be reevaluated and that possibly
charcoal should be used as the sole agent for GI decontamination. Death was
reported in a child who was inadvertently given a massive dose of syrup of
ipecac.?® In a subsequent case report, when given to a child with a congeni-
tal diaphragmatic hernia, syrup of ipecac caused death following protracted
vomiting.3® Gastrointestinal decontamination by the induction of emesis
may be effective if induced within 2 to 4 hours after ingestion. Emesis may
be considered the treatment of choice over gastric lavage for solid ingestions
in children, because the smaller diameter lavage tubes will not permit re-
moval of intact tablets, capsules, or other ingested debris. With the immi-
nent onset of emesis, the child’s head should be lowered 15 to 20 cm below
the hips (spanking position) and the vomitus inspected for remnants of pills
or other toxic substances, and the appearance, color, and odor noted.

Emetic agents, other than syrup of ipecac, have been advocated in the
past. Salt water should not be used as an emetic in children, reportedly
producing fatal hypernatremia and other electrolyte abnormalities.?!40 Ap-
omorphine is used parenterally but must be freshly prepared prior to use.
This narcotic derivative has the potential to cause CNS depression, outlast-
ing attempts to reverse its effects by bolus administration of naloxone.
Therefore, its use automatically mandates hospital observation. Although
apomorphine produces prompt emesis, its use involves complications not
easily accepted by most authorities. Mechanically induced emesis by stimu-
lation of the posterior pharynx, although a popular lay public method of
inducing emesis, has the potential to produce laceration of the posterior
pharynx, and trauma to the oral cavity. It is not recognized as an effective
method, relative to the frequency or amount of return.??4! It is therefore not
recommended as an alternative.?!2241 [ jkewise, the use of copper sulfate is
considered toxic and is therefore not recommended.?!2

Detergents and detergent combinations, such as liquid emetic agent
(LEA), a combination of sodium tripolyphosphate, tetrapotassium pyrophos-
phate, sodium saccharin, and strawberry flavoring, have been used success-
fully in inducing emesis but require continued investigation as to their
statistical efficacy.?? Some believe that an appropriate liquid detergent may
be used as an alternative when syrup of ipecac is not readily available and
rapid induction of emesis is warranted.??
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Lavage

If a contraindication to the induction of emesis exists, or if the patient
will benefit from immediate gastric aspiration and subsequent lavage, gas-
tric lavage procedures should be instituted. Plant and large pill fragments
are not readily removed through even the largest of lavage tubes; therefore,
gastric lavage may not be as effective as forceful emesis.?! As expected,
gastric lavage is not without its own inherent problems. These problems can
be minimized if the contraindications for gastric lavage are respected:

1. Caustics or corrosive ingestions, where the danger of esophageal
perforation is real (some authorities recommend insertion of a small, well-
lubricated tube into the stomach to remove acid within 30 minutes after
ingestion.*?)

2. Uncontrolled convulsions, due to the risk of injury and aspiration

3. Coma and/or absence of protective upper airway reflexes without
insertion of an endotracheal tube (cuffed in children greater than 9 years
old), to protect against aspiration

4. Significant dysrhythmias (vagal effects with insertion of the tube
may precipitate a fatal dysrhythmia)

5. Certain petroleum distillate hydrocarbons, due to the incidence of
aspiration pneumonia being higher with lavage than emesis

The best results are obtained with gastric lavage when the largest bore
tube that can be reasonably and safely inserted orally in the patient is used.
A nasogastric tube is severely limited in value for lavage techniques other
than use in certain liquid ingestions. Although a lavacuator hose, or at least
36 to 42 Fr Ewald tube is used in adults, children often cannot tolerate
larger than a 26 to 28 Fr orogastric tube. One investigator states that 36 Fr
orogastric hoses can be safely passed in children as young as 1 year of age.*?
Therefore, for the logistical reasons of inadequate lavage tube size, emesis is
preferred for removal of a solid ingestion in children (i.e., if contraindica-
tions to emesis do not exist). After the tube is placed, aspiration of gastric
contents is followed by positive identification of tube placement, preceding
instillation of any lavage fluid.

If the child is to be endotracheally intubated prior to lavage, the use of a
cuffed endotracheal tube in a child under 9 years of age is not recommended
(Table 13-7) for fear of tracheal damage. If a cuffed tube is to be used in the
older child, it should be deflated immediately following lavage.?* Without
elective endotracheal intubation, the patient should be placed in the left
lateral decubitus position, with the head 15 to 20 ¢cm lower than the hips
(Trendelenburg position). This will aid in the prevention of aspiration if
vomiting does occur without physical protection of the airway.?!43

Although the standard lavage fluid in adults is either water or saline,
children should only be lavaged with 0.45 percent saline. The use of an
alternative fluid composition in children may lead to hypernatremia, hypo-
calcemia, and/or other severe electrolyte imbalances.?*43 One tablespoonful
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Table 13-7. Pediatric Resuscitation Equipment

Age/ Endotracheal Suction Foley Nasogastric
Weight Tube Catheter Catheter Tube®
Newborn 3.0-3.5 8 Fr 5-8 Fr 5-8 Fr
(3.5 kg) Uncuffed Feeding Feeding
6 months 3.5-4.5 8-10 Fr 8 Fr 8 Fr

(7.0 kg) Uncuffed
1-2 yr 4.0-4.5 10 Fr 10 Fr 10 Fr
(10-12 kg) Uncuffed
5yr 5.0-5.5 14 Fr 10-12 Fr 10-12 Fr
(16—18 kg) Uncuffed
8-10 yr 5.5-6.5 14 Fr 12 Fr 14-18 Fr
(24-30 kg) Cuffed

“The use of larger tubes for lavage has been suggested; see text for discussion.

of salt in a glass of water, administered to a 3-year-old child, has the poten-
tial to raise the serum sodium concentration by 25 meq/L.?? By contrast,
some authorities still recommend normal saline due to a supposed “de-
creased risk of electrolyte imbalance.”?! The appearance of hyponatremia
and hypokalemia has been reported with tap water lavage.*

It has been suggested that massage of the left upper quadrant may aid
in dislodging particles from the gastric folds, while facilitating overall re-
turn. One drawback to a too-vigorous approach in this manner may be the
induction of vomiting. The lavage fluid should also be warmed so as to avoid
the production of hypothermia in the child. Whereas adults may tolerate up
to 250 to 350 ml lavage aliquots, 15 ml/kg should be used in children.?!.22 If
these volumes are exceeded, the stomach contents may be forced through
the pylorus into the intestine, or possibly cause vomiting. The lavage
should be continued until a consistently-clear fluid return is achieved.

The clinician should always be cognizant of the ingestants known to
cause gastric concretions, such as ferrous sulfate, meprobamate, glu-
tethimide, salicylates, and large amounts of dry tablets. A concretion may
require prolonged forceful lavage to dissolve, break up, or otherwise remove
the bolus of material. As a last resort, endoscopic or surgical removal may
be required. Clues to the presence of concretions are failure to respond to
treatment, continued deterioration, or a measured blood concentration that
does not decrease despite adequate GI decontamination modalities.

Intestinal lavage has been advocated by some for management of para-
quat, diguat, and ingestion of other toxins.?'4> This procedure may pose a
significant risk of fluid and electrolyte imbalance in children, unless a bal-
anced solution is used.?!6 [ts value in children still remains to be defined.

Activared Charcoal

Activated charcoal is extremely useful in the decontamination of the GI
tract. The effectiveness of activated charcoal lies in its ultrasmall particle
size and its very large surface area, This permits adsorption of a number of
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chemical agents. The standard-grade activated charcoals commeonly used
today have a surface area of more than 1,000 m?%g. A new superactivated
charcoal boasts 3,000 m?/g.#"*8 Traditionally, the use of activated charcoal
given concurrently with certain antidotes such as ipecac or n-acetylcysteine
was contraindicated. This is now being challenged.*® Only two other contra-
indications to charcoal administration exist at this point. The ingestion of a
caustic or corrosive agent, since charcoal does not effectively adsorb these
compounds, may cause vomiting, and will most probably hinder any endo-
scopic attempts to evaluate the esophageal and/or gastric mucosa. Charcoal
should also not be repeatedly administered to a patient who has absent
bowel sounds or any evidence of ileus.

Activated charcoal cannot adsorb all known toxins. It has limited value
with boric acid, caustics, corrosives, cyanide, as well as other elemental
metal ingestions. Certain pesticides and other poorly water-soluble com-
pounds may also not be effectively captured by the charcoal complex. The
alcohols may be adsorbed to a limited extent by charcoal,?® but this appears
to have little clinical significance, since the systemic absorption of the alco-
hols is so rapid.

The present controversy, which may very well change the face of our
general poison management protocols, is the use, and therefore the effec-
tiveness, of activated charcoal without the prior utilization of syrup or ip-
ecac. A number of studies have recently appeared in the literature attempt-
ing to reconcile this issue. Some have alluded to the superiority of activated
charcoal alone, without the initial use of ipecac, and have since recom-
mended its immediate use without preceding emesis.?'-58

The dose of standard-grade activated charcoal is usually 50 to 100 g in
adults and 1 to 2 g/kg per dose in children. Some investigators have sug-
gested the use of smaller doses of the superactivated charcoal, since its
enhanced surface area markedly improves its binding characteristics.?!47:48
This could have a definite advantage in children, requiring only approxi-
mately one-half the amount of a standard-grade charcoal slurry. In addi-
tion, if the patient vomits, what is left in the GI tract will now be potentially
twice as effective. The charcoal is mixed and administered as a slurry in at
least 100 ml water or 35 to 70 percent sorbitol solution and is given orally or
through a gastrically placed tube. The sorbitol has the advantage of improv-
ing the palatability of the charcoal while acting as a superior cathartic
compared to the magnesium or sodium salts, reducing the time required to
produce charcoal-laden stools.?®5? The use of sorbitol in children is not with-
out concern, for it does possess the potential to induce significant diarrhea
and electrolyte imbalance. A cathartic should be used in order to prevent
the formation of “charcoal briquets” in the GI tract.®”

It would be beneficial when dealing particularly with ingestions in the
pediatric age group to find an additive that will impart a more palatable
nature to the charcoal slurry, thereby improving compliance when adminis-
tration of the antidote is necessary. Many types of vehicles or additives have
been advocated, including milk, sherbet, ice cream, chocolate flavoring, and
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mineral oil. All have been shown to have the potential to decrease the
absorptive capacity of the charcoal and should therefore be avoided.?2:5861.62
In contrast to the aforementioned additives, cherry flavoring does not ap-
pear to influence the absorptive capacity of charcoal.?? The ideal additive,
still to be determined, would mask the gritty dirtlike texture with or with-
out imparting a flavor and would not reduce the efficacy of the antidote.
Some clinicians believe that sorbitol satisfies some of these criteria. In any
case, it has been suggested that if a firm approach is taken, the charcoal is
more likely to be taken by the child.?! The charcoal slurry should be placed
in an opaque container with a fitted lid to mask its color. The suspension
should be sipped through one or two straws, alternating with sips of a clear
fluid, such as water. If attempts to get the child to self-administer this
antidote within 15 to 20 minutes have failed, a nasogastric tube should be
placed, the slurry further diluted, and the charcoal administered through
the nasogastric tube.?! Superactivated charcoal may be used in smaller
doses, making administration easier by virtue of the absolute volume to be
administered; in fact, it may be more efficacious in children due to a better
probability of retaining the slurry when smaller volumes are adminis-
tered.?!

Although the use of activated charcoal is generally considered benign,
various problems including death have been reported, apparently due to
aspiration of charcoal.®3-5° By contrast, some authorities believe that aspi-
ration of charcoal is no worse than aspiration of gastric contents alone and
that such cases are due only to the adverse effects of gastric fluid aspiration
and not particularly to the charcoal component.?!

The use of multiple doses of activated charcoal, given every 2 to 6 hours,
is now gaining widespread acceptance for such ingestions as phenobarbital,
salicylate, theophylline, digoxin, and carbamazepine.5-7* The use of multi-
ple-dose activated charcoal therapy appears useful not only in cases of long-
acting or sustained-release preparations, but with those agents undergoing
enterohepatic or enterogastric recirculation as well. It is now clearly recog-
nized that activated charcoal can produce a gastric dialysis®®-® in addition
to serving as a stool marker indicating that no further compound is avail-
able for absorption. This GI dialysis concept has proved useful for those
agents ingested orally as well as for those administered intravenously. The
efficacy of this procedure is purportedly due to the creation of a concentra-
tion gradient, enhancing the rate of diffusion from the central compartment
into the GI tract, with the charcoal acting as an adserbent sink. The clini-
cian should not indiscriminantly administer multiple-dose charcoal without
a proper evaluation of the risks, clinical symptomatology, and its reported
usefulness for a particular compound. Charcoal administration is not with-
out risk. The use and relative efficacy of multiple-dose charcoal in the pedi-
atric literature is limited to case reports.?! If this modality is deemed neces-
sary, a dose of 1 g/kg standard-grade activated charcoal (or alternately, an
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appropriate dose of superactivated charcoal), administered every 4 to 8
hours with saline or sorbitol, seems appropriate for children.?!

Cathartics

Cathartics are used in an attempt to shorten the transit time of the
toxin or toxin—charcoal mixture through the GI tract. Despite the almost
universal use of cathartics in the management of poisonings, there is no
scientific or clinical proof to support its efficacy.?1?277 The exception is the
cathartic used to prevent constipation from the administration of charcoal.
Adverse effects, such as fluid loss and moderate to severe electrolyte im-
balance, appear to be more common in pediatric patients.?! Fleet’s phospho-
soda, a favorite with adults, should not be used in children, due to the risk
for severe electrolyte complications.?® Ionic cathartics enjoyed almost wide-
spread notoriety until recently, when the use of sorbitol has been advocated.
Sorbitol, as well as the saline cathartics, is not known to significantly affect
the adsorptive capacity of activated charcoal 2122267879 [t ig therefore appro-
priate for these agents to be mixed with and/or given concurrently with
activated charcoal.®’ In addition, the use of 70 percent sorbitol solution has
been recommended.”81-82 The use of this high concentration in children is
now being questioned, since hypernatremic dehydration, possibly associated
with a charcoal-70 percent sorbitol mixture, occurred in a 3-month-old
infant.? It was clear that the concentration of sorbitol used in this case was
excessive, although an actual cause-and-effect relationship was not estab-
lished. Nevertheless, infants and small children should probably receive a
more dilute solution, such as a 35 percent concentration, and should be
monitored more carefully for dehydration and electrolyte disturbances. Sor-
bitol is not recommended in a patient under 1 year of age and should be used
with caution in the child under 3 years of age.

The dose of sodium or magnesium sulfate in children is 250 mg/kg; 5
ml/kg is the appropriate dose of magnesium citrate. Sorbitol dosing (1 to 112
g/kg) is controversial in children. It should also be noted that the safety of
cathartics, administered every 4 hours with the multiple activated charcoal,
has not been established. The use of cathartics is relatively contraindicated
in the following circumstances:

1. The actual or suspected presence of an ileus, as indicated by an
absence of bowel sounds”

2. The presence of an intestin-l obstruction or evidence of intestinal
perforation

3. The use of magnesium-containing cathartics in renal failure

4. The use of sodium sulfate in congestive heart failure or other circum-
stances requiring sodium restriction

5. A preexisting electrolyte disturbance

6. A cathartic ingestion/intoxication
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SPECIAL PROBLEMS IN THE DEFINITIVE TREATMENT OF
PEDIATRIC OVERDOSE PATIENTS

We have seen up to this point that differences do exist in the evaluation,
diagnostic considerations, and basic management of children as compared
with adults. These subtle differences also carry over to the more definitive
secondary management techniques.

Procedures for Enhancement of Elimination

One of the methods used to enhance the elimination of a toxin has
already been discussed, that being gastric dialysis. The following discus-
sions apply to other methods by which one may enhance the elimination
mechanisms (some in vivo and some extracorporeal) all leading, it is hoped,
to a shortened course of toxicity after a poisoning. In general, these modali-
ties are needed in only a small number of cases and should therefore be
reserved for those severe and possibly life-threatening and methodologically
responsive exposures. Since these modalities do carry some inherent risks of
their own, they should not be included in the routine care of the poisoned
patient. Again, one must consider the innate differences between adults and
children when evaluating the risk versus benefit ratio for each of these
modalities.

Alkalinization of the urine, by virtue of its ability to produce an ion-
trapping effect, can significantly increase the elimination of phenobarbital,
barbital, and salicylates. Prevention of the renal tubular reabsorption of
these compounds is accomplished by altering the ratio of ionized to un-
ionized drug, favoring the nonabsorbable ionic form. This is accomplished
by raising the urine pH into the range of 7.5 to 8.0, without the blood pH
going beyond 7.5. This goal is attained by the use of intravenously adminis-
tered sodium bicarbonate, 1- to 2-mEq/kg bolus followed by infusion, in
itself necessitating the close monitoring of the urinary, as well as the
plasma pH. This procedure may also place the patient at risk of hypokale-
mia and/or hypocalcemia. The use of forced diuresis, where fluid administra-
tion may or may not be accompanied by diuretics to stimulate urine flow
three to six times that of normal, has been abandoned by some clinicians
because of the risks associated with this maneuver.”” In fact, recent studies
suggest that urinary alkalinization alone, without diuresis, may be just as
effective as forced diuresis maneuvers.® The risks associated with the in-
duction of a high urine flow rate, such as cerebral edema, pulmonary edema,
disturbances in acid-base and electrolyte balance, and drug-induced SIADH
(e.g., barbiturates, opioids, salicylates, cyclic antidepressants, sulfonylu-
reas, biquanides, carbamazepine) often place the patient at increased risk of
morbidity.? This is especially true in children, in whom administration of
large fluid loads and sodium bicarbonate will induce a more pronounced
problem than in their adult counterparts. This problem is compounded
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when, by virtue of the specific toxicologic action, certain exposures actually
produce cerebral or pulmonary edema or renal failure.

Acid diuresis, accomplished with the use of intravenous ammonium
chloride, supposedly enhances the elimination of weak bases such as am-
phetamines, quinine, strychnine, and phencyclidine. This procedure has
since been abandoned, and rightly so, because of its potential to cause severe
metabolic acidosis, precipitation of myoglobin in the renal tubules, and

severe electrolyte shifts.®

Extracorporeal Methods of Toxin Removal

Although fairly useful with certain adult poisonings, extracorporeal
means of removing toxic substances may have limited value in children and
small infants, depending on the age of the patient and the clinical character-
istics of the exposure. These modalities are rarely first-line choices. They
are reserved for the severe life-threatening poisonings or overdoses that are
amenable to dialysis or hemoperfusion. The ideal characteristics of a remov-
able toxin include low molecular weight, low protein and tissue binding,
high water solubility, and a small volume of distribution (less than 1 L/
kg).? These measures also prove useful for those instances in which mainte-
nance of appropriate acid-base balance becomes difficult or refractory, se-
vere electrolyte imbalances arise, overhydration due to acute renal failure
is evident, or the patient develops uremia and its related syndromes. Con-
sultations should be sought with the nephrologist under the following cir-
rumstances’”: |

1. Progressive deterioration in patient condition despite intensive sup-
portive treatment

2. Severe intoxication resulting in refractory hypoventilation, hypo-
thermia, and hypotension

3. Complications that portend catastrophic deterioration

4. Impairment of normal drug excretory pathways that would result in
a prolonged severe course

Even though peritoneal dialysis is reportedly 1/20th as effective as
hemodialysis, it is easier and less hazardous to perform. It is particularly
useful in small children, in whom the blood vessel size and small blood
volume make hemodialysis more difficult.®® Peritoneal dialysis has been
successfully used for barbiturates, bromides, phenytoin, ethanol, ethchlor-
vynol, ethylene glycol, inorganic’ mercury, isopropyl alcohol, lithium,
methyprylon, quinidine, salicylate, and theophylline.®® The use of perito-
neal dialysis is contraindicated in a patient who has had recent abdominal
surgery-or if there is evidence of an intrabdominal infection.
~ Hemodialysis is considered a more effective means of dialysis, but it
requires experience, sophisticated technical skill, adequate anticoagulation,
and vascular access. This modality exposes the patient to a risk of hemor-



Table 13-8. Pediatric Dosages of Selected Antidotes

Antidote Indications Pediatric Dose
N-Acetylcysteine Acetaminophen Loading: 140 mg/kg
toxicity Maintenance: 70 mg/kg
Q4h for 17 doses
Orally as a 5% solution
Atropine Organophosphates/ 0.05 mg/kg (2 mg maximum)

Cyanide kit

Carbamates and
other severe
cholinergic poi-
sonings
Cyanide poisoning

every 2-5 min until cessa-
tion of symptoms (e.g.,
pulmonary secretions)

See below:

Hemoglobin Sodium nitrite 3% Sodium thiosulfate (initial
(g) (initial dose; dose; 12.5g maximum)
maximum 10 ml)
8 0.22 ml/kg (6.6 mg/ 1.10 ml/kg
kg)
10 0.27 ml/kg (8.7 mg/ 1.35 ml/kg
kg)
12¢ 0.33 ml/kg (10 mg/ 1.65 ml/kg
kg)
14 0.39 ml/kg (11.6 1.95 ml/kg
mg/kg)
Deferoxamine Iron intoxication Therapeutic dose: 90 mg/kg
IM or IV to a maximum of
1 g, every 4—-12 hr; not to
exceed 6 g in 24 hr; IV slow
infusion up to 15 mg/kg/hr
Diagnostic trial: 20 mg/kg IM
(up to 1-g)
Diazepam Seizures resulting 0.1-0.3 mg/kg up to 10 mg IV
from intoxication slowly over 2 min
Dimercaprol Intoxications from IM use only: 3-5 mg/kg ini-
(BAL) lead, arsenic, tially, followed by 2.5 mg/kg
gold, mercury, q4h for 2 days, then q6-12h
copper, nickel, Note: dosage and duration
antimony varies with specific intoxicant
and severity; see recommen-
dations for each poisoning
Diphenhydramine Dystonic reactions 1-2 mg/kg IM or IV over 2
from phenothia- min
zine and related
compounds
Ethanol Methanol, ethylene

glycol

Loading: 7.6-10 mlkg of a
10% solution in D;W over
30 min IV; or 0.8-1.0 ml/kg
95% ETOH diluted to a 20-
30% solution for oral ad-
ministration

Maintenance: 1.4 ml/kg/hr of
a 10% ETOH solutidn IV
(0.16ml/kg/hr PO 95%); add
91 ml/hr IV (9.6 ml/hr PO)
if patient on dialysis

(Continued)
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Table 13-8. (Continued)

Antidote Indications Pediatric Dose
Glucagon B-Blocker intoxica- 50-150 ug/kg IV over 1 min
tion followed by infusion of 1-5

mg/hr tapered over 5-12 hr
Note: do not use supplied
diluent (contains phenol)

Methylene blue Methemoglobinemia 0.1-0.2 ml/kg of a 1% solu-
tion (1-2 mg/kg) IV over 5
min

Naloxone Opioid toxicity 0.1 mg/kg IV, IM (Note: many

clinicians use normal adult
doses in children); mainte-
nance infusion two-thirds
the initial reversal dose
used, per hour
Physostigmine Severe anticholin- 0.03 mg/kg up to 0.5 mg IV
ergic poisoning over 2 min repeated to a
maximum dose of 2 mg if
required
Note: reserved for severe, life-
threatening toxicity when
conventional therapy has
failed
Pralidoxime (2- Organophosphate 25-50 mg/kg IV over 2 min
PAM) poisoning or IM; repeat every 8—12 hr
if needed; if severe can be
infused at less than 0.5 g/hr

¢ If hemoglobin unknown, use this dose.

rhage, infection, hypotension, and electrolyte disturbances. The limitation
of age or body size vary with the dialysis equipment and local expertise,
although it has reportedly been used in newborns.®

Hemoperfusion with either charcoal or resin compounds claims the
same vascular access problems in children as hemodialysis. Charcoal or
resin hemoperfusion may be more effective than hemo- or peritoneal dialy-
sis for certain agents with low water solubility, high molecular weight, and
high plasma protein binding.#® Patient-associated risks are the same as
with hemodialysis, with enhanced risk of thrombocytopenia, hypothermia,
and hypotension. Whenever these modalities are employed, careful monitor-
ing of the formed blood elements, calcium, glucose, electrolytes, protein,
osmolalities, and vital functions should be carried out.

Exchange transfusion is primarily used in young infants and children
and is effective with highly protein-bound drugs with low volumes of distri-
bution. It has limited use in older children.

Antidotal Therapy in Children

Another common pitfall in the management of the poisoned pediatric
patient is the inappropriate use of antidotal modalities. Table 13-8 outlines
the proper indications and dosages in children.
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Table 13-9. Indications and Guidelines for Admission

Potential for secondary complications arising from ingestion of a specific
substance
Exposure to a highly toxic agent
Symptoms of the toxic exposure:
Because of the nature of the toxin, the patient must be monitored for
a period of time even though the symptoms resolve.
Symptoms do not resolve despite therapy.
Suspicion or evidence of nonaccidental ingestion or injury (e.g., child abuse,
attempted homicide)

Observation/Admission Guidelines
for Children

If adequate facilities are available, observation for 6 to 8 hours in the
emergency department will usually be enough time to unmask most de-
layed-onset toxic reations. Children under 1 year of age are considered at a
higher risk of toxicity and often do not show the classic adult symptomatol-
ogy.”” Therefore, one must exercise caution with early discharge. Appropri-
ate indications for admission (Table 13-9), other than a patient who is al-
ready manifesting signs and symptoms, include exposure to an agent known
to be highly toxic, a dose or exposure to a toxin sufficient enough to antici-
pate the development of toxicity, or a history of an intentional ingestion.
The adequacy of the home environment must be assessed before the child’s
discharge. Older children with suicidal ideations must also be evaluated

prior to release.

POISON PREVENTION/AWARENESS

Treatment does not end with the administration of the last therapeutic
agent or maneuver. The existing problem must be addressed, whether it is
poison-proofing the home, undersupervision of the child, a cry for help, or
even child abuse. If warranted, the proper social service authorities must be
contacted. If this was truly an accidental ingestion, the clinician must be
prepared to teach poison prevention, so a repeat episode can be avoided.
Perhaps the biggest pitfall is that this important modality is often over-
looked. Unfortunately, established and study-proven techniques for teach-
ing this topic are not available. The physician must tailor each training
session to the patient and family situation encountered. Safety packaging
has contributed significantly to the decline in pediatric accidental inges-
tions. The use of these fypes of packaging for those households with children
should be emphasized during these training sessions.

Parents should be instructed to keep products in their original contain-
ers and to discard containers safely after they are used up. They should
never call medicine “candy” and should refrain from taking medication in
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front of children who are great imitators. Old and out-of-date medications
should be discarded, as should those no longer used. Medications and house-
hold products should be kept out of reach of children, and children should be
taught never to eat anything without checking with a parent or responsible
caretaker. The appropriate storage and use of syrup of ipecac and reference
to the poison control center should always be stressed.

SUMMARY

We have systematically discussed the potential diagnostic and thera-
peutic errors that may be realized with dealing with pediatric intoxication.
Age-related variability in pharmacokinetic parameters encountered in this
age group may alter the clinical presentation and predictability of toxic
exposures in children. Failure to recognize the subtle differences between
adults and children, with respect to age-related physiochemical phenomena,
may result in inaccurate assessments. The use of normal adult treatment
modalities in children may be incorrect or actually dangerous. The approach
to obtaining and relying on the history, as well as assessment of admission
criteria, must also be modified relative to pediatric exposures. Finally, the
clinician must be prepared to teach poison awareness to their patients and
respective parents/guardians so that these preventable accidents can be
avoided in the future. :
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Abdominal trauma, 81, 86t, 88—89
computed tomography in, 82, 89
Abrasions, 97t, 98
Acetabulum, fractures of, 166-167,
168f
Acetaminophen
metabolism in children, 248
toxicity of, antidote dosage in, 270
N-Acetylcysteine as poisoning antidote,
270
activated charchoal with, 265
Acidosis
dehydration in, 183
correction of, 184
respiration in, 221
Adolescents
emergency care for, 51-53
fainting attacks in, 194195
B-Adrenergic blocker intoxication,
antidote dosage in, 271
B-Adrenergic drugs in asthma, 232,
235-237, 236t, 237t
Adrenogenital syndrome, dehydration
in, 177
Advanced Pediatric Life-support Course
(APLS), 2
Aerosolk therapy
in asthma, 232, 236-237
in croup, 226-227, 227f
Age
and blood-brain barrier development,
248
and effects of toxic exposures,
246-249

and evaluation of seizure patients,
193-194, 208, 209t
and gastric emptying time, 246
Airway management
in apnea, 221
availability of resources for, 31
in cervical spine injuries, 135-136
in epiglottitis, 37-38, 229-230
in intoxications, 253-254
in seizures, 202
in trauma, 73, 76t, 77-78
Airway obstruction. See Respiratory
distress
Albuterol in asthma, 236, 236t, 237t,
240
Alcohol
as antidote in poisonings, 270
intoxication from
as contraindication for emesis
induction, 260
dialysis in, 269
and restraint of patient, 55—-56
Alkalinization of urine in intoxications,
258
Allergy
to anesthetic agents, 102
to contrast media, 82
Aminophylline
interaction with anticonvulants, 205t
intravenous, in asthma, 237
Amputations in hand, traumatic, 104
Anesthesia, 101-102
allergy to agents in, 102
local infiltration in, 101-102
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Anesthesia (Continued)
TAC solution in, 98, 101
Anger, and initiation of lawsuits, 46
Aniline dyes, percutaneous absorption
of, 247
Animal bites, 98
and rabies prophylaxis, 98, 99t
Ankle :
fractures of, 170
radiography of, value of, 15
Anoxia, acute, decerebrate posturing
in, 195
Antibiotic therapy, expectant, for occult
bacteremia, 40
Anticholinergic poisoning, antidote
dosage in, 271
Anticonvulsants, 202-207
Antidepressants, cyclic
cardiovascular dysfunction from,
254
as contraindication for emesis
induction, 260
Antidotes for poisonings, 271
dosages of, 270-271
Antimony poisoning, antidote dosage
in, 270
Apnea
airway management in, 221
in seizures, 192-193, 194
Apomorphine as emetic agent, 262
Arsenic poisoning, antidote dosage in,
270
Arterial blood gases. See Blood gas
analysis
Arteriography, 90
in fractures, 151f, 156
Arthrography, in fractures, 156
Aspiration of foreign bodies, 222,
230-231
as contraindication for emesis
induction, 260
radiography in, 95, 106, 231
Aspirin. See Salicylates
Asthma, 231-235
admission guidelines in, 239
B-adrenergic agents in
aerosols, 232, 235-237, 240
clinical pharmacology of, 236t
dosage of, 237t
oral, 240

arterial blood gas analysis in, 234
clinical scoring system in, 233t,
233-234
corticosteroids in, 238-239
discharge medications in, 239-240
historic factors in, 232
management of, 232, 235-239
goals in acute exacerbations, 239
physiologic manifestations of, 232
pulsus paradoxus in, 233
radiography in, 234
respiratory failure in, 234-235
spirometry in, 234
theophylline in, 237-238
dosage of, 238t
loading dose of, 239
therapeutic level of, 239
Ativan as anticonvulsant, 203, 205
Atlanto-axial region
instability of, and cervical spine
injuries, 117
rotatory subluxation of, 122, 125,
126
Atropine as poisoning antidote, 270
Auras In seizures, 190
Automatisms in seizures, 192
Avulsion injuries
dental, 106, 107-108
in fractures, 144f, 148—-149
of hand, 104

Bacteremia
occult, 39-40
white cell count in, 17-18
Bacteriuria, 24
Bag-valve-mask ventilation
in cervical spine injuries, 135
in epiglottitis, 37, 38, 230
_ 1in seizures, 202
in trauma, 78
BAL therapy as antidote in poisonings,
270
Barbiturates
cardiovascular dysfunction from, 254
poisoning from, dialysis in, 269
Barium enema in reduction of
intussusception, 38
Basilar artery migraine, 197
Behavioral changes. See Mental status
Benzodiazepines in seizures, 202



Bicarbonate
serum levels
in dehydration, 183
predictive value of, 20
therapy in intoxications, 268
Bites, 97t, 98
and rabies prophylaxis, 98, 99t
Bladder tap, indications for, 24, 25
Blood-brain barrier, age-related
changes in, 248
Blood cultures, 39-40
in seizures with fever, 209t
Blood gas analysis, 20-21
in asthma, 234
in croup, 226
in intoxications, 254
Blood pressure
evaluation in trauma, 85
hypotension in status epilepticus, 201
normal values for children, 249t, 254
Blood transfusions
in abdominal injuries, 88, 89f
in hemorrhage from trauma, 74, 80
religious objections to, 55
Blood urea nitrogen levels in
dehydration, 18-19, 19t, 174t,
176
Bones of children compared to adults,
141-143
Boric acid, percutaneous absorption of,
247
Bowel sounds in trauma, 81
Breathholding spells, juvenile, 194—
195
Breath sounds
in asthma, 233
evaluation of, 222
in foreign body aspiration, 230-231
Bromide poisoning, dialysis in, 269
Bronchiolitis, 231
management of, 232
physiologic manifcstations of, 231
Bronchodilators
in asthma, 232, 235-238
in bronchiolitis, 232
Bryant’s traction in fractures, 161
Bumper injuries, 152
Bupivacaine, 102t
Buretrol device in fluid therapy, 184
Burns, minor, 97t, 105-106
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Calcium levels in dehydration, 183

~ Call schedules for physicians, 31-32

Camphor ingestion as contraindication
for emesis induction, 260
Campylobacter infection, diarrhea in,
173
Carbamate poisoning, antidote dosage
in, 270
Carbamazepine
movement disorders from, 196
poisoning from, activated charcoal in,
266
Carbon dioxide partial pressure,
predictive value of, 20
Cardiac arrest, 3, 4f
Caretakers of children, primary, 1-3
Cartotid insufficiency, syncope in, 195
Cast applications in fractures, 161
primary, 161
secondary, 161
Cast braces in fractures, 162
Cathartics in intoxications, 253, 265,
267
Catheter
Foley, for pediatric resuscitation,
264t
suction, for pediatric resuscitation,
264t
Catheterization, urinary, 24, 25
Caustic or corrosive agents, ingestion
of
as contraindication for activated
charcoal, 265
as contraindication for emesis
induction, 253, 261
as contraindication for lavage, 263
Central nervous system resuscitation,
availability of resources for, 31
Cerebral swelling
in head injuries, 42
prevention of, 75, 80, 87
Cervical spine injuries, 111-137
airway management in, 135-136
anatomic factors in, 114, 115f, 116f
anterior cord lesion in, 122
atlanto-axial instability affecting,
117
atlanto-axial rotatory subluxation in,
122, 125, 126
central cord syndrome in, 122
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Cervical spine injuries (Continued)
cervical collars in, 119
complete cord lesion in, 121-122
compression of C7 in, 132f
epidemiology of, 112-114
etiology of, 113t, 113-114
hangman'’s fracture in, 117, 129f,
130
helmet removal in, 120
history in, importance of, 120-121
in hypermobile spine, 115-118
immobilization in, 119-120
removal of, 133
intubation in, 135-136
lethal injuries in, 130f-131f
management of, 132-137, 134f
neurological deficit in, 112-113,
113t, 118, 118t
different patterns of, 122
in newborn, 114, 117
occult fractures in, 122-123
odontoid fractures in, 118, 121, 126,
128f
physical examination in, 121-122
physical restraints in, 120
removal of, 133
prehospital care in, 119-120
prevertebral soft tissue space in, 126
and protective measures
in intoxications, 254, 257
in trauma, 78
radiography in, 122-125, 133-135
anterior-posterior view in, 125
atlanto-axial ossification in,
126-129, 127f
atlanto-dental distance in, 126
computed tomography in, 125
criteria for, 124t
cross-table lateral view in,
124-125
oblique views in, 125
open-mouth odontoid view in, 125
pillar view in, 125
pitfalls in, 125-132, 131t
pseudosubluxation in, 127f,
129-130
wedge-shaped vertebral bodies in,
127f, 129
referrals for, 137
respiratory problems in, 136
in shaken baby syndrome, 114, 117

Charcoal, activated, in intoxications,
253, 261, 262, 264-267
Charting procedures, 47-50
correction of errors in, 50
and documentation of consultants
used, 49
items to be avoided in, 49-50, 50t
for leaving against medical advice,
48-49, 54-55, 55t
professional attitude in, 49
recommendations for, 50t
requirements of Joint Commission on
Accreditation of Hospitals,
48-49, 48t
Chest films, 22
in asthma, 234
Chest injuries, 81, 86t, 87—88
Chest pain, 23
Chest retractions in respiratory
distress, 219, 221
in asthma, 233
in bronchiolitis, 231
Child abuse, 61-68
_ causes of, 62—66
cervical spine injury in, 114, 117
community factors in, 64
solutions for, 67
definition of, 62
familial factors in, 62, 65
solutions for, 67—-68
fractures in, 163—-164
individual or personal factors in,
65—66
solutions for, 68
medical-legal aspects of, 55, 61
poisonings in, 250
recognition and reporting of, 68
skull radiographs in, 22
societal factors in, 63-64
solutions for, 66—67
soft tissue injuries in, 95, 96t
solutions for, 66—-68
theoretical models for, 65
Chloral hydrate, dosage of, 94t
Chloramphenicol
interaction with anticonvulsants,
205t
metabolism in children, 248
Choking
in bronchiolitis, 231
in foreign body aspiration, 230



Cholinergic poisonings, antidote dosage

in, 270
Choreoathetosis, paroxysmal, 196
Cleansing of wounds, 98, 102
Cocaine, topical epinephrine with, 98,
101 -
Coma
and evaluation of consciousness
levels, 80-81, 85, 87, 256
(lasgow Coma Scale, 81, 87, 257
in intoxications, 254-255, 256,
257-258
as contraindication for emesis
induction, 261
as contraindication for lavage, 263
neurologic, compared to toxic
metabolic coma, 258t
Reed’s Coma Scale, modified, 257
Combination injuries, evaluation of,
94-95
Community factors in child abuse, 64
solutions for, 67
Compartment syndromes in fractures,
153, 161
Computed tomography
abdominal, 82, 89
in cervical spine injuries, 125
in fractures, 156

in head injuries, 21, 22, 82, 198, 199t

Concretions, gastric, from ingestants,
264
Confusional states
in migraine, 197
in respiratory distress, 220
in seizures, 190
Conjuctival smears, 25
Consciousness levels, evaluation of,
80-81, 85, 87, 256
Consent for treatment, 50-53
for adolescents, 51-53
for emancipated minors, 51-52, 52t
and mature minor doctrine, 52
by permission of courts, 55
refusals in, 53-56
by telephone, 51
and treatment without parental
consent, 51, 53t
Consultants, documented use of, 49
Convulsions. See Seizures
Copper poisoning, antidote dosage in,
270

Index

Corporal punishment for child
discipline, 63-64
reduction of, 66
Corticosteroids
in asthma, 238-239
in croup, 228
percutaneous absorption of, 247
Cough
in croup, 222
in foreign body aspiration, 222,
230-231
C-reactive protein test, value of, 15
Cricothyroidotomy, needle
in epiglottitis, 37, 230
in trauma, 73, 78
Croup, 222
clinical features of, 223
clinical scoring system in, 226, 227t
corticosteroids in, 228
disposition guidelines in, 229
management of, 226-229
mist therapy in, 226-227, 227f
racemic epinephrine in, 228
radiography in, 224, 224f
Crush injuries, 104
Cultures
blood, 39—-40
urine, 25
Cyanide poisoning, antidote dosage in,
270
Cyanosis
in respiratory distress, 219
in seizures, 193
in supraglottitis, 223

Day care programs for children, 64,
67
Deaths in trauma victims, 41
in cervical spine injuries, 112
prevention of, 71, 83
Debridement of wounds, 98, 192
in burns, 105
Decerebrate posturing, 195
Decompression, nasogastric, in
intussusception, 39
Deferoxamine as poisoning antidote,
270
Dehydration, 173-187
acidosis in, 183
correction of, 184
in asthma, 235

283
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Dehydration (Continued)
blood urea nitrogen in, 18-19, 19t,
174t, 176
and causes of gastroenteritis, 186t
in chubby infants, 179
amd compartmental distribution of
fluid losses, 175t, 175-176
in emaciated infants, 181
extent of, 174t, 174-176
fluid therapy in, 182
in hypernatremia, 20, 177-178, 183
correction of, 184
hypertonic, 178, 178t
hypocalcemia in, 183
in hypoglycemia, 183
in hyponatremia, 20, 177, 183
correction of, 184
hypotonic, 178, 178t
management of, 180t
‘inadequate history in, 181
intravascular depletion in, 182
1sotonic, 178; 178t
management of, 179t
laboratory findings in, 174
limitations of, 176
mild, 174, 174t
moderate, 174t
monitoring of therapy in, 182
in newborn, 178
physical examination in, 174
potassium levels in, 183
correction of, 184
recognition of, 174-181
severe, 174t
recognition of, 181
shock in, 181-182
sodium levels in, 19-20
in hypernatremia, 177-178, 183
in special situations, 177
in status epilepticus, 201
treatment of, 181-186
complications of, 184
Dental injuries, 95, 97t, 106-108
avulsions in, 106, 107-108
coronal fractures in, 106, 107
crown fractures in, 107
displacement in, 106, 107
in permanent teeth, 97t, 107-108
in primary dentition, 106
reimplantation in, 107-108
root fractures in, 108 .

Detergents as emetic agents, 262
Dexamethasone
in croup, 228
in epiglottitis, 37
Dextrose solution in dehydration, 182
Diabetes insipidus, dehydration in, 177
Diabetes mellitus, dehydration in, 177
Dialysis
gastric, from activated charcoal, 266
in intoxieations, 269
Diaper rinses, phenylmercury,
percutaneous absorption of,
247
Diaphyseal fractures, 143—-146, 144f
in child abuse, 163-164
displaced, 158f-159f, 159
undisplaced, 157
Diarrhea
fluid loss in, 173. See also
Dehydration
stool smears in, 25
Diazepam
as anticonvulsant
endotracheal, 206
intramuscular, 206
intraosseous, 207
intravenous, 204, 205
rectal, 206
metabolism in children, 248
as poisoning antidote, 270
Digoxin poisoning, activated charcoal
in, 266 '
Dimercaprol as antidote in poisonings,
270
Diphenhydramine as antidote in
poisonings, 270
Diphenylhydantoin
as anticonvulsant
interaction with other drugs, 205t
intramuscular, 206
intravenous, 203, 205
metabolism in children, 248
movement disorders from, 196
poisoning from, dialysis in, 269
Disability evaluation in trauma, 80-82
Discontrol syndrome, episodic, 197
Disorientation in seizures, 190
Documentation. See Charting
procedures
Drug abuse, and restraint of patient,
55-56



Drugs reactions, dystonic, 196
Duodenal injuries, 88
Dyskinesia, 196
Dysphagia in supraglottitis, 222
Dysrhythmias
in intoxications, 254, 256
as contraindication for lavage, 263
resources available for management
of, 31
seizures in, 193
syncope in, 195-196

Economic factors in child abuse, 63,
6667
Edema
cerebral
in head injuries, 42
prevention of, 75, 80, 87 .
pulmonary, neurogenic, 136
Elbow fractures, 164—-165
Electrocardiography, 23
in trauma, 88
Electroencephalography in seizures,
201
Electrolyte requirements, 177t
Emancipated minors, 51-52, 52t
Emergency departments
pediatric, free-standing, 1
undifferentiated, 1
- Emergency physicians as primary
caretakers of children, 2-3
Emesis induction in intoxications, 253,
260-262
Epiglottitis, 29, 37-38, 222
aryepiglottic folds in, 224, 225f
clinical features of, 223
management of, 229-230
conservative, 37
protocol for, 229
radiography in, 224, 225f
transfer management in, 230
Epilepsy. See Seizures
Epinephrine
in asthma, 235
racemic, in croup, 228
topical, cocaine with, 98, 101
Epiphyseal fractures, 144f, 148—-149
in child abuse, 163
displaced, 158-169
undisplaced, 157
Episodic discontrol syndrome, 197
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Ethanol. See Alcohol
Ethchlorvynol poisoning, dialysis in,
269
Ethylene glycol poisoning
antidote dosage in, 270
dialysis in, 269
Evaluation process, 8-11
adult and pediatric models compared,
8f
components in, 8f
history in, 8-9
laboratory tests in, 9
and normal values for children, 249t
observation in, 9, 10-11
physical examination in, 9
Extremity trauma, assessment of, 81,
86t, 90
Eye signs
in intoxications, 256
in seizures, 190

Facial expression in seizures, 190
Fainting attacks, 194-196
Families
community-based services for, 64, 67
consent for treatment of children,
51-53
dysfunction of, and child abuse, 62,
65, 67-68
parental psychopathology in, 65
social isolation of, 64
weakened structure of, -65
Fasciotomy in compartment syndromes,
153, 161
Fellowship programs in pediatric
emergency medicine, 2
Femoral 90/90 pin traction in
__fractures, 162
Femur, distal, fractures of, 169
Fenoterol in asthma, 236t, 237t
Ferrous sulfate, gastric concretions
from, 264

Fever

fluid losses in, 177
seizures with, 199-201, 200t
evaluation of, 207-209, 209t
in status epilepticus, 201
Finger injuries, 103-104
Fluid compartments of body
age affecting, 175, 175t
and distribution of toxins, 247
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Fluid loss
in diarrhea and vomiting, 173. See
also Dehydration
normal rates of, 176, 176t
Fluid therapy, 182
in asthma, 235
in burns, 105-106
clear liquids in, 185, 185t
complications of, 184
and daily water requirements, 176,
176t
and electrolyte requirements, 177t
in head injuries, 42
in intoxications, 254
in intussusception, 39
monitoring of, 182
oral routes in, 185-186
vascular access for. See Vascular
access
Foley catheters for pediatric
resuscitation, 264t
Foreign bodies
in abrasions, 98
aspiration of, 222, 230-231
and contraindications for emesis
induction, 260
radiography in, 95, 106, 231
in puncture wounds, 98-99
Foster care for children, 64
Fractures, 141-171
ankle, 170
radiography in, 15
arteriography in, 151f, 156
arthrography in, 156
assessment of, 81, 86t, 90
avulsion, 144f, 148-149
bone scans in, 156
bowing, 144f, 145
in bumper injuries, 152
cast applications in
primary, 161
secondary, 161
in child abuse, 163-164
classification of, 143-151
comminuted, 143
diaphyseal, 144f, 146, 147f

compartment syndromes in, 153, 161

complications of, 162—-163
compression
epiphyseal, 144f, 149

metaphyseal, 148
computed tomography in, 156
diagnosis of. 152-157
failures in, 162
diaphyseal, 143146, 144f
in child abuse, 163-164
displaced, 158f-159f, 159
undisplaced, 157
and differences between adult and
pediatric bones, 141-143
elbow, 164-165
at lateral condyle, 165, 166f—167f
at medial condyle, 165
at radial neck, 165
supracondylar, 164
epiphyseal, 144f, 148-149
in child abuse, 163
displaced, 158-159
in falls
from bicycles, 152
with elbow extended, 152
greenstick, 144f, 145, 145f
growth plate, 144f, 147f, 149-151,
157
Salter-Harris classification of, 149f,
151, 151f
hip, 169
of humerua, proximal, 164
impacted, 144f, 145
intraarticular
displaced, 160
nondisplaced, 160
knee, 169-170
at distal femur, 169
at proximal tibia, 169-170
longitudinal, 143, 144f
mechanism of injury in, 152
metaphyseal, 144f, 146-148
in child abuse, 163
Monteggia, 152, 155
neurologic status in, 153
oblique, 144, 144f
in child abuse, 163
osteochondral, 144f, 149
of tibia or distal femur, 170
pathologic
diaphyseal, 144f, 145
metaphyseal, 148
of pelvis and acetabulum, 166-167,
168f



radiology in, 153-157
adequate films in, 155
comparison views in, 145f, 156
long bones in, 22-23
radiation absorbed in, 156-157
soft tissues in, 156
splinted extremity in, 155-156
stress films in, 149f, 156
Salter-Harris
type I, 151, 157, 165, 170
type II, 151, 165, 170
type III, 149f, 151, 151f, 160, 165,
166f, 170
type IV, 151, 160, 165, 170
type V, 151
shoulder girdle, 164
skull, radiography in, 21-22
spiral, 144, 144f
in child abuse, 163
splints in, 160-161
radiography with, 155—-156
stress
diaphyseal, 144f, 146, 146f
metaphyseal, 148
subcapital, 144f, 146
supracondylar, 144f, 148
of elbow, 164
tomograms in, anterior-posterior and
lateral, 154f-155f, 156
traction in, 161-162
transverse, 143—-144, 144f
treatment of, 157-163
closed method of, 160—162
failures in, 162-163
open reduction in, 162
timing of, 160
wrist, 145f, 165

Gastric emptying time

age affecting, 246

agents affecting, 260
Gastric lavage in intoxications, 253,

262, 263-264

Gastroenteritis, causes of, 186t
Giardia infection, diarrhea in, 173
Glasgow Coma Scale, 81, 87, 257
Glass injuries, 95, 104
Glucagon

as antidote in poisonings, 271

in intussusception, 39
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Glucose
serum levels
in dehydration, 183
in status epilepticus, 201
therapy with
in dehydration, 182, 183
in intoxications, 254
Glutethimide, gastric concretions from,
264
Gold poisoning, antidote dosage in, 270
Growth plate, 142
injuries of, 144f, 147f, 149-151, 157
zones of, 147f, 151
Grunting in respiratory distress, 221
Gun control, advocacy of, 66

Hand
avulsions or amputations in, 104
finger injuries, 103-104
Hangman’s fracture, 117, 129f, 130
Head injuries, 41-42, 73-74, 8587,
86t
computed tomography in, 21, 22, 82,
198, 199t
overresuscitation in, 75, 79-80
risk criteria for, 21-22, 21t, 22t
seizures in, 198—-199
Headaches
and complicated migraine, 197
in respiratory distress, 220
Heart failure management, availability
of resources for, 31
Hematemesis in intoxications, 253, 261
Hematomas in head trauma, 42
Hemiplegic migraine, 197
Hemoperfusion in intoxications, 271
Hemophilus influenzae infection, and
occult bacteremia, 39-40
Hemorrhage
overresuscitation in, 75, 79-80
in trauma, 74-75, 79-80
Herniation, central transtentorial,
decerebrate posturing in, 195
Hexachlorophene, percutaneous
absorption of, 247
High-risk categories, knowledge of, 4-5
Hip fractures, 169
History of disease in evaluation of
patient, 8-9
Holding areas, observation in, 26
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Hotlines
for child abuse, 67
for emergency care, 36
Humerus, proximal, fractures of, 164
Hydration status evaluation with blood
urea nitrogen and serum
sodium, 18-20
Hydroxyzine, dosage of, 94t
Hypernatremia, dehydration in, 20,
177-178, 183
correction of, 184
Hyperventilation therapy in head
injuries, 42, 86-87
Hypnosis for examination in minor
trauma, 94
Hypocalcemia in dehydration, 183
Hypoglycemia
dehydration in, 183
in"status epilepticus, 201
Hyponatremia, dehydration in, 20, 177,
183
correction of, 184
Hypotension
in intoxications, 254
in status epilepticus, 201
Hypoxemia, 219-220
in asthma, 234
in croup, 226
Hypoxia, in trauma, 73, 78
Hysteria, seizures in, 198

Ibuprofen, interaction with
anticonvulsants, 205t
Imipramine, interaction with
anticonvulsants, 205t
Immobilization in cervical spine
injuries, 119-120
removal of, 133
Incontinence in seizures, 193
Intoxications, 245-273
absorption of compounds in, 246247,
259
activated charcoal in, 2563, 261, 262,
264-267
adverse effects of, 266
cathartics with, 265, 267
contraindications to, 265
dosage of, 265
multiple-dose, 266-267

sorbitol with, 265, 266, 267
superactivated, 265, 266
without preceding emesis, 265
admission guidelines in, 272t
age-related pharmacokinetics in,
246-249
airway management in, 253—-254
alkalinization of urine in, 268
antidotes in, 271
dosages of, 270-271
and assessment of nontoxic
ingestions, 251-252
cathartics in, 253, 265, 267
activated charcoal with, 265, 267
adverse effects of, 267
contraindications to, 267
coma in, 254-255, 256, 257-258
and criteria for suspicion of
poisoning, 252-253
dialysis in, 269
dilutional therapy in, 259-260
distribution characteristics of toxins
in, 247
emesis induction in, 253, 260-262
and activated charcoal use, 265
agents in, 262
contraindications to, 260-261
dosage of ipecac in, 261, 261t
excretion of compounds in, 248
eye care in, 259
as form of child abuse, 250
gastric concretions in, 264
gastric dialysis in, 266
general measures in, 259
hemoperfusion in, 271
history in, 249-250
incidence of, 245
lavage in, 253, 262, 263-264
contraindications to, 263
endotracheal intubation in, 263
fluid composition in, 263-264
- intestinal, 264
tube size in, 263
management of, 258-272
metabolism of compounds in, 248
neurological examination in,
256-257
percutaneous absorption in, 247
management of, 259
physical examination in, 255-257



and plasma protein binding of drugs,
247
prevention of, 272-273
resuscitation equipment in, 264t
Intracranial pressure increase in status
epilepticus, 201
Intubation
controlled, in head injuries, 42
endotracheal
in cervical spine injuries, 136
in epiglottitis, 37, 230
in intoxications, 254
and lavage in intoxications, 263
in pediatric resuscitation, 264t
in trauma, 78
nasogastric, in pediatric
resuscitation, 264t
nasotracheal, in epiglottitis, 229
Intussusception, 38-39
Involuntary actions in seizures, 192
Ipecac syrup in intoxications, 260
and activated charcoal use, 265
adverse effects of, 262
contraindications to, 260-261
dosage of, 261, 261t
Iron intoxication, antidote dosage in,
270
Isoetharine in asthma, 236t
Isoniazid, interaction with
anticonvulsants, 205t
Isoproterenol in asthma, 236t

Jitteriness, 196
Joint stiffness in children, 143

Kidney
age-related changes in, 248
injuries of, management of, 81, 88
Kidney-ureters-bladder (KUB) studies,
22
Knee fractures, 169-170

Laboratory studies, 9, 13—-27
alternatives to, 26
arterial blood gases in, 20-21
availability of resources for, 31
blood urea nitrogen and serum
sodium in, 18-20, 174t, 176
conjunctival smears in, 25
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C-reactive protein in, 15
in dehydration, 18-20, 174, 176
electrocaridogram in, 23
false-negative results in, 13
false-positive results in, 14
iumbar puncture in, 25
predictive value of, 13-17
calculation of, 14t
incidence of disease affecting, 15,

16t
negative, 13
positive, 14

radiography in, 21-23
sensitivity and specificity of, 14
stool smear in, 25
in trauma, 82-83
urinalysis/urine culture in, 23-25
utility of, 14
white cell count in, 15, 16, 17-18, 26
Lacerations, 97t, 100
oral, 103
Lactic acidosis in status epilepticus,
201
Laryngospasin in seizures, 193
Lavage
gastric, in intoxications, 253, 262,
263-264
peritoneal, in trauma, 82
Lawsuits, causes of, 45-47, 46t
Lead poisoning, antidote dosage in, 270
Legal aspects. See Medical-legal
aspects
Lidocaine, 98, 102t
allergy to, 102
metabolism in children, 248
Life-support course, advanced pediatric,
2
Ligament sprains, 142
Lip lacerations, 103
Lithium poisoning, dialysis in, 269
Liver injuries, management of, 81, 88,
89f
Lorazepam as anticonvulsant, 203, 205
Lumbar puncture, 25
in seizures with fever, 209t

Magnesium citrate dosage in
intoxications, 267
Malpractice suits, causes of, 45-47, 46t
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Management of patient
in asthma, 232, 235-239
and availability of community
resources, 31-32
and call schedules for physicians,
31-32
in croup, 226-229
in epiglottitis, 29, 37-38, 229-230
in head injuries, 41-42
and hotlines for emergency care, 36
in intoxications, 258-272
in intussusception, 38-39
in occult bacteremia, 39-40
and opportunities for clirical
experience, 36-37
optimal course in, 29-43
problems with, 30
recognition of, 31
protocols in, 32
in seizures, 202-207
transfer agreements in, 32-33,
34f-35f
vascular access in, 40-41
Medical-legal aspects, 45-58
in child abuse, 55, 61
and conditions where patients cannot
be released, 55-56, 56t
and dangers of telephone advice,
56-58
and factors leading to litigation,
44-47, 46t
risk management in. See Risk
management
statute of limitations in, 47
Medical records, 47-50
Medical resources, suboptimal, optimal
management with, 29-43
Meningitis
dehydration in, 177
dyskinesia in, 196
Mental status
in asthma, 233
in intoxications, 256
in respiratory distress, 220
and restraint of patient, 55-56
in seizures, 192
Meperidine, dosage of, 94t
Mepivacaine, 102t
Meprobamate, gastric concretions from,
264

Mercury poisoning
antidote dosage in, 270
dialysis in, 269
Metaphyseal fractures, 144f, 146-148
in child abuse, 163
Metaproterenol in asthma, 236t, 237t,
240
Methanol poisoning, antidote dosage in,
270
Methemoglobinemia, methylene blue
in, 271
Methylene blue dosage in
methemoglobinemia, 271
Methylprednisolone, intravenous, in
asthma, 238-239
Methyprylon poisoning, dialysis in, 269
Migraine
basilar artery, 197
classic, 197
confusional, 197
hemiplegic, 197
Minors, emancipated, 51-52, 52t
Mist therapy in croup, 226-227, 227f
Monteggia fracture, 152, 155
Mortality. See Deaths in trauma
victims
Motor system
in intoxications, 256
in seizures, 191
Muscle
evaluation of neuromuscular
function, 93, 95
retractions in chest in respiratory
distress, 219, 221
Mutism in seizures, 191
Myoglobinuria in status epilepticus,
201

Nail bed lacerations, 103
Nalidixic acid metabolism in children,
248
Naloxone
dosage in opioid toxicity, 271
in intoxications, 255
Naphthalene, percutaneous absorption
of, 247
Nasal flaring in respiratory distress,
219
in bronchiolitis, 231



National Pediatric Trauma Registry,
71-72
Nebulized agents
in asthma, 232, 236-237
in croup, 226-227, 227f
Needles for skin closure, selection of,
103, 104t
Neurologic resuscitation, availability of
resources for, 31
Neurologic status
in cervical spine injuries, 112-113,
113t, 118, 118t
different patterns of, 122
in fractures, 153
in intoxications, 256-257
in trauma, 80-81, 87
Neuromuscular function evaluation, 93,
95
Neurosurgery, indications for, 42
Nickel poisoning, antidote dosage in,
270
Night terrors, 197
Nitrite therapy in cyanide poisoning,
270
Nitronox, 94, 101, 102
Nortriptyline metabolism in children,
248
Nutrition
and dehydration, 177
and oral rehydration techniques,
185-186
Nystagmus in seizures, 190

Observation, in evaluation of patient,
9, 10-11
in holding areas, 26
and scale to identify serious illness,
10t
Odontoid fractures, 118, 121, 126, 128f
Opioids
endogenous, secretion in
intussusception, 39
toxicity of, naloxone dosage in, 271
Optimal management with suboptimal
resources, 29-43
Oral injuries, 103
dental, 95, 97t, 106-108
Organophosphate poisoning, antidote
dosage in, 270-271
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Orthopedic injuries, assessment of, 81,
86t, 90
Ossification centers, pelvic, 166—-167
Osteomyelitis in puncture wounds, 98
Overdoses, management of. See
Intoxications
Oxygen
anoxia, acute, decerebrate posturing
in, 195
hypoxemia, 219-220
in asthma, 234
in croup, 226
hypoxia in trauma, 73, 78
partial pressure of, predictive value
of, 20
therapy with
in asthma, 235
in intoxications, 254
in respiratory distress, 220

Pain
in cervical spine injury, 121,
122-123, 125, 133
in chest, 23
in fractures, 153
on motion, in lower extremity
trauma, 23
and reflex anoxic syncope, 195
Pancreatic injuries, 88—89
Papoose boards or wraps, 94, 259
Paraldehyde as anticonvulsant
interaction with other drugs, 205t
intramuscular, 206
intravenous, 204
rectal, 206
Paralysis
in hemiplegic migraine, 197
postictal, 192
Parents. See Families
Patient population, 3—7
clinical problems in, 4-7
evaluation process for, 8-11
spectrum of disease in, 3-4
Pediatric Trauma Score, 75, 83t, 83—-85
Pediatricians as primary caretakers of
children, 2-3
Pelvic injuries
assessment of, 86t
fractures in, 166—-167, 168f
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Pentachlorophenol, percutaneous
absorption of, 247
Periosteum, 141-142, 142f
Peritoneal lavage in trauma, 82
Peritonitis in abdominal trauma, 89
Petroleum products, ingestion of
as contraindication for emesis
induction, 260-261
as contraindication for lavage, 253
pH of blood
in dehydration, 174t
predictive value of, 20
Pharyngitis, dehydration in, 177
Phenobarbital
as anticonvulsant
interaction with other drugs, 205t
intravenous, 203, 205
metabolism in children, 248
poisoning from, activated charcoal in,
266
Phenothiazines
cardiovascular dysfunction from, 254
movement disorders from 196
poisoning from, antidote dosage in,
270
Phenylmercury diaper rinses,
percutaneous absorption of,
247
Phenytoin. See Diphenylhydantoin
Physical examination, 9
in dehydration, 174
in intoxications, 255-257
in respiratory tract dysfunction, 221
in trauma, 81-82, 153
in cervical spine injuries, 121-122
Physostigmine dosage in
anticholingeric poisoning, 271
Pneumococcus infection, and occult
bacteremia, 39—-40
Pneumonia
chest films in, 22
dehydration in, 177
Pneumothorax, tension, prevention of|
78
Poisonings. See Intoxications
Posture
in respiratory distress, 221
in respiratory tract disorders, 221
in supraglottitis, 223
Posturing, decerebrate, 195

Potassium levels
in dehydration, 183
correction of, 184
hyperkalemia in status epilepticus,
201
Pralidoxime dosage in
organophoaphate poisoning,
271
Preschool programs for children, 64
Prilocaine, 102
Primary caretaker of chiidren, 1-3
strengths and weaknesses of, 2t
Procaine, 102t
allergy to, 102
Propoxyphene ingestion, as
contraindication for emesis
induction, 260
Pseudoseizures, 198
Pulse, normal, in children, 249t
Pulsus paradoxus in asthma, 233
Puncture wounds, 97t, 98-99
in bites, 98
oral, 103
Pyuria, 23-24

QT prolongation, congential, 193
Quinidine poisoning, dialysis in, 269

Rabies prophylazis, 98, 99t
Radiography
and allergy to contrast media, 82
of ankle, value of, 15
in aspiration of teeth, 95, 106
in asthma, 234
in atlanto-axial instability, 117
availability of resources for, 31
in cervical spine injuries, 122-125,
133, 135

criteria for, 124t

pitfalls in, 125-132, 131t
chest films in, 22
in foreign body aspiration, 231
in fractures, 153-157

radiation absorbed in, 156-157
kidney-ureters-bladder, 22
long bone, 22-23
in puncture wounds, 98
of skull, 21-22
in upper airway obstruction, 224f,

225f, 224-226



Radioisotope studies for bacteremia
detection, 40
Rage attacks, 197-198
Rales in respiratory distress, 222
Recognition of clinical problems, 3—7
and skills of caretakers, 2
Records, medical, 47-50
Reed’s Coma Scale, modified, 257
Reflex anoxic syncope, 194-195
Reflexes in intoxications, 256—257
Religious beliefs, and legal aspects of
treatment, 55
Remodeling of bone, 143
Reovirus infection, diarrhea in, 173
Respiration
assessing depth of, 221-222
in intoxications, 256
normal rate for children, 249t
Respiratory distress, 219-240
causes of, 221
in cervical spine injuries, 136
chest retractions in, 219, 221
cyanosis in, 219
evaluation in, 219-220, 220f
hypoxemia in, 219-220
inspiration ; expiration ratio in,
222
in lower airway obstruction, 222,
230-240
assessment in, 230-235
in metabolic acidosis, 221
nasal flaring in, 219, 231
in obstructive lesions, 221-222
oxygen therapy in, 220
in seizures, 192-193
and signs of respiratory failure, 221
in upper airway obstruction, 222-
230
assessment in, 222-226
causes of, 222, 223t
in intoxications, 253—254
radiography in, 224f, 225f,
224-226
Respiratory failure, 3, 4f
management of, availability of
resources for, 31
signs of, 221
in status epilepticus, 201
Respiratory tract dysfunction, physical
examination in, 221
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Restraints, physical
in cervical spine injuries, 120
removal of, 133
for decontamination procedures, 259
for examination in minor trauma, 94
for violent patients, 56
Ringer's lactate
in dehydration, 182
in head injuries, 42
in hemorrhage from trauma, 74, 79
in intussusception, 39
Risk management
consent for treatment in, 50-53
in leaving against medical advice,
48-49, 53-56
medical records in, 47-50
Rotavirus infection, diarrhea in, 173
Russell’s traction in fractures, 162

Salbutamol. See Albuterol in asthma
Salicylates
gastric concretions from, 264
interaction with anticonvulsants,
205t
metabolism in children, 248
poisoning from
activated charcoal in, 266
dialysis in, 269
Salmonella infection, diarrhea in, 173
Salter-Harris classification of growth
plate injuries, 149f, 151, 151f
Secobarbital, dosage of, 94t
Sedatives, dosages for, 94, 94t
Seizures, 189-210
age affecting diagnosis of, 193—-194
anticonvulsants in, 202-207
endotracheal, 206
factors affecting choice of, 204—-205
interactions with other drugs, 205t
intramuscular, 206
intraosseous, 207
intravenous, 202-205
rectal, 206
aura in, 190
behavioral changes in, 192
body tone in, 191-192
differential diagnosis of, 194t,
194-198
in dysrhythmias, 193
evaluation of first seizure, 207
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Seizures (Continued)
eye movements in, 190
facial expression in, 190
fever with, 199-201, 200t
evaluation of, 207-209, 209t
in head injuries, 198-199
incontinence in, 193
and indications for hospitalization,
209-210
in intoxications
as contraindication for emesis
induction, 261
as contraindication for lz vage, 263
diazepam in, 270
involuntary actions in, 192
motor activity in, 191
postictal phenomena in, 192, 210
recognition of, 189-193
recurrent, 208
respiratory distress in, 192-133
speech and vocalization in, 191
and status epilepticus, 201-202
supportive care in, 202
transfer concerns in, 210
unrecognized, 201-202
unresponsiveness in, 190-191
unwitnessed, 201 '
Sellick maneuver in cervical spine
injuries, 135
Shigella infection, diarrhea in, 173
Shock, 3, 4f
in dehydration, 181-182
hypovolemic, in trauma, 74, 80
management of, availability of
resources for, 31
spinal, 121-122, 137
Shoulder girdle, fractures of, 164
Skeletal system of children, compared
to adults, 141-143
Skull radiographs, 21-22
Sleep disturbances, night terrors in,
197
Sniffing position for airway protection,
77-78
Social isolation of families, and child
abuse, 64
Societal factors in child abuse, 63-64
solutions for, 66—-67
Sodium levels in dehydration, 19-20,
177-178, 183
correction of, 184

Soluset device in fluid therapy,
184
Sorbitol with activated charcoal, in
intoxications, 265, 266, 267
Spasm in cervical spine injury, 122,
125
Speech patterns
in asthma, 233
in seizures, 191
Spinal injuries, cervical. See Cervical
spine injuries
Spinal shock, 121-122, 137
Spirometry in asthma, 234
Splenic injuries, 81, 88, 89f
Splinting of fractures, 160-161
and radiography, 155-156
Sprained ligaments, 142
Steeple sign in radiology of upper
airway obstruction 224, 224f
Stiffness of joints in childhood, 143
Stomatitis, dehydration in, 177
Stool smears, 25
Stridor, 222
in croup, 222
in foreign body aspiration, 222
in supraglottitis, 223
Strychnine ingestion as
contraindication for emesis
induction, 260
Suction catheters for pediatric
resuscitation, 264t
Supraglottis. See Epiglottitis
Surgical emergencies, availability of
~ resources for, 31
Susphrine in asthma, 235
Sutures, 102-103
removal of, 104, 104t
Syncope
in dysrhythmias, 195-196
reflex anoxic, 194-195

TAC solution, 98, 101
Tachycardia
in asthma, 232-233
in bronchiolitis, 231
Tachynpea
in asthma, 232
in bronchiolitis, 231
Tatooing, from abrasions, 98
Teeth, injuries to, 95, 97t, 106-108



Teléphone use
disadvantages of giving medical
advice in, 56-58, 57t
hotlines in
for child abuse, 67
for emergency care, 36
for parental consent for treatment,
51
screening questions used in, 57
Terbutaline in asthma, 236t, 237t
Tetanus prophylaxis, 99, 1007
Tetracaine, 102t
Theophylline
in asthma, 237-238, 238t, 239
poisoning from
activated charcoal in, 266
dialysis in, 269
Thiamine therapy in intoxications, 255
Thiosulfate sodium in cyanide
poisoning, 270
Thoracic injuries, 81, 36t, 87-88
Tibia, proximal, fractures of, 169-170
Tics, 196
Toxic exposures. See Intoxications
Tracheal intubation. See Intubation,
endotracheal
Tracheobronchial foreign bodies. See
Foreign bodies, aspiration of
Tracheostomy in epiglottitis, 37
Traction in fractures, 161-162
Transfer of patients
agreements with tertiary facilities,
32-33, 34f-35f
in cervical spine injuries, 137
in epiglottitis, 38, 230
in head injuries, 42
and interhospital transport systems,
33-36
in intussusception, 38
in seizures, 210
to trauma centers, triage for, 75, 83
Transfusions
in abdominal injuries, 88, 89f
in hemorrhage from trauma, 74, 80
religious objections to, 55
Transport services, interhospital,
33-36
medical control physican in, 33, 36
stabilizing measures in, 33, 36
Trauma, 71-91
abdominal, 81, 86t, 88—89
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abrasions in, 97t, 98
airway management in, 73, 76t,
_ 77-78
and anatomic characteristics of
children, 72
anesthesia in, 101-102
in bites, 98
burns in, minor, 97t, 105-106
of cervical spine, 111-137
cervical spine protection in, 78
in child abuse, 61-68
cleansing of wounds in, 98, 102
combination injuries, in, 94-95
crush injuries in, 104
deaths from, 41
immediate, causes of, 73-75
preventable, 71, 83
definitive assessment of, 85-91, 86t
dental injuries in, 95, 97t, 106-108
disability evaluation in, 80—82
of fingers, 103-104
follow-up care in, 90-91, 104-105
head injuries in, 41-42, 73-74,
85-87, 86t
hemorrhage in, 74-75, 79-80
hypoxia in, 73, 78
initial assessment in, 75-85, 76t
laboratory findings in, 82-83
lacerations in, 100
of lip, 103
longterm effects of, 72-73
minor injuries in, 93—-108
neuromuscular function in, 93, 95
oral injuries in, 103
physical restraints in, 94
and prediction of injury severity, 84f,
85
and psychological characteristics of
children, 72
puncture wounds in, 97t, 98—99
and problems in fracture
management, 141-171. See
also Fractures
and rescue equipment for children,
77t
sedatives in, 94, 94t
shock in, 74, 80
sutures in, 102-103
removal of, 104, 104t
tetanus prophylaxis in, 99, 100t
thoracic injuries in, 81, 86t, 87—88
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Trauma (Continued)
triage in, 75, 83-85
vascular injuries in, 90
Trauma centers, regional, 75, 83
Trauma Life Support, advanced, 135
Tremors, 196
Trendelenburg position in
intoxications, 254, 263
Triage, 75, 83-85
and Pediatric Trauma Score, 75, 83t,
83--85
Tripod position in respiratory distress,
221
Triradiate cartilage, 167
Tumors, intracranial, screening for,
198-199

Urea nitrogen in blood, in dehydration,
18-19, 19t, 174t, 176
Urinalysis/urine cultures, 23-25
colony counts in, 24
in seizures with fever, 209t
Urine
alkalinization of, in intoxications,
268
collection of
bagged urines in, 24
by catheterization, 24
by clean catch, 24
specific gravity in dehydration, 174t,
176

Vagotonic procedures, syncope in, 195
Valium. See Diazepam
Vascular access, 40-41
central, 184-185
difficulties with, 184-185
intraosseous route in, 41, 185, 207
lack of, and routes for anticonvulsant
administration, 205-207
peripheral sites in, 184

in trauma, 78-79
venous cutdown in, 185
Vascular injuries, 90
Vasopressors in intoxications, 254
Ventilation, bag-valve-mask
in cervical spine injuries, 135
in epiglottitis, 37, 38, 230
in seizures, 202
in trauma, 78
Vertebrobasilar insufficiency, syncope
in, 195
Violence, societal tolerance of, 63
reduction of, 66
Virus diseases, diarrhea in, 173
Vocalization
in asthma, 233
in seizures, 191
Vomiting
fluid loss in, 173. See also
Dehydration
induction in intoxications, 253,
260-262

Water
content of body
and age affecting percentage of
total body water, 175, 175t
and distribution of toxins, 247
. losses of. See Dehydration
daily requirements, 176, 176t
Weight
and distribution of toxins, 247
normal values for children, 249t
Wheezing in respiratory distress, 222
in asthma, 232, 233
in croup, 222
in foreign body aspiration, 230-231
White cell count
predictive value of, 15, 16, 26
for bacteremia, 17-18
in stool smear, 25
Wrist fractures, 145f, 165
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