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The above article, which appeared in the August 2007 issue ‘‘Current
Concepts in the Management of the Trauma Patient,’’ contained an unfor-
tunate error in Fig. 2C. The correct representation of this figure appears
below.

Fig. 2. (C) The bevel of the ET tube is facing posteriorly and allows for smooth passage

through the glottis.
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In the above article, which appeared in the August 2007 issue ‘‘Current
Concepts in the Management of the Trauma Patient,’’ Dr. John Love’s
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error, and fully recognize his important contributions to this article.
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In the above article, which appeared in the August 2007 issue ‘‘Current
Concepts in the Management of the Trauma Patient,’’ Tables 5 and 6 and
Boxes 8 and 9 should have contained the following credit line:

From Marx JA, Holberger RS. Rosen’s emergency medicine: concepts and
clinical practice. 5th edition. Mosby; 2002. p. 267–81; with permission.
0733-8627/07/$ - see front matter � 2007 Elsevier Inc. All rights reserved.

doi:10.1016/j.emc.2007.09.001 emed.theclinics.com

http://www.emed.theclinics.com


Emerg Med Clin N Am

25 (2007) xix–xx
Preface

Guest Editors

During the first year of life, children progress from a neonate, progress to
an infant, and approach the toddler stage. They develop from individuals
whose main functions are to smile spontaneously, feed, void and defecate
to individuals who cruise, walk, speak (a few words), and have a pincer
grasp. Not only do they develop through motor, language, and social skills,
but also their physiologies and disease processes develop as well. Such as-
sessment of a child in the first year of life can be challenging to even the most
experienced clinician. This issue is dedicated to state of the art information
regarding the emergency care of the child during his or her first year of life.
Current areas of interest, clinical practice, and controversy are addressed.

Hyperbilirubinemia is a common occurrence in the newborn period. Neo-
natal jaundice has shifted from an inpatient issue to an outpatient issue, and
management of hyperbilirubinemia is one of the most common reasons for
newborn readmission. Kernicterus, the feared complication of hyperbilirubi-
nemia, was considered to be almost extinct but has reemerged recently. Be-
cause of this, a review targeted to the emergency department presentation,
evaluation, and management of the jaundiced newborn is included. Abdom-
inal concerns are a common complaint in the emergency department. Chil-
dren under a year of age may present with abdominal catastrophies with
subtle presentations. In the article on abdominal emergencies, an approach
to the emergent pediatric abdomen during the neonatal and infant periods is
discussed. Seizures are a common neurologic problem in childhood. In this
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issue of Emergency Medicine Clinics of North America, one article will differ-
entiate seizures from other childhood disorders and focus on emergency
treatment, patient stabilization, termination of seizure activity, and determi-
nation of seizure cause. Metabolic diseases can vary as much in clinical pre-
sentation as it can in classifications. Neonates and infants who have
metabolic diseases frequently present with subtle symptoms that are similar
to other emergencies. The article on metabolic illness discusses recognition
and management of specific disorders and specific laboratory entities includ-
ing hypoglycemia, hyponatremia, and metabolic acidosis. The crying infant
can present a sense of anxiety and a diagnostic dilemma to the clinician;
a discussion of differential diagnosis and management of the crying infant
is included. In 2005, the American Heart Association updated the guidelines
for newborn and pediatric resuscitation. These changes currently are being
taught in Pediatric Advanced Life Support classes. One article reviews the
pertinent changes in the care for the critically ill child. A detailed discussion
of the newborn exam for background information complements all of these
articles.

We thank all of our authors for their time and effort in preparing the
articles. We also thank our loving spouses (Jeahan, and Javaid) and our
wonderful children (Jimmy, Mariyah, Aleena, and Grace) for their support,
patience, and understanding during this endeavor.
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Consulting Editor

‘‘Children are not just little adults.’’ This simple phrase likely could be
considered the unofficial motto of pediatric emergency physicians around
the world. The phrase has been uttered countless times by those who are in-
volved in teaching pediatrics and pediatric emergency medicine, and it is
hard to imagine that any medical student has graduated in the past several
decades without hearing the phrase. There is wisdom within the meaning of
the phrase: children are well known to present with atypical presentations of
common diseases, their size and physiology warrant alterations in drug dos-
ages, and there are certain diseases that occur almost exclusively in youth.
Children, therefore, must not be approached, worked up, or treated like
adults.

But just as children are not little adults, neonates and newborns are not
just little children! Children in the first months and first year of life represent
the extreme in terms of their atypical presentations, altered physiology, and
distinctive diseases. Certain unique endocrine, metabolic, and cardiac emer-
gencies occur in the newborn period. The approach to hyperbilirubinemia in
neonates is far different than the approach to hyperbilirubinemia at any
other time of life. Abdominal emergencies such as pyloric stenosis and mid-
gut volvulus occur almost exclusively in the first months of life. Resuscita-
tion issues are distinctive in the first month of life as well, so much so
that neonatal resuscitation and Neonatal Advanced Life Support courses
are taught at many institutions based on the model of the American Heart
Association’s Pediatric Advanced Life Support course.
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In this issue of Emergency Medicine Clinics of North America, Drs. Shar-
ieff and Colletti have assembled an outstanding group of experts in pediatric
emergency medicine to address acute care of children in the first year of life.
The editors and authors have addressed high risk conditions of the major
organ systems and common presentations that may harbor catastrophic ill-
nesses. The reader will undoubtedly find the articles chock-full of pearls to
improve practice and pitfalls to avoid. Kudos go to the editors and authors
for providing us an outstanding resource to improve our practice and the
care of this often perplexing patient population.

Amal Mattu, MD
Program Director

Emergency Medicine Residency, and
Associate Professor

Department of Emergency Medicine
University of Maryland School of Medicine

110 S. Paca Street, 6th Floor
Suite 100, Baltimore

Maryland 21201, USA
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The Normal Newborn Exam, or Is It?
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In today’s modern world of high technology imaging and sophisticated
laboratory examinations, medicine has come to rely on technology much
more than in the past. So much so that at times we forget about the power
of a thorough physical exam in detecting medical issues. In this article we
will explore the normal newborn examination, discuss the importance of
knowing normal versus abnormal findings and discuss some common and
not so common findings on the newborn examination. In healthy babies,
15% to 20% will have at least one minor anomaly with an associated 3%
chance of having a major anomaly. Two, three, or more minor anomalies
are found in 0.8% and 0.5% of healthy babies, respectively. In these cases
the chances of major anomalies rises to 10% and 20%, respectively [1].

Newborn infants may present to the emergency department for a variety
of reasons. Almost all of these derive from the parent’s perception that
something is wrong. In each of these cases, the role of the emergency phy-
sician is to recognize abnormality and, if no abnormality exists, to alleviate
concerns of the parent. Mostly, parental concern stems from conditions that
are self-limited or are variants without physiologic consequence. Less com-
mon are that these concerns are the presentation of a medical condition that
has the potential to worsen or represents underlying illness. Detection of the
latter can be life saving. Unfortunately, illness in the newborn is often subtle
and difficult to detect. The primary difficulty lies in that the daily activities of
a newborn and the newborn’s interaction with the environment are
extremely limited. It is therefore imperative that the emergency physician
becomes familiar and comfortable with performing a newborn exam.

* Corresponding author.

E-mail address: dwoolridge@aemrc.arizona.edu (D.P. Woolridge).
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Performing a complete and thorough exam on an infant can sometimes
be monotonous where elements of the exam can be missed. Therefore, for
the benefit of the reader, Box 1 contains a checklist that can be used as
a guide while performing such an exam. A complete physical examination
may not be possible in the emergency department because of time con-
straints. However, a systematic approach can allow a thorough examination
in a matter of minutes. Focus should be placed on the heart, lungs, and
abdomen as well as a general sense of the wellness of the baby. The neuro-
logical examination, in particular, is involved and often a complete neuro-
logical examination is not necessary. Generally, testing two to three of the
primitive reflexes (such as the moro and sucking reflexes) and observing
for spontaneous movement of the limbs will give a good sense of the neuro-
logical status of the child.

General evaluation

One of the greatest indicators of the wellness of a newborn is the general
observation or gestalt that a clinician obtains by simply watching a baby
before the start of a physical exam. This can be done while observing the
baby in the basinet or in a parent’s arms. Signs of distress such as labored
breathing, persistent crying, and so forth are often the first indicators of
an impending problem. The newborn infant will often be soundly asleep
at the start of the examination and should be sleeping peacefully. Infants
who are moaning or grunting during sleep may have underlying illness
that should be sought out.

When awakened, it is important that the baby be vigorous and alert. Cry-
ing should be energetic and strong. Watch for signs of listlessness and weak
cries as harbingers of problems. A baby who does not appear vigorous can
have any number of reasons; all of which should raise concern.

Watch the movement and positioning of a child. A newborn, full-term
child will lie with his or her upper and lower extremities flexed inward
thus showing good tone. A premature or impaired child is more likely to
lie at rest with his or her extremities extended from the body showing
decreased tone. In addition, examine the movement of the extremities.
Each limb should show spontaneous movement. Disuse of an extremity
may be the first indication of an underlying pathologic problem.

Vital signs

One of the most difficult parts of pediatrics is recognizing normal versus
abnormal because of the great degree of variability in the ‘‘normal’’ ranges
of values. This particularly holds true for vital signs. A list of normal ranges
can be seen in Table 1. Other clinical indicators should be correlated with
the vital signs to aid in determination of significant abnormalities. For



923THE NORMAL NEWBORN EXAM, OR IS IT?
Box 1. The normal newborn exam: a head-to-toe approach

A. Head
� Shape
� Fontanelle
� Lesions/swelling

B. Eyes
� Red reflex
� Extraocular movement
� Pupillary shape/size

C. Ears
� Positioning
� Tags

D. Nose
� Nasal patency

E. Mouth
� Palate
� Dentition
� Oral lesions

F. Neck
� Swelling/cysts

G. Chest
� Asymmetric chest rise with respirations
� Retractions
� Accessory respiratory muscle use

H. Lungs
� Symetric aeration
� Breath sounds

I. Heart
� Murmur

J. Abdomen
� Hepatosplenomegaly
� Cord vessels at birth

K. Genital
� Inguinal masses
� Testicular/scrotal asymmetry
� Genital hypertrophy/lesions
� Rectal patency

L. Extremities
� Tenderness
� Extremity use/range of motion
� Additional digits/tags
� Hip click

M. Neurology
� Tone
� Suckling
� Palmar/pantar
� Moro
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example, a respiratory rate of 50 in a newborn who is sleeping comfortably
and showing no signs of retractions, and so forth, is likely ok; however, a re-
spiratory rate of 50 associated with retractions, grunting, and nasal flaring
indicates a neonate in respiratory distress.

Temperature should always be included in the vital signs of newborns. It
has been well documented that temperatures higher than 38�C are associ-
ated with increased risk of serious bacterial illness in infants less than 2
months of age. These include infections such as sepsis, meningitis, urinary
tract infection, enterocolitis, and osteomyelitis. The latter two often have
symptoms that can lead one to suspect them. The first three can be more in-
sidious. As a result, countless infants are hospitalized each year for a ‘‘rule
out sepsis’’ work-up to look for these infections.

While a fever is a flag for infection work-up, one must always remember
that newborns are just as likely to develop low temperatures or temperature
instability in response to infections as well. Our newborn nursery uses tem-
perature ranges from 36.5 to 37.5�C as a ‘‘normal’’ temperature for new-
borns in the first several days of life. Swings above or below normal
should be a signal to evaluate the child closely for the possibility of an un-
derlying infection or other problem.

Hypothermia and hyperthermia may be indicators of sepsis; however,
infection is not the only cause that should be pursued. Hypoglycemia, hypo-
thyroidism, and hypoxia can also present with low temperatures. Hyperther-
mia may be a manifestation of drug withdrawal, intracranial hemorrhage, or
adrenal hemorrhage [2].

While fevers/hypothermia are indicators of illness, one must remember
that infants are extremely susceptible to outside influence on temperature.
A neonate may easily become hyperthermic as a result of an overly warm
incubator, or may become hypothermic if left unwrapped in a cool room.
After these issues are corrected, continued swings in temperature should
yield an infection work-up. It should be noted that bundling an infant
will not produce an elevation in the core body temperature [3]. If bundling
is suspected as the source of a fever, a rectal temperature should be
checked. A rectal temperature higher than 38�C should prompt a sepsis
evaluation.

Table 1

Normal vital signs in the infant: normal ranges for specified vital signs are listed

Age

Heart

rate

Respiratory

rate

Systolic blood

pressure

Newborn 90–180 40–60 60–90

1 mo 110–180 30–50 70–104

3 mo 110–180 30–45 70–104

6 mo 110–180 20–35 72–110

Data from Gausche-Hill M, Fuchs S, Yamamoto L. The pediatric emergency medicine re-

source, revised. 4th edition. Sudbury (MA): Jones & Bartlett; 2006. p. 108.
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Height, weight, and head circumference (Occipital Frontal Circumference
or OFC) are critical to evaluate in the newborn. They can often give clues
about other potential problems or abnormalities. In particular, weight is im-
portant to evaluate. The average weight of a term neonate at birth is 3.4 kg.
Standardized growth charts that can be used when making determinations
about small or large for gestational age (SGA or LGA, respectively) infants
are available for download from http://www.cdc.gov/growthcharts. Infants
are considered appropriate for gestational age (AGA) if they are within 2
standard deviations from the mean. It is important to know the gestational
age as accurately as possible, as 1 or 2 weeks’ difference can have significant
effects on SGA or LGA determinations. Gestational age can be estimated
based on physical characteristics of the neonate including skin creases,
external genitalia, ears, breasts, and neuromuscular development [2]. One
should also remember to adjust for prematurity when plotting weights of in-
fants during an evaluation. This correction typically continues until the
child is 2 years of age. LGA or SGA status should alert the practitioner
to evaluate the child carefully for other possible anomalies. Twenty percent
of infants with serious congenital anomalies are SGA [2].

LGA infants may be large simply due to familial inheritance. Simply
stated, large parents will often have large infants. Additionally, increased
maternal weight gain during pregnancy may translate into an LGA infant.
Of all causes of LGA, diabetes in the mother is most common. Infants are at
particularly increased risk if the mother’s blood sugars are poorly controlled
during the last trimester. (Of note, diabetes mellitus types 1 and 2 are linked
to significantly increased risk of perinatal mortality and morbidity [4]. Asso-
ciated conditions include postnatal hypoglycemia, cardiac septal hypertro-
phy, small left colon syndrome, and meconium plug, as well as others.)

While being an infant of a diabetic mother is the most common cause of
LGA, there are several genetic syndromes that can cause babies to be LGA.
Among them are cerebral gigantism (Soto’s syndrome), Beckwith-Wiede-
mann syndrome, Simpson-Golabi-Behmel syndrome, and 11p trisomy.
These syndromes all have their own characteristics and discussing them is
beyond the scope of this paper; however, it is important to consider such
syndromes when assessing an LGA baby. For a more thorough discussion
of syndromes and their associated clinical findings, one can refer to Smith’s
Recognizable Patterns of Human Malformation [5].

OFC should be examined to assess for microcephaly or macrocephaly.
The OFC can be particularly helpful when there is concern for hydroceph-
alus. Macrocephaly can be an isolated finding or associated with other
anomalies. As an isolated finding, it is often familial with an autosomal
dominant inheritance. When this is in question, the OFC of the parents
can be determined and plotted on nomograms. Nomograms for head cir-
cumferences of 18 year olds can be used to extrapolate to the parents’
OFC percentile. Head growth for infants with familial macrocephaly should
follow standard growth. While familial macrocephaly may be the cause, one

http://www.cdc.gov/growthcharts
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should not assign this diagnosis without ensuring that other causes are not
present. In particular, hydrocephalus is the most common cause of macro-
cephaly and should therefore trigger an evaluation [6]. Hydrocephalus often
presents with widening sutures, full feeling, possibly bulging fontanelles, and
a rapidly expanding OFC. Macrocephaly can also be associated with intra-
cranial hemorrhage (eg, subdural or epidural bleeds), enlarged brain tissue
(macrencephaly), or thickening of the skull bones [6]. Daily examination
while the neonate is in the hospital can identify widening suture lines or
a fontanelle that is becoming more full and tense. These can be earlier indi-
cators of a quickly enlarging head and thus an underlying pathologic
problem.

Head

The newborn head shows a great degree of variability in the ‘‘normal’’
examination, as well as a large number of findings that are due to molding
in the vaginal canal and birth trauma. These normal variants and benign
birth trauma findings can make it difficult to find true pathological lesions.

A brief review of anatomy reveals that the newborn skull is composed of
many bones. The ‘‘neurocranium’’ (the portion of the skull that encom-
passes the brain) is composed of eight bones. The facial skull is composed
of 14 irregular bones. Most of these bones are not fused together at birth
and are separated by fibrous webs, known as suture lines. Most physicians
are aware of the anterior and posterior fontanelles; however, there are a total
of six fontanelles. In addition to the two previously mentioned fontanelles,
there are two pairs of lateral fontanelles known as the sphenoidal or antero-
lateral fontanelles and the mastoid or posterolateral fontanelles. The four
lateral fontanelles generally fuse in infancy and are less clinically significant.
The posterior fontanelle begins to close after the first few months and is gen-
erally not appreciable by 1 year of age. The anterior fontanelle is generally
no longer palpable by 18 months of age [7]. Sutures are generally closed by
age 12, but complete fusion continues until into the third decade [8].

Often, most commonly following vaginal birth, the newborn skull will
show a significant degree of molding. While this can be distressing to new
parents, reassurance is the rule, as molding will resolve relatively rapidly, of-
ten over the course of 3 to 5 days. The suture lines allow the bones to shift
during the birth process. Often, they are molded into a cone shape allowing
for an easier passage of the head through the birth canal. Molding can be
significantly more pronounced after a long labor and delivery course. It is
important to recognize molding as the OFC can increase by up to 1 cm as
the head shape resolves [2].

Localized edema of the scalp can occur following birth and is referred to
as caput succedaneum. This is the most common scalp injury due to birth
trauma [9]. Caput succedaneum is particularly common after vaginal deliv-
ery, but can occur following cesarean section delivery as well. This edema is
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generally serosanguinous, and occurs due to pressure on the head after being
constricted against the uterus, cervix, or vaginal vault [2]. Vacuum-extracted
delivery commonly results in large caput areas because of the addition of
negative pressure in the area of the vacuum attachment.

Typical caput succedaneum size is only a few centimeters in diameter;
however, they can be significantly larger. Spontaneous resolution is the
rule for caput succedaneum and, regardless of size, edema generally resolves
within 48 hours [2]. Examination of the scalp will show a boggy, somewhat
ill-defined area that may cross suture lines. This feature helps distinguish ca-
put succedaneum from another commonly found head lesion following
birth, a cephalhematoma.

Cephalhematomas result from injury to the blood vessel found in the sub-
periosteal area. They can be distinguished from caput succedaneum in that
they do not cross suture lines. Cephalhematomas occur in 1.5% to 2.5% of
all deliveries. Extraction deliveries are at a greater risk of developing a ceph-
alhematoma with the incidence in forceps deliveries at 4.1% and vacuum
extraction ranging from 9.8% to 14.8% [9,10]. Overly large hematomas or
those that persist may be the first indication of an underlying bleeding dis-
order and should prompt evaluation.

While caput succedaneum usually resolves in 48 hours, cephalhematomas
may take several days to weeks to fully resolve (further allowing them to be
distinguished from a caput). Cephalhematomas will resolve without inter-
vention. Aspiration of the cephalhematoma is generally not indicated, as
it leads to an increased risk of infection within the cephalhematoma [11].
The exception to this is a cephalhematoma that is expanding, showing over-
lying erythema, or having other signs of infection. While infection is rare, it
can occur, occasionally in association with scalp electrode placement. Here,
aspiration may be required for diagnostic purposes.

Less common, but important to consider, is a subgaleal bleed. Clinical
presentation of subgaleal bleeds is generally described as the cranium having
a diffusely boggy or soft swelling of the scalp. While subgaleal bleeds may
occur following difficult deliveries without extraction assistance, they most
commonly will occur following vacuum extraction. Occurrence with vacuum
extraction has been shown to be 59 (0.59%) in 10,000 births, compared with
4 (0.04%) in 10,000 births via spontaneous vaginal deliveries without instru-
mentation [12]. Infants delivered with vacuum extraction should be moni-
tored with serial scalp exams for the development of a subgaleal bleed.
These bleeds can be life threatening as large amounts of blood can fill the
potential space that lies between the galea aponeurosis and the periosteum.
This space extends from the orbital ridges to the superior aspect of the neck
and laterally to the ears. Mortality from these bleeds approaches 22% [13].
Infants may require intravenous fluid support, blood transfusions, or anti-
biotic management of infections that may establish themselves in the bleed
area. Additionally, because of the increased red cell breakdown, these
infants are at risk of hyperbilirubinemia.
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Normally, the bones of the head are separated by suture lines to allow for
molding of the skull during birth as well as head growth. Head growth is
primarily driven by brain growth. As the brain grows, the neurocranium ex-
pands to allow more room. Brain growth is at a tremendous rate in utero
and continues to rapidly grow during the first 3 years of life. At birth, the
infant brain is about 40% of adult volume. By age 3, it has reached nearly
80% and by age 7 it is at 90% of adult size [8]. When a suture line is pre-
maturely fused, termed craniosynostosis, the growth capacity of the skull
in that plane is significantly reduced, but continues in the plane perpendic-
ular to the fused suture.

Craniosynostosis can occur in nonsyndromic and syndromic patterns. Its
incidence is 1 in 1700 to 2500 births and 1 in 25,000 births, respectively [14].
Simple craniosynostosis involves a single suture, and compound craniosy-
nostosis involves two or more suture lines. Most commonly involved is
the sagittal suture that is affected 40% to 60% of the time, followed by
the coronal (20% to 30%), metopic (less than 10%) and finally the lambdoid
suture. Isolated lambdoid synostosis occurs in approximately 3 of every
100,000 births [8,14].

The major forms of hereditary craniosynostosis exhibit autosomal dom-
inance, but can have a significant degree of variability in penetrance and ex-
pressivity. Fibroblast growth factor receptors (FGFRs) have been shown to
be associated with suture formation and mutations in these genes have been
implicated in several diseases. For example, mutations in the FGFR2 gene
cause Apert’s syndrome and Crouzon’s disease [15].

Much more common than craniosynostosis is positional plagiocephaly
(simple cranial shaping). At first glance, lambdoid synostosis and occipital
plagiocephaly can look almost identical to each other. However, a thorough
physical exam can readily distinguish between the two entities. The variance
in head shape is best appreciated from above. With positional plagioce-
phaly, the affected side will show forward positioning of the ear in response
to the bones being pushed forward by repeated positioning on the affected
side. In craniosynostosis, the affected side will have a posteriorly displaced
ear, because of failure of bone growth to move the ear forward to its normal
position. Mild plagiocephaly often can be treated with simple alternating of
the baby’s sleep position such that the head is in a different position from
night to night. More severe plagiocephaly may require a specially fitted hel-
met to correct the misshapen skull. The helmet molds the skull bones back
into place as the skull grows by gently putting pressure on the areas that are
misshapen to move them back to correct alignment. After the initial fitting
period the helmet is worn for 23 hours a day. For this to be effective, it
should be done before the sutures begin to fuse, ideally by age 4 to 6 months.
Rarely, these devices may fail and surgical correction may be needed. If so,
the optimal time to do so is before 1 year of age [16].

Fontanelle size is often not appreciated, but can be an indicator of under-
lying pathology. Anterior fontanelle size is measured by averaging the
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anteroposterior and transverse lengths. Fontanelle size is influenced by brain
growth due to its stimulation of skull bone growth, suture development, and
subsequent osteogenesis [17]. On the first day of life, the average infant fon-
tanelle size is varied from 0.6 cm to 3.6 cm [18]. A large number of disorders
are associated with an abnormally large fontanelle. Most commonly, a large
fontanelle is found in congenital hypothyroidism, achondroplasia, Down
syndrome, and increased intracranial pressure.

Small fontanelles can be a sign of normal early closure, as 1% of fonta-
nelles will close by age 3 months. Additionally, molding can make it difficult
to appreciate a truly open fontanelle. However, a small fontanelle can be the
harbinger of a pathologic problem and should be investigated. Typically,
a small fontanelle is associated with microcephaly. It can be associated
with craniosynostosis as previously discussed, but can also be seen with
abnormal brain development, fetal alcohol syndrome, congenital infections,
and many genetic syndromes [17]. Conversely, soft tissues within the fonta-
nelle may shift depending on intracranial pressure such that bulging of soft
tissue within the fontanelle implies increased pressure within the cranium
and sunken soft tissues implies dehydration.

Eyes

A pediatrician often examines the red reflexes of the eye at nearly every
well-child visit in search of the all elusive retinoblastoma. However, the
red reflex can give much more information than simply screening for
tumors. A white reflex, known as leukocoria, from the eye can be associated
with many other conditions including cataracts, retinal detachment or dys-
plasia, papillary membranes, and vitreous opacities. The differential
expands much beyond this, and as such, findings of leukocoria require refer-
ral to an ophthalmologist for further evaluation. Bear in mind that babies
with darker skin tones can have reflexes that do not look bright red; how-
ever, they should not be white. In addition to examining for leukocoria,
the clinician can look for colobomas, examine the pupillary reflex, and
look for strabismus using the ophthalmoscope.

Retinoblastoma does, indeed, present with leukocoria. It is the most com-
mon malignant intraocular tumor in childhood, with an incidence of 1 in
17,000 [19]. It may present unilaterally or bilaterally, with 30% of cases be-
ing bilateral. It is associated with mutations or deletions of the q14 band of
chromosome 13 [20].

Congenital cataracts are present from birth, by definition; however, they
may not be picked up until later in the first years of life. This is often because
some cataracts are progressive and become larger with time. Congenital cat-
aracts occur in 0.44% of live births, and account for 11.50% of blindness in
preschool [21]. Of these, 23% are inherited (most commonly autosomal
dominant with complete penetrance) and as many as 60% of bilateral cata-
racts are associated with metabolic (as in galactosemia) and systemic
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disease. Associated systemic diseases include congenital infections (rubella,
toxoplasma, cytomegalovirus, and herpes simplex virus in particular), triso-
mies (13, 18, and 21), hypoglycemia, and prematurity [22]. On physical
exam, one may see leukocoria, strabismus, nystagmus, light sensitivity or
decreased visual acuity (particularly later in life). Smaller cataracts may ap-
pear as black spots in the red reflex.

When examining the eyes for red reflexes, one may notice a dysconjugate
gaze. Gaze can be assessed by visualizing the papillary light reflex (using the
ophthalmoscope, but not looking through its lens). At birth, dysconjugate
gaze is not particularly concerning. Eyes may often be crossed or divergent.
These findings generally correct without intervention by 2 months of age
[23]. Dysconjugate gaze beyond this time frame may be an indication of
an underlying defect in the function of one or both eyes. Dysconjugate
gaze as a function of eye tracking is termed strabismus. In this condition,
the weaker of the two eyes is typically patched to allow for appropriate de-
velopment. In cases where strabismus is not corrected, visual acuity will be
lost in the weaker eye. This condition of lost vision is termed amblyopia.

Following birth, subconjunctival hemorrhages are common. They repre-
sent a burst blood vessel and do not present a danger to the infant. They
typically reabsorb in 1 to 2 weeks. After birth, they can be caused by increas-
ing intraocular pressure, such as through coughing or sneezing, or they may
occur spontaneously. One should be aware that a subconjunctival hemor-
rhage may be a sign of trauma that a parent may not have witnessed or
may not be forthcoming so the eye should be examined thoroughly for other
signs of injury.

Blue sclera is often one of the telltale signs of osteogenesis imperfecta.
While this is the most commonly thought of diagnosis, blue sclera can ap-
pear in many different syndromes, including Ehlers-Danlos syndrome and
Hallermann-Streiff syndrome. In addition, healthy infants may have a bluish
tint to the sclera since the sclera is thinner than in adulthood [21].

While examining the eye, it is important to examine the iris as well as
the sclera and pupil. The normal iris of neonates is typically blue or blu-
ish-gray in light-skinned babies and can be darker gray or brown in infants
with darker skin [21]. The iris should be examined for colobomas, which
appear as a break in the continuity of the iris. Colobomas may be an iso-
lated finding; however, they often are associated with other congenital
anomalies, so their presence should prompt a full examination and work-
up for other findings [21]. Brushfield spots are areas of stromal hyperplasia
surrounded by areas of hypoplasia giving a speckled look to the iris. These
can be seen in healthy patients, but are much more common in those af-
fected by Down syndrome. Upwards of 90% of Down syndrome patients
will have Brushfield spots [24], which can be seen in Zellweger’s syndrome
as well.

Nystagmus is repetitive, involuntary, rhythmic movements of the eye in a
particular direction. Several types of nystagmus exist, including horizontal,
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vertical, and rotary nystagmus. Nystagmus in neonates may be benign or
may represent a pathological process. It can be secondary to retinopathy
of prematurity, prematurity itself, or normal physiologic reflexes. An entity
known as transient neonatal nystagmus typically develops before age 10
months (mean 2.7 months) and resolves spontaneously by age 12 months.
The cause is not yet determined [25].

When examining the eyes, one should be on the look out for opsoclonus
in neonates. Opsoclonus is rapid, irregular, and nonrhythmic movements of
the eyes. It should not be confused for nystagmus, which is a rhythmic beat-
ing of the eyes. Opsoclonus shows beating in horizontal and vertical direc-
tions. It may be seen in association with an acute febrile illness, especially
those caused by Epstein-Barr virus, varicella, Coxsackie viruses, and West
Nile virus [21,26]. When seen in conjunction with myoclonus, so called
opsoclonus-myoclonus syndrome, it has been associated with neuroblas-
toma in 2% to 3% percent of cases [26]. Opsoclonus-myoclonus is often
referred to as ‘‘Dancing Eyes–Dancing Feet Syndrome’’ because of its clin-
ical presentation.

Ears

Cranial molding from birth can move the ears into various positions, so
molding should be taken into account when examining the ears. One should
examine the ears for their position, noting low-set ears, as this has been
associated with several syndromes, and malformation of the auricle. Preaur-
icular pits or skin tags are common, and often are hereditary. These are gen-
erally inconsequential and no further work-up is needed when they are seen
unless there is indication of other anomalies that are present. Hereditary
preauricular pits can be associated with deafness and this should be followed
as the infant grows [2]. Additionally, ear anomalies can be associated with
genitourinary anomalies. As such a renal ultrasound is generally indicated
in these patients.

Mouth

Several variations of a normal exam present themselves in the mouth.
These include natal teeth and Epstein’s pearls. In addition, one may see
a cleft lip or palate. Natal teeth are defined as teeth that erupt at any point
before 30 days of life. These occur in about 1 in every 3000 births and almost
always involve the mandibular central incisors [27]. Structurally, they are
similar to normal teeth; however, they generally lack a substantial root sys-
tem. As such, they often fall out on their own at some point. There is no
need to have them removed unless there is concern for aspiration of the
tooth should it come loose on its own, or if the tooth prevents proper feed-
ing [28].
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Epstein’s pearls and Bohn nodules are common findings in neonates.
They are often yellowish or white and slightly raised, giving the appearance
of a pearl. Bohn nodules are located on the alveolar ridges, and Epstein
pearls are those located near the midpalatal raphe at the junction of the
hard and soft palates [28]. They are remnants of embryonic development
of the dental lamina and will resolve without treatment.

Cleft lip and palate represent the most common anomaly of the head and
neck in newborns. Individually and their various combinations are second
only to club feet in regard to neonatal birth defects [29]. Cleft lip and palate
are two distinct findings; however, the combination of the two is found more
commonly than isolated cleft lip or palate with 46% representing combined
cases, 21% isolated cleft lip, and 33% isolated cleft palate. Cleft lip carries
an incidence that varies with ethnicity ranging from 0.41 per 1000 in African
Americans to 2.1 per 1000 in Asians. White ethnicities show an incidence of
1:1000 [30]. The left lip is most commonly involved, followed by the right,
then bilateral clefts. Surgical correction often produces very good cosmetic
results and should be considered early in cases of poor nutritional intake
and abnormal speech development.

While most clefts are quite obvious upon examination, mucosal and sub-
mucosal clefts can be less easy to identify visually. Generally, the clinician is
able to palpate the cleft using a finger to examine the upper palate of the
infant.

Neck

Congenital muscular torticollis is the third most common musculoskele-
tal anomaly of infants. It follows behind club foot and dysplasia of the hip
and can have an incidence upwards of 1 in 250 live births [31]. The exact
cause is unknown; however, it is known to be found more commonly in
breech and forceps deliveries. In approximately two thirds of cases,
a mass can be felt in the affected sternocleidomastoid muscle. It presents
with the infant having its head flexed and the chin facing the direction
opposite the affected muscle [32]. Occasionally, this contracture of the mus-
cle can lead to plagiocephaly with abnormal placement of the eye and ear on
the affected side. Physical therapy is generally therapeutic. Rarely, surgical
release of the sternocleidomastoid muscle is needed [33]. If the torticollis
is not corrected by age 1, plagiocephaly tends to be persistent [32].

The neck should be examined for any pits or other anomalies. These may
represent branchial cleft anomalies, cysts, or sinuses. These branchial arch
remnants will be found in the pinna of the ear, the preauricular area, or
the lateral neck When present, these anomalies may be associated with sys-
temic syndromes such as Goldenhar syndrome, Pierre-Robin Association,
Treacher-Collins syndrome, and Hallerman-Streiff syndrome [14]. A midline
neck lesion may represent a thyroglossal duct cyst or cervical cleft.
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Chest

Clavicle fractures are one of the most common chest birth injuries, with
an incidence of 0.2% to 3.5% [34]. They are identified by palpating crepitus
in the clavicular region. Fractures can be confirmed by radiograph if neces-
sary. No treatment is needed for clavicular fractures as they heal well, even
in the presence of significant angulation.

When examining the lungs of a newborn, one should assess for symmetry
and equal chest excursion as well as adequacy of air exchange. Examination
of the lungs includes assessment of the respiratory rate and other indicators
of respiratory distress including nasal flaring, grunting, or retractions.

Newborns will frequently exhibit transient tachypnea of the newborn
(TTN), especially following cesarean section deliveries. It affects approxi-
mately 0.3% to 0.5% of newborns and presents with tachypnea, increased
oxygen requirements, and a lack of hypercapnia on blood gas [35]. It is
thought to represent delayed absorption of fluid in the lungs. Recovery is
the rule, although infants may need ventilatory assistance for a time period.
Respiratory distress typically will present a few hours after birth and
resolves in 24 to 72 hours [35].

Cardiovascular

The cardiovascular exam can be difficult in a newborn because of their
often rapid heart rate. To briefly review neonatal physiology of the heart,
one must have a basic understanding of fetal cardiac physiology. Before
birth, the infant does not use the lungs for oxygenation. As such, pulmonary
pressures are high and blood is preferentially shunted through the foramen
ovale and the ductus arteriosus to return to the systemic side of blood cir-
culation. At the time of birth, many transitions must be completed, includ-
ing closure of the foramen ovale and a decrease in pulmonary pressures to
allow blood to flow through the lungs. The ductus arteriosus typically closes
10 to 15 hours after birth. Full permanent fusion may take up to 3 weeks
[36].

Auscultation of the heart sounds of a neonate typically reveals a single S1
and a single, or very slightly split, S2 because of the continued relatively high
pulmonary pressures. It can take up to 4 to 6 weeks for pulmonary pressures
to fully drop to their baseline [37]. As this occurs, the S2 becomes more
physiologically split. Typically, S1 is louder near the apex of the heart
and S2 is louder near the base. An S3 may be heard near the apex and is
considered normal. S4 is never normal in a newborn. Because of rapid heart
rates, it can be difficult to truly distinguish the location of a gallop sound. As
such, they are often referred to as a summation gallop.

Palpation of peripheral pulses is important to perform in newborns.
Weak femoral pulses in comparison with brachial pulses (especially of the
right arm) can be an indicator of coarctation of the aorta.



934 LOWE & WOOLRIDGE
Several murmurs can be heard at birth. These may or may not be inno-
cent in nature. As the pressures in the pulmonary vasculature drop, a ductus
that remains patent (PDA) may begin to shunt left to right, creating a mur-
mur often heard best just below the left clavicle near the mid clavicular line
[36]. This murmur is typically not heard at birth, as the pulmonary pressures
have not yet dropped sufficiently to allow enough shunting to create
a murmur.

An innocent flow murmur, termed a newborn murmur, is commonly
heard at birth. It is characterized as a systolic ejection murmur located in
the left lower sternal border area that is vibratory in nature. This murmur
is likely to represent rapid blood flow and is not considered pathologic. In-
nocent flow murmurs typically do not radiate to other areas and are graded
as a I–II/VI in strength.

One may hear a murmur from peripheral pulmonic stenosis (PPS) equally
in the left upper sternal border area, back, and axilla [37]. Typically this
murmur will be a soft, I–II/VI high-pitched systolic ejection murmur. PPS
murmurs typically resolve by age 2 as the sharp turns in the pulmonary vas-
culature resolve.

Other commonly described innocent murmurs include Still’s murmurs,
pulmonary ejection murmurs, and venous hums. These murmurs, in con-
trast to those previously described, are not typically heard in the newborn
period.

Innocent murmurs tend to have a vibratory sound. More harsh-sounding
murmurs should be evaluated to determine their etiology. Such harsh-
sounding murmurs may represent valvular stenosis or regurgitation among
other pathological causes.

Holosystolic murmurs are never innocent. Most commonly they repre-
sent ventricular septal defects (VSD). They may also represent mitral or tri-
cuspid regurgitation or more complex variations of VSDs, such as
atrioventricular septal defects (AVSD). VSDs are the second most common
congenital cardiac anomaly (falling only behind bicuspid aortic valves).
They represent 15% to 20% of congenital cardiac defects [38]. A VSD mur-
mur typically will be a harsh-sounding holosystolic murmur at the left lower
sternal border. Smaller VSDs typically will have a louder sound as blood is
forced across with a higher velocity. Importantly, VSD murmurs may not be
present at birth because of elevated pulmonary pressures. As the pressures
drop, the murmur becomes more pronounced.

Certain anomalies associated with murmurs are also associated with sys-
temic syndromes. For example, approximately 30% of patients with a com-
plete atrioventricular septal defect will have Down syndrome [38]. Noonan
syndrome is associated with a rare cardiac defectdsupravalvular pulmonic
stenosis. The murmur of this anomaly is essentially identical to pulmonic
stenosis, except that it is located slightly higher on the chest and an ejection
click is not heard [37]. If a murmur is detected in the emergency department
that is concerning for pathology, evaluation is warranted. This should
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include a chest x-ray and an EKG. If abnormalities are found, the neonate
should be admitted for further evaluation. If no abnormalities are detected
and the child appears well, follow-up with a pediatric cardiologist as an out-
patient is reasonable.

Abdomen

In examining the abdomen, the clinician should assess for typical abdom-
inal components. This includes assessing for hepatomegaly, splenomegaly,
and palpable enlarged kidneys. Abdominal palpation is best accomplished
using the flats of the fingers rather than the tips, as they are more sensitive
to masses and so forth. The liver is often felt approximately 1 cm below the
costal margin. This degree of extrusion is considered normal.

In general unless it is enlarged the spleen should not be detected by pal-
pation. An enlarged spleen in the setting of prolonged or severe jaundice
should alert the clinician to the possibility of a hemolyzing state, as may
be found in Rh or ABO incompatibility or other red cell morphological
defects such as spherocytosis or elliptocytosis.

While attempting to palpate for an enlarged spleen, one can also palpate
for enlarged or cystic-feeling kidneys. Autosomal recessive polycystic kidney
disease can present with enlarged kidneys at birth [39]. Rarely, one can see
congenital absence of the abdominal muscles in combination with cryptor-
chidism and urinary tract anomalies, termed Prune Belly Syndrome or the
Eagle-Barrett triad [39]. Prune Belly syndrome has an incidence of 1 in
40,000 births, and 95% of cases are in males [40].

The umbilical cord should be inspected to ensure the presence of a single
umbilical vein and two umbilical arteries. A single umbilical artery (SUA) is
found in approximately 0.2% to 1% of newborns [41]. Studies have shown
that infants with an SUA have a threefold higher incidence of severe renal
anomalies and a sixfold higher incidence of any renal malformation when
compared with the general population [42].

A scaphoid abdomen and respiratory distress at birth should raise con-
cern for a congenital diaphragmatic hernia (CDH). When the possibility
of CDH exists, the infant should be intubated in an effort to prevent the
swallowing of air that occurs with spontaneous breathing or with bag-valve
mask ventilation [2]. Air in the intestines will lead to worsening respiratory
distress as the expanding intestines further compress the lungs and medias-
tinum. It should be noted that absence of a scaphoid abdomen does not rule
out CDH.

The differential diagnosis for hepatomegaly in a neonate is quite exten-
sive. First, it is important to recognize true hepatomegaly. Hepatic size
can be assessed by various means, including percussion of liver span and
palpation of the liver edge. When one palpates for the liver edge, it is recom-
mended to start palpating in the lower quadrants to ensure that extreme
hepatomegaly is not missed. In general, a liver edge palpable beyond 3.5 cm
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below the costal margin is considered enlarged. At 1 week of age, a normal
liver span is 4.5 to 5.0 cm [43]. An enlarged edge below the costal margin in
the presence of a normal liver span may be caused by depression of the liver
downward due to lung hyperinflation or other anatomical causes.

Once hepatomegaly has been ascertained, other important factors to note
are the presence or absence of jaundice, splenomegaly, and other physical
anomalies or systemic symptoms. These will help guide the examiner’s
work-up to determine underlying causes.

Genitourinary tract

Several anomalies can be found when evaluating the genitourinary tract.
As such, a thorough examination is important to identify any such findings
that may exist. Neither girls nor boys are exempt from anomalies.

Newborn boys should be examined for inguinal hernias, hydroceles, var-
icoceles, undescended testes, or signs of hypospadias and other urethral
anomalies. Inguinal hernias have an incidence of 0.8% to 4.4% in boys, rep-
resenting one of the most common surgical issues for newborns [44]. They
can present as a bulge in the inguinal area or may have palpable bowel in
the scrotum [45]. Inguinal hernias develop when the processus vaginalis fails
to close, allowing enough of an opening to let bowel pass through. Approx-
imately 60% involve the left side, 30% the right, and 10% will be bilateral
[44]. When an inguinal hernia is identified, light, constant pressure should be
applied to the herniated bowel to reduce the bowel back into the abdomen.
Occasionally, the bowel may become trapped and nonreducible. This repre-
sents an incarcerated hernia and is a surgical emergency. Incarceration of an
inguinal hernia may compromise blood flow to the intestines or the scrotal
contents resulting in damage to the end-organ. Girls are susceptible to ingui-
nal hernias as well, although the male:female ratio is 6:1 [44]. Physical exam-
ination generally reveals a lump in the inguinal area.

When the processus vaginalis fails to fully close but allows only fluid to
pass into the scrotum a hydrocele results. Hydroceles are most commonly
present at birth, although they rarely can arise later. Transillumination
can be used to aid in the diagnosis of a hydrocele as they tend to easily
and uniformly light up, although bowel can occasionally transilluminate
as well, making the distinguishing of the two difficult at times. Hydroceles
do not extend into the inguinal canal. Typically they resolve within 12 to
28 months, so surgical repair is generally deferred [44].

Varicoceles result from dilation of the pampiniform plexus and internal
spermatic vein. Almost always, they occur on the left, and are often de-
scribed as feeling like a ‘‘bag of worms.’’ Varicoceles are typically more eas-
ily seen with the patient upright, as this increases the hydrostatic pressure on
the venous plexus. They should reduce easily or spontaneously with supine
positioning. Any varicocele that does not reduce or is located on the right
side should be evaluated by ultrasound, as failure to reduce is an indication
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of a possible blockage in venous drainage. This may be the result of an ab-
dominal mass [45]. With typical varicoceles, surgical correction can be
undertaken but such a need is debated as most are asymptomatic [39]. If cor-
rection is desired, it typically is not done in the neonatal period.

At birth, full-term boys will experience an undescended testis (cryptorchi-
dism) about 3% to 4% of the time. By age 1, only 0.3% persist [39]. If one
fails to locate a testis in the scrotum, examination of the inguinal canal area
should be performed. Often, testes are not truly undescended but are retrac-
tile. These testes can be brought fully into the scrotum, although it may be
difficult. Retractile testes are the result of a hyperactive cremasteric reflex
and will ultimately settle into the scrotum without intervention [45].

True undescended testes cannot be manually drawn into the scrotum on
examination. These will require intervention to draw the testes down into
the scrotum if they have not descended by 6 months of age. Typically this
is achieved by surgical orchiopexy but treatment with hCG can be attempted
(success with hormonal treatment can reach approximately 30% to 40% but
more often failure results) [39]. Undescended testes should be brought into
the scrotum by intervention as this allows for better examination for malig-
nancy as they have a 4 to 10 times higher risk than descended testes. Semi-
nomas are most commonly seen [39]. Approximately 10% of those affected
with undescended testes will have bilateral involvement. When bilateral
undescended tests are seen, there should be suspicion of an underlying
congenital adrenal hyperplasia with virilization of a female infant. This is
particularly true if hypospadias is also seen [38].

Ambiguous genitalia result from virilization of females or undermasculi-
nization of males. The range of phenotypes can run from almost normal
female to almost normal male anatomy. In boys, ambiguous genitalia
commonly result from problems in androgen synthesis (such as 17 alpha-
hydroxylase deficiency) or end-organ resistance to these hormones (such
as in 5 alpha-reductase deficiency or androgen insensitivity). In girls,
congenital adrenal hyperplasia (CAH) is the leading cause of ambiguous
genitalia. CAH occurs with an incidence of 0.06 to 0.08 per 1000 live births;
90% of these cases are a result of 21-hydroxylase deficiency [46].

During examination of the genitalia, the clinician should evaluate for
clitoromegaly, micropenis, bifid scrotum, or fusion of the labia resulting
in a scrotum-like appearance [47]. Increased pigmentation of the skin can
be seen with CAH because of increased ACTH concentrations in an attempt
to stimulate cortisol production.

Extremities

When examining the extremities, one should examine all four extremities
for anomalies. Both hands and both feet should be examined for absent or
supranumary digits. Polydactyly frequently is an isolated finding but may be
associated with other malformations. While spontaneous occurrences are
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frequent, a family history of polydactyly yields up to a 10-fold increase in
occurrences. Polydactyly of the fingers involving the ‘‘pinky’’ finger side is
the second most common anomaly of the hand with an incidence of 1 in
3000 [48]. Involvement can range from a simple skin tag that can be removed
by tying a suture at the base to a fully formed digit including bony struc-
tures. These more complex digits require surgical removal. While they rarely
produce a functional deficit, cosmetic reasons often lead to removal. Surgery
is generally performed between 1 and 2 years of age [48]. Polydactyly of the
toes commonly occurs as well. Surgical correction, if needed, for supranu-
mary toes generally occurs between 6 months and 1 year.

The palms of the hands should be examined for the presence of a single
transverse palmar crease. While a single palmar crease is associated with
several syndromes, most notably Down syndrome, approximately 4% of
the healthy population will have a unilateral single palmar crease and 1%
will have bilateral single transverse palmar creases.

Talipes equinovarus, commonly known a clubfoot, is a relatively com-
mon deformity with an incidence reported at 1 in 1000 live births. Bilateral
involvement occurs in 30% to 50% of cases. Male to female ratios are 2:1
[48].

Clubfoot is a complex anomaly. It is composed of four main components:
(1) the forefoot is inverted and adducted, (2) the heel and hindfoot are in-
verted, (3) limitation of extension at the ankle and subtalar joint, and finally
(4) internal rotation of the leg [49]. Physical examination reveals inability to
bring the foot fully to midline. Initial correction is attempted with serial
casting. Progressive casting is successful in most patients; however, in
some cases, surgery may be required [49]. If needed, surgery is generally per-
formed between 6 and 9 months.

Neurological

An extensive neurological examination can be quite time consuming;
however, all infants should receive at least a limited neurological examina-
tion including tone, primitive reflexes, and a gross assessment of muscu-
lar/sensory status and cranial nerves. A list of primitive reflexes and
a short description of each can be found in Box 2. As in older children, a sys-
tematic approach is helpful. Often one can begin with a general assessment,
followed by cranial nerves, motor function, sensory function, and reflexes. A
good assessment of neurological status can often be obtained simply by
careful observation of the infant. One should observe movements of the
face for symmetry. Arms and legs should be watched to assess for movement
or lack thereof. At birth, full-term infants show a flexed posture of the
extremities and have the ability to raise their heads in the vertical midline
plane, although they may still be quite unsteady [50]. Movements of the
extremities should be generally smooth without a significant amount of jerk-
ing. The cry should be strong and vigorous. Often neurological problems
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Box 2. Common Primitive Reflexes

Rooting Reflex
Touch newborn on either side of cheek and baby turns toward

stimulus.

Walking Reflex
Hold baby up in vertical position. As feet touch ground, baby makes

walking motion.

Tonic Neck (Fencing) Reflex
Rotate baby’s head leftward and the left arm stretches into extension

and the right arm flexes up above head (opposite reaction if head
is rotated rightward).

Moro Reflex (Startle Reflex)
Hold supine infant by arms a few inches above bed and gently

release infant back to elicit startle. Baby throws arms out in
extension and baby grimaces.

Hand-to-Mouth (Babkin) Reflex
Stroke newborn’s cheek or put finger in baby’s palm and baby will

bring his fist to mouth and suck a finger.

Swimmer’s (Gallant) Response
Hold baby prone while supporting belly with hand. Stroke along one

side of spine and baby flexes entire torso toward the stroked side.

Palmar
Stroke inner palm/sole and toes/fingers curl around (‘‘grasp’’)

examiner’s finger.

Plantar
Stroke outer sole (Babinski) and toes spread with great toe

dorsiflexion.

Doll’s Eyes
Give one forefinger to each hand (baby grasps both) and pull baby to

sitting with each forefinger. Eyes open on coming to sitting (like
a doll’s).

Protective Reflex
Soft cloth is placed over the baby’s eyes and nose. Baby arches

head, turns head side to side, and brings both hands to face to
swipe cloth away.

Crawling Reflex
Newborn placed on abdomen and baby flexes legs under as if to

crawl.
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will produce an altered cry such as a weak cry or a particularly high-pitched
cry.

Cranial nerve (CN) assessment can begin with the eyes. By 28 weeks an
infant’s neurological system has developed enough to produce a blink
when a bright light is shone in the eyes (CN II and VII). Between 28 and
32 weeks the papillary reflex develops (CN II and III) [2]. CN V can be
tested via corneal reflex or with light touch/pin prick to the trigeminal
branch areas producing a withdrawal from the stimulus. Additionally,
full-term infants can often fixate and track on large objects thus allowing
for testing of CN II, III, IV, and VI. It should be noted that a dysconjugate
gaze is not abnormal when a neonate is not fixing on an object [2]. Facial
asymmetry may indicate a lesion involving the facial nerve. Loud noises
should evoke a blink, testing CN VIII. The swallowing reflex tests CN IX
and X. Fasciculations of the sternocleidomastoid muscle or tongue may rep-
resent a lesion involving CN XI or XII, respectively [2]. Detailed examina-
tion of the cranial nerves is generally not necessary unless there is suspicion
of a problem.

Sensation testing is generally limited to light touch and pinprick testing.
During the entire newborn exam, the clinician can be assessing the response
of the baby to touch. For example, infants commonly will react to the
stethoscope touching their chest.

Motor examination involves assessing spontaneous movement of the
head and extremities, as well as muscular tone. Neonatal hypotonia is the
most common abnormal neurological sign seen in neonates [50]. It is asso-
ciated with a wide array of disorders. Hypotonia can be divided into central
and peripheral origins. Central hypotonia tends to be associated with other
central nervous system (CNS) findings. Failure to fixate or meet other mile-
stones, or seizures, are associated with central hypotonia [51]. Several com-
mon syndromes are associated with hypotonia include Down Syndrome and
Prader-Willi syndrome. Other important considerations are hypoglycemia,
hypothyroidism, hypoxic-ischemic encephalopathy, infection, and metabolic
disorders. Often, central causes of hypotonia become more classic of CNS
lesions resulting in increased tone, increased reflexes, and so forth. Transec-
tion of the spinal cord should also be considered, especially when there is
a report of possible neck hyperextension in utero or during delivery. These
infants may present severely with respiratory failure. Lower spinal level
lesions may present with hypotonia that often becomes hypertonia with
hyperreflexia characteristic of central CNS lesions [51].

Peripheral hypotonia, in contrast with central causes, often will present as
hypotonia without any specific central signs. Eyes are able to fix well. In-
fants often are responsive to sounds and stimuli. Examples of this include
spinal muscular atrophy, neonatal myasthenia gravis, and infantile
botulism.

Infant spinal muscular atrophy, also known as Werdnig-Hoffman syn-
drome or SMA type 1, can present with hypotonia at birth (in 60% of
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cases), weakness, poor suck, and absent reflexes. This is due to anterior horn
cell degeneration. Werdnig-Hoffman typically presents between 0 and 6
months [52]. In contrast to cerebral damage hypotonia, these infants are
typically alert and have facial reactions.

Neonatal myasthenia gravis occurs in 10% to 15% of infants born to
mothers with myasthenia gravis. The acetylcholine receptor antibodies read-
ily cross the placenta and can attach to the infant’s receptors producing
a myasthenic phenotype. Signs of bulbar weakness including a weak suck
and cry, hypotonia, absence of a moro reflex, and respiratory insufficiency
can develop up to 72 hours after delivery. Treatment is with acetylcholines-
terase inhibitors as in adults. Symptoms generally resolve by about 12 weeks
of age as the maternal antibodies are cleared.

During delivery, particularly with difficult or breech deliveries, the bra-
chial plexus may be injured causing a spectrum of resulting outcomes.
The brachial plexus is formed from the C5-T1 nerve roots. Palsies involving
this plexus are divided into three main types. Erb palsy involves the C5, C6,
and occasionally C7. Klumpke palsy involves C8 and T1. The third type
involves the complete plexus. Erb palsies present with the affected upper
extremity in the classic ‘‘waiter’s tip’’ position. Klumpke palsies yield a par-
alyzed hand with full function of the elbow and shoulder. This palsy is rare,
comprising only 0.5% of all brachial plexus injuries [2].

Total plexus injuries yield a complete paralysis of the upper extremity. In-
juries may be transient in mild cases to permanent in more severe instances.
The range of resolution relates to the actual injury to the nerve roots. Mild
cases generally are the result of the brachial plexus nerve roots being
stretched, termed neurapraxia. In these cases, prognosis is excellent. The
most severe cases result when the nerve root is avulsed from the spinal
cord, known as axonotmesis. These cases have no chance for spontaneous
resolution and surgical correction often does not yield good outcomes [2].
Fortunately, 80% to 95% of cases (primarily Erb palsies) will resolve spon-
taneously over the course of a few weeks to months.

If, on physical examination, there is difficulty determining if the infant
does not move the area because of pain (as a result of a clavicular fracture,
for example) or a palsy, the Moro reflex can be used. In cases of palsies, the
Moro will result in asymmetric movement.

Skin

Newborn babies exhibit a plethora of skin findings. Often, these findings
can be alarming to parents and result in numerous clinic and emergency de-
partment visits. Often, visual diagnosis is quite easy and can alleviate paren-
tal concerns.

Newborns often experience some degree of vasomotor instability that can
present in several ways, including cutis marmorata, harlequin color changes,
and acrocyanosis. Cutis marmorata is a condition resulting from uneven
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distribution of capillary blood flow. It gives a mottled appearance to the
skin and often can be induced by cold exposure.

Harlequin color changes are precipitated by turning the baby on the side.
When this is done, the lower half of the baby becomes erythematous or
dusky while the upper half becomes pale. Often there is a sharp demarcation
between zones. This typically resolves within a few seconds after returning
to the supine position but can persist for up to 20 minutes [53]. Harlequin
color changes are more commonly seen in low-birth-weight infants and
often resolve after the first few weeks of life.

Acrocyanosis results from venous blood pooling in the extremities giving
a bluish color to the hands, feet, and occasionally around the lips. This con-
dition is exaggerated with cool temperatures and resolves with warming.
Acrocyanosis is not pathological and will resolve as vasomotor stability
improves.

Erythema toxicum is extremely common, affecting up to 50% of full-term
infants [53]. It typically presents in the first 2 to 3 days of life and typically
resolves in 5 to 7 days. Lesions classically are described as having a central
flesh-colored papule with surrounding erythema at the base. Numbers can
range from a few lesions to over 100. With many lesions, the erythema
can become confluent making the appearance less classic, but examination
of the margins often reveals individual papules with the typical appearance.
Biopsy is generally not needed but would show the presence of eosinophils.
Its etiology is not well known at this point.

Less common is neonatal pustular melanosis, which affects approxi-
mately 5% of black infants and less than 1% of white infants [2]. The pus-
tules are always present at birth or form within the first 24 hours of life.
Following pustule formation, the pustules rupture leaving the classic collar-
ettes of scaly skin and hyperpigmentation. It is possible for the pustules to
rupture in utero leaving only the collarettes and hyperpigmentation at birth.
Pustules may be present on the face, neck, hands, and feet (including the
palms and soles). Atypical presentations should be evaluated very closely
as some infectious processes, such as impetigo, can mimic pustular melano-
sis and require rapid treatment [2].

Forty percent of newborns will have milia, most commonly found on the
nose [53]. They represent small cysts filled with keratinocytes and sebaceous
debris. They may also be seen on other areas of the body. Generally, these
papules are self-resolving over the course of a few weeks. Epstein’s pearls
represent the same process in the oral cavity.

Neonatal acne is occasionally seen shortly after birth but typically de-
velops between the second and fourth week of life. It peaks around 8 to
12 weeks of life, under the influence of maternal and fetal androgens, then
subsequently resolves. Lesions are characteristically comedonal or pustular
in appearance. Occasionally, nodulocystic acne can occur. In these cases,
medical management may be indicated to prevent scarring. Persistent acne
may be an indication of excess androgen production. If there are concerns
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about this, growth should be followed closely and a bone age can be checked
for accelerated bone growth. Normal bone growth makes excess androgen
production unlikely [2].

Nevus simplex is a blanching macule that is typically pink or red in color.
When located on the glabella they are commonly referred to as angel kisses,
and when located on the posterior neck they are often termed stork bites.
While these two sites are the most common, they may be found anywhere
along the midline from the eyes to the nape of the neck. Often they fade
with time, although they may not completely.

Nevus simplex should be distinguished from a nevus flammeus or ‘‘port-
wine stain.’’ Port-wine stains do not tend to resolve much spontaneously.
Laser treatment can help reduce their appearance. They are important to
recognize, as they are associated with some syndromes. In particular, a nevus
flammeus that involves the ophthalmic and maxillary regions of the trigem-
inal nerve (unilaterally or bilaterally) may be associated with Sturge-Weber
syndrome that can have CNS involvement and lead to seizures. Port-wine
stains that involve the face and/or upper extremity with hypertrophy of
the affected side may have a condition termed Klippel-Trenaunay [2].

Dermal melanoses, formerly referred to as Mongolian spots, are bluish-
black areas of hyperpigmentation often found on the buttocks, back, and
shoulders. They are extremely common in darker skinned babies (upwards
of 90% of Native American, Asian, and African American babies will have
them) [53]. These spots can be confused with bruising and have resulted in
evaluation for abuse in some cases. For this reason it is important to recog-
nize them. Typically they will fade with age but may persist into adulthood.

Another commonly seen hyperpigmented macule is the café au lait spot.
Typically these macules are light brown in color. A few café au lait macules
are normal; however, the presence of many macules or a very large macule
may indicate the presence of a systemic disease such as neurofibromatosis
type 1 or McCune-Albright syndrome, respectively. The following list sum-
marizes the National Institutes of Health criteria for the diagnosis of neuro-
fibromatosis type 1 [54]. Any two or more clinical features are required for
diagnosis.

� Six or more café-au-lait macules over 5 mm in greatest diameter in pre-
pubertal individuals and over 15 mm in greatest diameter in postpuber-
tal individuals
� Two or more neurofibromas of any type or one plexiform neurofibroma
� Freckling in the axillary or inguinal regions
� Optic glioma
� Two or more Lisch nodules (iris harmartomas)
� A distinctive osseous lesion such as sphenoid dysplasia or thinning of
the long bone cortex with or without pseudarthrosis
� A first-degree relative (parent, sibling, or offspring) with neurofibroma-
tosis type 1 by the above criteria
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Summary

Despite the broad technologic advancements of medicine, screening for
illness in infants is highly reliant on a complete physical examination. For
this reason it is critical that the examining physician not only have a thor-
ough understanding of abnormal findings but also the normal findings
and their variants. The vast majority of infants are healthy and findings pre-
dictive of future health problems are subtle and infrequent. Yet, outcomes
can be devastating. Therefore it is critical for the physician to remain dili-
gent during screening. It is our hope that this article will assist the physician
in this task and allow for more accurate and timely diagnosis that prevents
or minimizes long-term health problems in children.
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The majority of cardiac arrest in children results from a progression of
shock and respiratory failure to cardiac arrest. The goal for resuscitation
is to urgently reestablish substrate delivery to meet the metabolic demands
of vital organs [1]. It is important to recognize that successfully applied tech-
niques of basic and advanced life support are crucial to reducing neonatal
and childhood mortality. Currently there are no data on the incidence of pe-
diatric resuscitations performed in the United States each year; however, it
can be estimated by extrapolating data from childhood mortality rates
(Fig. 1A, B).

In 2005, the American Heart Association (AHA) set forth updated guide-
lines for Basic Life Support, Neonatal Advanced Life Support (NALS), and
Pediatric Advanced Life Support (PALS). Overall, the updated guidelines
simplify resuscitation for prehospital as well as for advanced providers.
The pediatric age group is now defined to include those children from
1 year of age to the onset of puberty. This is determined by the presence
of secondary sexual characteristics that usually occur between 12 and 14
years of age. For the lay rescuer, pediatric guidelines are applied to children
between 1 and 8 years old, with adult ACLS guidelines applied to those
patients older than 8.

Once it is recognized that a child needs resuscitation, it is important to
approach the evaluation and management in a stepwise manner. First, the
airway is assessed, then breathing, and finally circulation. If there is an ab-
normality at any step of this A-B-C assessment, intervention must be
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initiated to stabilize the patient. The goal of early, high-quality cardiopul-
monary resuscitation (CPR) and defibrillation is to improve overall survival
from arrest. Only one third of out-of-hospital cardiac arrest victims receive
CPR before emergency medical service (EMS) arrival [2]. Those who actu-
ally receive CPR do not receive enough effective CPR. When CPR is per-
formed, suboptimal CPR is often performed with too few, too shallow
(37%), and too weak chest compressions. Ventilations (61%) are often ex-
cessive, with too many interruptions in chest compressions [3].

Airway

Evaluation

The first priority in basic and advanced life support is evaluating the air-
way. To assess upper airway patency, the provider should look, listen, and
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feel whether there is adequate breathing. The provider should look for chest
rise, listen for breath sounds and air movement, and feel the movement of
air at the nose and mouth. Clinical signs of an airway obstruction include
breathing difficulty, the inability to speak or breathe, poor air exchange,
a silent cough, or poor air exchange. It is crucial to determine whether
the airway is maintainable by simple maneuvers, or not maintainable, neces-
sitating advanced interventions [4].

Management

Simple measures to restore airway patency include positioning, suction-
ing, relieving a foreign-body airway obstruction, and the use of airway ad-
juncts. More advanced interventions, include endotracheal intubation.

Rather than waiting for respiratory arrest, those who do not exhibit
adequate breathing should receive rescue breaths. It is recommended to
try ‘‘a couple of times’’ to deliver two effective rescue breaths [5]. In those
who are not breathing, but have a pulse, only respirations should be deliv-
ered, without compressions. The health care provider should administer 12
to 20 breaths per minute (1 breath every 3 to 5 seconds) for infants and chil-
dren, and 10 to 12 breaths per minute (1 breath every 5 to 6 seconds) for
adults. Rescue breaths should be given over 1 second, with enough volume
to create visible chest rise. There are no indications stating specific tidal vol-
umes, since it is difficult to estimate tidal volumes delivered during rescue
breaths. In fact, much less tidal volume is required during resuscitation
than in normal healthy individuals. During CPR, there is 24% to 33%
less blood flow to the lungs. Therefore, fewer breaths with smaller volumes
are needed for oxygenation and ventilation [5].

The preferred method of opening the airway for the lay rescuer is the
head tilt–chin lift maneuver for both injured and noninjured victims. It is
also recommended for the health care provider in nontrauma settings. In
trauma situations in which a cervical spine injury is suspected, a jaw thrust
maneuver without a head tilt is recommended to open the airway and main-
tain manual stabilization of the head and neck. The jaw thrust is no longer
recommended for lay rescuers because it is difficult to learn and perform,
may be ineffective, and may cause spinal movement [6].

In situations of airway foreign bodies, actionmust be taken in those cases of
severe airway obstruction. If the individual is unresponsive, it is recommended
to activate EMS and perform CPR. It is unadvisable to perform blind finger
sweeps, and it is not recommended to perform the ‘‘jaw thrust’’ maneuver.
This technique is difficult, especially for inexperiencedproviders. Thepreferred
method of opening the airway for the lay rescuer is the head tilt–chin lift
maneuver. The recommendation is to perform five back blows and five chest
thrusts for infants, and to perform the Heimlich maneuver in older children.

In addition, suctioning may be required to further open the airway.
Airway adjuncts such as oropharyngeal and nasopharyngeal airways may
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assist in opening the airway, and facilitate in delivering oxygen by bag-valve
mask.

The method of maintaining a proper airway depends on the skill level of
the provider. For those untrained in advanced airway, one must focus on
effective bag-valve mask technique. However, for those trained in endotra-
cheal tube placement, it is the preferred route of securing an airway. Because
insertion of an advanced airway may cause a prolonged interruption in com-
pressions, one must weigh the risks and benefits. The use of a cuffed endo-
tracheal tube may be used in all ages except neonates. A cuffed endotracheal
tube is especially useful for those with poor lung compliance, increased air-
way resistance, or in those with a large glottic air leak [7]. Attention must be
paid to tube size, position, and pressures. For children 1 to 10 years of age,
the endotracheal size can be calculated by the following formulas [8].

The size of a cuffed endotracheal tube is determined by:

Sizeðmm internal diameterÞ ¼ ðage in years=4Þ þ 3

The size of an uncuffed endotracheal tube is determined by:

Sizeðmm internal diameterÞ ¼ ðage in years=4Þ þ 4

Once placed, the endotracheal tube cuff pressure should be maintained at
less than 20 cm H2O [9]. When endotracheal intubation is not possible, a rea-
sonable alternative is the placement of a laryngeal mask airway (LMA).
However, the placement of LMAs is associated with a higher incidence of
complications in children [10].

Confirmation of tube placement should include clinical assessment and
auscultation of breath sounds. New recommendations include measuring ex-
haled CO2, which can be measured by a calorimetric detector or by capnog-
raphy. However, their use is limited to those patients exhibiting a perfusing
rhythm [11]. In those patients weighing more than 20 kg, one may consider
esophageal detector devices for confirmation of tube placement [12]. It is
important to repeatedly verify endotracheal tube placement after the tube
is inserted, during transport, and after the movement of the patient.

Breathing

Evaluation

The assessment of breathing includes an evaluation of the respiratory rate
and effort, lung sounds, and pulse oximetry. Normal respiratory rates de-
pend on the age of the patient (Table 1). Tachypnea is defined as a rate
that is more raid than normal for age, whereas bradypnea is a rate that is
slower than normal for age. Apnea is defined as a complete cessation of
breathing for 20 seconds or more.
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With regard to increased respiratory effort, a child may exhibit nasal flar-
ing, retractions or accessory muscle use, or irregular respirations. Further
factors to assess are adequate and equal chest wall excursion, and the aus-
cultation of air movement. Abnormal lung sounds include stridor, grunting,
gurgling, wheezing, and crackles.

Management

Once an advanced airway is in place, respirations should be administered
simultaneously with chest compressions, at a rate of 8 to 10 per minute.
Note that this rate is markedly lower than previous recommendations. Hy-
perventilation is not recommended, as it can actually be harmful. Increased
respiratory rates cause an increased intrathoracic pressure, thereby decreas-
ing venous return and coronary perfusion pressure. This has been shown to
decrease survival rates [13].

Neonates

In the situation of neonates, it is often necessary to provide positive-pres-
sure ventilation. This can be achieved with the use of a self-inflating bag,
a flow-initiating bag, or a T-piece device. The T-piece is a valved device in
which regulated pressure and limits flow [14]. The best indicator of success-
ful ventilation is in an increase in the heart rate.

Whenever positive pressure is indicated for resuscitation, supplemental
oxygen is recommended. For those babies who are breathing but have cen-
tral cyanosis, free-flow oxygen is indicated. The standard is to use 100%
FiO2; however, it is reasonable to begin with an oxygen concentration less
than 100% or room air. If there is no improvement after 90 seconds, oxygen
should be administered. This updated recommendation reflects the possible
adverse effects that high-concentration oxygen has on the respiratory phys-
iology and cerebral circulation of newborns [15]. On the same token, oxygen
deprivation and asphyxia cause further tissue damage. Therefore, the goal is
to provide adequate oxygenation, which is a balance between oxygen deliv-
ery and tissue demand.

In a vigorous infant, it is no longer recommended to perform oropharyn-
geal and nasopharyngeal suctioning of meconium-stained amniotic fluid at

Table 1

Expected respiratory rates, according to age [4]

Age, y Breaths, per min

!1 30–60

1–3 24–40

4–5 22–34

6–12 18–30

13–18þ 12–16
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the perineum. A large multicenter trial showed that suctioning is ineffective
in preventing meconium aspiration [16]. Those infants who are not vigorous
warrant endotracheal suctioning immediately after birth.

Circulation

Evaluation

The assessment of cardiovascular function includes heart rate and
rhythm, blood pressure, peripheral and central pulses, capillary refill time,
and skin color and temperature.

Heart rate varies according to the child’s age, and includes a wide range
(Table 2). Typically the rate will be much slower in a sleeping or athletic
child. Tachycardia is a heart rate faster than expected for a child’s age,
whereas bradycardia is slower than normal.

Similarly, blood pressures vary according to age (Table 3). Hypotension
is defined as below the fifth percentile of expected blood pressures for age.
Hypotension represents a state of shock, either due to hemorrhage, sepsis,
or cardiac failure.

The heart rhythm can initially be determined as being regular or irregu-
lar. To determine the specific rhythm, one must attach at least a three-lead
ECG. Various rhythm disturbances, or arrhythmias, can be recognized to
initiate appropriate interventions. The important dysrhythmias to recognize
are ventricular fibrillation (Fig. 2), ventricular tachycardia (Fig. 3), pulse-
less electrical activity (PEA), asystole, and supraventricular tachycardia
(Fig. 4).

Further factors in the cardiac assessment include central and peripheral
pulses. In addition, the capillary refill time reflects skin perfusion. A delayed
capillary refill time, greater than 2 seconds, may be a result of dehydration,
shock, or hypothermia.

Management

The management recommendations for cardiovascular function include
obtaining IV access, performing cardiac compressions, defibrillation, and
the administration of drugs for rhythm disturbances.

Table 2

Expected heart rates, according to age

Age Rate (mean)

0–3 mo 80–205 (140)

3 mo–2 y 75–190 (130)

2–10 y 60–140 (80)

O10 y 50–100 (75)

Data from Ralston M, Hazinski M, Zaritsky A, et al. Pediatric assessment. Pediatric

advanced life support, provider manual. American Heart Association; 2006. p. 1–32.
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Intravenous access
Intravenous or intraosseous routes are preferred for vascular access and

for the administration of all drugs. Drug administration via the endotra-
cheal tube is not recommended since drug delivery is unpredictable. In ad-
dition to lower drug concentrations in the blood, some drugs can cause
detrimental b-adrenergic effects [17]. However, if vascular access is unavail-
able, lipophilic drugs may be administered at higher doses through the en-
dotracheal tube. These drugs include ‘‘LEAN’’: lidocaine, epinephrine,
atropine, and narcan [18].

Compressions
Effective chest compressions are crucial in improving survival. Compres-

sions provide blood flow to vital organs, such as the heart and brain during
resuscitation. The AHA now recommends ‘‘push hard and push fast.’’ Inter-
ruptions in compressions should be limited to less than 10 seconds for inter-
ventions such as placing an advanced airway or defibrillation. Interruptions
in compressions have shown to decrease the rate of return to spontaneous
circulation. Rhythm checks should be performed every 2 minutes, or 5 cycles
of CPR. Once an advanced airway is in place, compressions and breaths
should be performed continuously without interruption.

Table 3

Expected systolic and diastolic blood pressures according to age

Age Systolic BP (mm Hg) Diastolic BP (mm Hg)

0 d 60–76 30–45

1–4 d 67–84 35–53

1 mo 73–94 36–56

3 mo 78–103 44–65

6 mo 82–105 46–68

1 y 67–104 20–60

2 y 70–106 25–65

7 y 79–115 38–78

15 y 93–131 45–85

Of note, females have slightly lower systolic blood pressures, and slightly higher diastolic

blood pressures when compared with males of the same age [4].

Fig. 2. Rhythm strip of ventricular fibrillation (torsades de pointes). This child had a history of

dilated cardiomyopathy, and returned to sinus rhythm after defibrillation. (Courtesy of CDR

Jonathan T. Fleenor, MD, San Diego, CA.)
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In those patients without a pulse, or newborns and children with a heart
rate less than 60 beats per minute, compressions should be initiated. Since
bradycardia is often a terminal rhythm in children, it is not necessary to
wait for pulseless arrest to initiate compressions. Compressions should be

Fig. 3. Ventricular tachycardia. This is an example, of an extraordinarily fast ventricular tachy-

cardia with a heart rate of almost 300 BPM. (Courtesy of CDR Jonathan T. Fleenor, MD,

San Diego, CA.)

Fig. 4. Supraventricular tachycardia (SVT), with concomitant right ventricular hypertrophy.

This 4-year- old male was postoperative from repair of congenital heart disease (Fontan repair).

He was eventually converted to normal sinus rhythm after multiple doses of adenosine. (Cour-

tesy of Stephanie Doniger, MD, San Diego, CA.)



955PEDIATRIC RESUSCITATION UPDATE
performed at a rate of 100 per minute for all ages, except newborns, in
whom compressions should occur at a rate of 120 per minute. The compres-
sion to ventilation ratio is 30:2 for single rescuers, while the ratio is 15:2 for
two-rescuer health provider resuscitations in children. These universal rates
simplify guidelines for providers, and are best for all victims of cardiac
arrest, including hypoxic arrests. Furthermore, it allows for sufficient time
for adequate chest recoil, to allow for adequate cardiac filling and venous
return [19].

To perform adequate compressions for children, the heel of one or two
hands can be used to compress the lower half of the sternum to a depth
of one half to one third of the chest diameter [20]. For infants, the AHA
now recommends that two thumbs press on sternum, with the hands encir-
cling the chest. In addition to compressing the sternum, the hands should
squeeze the thorax. This improves coronary artery perfusion pressure,
and may generate higher systolic and diastolic blood pressures [21]. When
performing chest compressions, rescuers should be changed after five cycles
of CPR, or 2 minutes to decrease rescuer fatigue. This switch should be per-
formed in less than 5 seconds to minimize interruptions in CPR [22].

In neonates, compressions and ventilations should be given in a 3:1 ratio
of compressions to ventilations with 90 compressions and 30 breaths in
1 minute for a total of 120 events per minute. When compressions are given
continuously, the rate should be 120 compressions per minute.

Defibrillation
In situations of sudden witnessed collapse, immediate defibrillation is

warranted, followed by CPR, followed by drug administration. CPR pro-
vides some blood flow, delivering oxygen and substrate to the heart muscle,
thereby making it more likely to abort ventricular fibrillation. A single
shock should be administered at a dose of 2 J/kg, followed by immediate
CPR. In at least 90% of cases, ventricular fibrillation is eliminated by the
first shock [23]. In those cases in which the first shock does not terminate
ventricular fibrillation, CPR is of greater value.

CPR is beneficial immediately postdefibrillation. This ‘‘primes’’ the heart
for the next defibrillation attempt and also treats PEA. In cases of pro-
longed ventricular fibrillation, it has been shown that giving CPR before de-
fibrillation increased survival rates from 4% to 22% [24].The dosages of
defibrillation are now 2 J/kg followed by 4 J/kg for subsequent dosages, re-
gardless of the type of defibrillator. It is important to note that stacked
shocks are no longer recommended. A single shock is recommended fol-
lowed by CPR largely because of the prolonged period of time to administer
three shocks (Fig. 5). Do not interrupt CPR until after five cycles or 2 min-
utes for a pulse/rhythm check. In cases of asystole or PEA one should ini-
tiate immediate CPR.

More specifically, the treatment of each rhythm disturbance can be clas-
sified according to the Tachycardia Algorithm (Fig. 6). The presence or
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absence of a pulse determines which arm of the algorithm to initiate. Of
note, sinus tachycardia with adequate perfusion is no longer included in
the algorithm. In addition, polymorphic ventricular tachycardia is now con-
sidered most likely to be an unstable rhythm. Therefore, it is recommended
to use unsynchronized shocks rather than synchronized shocks. In contrast
to previous recommendations, low-energy synchronized shocks have a high
likelihood of provoking ventricular fibrillation [5].

In the community, automated external defibrillators (AEDs) have been
shown to increase survival rates. There has been sufficient evidence to
show that AEDs can safely be used for those older than 1 year [25]. In
a sudden witnessed collapse, the AED should be used as soon as it becomes
available. However, if the collapse is unwitnessed, CPR should be per-
formed for 5 cycles or 2 minutes before the use of the AED. Pediatric
AED pads and energy levels should be used in those 1 to 8 years of age.
If the pediatric dose is unavailable, the adult dose is a reasonable alternative.

Drugs
For the most part, the algorithm drug dosages remain the same in the

updated 2005 AHA Recommendations. Drug delivery should not interrupt
CPR. The timing of drug delivery is less important than minimizing chest
compressions. Amiodarone is the preferred drug for treatment for pulseless
arrest, since it is more effective. Lidocaine is only recommended when
amiodarone is unavailable [26]. Additionally, lidocaine is no longer listed
on the stable ventricular tachycardia algorithm (see Fig. 5). It has been
replaced by amiodarone and procainamide. It is important to note that
amiodarone and procainamide should not be administered together as
they can lead to severe hypotension and prolongation of the QT interval.

High-dose epinephrine (1:1000 concentration via IV [intravenous]) is not
recommended in any age group, and is actually associated with a worse
outcome, especially in cases of asphyxia [27]. Therefore, the standard recom-
mended dose is (0.01mg/kg IV/intraosseous) for all doses, which correlates to
0.1 mL/kg. Although the preferred routes of administration are intravenous
or intraosseous, it may be given via the endotracheal tube when such access is

Puseless Arrest
VF/VT

CPR
5 cycles(2 min)

Drug
AdministrationCPR Rhythm checkDefibrillation

Fig. 5. Sequence of resuscitation, in pulseless arrest with ventricular fibrillation (VF) and

ventricular tachycardia (VT).

Fig. 6. Tachycardia algorithm. (Adapted from Ralston M, Hazinski M, Zaritsky A, et al. Pedi-

atric assessment. Pediatric advanced life support, provider manual. American Heart Associa-

tion; 2006. p. 1–32.)

<
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unable to be obtained (0.1 mg/kg endotracheal tube). In exceptional cases,
such as beta blocker overdoses, high-dose epinephrine may be considered.

In newborn resuscitation, drug therapy is rarely indicated [28]. However,
the 2005 AHA recommendations for drug therapy in the newborn focus
on the indications for the use of epinephrine and naloxone. High-dose
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epinephrine is no longer recommended but rather at a dose of 0.01 to 0.03
mg/kg/dose. The intravenous concentration is 1:10,000 and the IV route for
epinephrine administration is preferred. Although the endotracheal route
for drug administration is unpredictable for drug delivery, it may be used
when there is difficulty obtaining access. The endotracheal concentration
of epinephrine is 1:1000. Naloxone should not be given endotracheally be-
cause of the lack of clinical data in newborns. Further, naloxone is no longer
recommended in primary resuscitative efforts. Heart rate and color must
first be restored through ventilatory support before its administration [6].

Postresuscitative care

In general, it is recommended to maintain a normal body temperature in
postresuscitative care of neonates and children. Recent evidence is insuffi-
cient to recommend the routine use of systemic or selective cerebral hypother-
mia after resuscitation. However, it is important to avoid hyperthermia,
especially in very-low-weight infants and hypoxic-ischemic events and very-
low-weight infants. There are possible benefits of induced hypothermia (32
to 34�C) for 12 to 24 hours following successful resuscitation [29].

In addition, new recommendations recognize the probable benefits of
vasoactive medications, including ionodilators (inamrinone, milrinone) to
treat postresuscitation myocardial depression. However, there may be ad-
verse effects on cerebral circulation and hyperventilation. Further studies
are recommended before universal initiation of these agents [30].

New evidence suggests that the length of resuscitation is not an adequate
prognostic indicator of survival. Intact survival has been reported, even in
those cases with prolonged resuscitation and two doses of epinephrine
have been administered [31].

Last, neonatal recommendations include guidelines regarding withhold-
ing and withdrawing resuscitative efforts. Such decisions are optimal when
there are opportunities for parental agreement. It may be reasonable to with-
hold resuscitation in those conditions associated with an unacceptably high
mortality. Such situations include extremely low birth weights (!400 g),
young gestational age (!23 weeks), and certain congenital anomalies
(anencephaly, trisomy 13) [6]. Alternatively, resuscitation is indicated in
those cases that have a high survival rate and an acceptable mortality. In
other situations, the parental desires would dictate resuscitative efforts.
This occurs in babies with an uncertain prognosis, borderline survival, a rel-
atively high morbidity rate, and a high anticipated burden to the child. Fur-
ther, after 10 minutes of adequate continuous resuscitation, and there are
still no signs of life (ie, no heartbeat or respiratory effort), it is reasonable
to discontinue resuscitation. This is due to evidence that shows there is
a high mortality rate and chance for severe neurodevelopmental disability
[32].
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Summary

� Emphasis on effective CPR, while limiting interruptions
� ‘‘Push hard, push fast,’’ at 100 compressions/minute
� Universal compression: ventilation 30:2 (lone rescuer), 15:2 (2 rescuers)
� Use cuffed or uncuffed ETT, with attention to size, position, pressures
� Once advanced airway in place: simultaneous ventilations and compres-
sions with ventilation rate: 8–10/minute
� IV/intraosseous preferable to ETT for drug administration
� Defibrillation: single shock followed by immediate resumption of CPR
� Amiodarone is preferred for pulseless arrest due to ventricular fibrilla-
tion (VF)/ventricular tachycardia (VT)
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Pediatric respiratory emergencies account for a large number of emergency
department visits each year. Because many of these conditions may lead to
life-threatening events, an appropriate understanding of the various entities
that cause these emergencies will allow the provider prompt recognition and
treatment. The differential diagnosis includes foreign body aspiration, allergic
reaction, neoplasm, trauma, and congenital anomalies. This review discusses
common infectious conditions, including bacterial tracheitis, bronchiolitis,
croup, epiglottitis, pertussis, pneumonia, and retropharyngeal abscess.

Bacterial tracheitis

Epidemiology

Bacterial tracheitis, also known as laryngotracheobronchitis, pseudomem-
branous croup, or bacterial croup, is an entity first described in 1979 [1]. Al-
though it is an uncommon disease, it may be life threatening. As is true for
croup, the peak incidence is in the fall and winter in children with an age range
between 6 months to 8 years [2]. Furthermore, Gallagher and colleagues [3]
found a 2:1male predominance. In a retrospective study of 500 patients admit-
ted under the diagnosis of croup, 2% had bacterial tracheitis [4]. Marked sub-
glottic edema and thick mucopurulent (membranous) secretions characterize
the illness. The organisms most commonly implicated include Staphylococcus
aureus and, to a lesser extent, alpha-hemolytic streptococcus,Haemophilus in-
fluenzae, Moraxella catarrhalis, and Streptococcus pneumoniae [5].
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Clinical features

The clinical presentation of bacterial tracheitis has features of epiglottitis
and viral croup. Typically, the child may have prodromal viral upper respi-
ratory symptoms such as a low-grade fever, cough, and stridor, similar to
patients with croup; however, the patient then experiences the rapid onset
of high fever, respiratory distress, and appears toxic. Unlike patients with
epiglottitis, these children typically have a cough, are comfortable lying
flat, and do not drool [6].

Laboratory analysis

Radiographs are not definitive or diagnostic because the x-ray film is usu-
ally normal in appearance; however, on anteroposterior neck radiographs,
bacterial tracheitis can appear similar to croup in that marked subglottic
narrowing, also known as the ‘‘steeple sign,’’ may be present. Also, a slight
irregularity of the proximal tracheal mucosa or clouding of the tracheal lu-
men may be seen. This irregularity or clouding represents pseudomembra-
nous detachment and varies in 20% to 82% in studies [2,7].

Routine laboratory data are not indicated. A complete blood count may
show marked leukocytosis; however, Gallagher and colleagues [3] found
that it varied considerably. More common was a left shift. Blood cultures
are typically negative.

The diagnosis is made endoscopically by visualizing normal supraglottic
structures with prominent subglottic edema, ulcerations, and copious puru-
lent secretions. These secretions should be cultured [6]. In several studies, the
majority of the patients had a positive Gram stain and culture of the tra-
cheal secretions [1,7].

Management

If it is available, patients in severe respiratory distress are best managed in
the operating suite for endoscopic diagnosis and intubation [2,3]; however, if
emergency department intubation is required, a tube size smaller than the
calculated size may be necessary. Copious purulent secretions can be suc-
tioned from the endotracheal tube. These secretions should be sent for cul-
ture. Humidification of the inspired air helps prevent mucous plugging.

If endotracheal intubation is unsuccessful, a tracheostomy may be neces-
sary but should be avoided. In the acute setting, a needle cricothyrotomy
would be the next emergency intervention. Occasionally, additional endos-
copy may need to be performed to remove the pseudomembranous material.
Intubation is often required for 3 to 7 days until the patient is afebrile or
there is an air leak present (ie, passage of air around the endotracheal
tube indicating decreased edema), signifying a decrease in the quantity
and viscosity of secretions. Antibiotics should be initiated with nafcillin or
oxacillin (200 mg/kg/d divided every 6 h for either agent) in conjunction
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with a third-generation cephalosporin such as ceftriaxone (50 mg/kg daily).
The addition of vancomycin should be considered if resistant organisms are
present or there is multisystem involvement.

Complications of bacterial tracheitis include respiratory failure, airway
obstruction, pneumothorax [1], the formation of pseudomembranes, and
toxic shock syndrome. These patients frequently have concurrent sites of in-
fection with pneumonia [8].

Bronchiolitis

Epidemiology

Bronchiolitis is themost common lower respiratory tract infection in infants
that is characterized by fever, cough, coryza, expiratory wheezing, and respira-
tory distress [9]. The disease causes marked inflammation, edema, and necrosis
of the epithelial cells of the smaller airways, increased mucous production, and
bronchospasm [10]. Although it may occur in all age groups, the larger airways
of older children better accommodate the mucosal edema, and severe symp-
toms are usually seen in children under the age of 2 years. There are approxi-
mately 125,000 hospitalizations per year with 80% of admissions occurring
in children less than 1 year of age [11]. Themost common cause of bronchiolitis
is respiratory syncytial virus (RSV), isolated in 75%of children less than 2 years
of age who are hospitalized for bronchiolitis [12] Other causes include parain-
fluenza virus types 1 and 3, influenza B, adenovirus types 1, 2, and 5, myco-
plasma, rhinovirus, enterovirus, and herpes simplex virus. In temperate
climates, RSV epidemics occur yearly beginning in winter and continue until
late spring, whereas parainfluenza epidemics typically occur in the fall.

Clinical features

Patients with bronchiolitis frequently present with rhinitis, tachypnea,
wheezing, cough, crackles, the use of accessory muscles, and nasal flaring
[13]. The cough may be paroxysmal, and patients may also have post tussive
emesis. Respiratory distress in these children manifests as tachypnea with re-
spiratory rates as high as 80 to 100 breaths/min, nasal flaring, and intercos-
tal and supraclavicular retractions, apnea, grunting, and cyanosis. Common
caregiver complaints include poor feeding and increased fussiness, usually as
a result of difficulty sleeping. Other associated findings are tachycardia and
dehydration. The natural course of the illness is about 7 to 10 days but can
last several weeks to a month. Unfortunately, reinfections with RSV are
common throughout life [14].

Laboratory testing

Although testing for RSV may be performed, it rarely changes clinical
outcomes in typical cases. The diagnosis of bronchiolitis should be a clinical
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one [15]. If necessary, the work-up may include a nasopharyngeal swab for
a rapid ELISA to test for RSV. A chest radiograph often shows hyperinfla-
tion with flattening of the diaphragm. Although routine chest radiographs
are not necessary, they are helpful in ruling out potential complications
such as atelectasis, hyperinflation, or pneumonia, especially when patients
are not improving at the expected rate or have acute decompensation of un-
clear etiology.

Infants under 3 months of age who have bronchiolitis and the presence of
a fever are frequently studied to determine the risk of serious bacterial infec-
tion. Melendez and Harper showed that the risk of bacteremia or meningitis
among infants aged less than 90 days with fever and bronchiolitis was low;
however, the risk of urinary tract infection in febrile RSV-positive patients
aged less than 60 days is significant [16,17].

Management

The mainstay of treatment of bronchiolitis is supportive care including
ensuring hydration, oxygenation, nasal suction, or even endotracheal intu-
bation and ventilation for children with respiratory failure. Many therapies
have been studied, including epinephrine, beta-2 agonist bronchodilators,
corticosteroids, and ribavarin, but little evidence supports a routine role
in management [18]. In actual hospital practice, beta-2 agonists have been
used in 53% to 73% of various studies [19,20]. Per the American Academy
of Pediatrics (AAP) Subcommittee on Diagnosis and Management of Bron-
chiolitis, bronchodilators should not be used in the routine management of
all patients with bronchiolitis; rather, inhaled bronchodilators should be
used only if there is a documented positive clinical response [13] Deep air-
way suctioning is extremely helpful in infants who present with acute dis-
tress. Thick secretions compromise the infant’s airway, and this simple
therapy can provide immediate relief. The clinician should give close atten-
tion to the patient’s hydration status, especially in children who present with
respiratory distress, because they are often dehydrated owing to insensible
losses.

Prevention

Close evaluation of children who have underlying conditions such as
bronchopulmonary dysplasia, chronic lung disease, congenital heart disease,
or immunodeficiencies should be completed because they are prone to apnea
and respiratory failure. In a subset of children under 1 year of age, palivizu-
mab (Synagis) has been shown to be effective in preventing severe bronchio-
litis when given prophylactically. Synagis is a monoclonal antibody given
intramuscularly on a monthly basis through the RSV season. The AAP
has established guidelines for the administration of Synagis, but, in general,
it is given to children under the age of 24 months with comorbidities such as
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prematurity less than 28 weeks, congenital heart disease, severe immune de-
ficiencies, severe neuromuscular disease, or congenital airway abnormalities.

Complications include apnea, respiratory failure, or pneumonia. Sweet-
mann and colleagues [21] found an incidence of neurologic complications
of 1.2% (0.7% seizures) in 964 patients with RSV bronchiolitis. Patients
with persistent hypoxia, respiratory distress, and an inability to tolerate
fluids, or patients in whom close follow-up cannot be ensured should be ad-
mitted. Admission should also be strongly considered for patients less than
2 months of age or for premature infants owing to the risk of apnea.

Croup

Epidemiology

Croup, or laryngotracheobronchitis, is the most common cause of infec-
tious airway obstruction in children [22]. The most commonly affected
group is aged 6 months to 4 years, with a peak incidence of 60 cases per
1000 children aged 1 to 2 years [23]. Croup has a peak incidence in early
fall and winter, but it may be seen throughout the year. The most frequent
causative organism is parainfluenza virus type I; however, other organisms
such as parainfluenza types II and III, Mycoplasma pneumoniae, RSV, influ-
enza A and B, and adenovirus have been implicated.

Clinical features

Initially, patients have a 1- to 2-day prodrome of nasal congestion, rhinor-
rhea, and cough. Often frightening to the caregiver, the patient will have the
onset of a harsh barky cough often described as sounding similar to a seal
or a bark. The patient may also have stridor, which is typically inspiratory,
but it may also be biphasic. In addition to nasal flaring, suprasternal and in-
tercostal retractions, and tachypnea and hypoxia, the presence of biphasic
stridor indicates severe respiratory compromise [24]. Symptoms tend to be ag-
gravated by crying and agitation; children often want to sit up or be held up-
right. Symptom duration is less than 1 week with a peak of 1 to 2 days.

Laboratory analysis

The diagnosis of croup is a clinical one, because complete blood counts
tend to be normal. Radiographs may be helpful in differentiation of other
disease entities such as epiglottitis, retropharyngeal abscess, congenital ab-
normalities, a foreign body, or hemangioma. The classic radiographic find-
ing in a patient with croup is the steeple sign (Fig. 1). Distension of the
hypopharynx and of the laryngeal ventricle and haziness or narrowing of
the subglottic space may be seen on a lateral neck radiograph; however,
the absence of this finding does not rule out croup, because almost half of
patients have normal radiographs [23].



966 SHAH & SHARIEFF
Treatment

The management of croup, usually a self-limited disease, is dependent on
the severity of respiratory symptoms [22]. The most important task is airway
maintenance. The administration of a mixture of helium and oxygen (heliox)
can be beneficial in patients with severe croup [25].

In patients who have severe croup that is unresponsive to nebulized epi-
nephrine, corticosteroids, and heliox, endotracheal intubation and ventilation
maybenecessary. If intubation is necessary, an endotracheal tubewith adiam-
eter smaller than recommended for the patient’s age and size should be used.

Other therapies for mild-to-moderate croup are discussed in detail in the
following sections.

Mist therapy
Traditionally, patients with croup have received humidified air to sooth

the inflamed mucosa, thereby decreasing the amount of coughing due to mu-
cosal irritation. Nevertheless, Neto and colleagues [26] described that mist
therapy was not effective in improving clinical symptoms in children pre-
senting to the emergency department with moderate croup. More recently,
Scolnik and colleagues [27] found that even 100% humidity was not more
effective when compared with mist therapy in the treatment of moderate
croup. Because these treatments are harmless, many practitioners still use

Fig. 1. Croup.
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mist therapy, particularly in patients who have received racemic epinephrine
and are being observed.

Glucocorticoids
The use of glucocorticoids for moderate-to-severe croup has long been rec-

ognized as a treatment modality. Both Johnson and colleagues and Klassen
and colleagues showed improvement in children with severe croup treated
with steroids [28,29]. Nebulized budesonide dosed at 2 and 4 mg has also
shown efficacy in mild-to-moderate croup as single dose therapy [28,29].

In comparison with placebo, oral or intramuscular dexamethasone was
found to decrease hospitalization rates. Donaldson and colleagues [30]
found no differences in oral or intramuscular dexamethasone at doses of
0.6 mg/kg for children with moderate-to-severe croup at 24 hours or at
any time in the week after treatment. Patients with mild croup have also
been shown to benefit from the use of dexamethasone with faster resolution
of symptoms. Although the standard dose of dexamethasone has been ac-
cepted to be 0.6 mg/kg, Geelhoed and colleagues [31,32] showed similar ef-
ficacy in patients with moderate croup using lower doses of 0.15 mg/kg and
0.3 mg/kg. Because the half-life of dexamethasone is 36 to 52 hours, it is the
preferred agent for croup therapy, and it is not necessary to discharge the
patient with additional doses of steroids.

Racemic epinephrine
Nebulized racemic epinephrine containing levo (L) and dextro (D) epi-

nephrine isomers is the mainstay of treatment for moderate-to-severe croup.
Although racemic epinephrine does not alter the natural course of croup, it
may reduce the need for emergent airway management. The preferred dose
is 0.25 to 0.5 mL with 3 mL of saline. Ledwith and Shea have recently al-
layed concern for the ‘‘rebound phenomenon.’’ Patients who also received
corticosteroids and experienced a sustained response to racemic epinephrine
3 hours after treatment were shown to be safe for discharge [33]. Patients
who receive nebulized epinephrine should also receive dexamethasone. If ra-
cemic epinephrine is not available, epinephrine can be used in its place.

Patients who have persistent tachypnea or hypoxia, who are unable to
tolerate oral fluids, or who require more than two treatments of racemic epi-
nephrine should be admitted. Complications include potential airway ob-
struction, pneumonia, and respiratory arrest.

Epigottitis

Epidemiology

Epiglottitis or supraglottitis is a serious, life-threatening infection of the
epiglottis and an airway emergency. Epiglottitis is an acute inflammation of
the epiglottis and the structures surrounding it including the aryepiglottic
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folds and the arytenoid soft tissue. It is more common in the winter but can
occur throughout the year. The peak incidence occurs in children between
2 and 8 years of age, but it has been increasing since the advent of Haemo-
philus influenzae type B vaccination. Before widespread vaccination against
Haemophilus influenzae type B, the incidence was 41 cases per 100,000 chil-
dren aged less than 5 years in 1987. This incidence decreased to 1.3 cases per
100,000 children in 1997 [34]. Currently, the most common identified organ-
isms causing epiglottitis are group A beta-hemolytic streptococcus, Strepto-
coccus pneumoniae, Klebsiella, Pseudomonas, and Candida sp.

Clinical features

Epiglottitis usually presents abruptly with a 6- to 24-hour prior duration
of illness. Patients with epiglottitis classically present with a high fever, irri-
tability, throat pain, airway obstruction, marked anxiety, and a toxic ap-
pearance. These children prefer to rest in the tripod position (ie, a sitting
position with their jaws thrust forward). As the supraglottic edema worsens,
it becomes difficult for the patient to swallow saliva; therefore, drooling is
apparent and is a common complaint [35]. Often, a ‘‘hot potato’’ muffled
voice may be present as well as air hunger. A temperature as high as
104�F (40.0�C) and tachycardia may be present. Blackstock and colleagues
[36] described the ‘‘4 Ds’’ of epiglottitis: drooling, dyspnea, dysphonia, and
dysphagia. Cyanosis may occur later in the illness as well as stridor, usually
indicating impending airway obstruction.

Laboratory diagnosis

Airway management is of the utmost importance; routine laboratory
data are not indicated, especially because agitation of the child may worsen
symptoms. Only after a definitive airway has been established should cul-
tures and sensitivities be obtained from the blood and supraglottic region.
On physical examination, gentle visualization of the oropharynx may be
performed but without the use of a tongue depressor because manipulation
may result in complete obstruction of the airway. Occasionally, an erythem-
atous epiglottis may be seen protruding at the base of the tongue. Radio-
graphs are helpful in ruling out croup, retropharyngeal abscess, or
a foreign body, but treatment should not be delayed to obtain radiographs.
If obtained, the lateral neck radiograph is the imaging view of choice, espe-
cially with hyperextension during inspiration. The classic finding is the
‘‘thumbprint sign,’’ indicative of a round and thick epiglottis (Fig. 2); how-
ever, this finding may be negative in up to 20% of cases [37].

Treatment

When a definitive diagnosis of epiglottitis is established, every effort
should be made to avoid any anxiety provoking procedures, including
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phlebotomy or intraoral examination. It is imperative to allow the patient to
sit in the most comfortable position. The confirmatory diagnosis of epiglot-
titis is made by direct visualization with a laryngoscope; however, this
should be performed under a controlled setting such as that of an operating
room. The supraglottic structures, including the epiglottis, arytenoids, and
aryepiglottic folds, may appear cherry red and edematous, and pooling of
secretions may be present as well. Severe airway compromise requires imme-
diate airway management by orotracheal intubation and typically requires
a tube size smaller than calculated for age. When intubation is not success-
ful, a surgical airway is necessary. If time permits, the assistance of an anes-
thesiologist or an ear, nose, and throat specialist is helpful. After securing
the airway, the patient should be started on broad-spectrum antibiotics
such as second- or third-generation cephalosporins (eg, ceftriaxone,
100 mg/kg/d intravenously; cefotaxime, 200 mg/kg/d in four divided doses;
or ampicillin/sulbactam, 450 mg/kg/d in four divided doses) as an alterna-
tive until cultures return. Patients with mild symptoms may be observed
in the intensive care unit. Patients who do not require immediate interven-
tion are ideally taken to the operating room for airway control. Steroids
are not routinely indicated.

Complications

While the patient is bacteremic, other sites may become involved through
seeding. Patients who are not vaccinated against Haemophilus influenzae
type B may develop meningitis, septic shock, cellulitis, and septic arthritis.
Most of the complications associated with disease are centered on airway

Fig. 2. Epiglottitis.
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obstruction, including pulmonary edema, pneumonia, and respiratory
arrest.

Pertussis

Epidemiology

Pertussis, or whooping cough, is an acute infection of the respiratory
tract caused by Bordetella pertussis, first isolated in 1906. Other organisms
may cause a similar clinical syndrome, such as Bordetella parapertussis, ad-
enovirus, or Chlamydia. Following the introduction of immunization in the
mid-1940s, the incidence of pertussis declined more than 99% by 1970 and
to an all-time low of 1010 cases by 1976. Since then, a relevant increase in
disease incidence has been documented, with nearly 26,000 cases reported
in 2004, 40% of which were present in children aged less than 11 years
[38]. The concern for the rising number of cases is that the increase in the
number of reported deaths from pertussis among very young infants has
paralleled the increase in the number of reported cases [39].

Clinical features

Pertussis can be divided into three phases described in the following
sections.

Catarrhal phase
The first phase usually is characterized by mild cough, conjunctivitis, and

coryza, and may last 1 to 2 weeks.

Paroxysmal phase
Characteristics in the second phase involve a worsening cough for 2 to

4 weeks. The classic description of the cough in this phase is that, after
a spasmodic cough, the sudden inflow of air produces a ‘‘whoop.’’ In in-
fants, the cough usually is a staccato cough, and there is an absence of
the whoop; instead, they may have an apneic episode. Vomiting frequently
occurs after the episodes as well. In general, there is an absence of fever.
Conjunctival hemorrhages and facial petechiae may be noted due to harsh
coughing.

Convalescent phase
This third phase is typified by a chronic cough that may last several

weeks.

Laboratory testing

Bordetella pertussis is a gram-negative, pleomorphic bacteria that can be
cultured and is considered the gold standard for diagnosis; however, a poly-
merase chain reaction testing of the nasopharyngeal specimens is available.
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According to Heininger and colleagues [40], 75% of unvaccinated patients
with pertussis have a lymphocytosis on complete blood count. The leukocy-
tosis may reach 20,000 to 50,000/mm3; however, this finding is not often
seen in children less than 6 months of age. A poor prognosis in infants is
associated with leukocytosis with a lymphocytic predominance and the pres-
ence of pulmonary infiltrates [41]. Chest radiographs are usually normal but
may infrequently show a shaggy right-sided heart border.

Treatment

Treatment is of minimum benefit by the time the paroxysmal phase has
begun; however, treatment should be started within 3 to 4 weeks to prevent
disease dissemination. The options are erythromycin, azithromycin, or
clarithromycin. Trimethoprim-sulfamethaxazole may be used for patients
with an allergy to macrolides (Table 1). Erythromycin has been associated
with a risk of pyloric stenosis when used in infants less than 1 month of
age [42].

Patients with pertussis should be placed in respiratory isolation to pre-
vent further infections. Prophylaxis is recommended for all close contacts
(see Table 1) regardless of age and vaccination status. Patients less than 7
years of age who are unimmunized or who have received less than four doses
of the pertussis vaccine should be evaluated for vaccine initiation.

Complications

Major complications of pertussis infection include pneumonia (20%), en-
cephalopathy and seizures (1%), failure to thrive, and death (0.3%). Pneu-
monia accounts for 90% of deaths from pertussis [41]. Other secondary
complications as a result of severe coughing and increased intrathoracic

Table 1

Antibiotics for prophylaxis and treatment of pertussis

Antibiotic Dosing guidelines Commentary

First line

Azithromycin 10 mg/kg 1st day, then

5 mg/kg for 4 days

For !6 months, use

10 mg/kg/d for 5 days

Clarithromycin 15 mg/kg div q12h for

7 days

Not recommended for use

in infants !6 months

of age

Erythromycin ethyl

succinate

40–50 mg/kg/d div q6h

for 14 days

Linked to infantile

hypertrophic pyloric

stenosis in infants

!1 month

Macrolide allergy

Trimethroprim-

sulfamethoxazole

8 mg/kg/d div q12h

for 14 days

Contraindicated in infants

!2 months
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pressure are intracranial hemorrhage, diaphragmatic rupture, pneumotho-
rax, and rectal prolapse.

Pneumonia

Epidemiology

Community-acquired pneumonia is one of the most serious infections of
childhood, leading to significant mortality and morbidity in the United
States. The annual incidence in Europe and North America for children
under 5 years of age is 34 to 40 cases per 1000 population [43–46]. Although
there are several definitions for pneumonia, the most commonly accepted
definition is the presence of fever, acute respiratory symptoms, or both,
plus evidence of parenchymal infiltrates on a chest radiograph as defined
by McIntosh and colleagues [47].

Etiology

The most causative organisms vary by age group. In neonates from birth
to 3 weeks of age, group B streptococcus and gram-negative bacteria are
common pathogens. This infection is from vertical transmission from the
mother. In infants 3 weeks to 3 months of age, Streptococcus pneumoniae
is usually implicated. From 3 months of age into the preschool years, viruses
are the predominant causative organisms; however, the etiology of bacterial
pneumonia is still predominantly Streptococcus pneumoniae. There are other
potential bacteria, including Mycoplasma pneumoniae, Haemophilus influen-
zae type B and non-typeable strains, Staphylococcus aureus, and Moraxella
catarrhalis.

Clinical features

The clinical features of pneumonia depend on various factors, such as the
age of the patient, the presence of immunosuppression or comorbid diseases,
and the causative organism. Bacterial pneumonia generally has an abrupt
onset with fever and chills, productive cough, and chest pain. Toikka and
colleagues [48] found that 93% of patients with bacterial pneumonia had
a high fever (O39.0�C), 28% had no respiratory symptoms, and 6% pre-
sented with only gastrointestinal symptoms such as vomiting and vague ab-
dominal pain in addition to fever. Frequently, the respiratory rate and work
of breathing have been studied as predictors of pneumonia; however, Roth-
rock and colleagues [49] showed that tachypnea was predictive of only 24%
of cases of pneumonia based on a respiratory rate of greater than 40
breaths/min. One study reviewed the predictive factors for the presence of
focal infiltrates in children and found that decreased breath sounds,
crackles, grunting, and retractions were clinically significant [50]. Upper
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lobe pneumonias may manifest as suspicion for meningitis because pain may
radiate to the neck. The presence of vague abdominal pain and fever should
also raise the suspicion for pneumonia. Wheezing is typically associated with
viral pneumonias,Mycoplasma, or chlamydial infections. Patients with chla-
mydial pneumonia often present with a staccato-like cough and are afebrile
on examination.

Laboratory testing

In an uncomplicated patient with a lower respiratory tract infection that
is otherwise stable, no testing is necessary. A peripheral white blood cell
count as well as a sedimentation rate and assay for C-reactive protein are
not helpful in differentiating a viral from bacterial infection [51]. Conversely,
Bachur and colleagues [52] showed that chest radiography should be consid-
ered a routine diagnostic test in children with a temperature of 39�C or
greater and white blood cell count of 20,000/mm3 or greater without an
alternative major source of infection. Classic characteristic radiographic
findings vary by causative organism, such as lobar infiltrates with air
bronchograms seen in bacterial pneumonia or perihilar infiltrates seen in
atypical pneumonia. Pneumococcal pneumonia may present as a round or
lobar infiltrate; however, many of these radiographic findings may be seen
in both bacterial and viral infections [53]. Decubitus chest radiographs are
helpful in the evaluation of pleural effusions. Children who are dehydrated
might not have an infiltrate on initial radiography. Another diagnostic test is
a mycoplasma IgM, which is especially helpful in children less than 3 years
of age who present with pneumonias that are not responsive to amoxicillin.

Management

Once a diagnosis has been made, management is based on the presumed
causative agent. For bacterial or viral pneumonia, supportive care should be
initiated with hydration, maintaining oxygenation, and continuous cardio-
respiratory monitoring for ill-appearing children. If a virus is suspected,
supportive care should be continued. Children with a large pleural effusion
who are ill appearing or in an immunocompromised state should have
a thoracentesis as well as chest tube placement to relieve respiratory distress
and for diagnostic purposes. In infants less than 2 months of age, blood,
urine, and cerebrospinal fluid cultures should be obtained; otherwise, blood
cultures are rarely positive in pneumonia [54]. Bronchodilators and steroids
should be considered in patients with wheezing or a history of reactive
airway disease. An arterial or venous blood gas should be obtained in ill-
appearing children or infants in respiratory distress. Endotracheal intuba-
tion followed by mechanical ventilation should be initiated in children
with respiratory failure. Antibiotics should be initiated based on the pre-
sumptive causative organism. For infants aged less than 28 days, one should
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consider empiric ampicillin, 50 mg/kg every 6 hours, and a third-generation
cephalosporin such as cefotaxime at 50 mg/kg every 6 hours. For patients
older than 3 months who are stable for discharge home, amoxicillin may
be used at 100 to 120 mg/kg/d divided three times per day. In children older
than 3 years, azithromycin may be initiated in atypical pneumonia at a dose
of 10 mg/kg the first day followed by 5 mg/kg/d for the next 4 days.

Complications

Infants less than 3 months of age should be admitted for intravenous an-
tibiotics due to the high risk for sepsis and meningitis. Patients who meet
admission criteria include those who have a poor social situation for
whom appropriate follow-up is difficult, and patients who have persistent
hypoxia, an inability to tolerate fluids, or outpatient antibiotic failure. Com-
plications include bacteremia, with seeding of infection causing meningitis,
pericarditis, epiglottitis, and septic arthritis.

Retropharyngeal abscess

Epidemiology

A retropharyngeal abscess is an infection of one of the deep spaces of the
neck and is another potential life-threatening infection in children. The ret-
ropharyngeal space is a potential space located between the anterior border
of the cervical vertebrae and the posterior wall of the esophagus. The space
contains connective tissues and lymph nodes that receive lymphatic drainage
from adjacent structures. There are two potential ways that the space may
become infected. The first is through an upper respiratory tract infection
that causes inflammation of the retropharyngeal nodes. The second is infec-
tion introduced through penetrating trauma to the oropharynx, such as in
children who fall with an object in their mouth.

Fifty percent of cases occur in patients between 6 months and 12 months
of age and 96% of all cases occur in children less than 6 years of age because
the nodes of Rouvière that drain the retropharyngeal space typically atro-
phy after this age [55]. There is also a slight male predominance, in some
studies, up to 75% of cases [56]. The most common causative organisms
are group A streptococcus, anaerobic organisms, and Staphylococcus
aureus.

Clinical features

The clinical presentation of a retropharyngeal abscess is similar to that of
other illnesses such as croup, epiglottitis, tracheitis, and peritonsillar ab-
scess. Patients frequently present with symptoms of an upper respiratory
tract infection, fever, dysphagia, odynophagia, trismus, neck stiffness, and
poor intake. As the purulent material collects, a fluctuant mass may
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compress the pharynx or trachea. Patients may then present with drooling,
stridor, and respiratory distress. On examination, visualization of the oro-
pharynx may reveal a mass; however, this is only present in half of all chil-
dren with retropharyngeal abscess [57]. Patients often present with a stiff
neck and may be misdiagnosed with meningitis.

Laboratory analysis

Routine laboratory testing is not useful in the diagnosis of a retrophar-
yngeal abscess. A lateral neck radiograph with attention to the retrophar-
yngeal space is very useful in the initial diagnosis of retropharyngeal
abscesses. In children, the normal parameters are that the soft tissue should
measure no more than 7 mm at the level of the second cervical vertebrae, less
than 5 mm anterior to the third and fourth cervical vertebrae (or less than
40% of the anteroposterior diameter of the vertebral body), and 14 mm
at the sixth cervical vertebrae on a film done with proper neck extension
(Fig. 3). In general, the anteroposterior diameter of the retropharyngeal
space should not exceed that of the contiguous vertebral body. Retrophar-
yngeal thickening is seen in 88% to 100% of cases on the lateral neck radio-
graph [55,56,58]. In clinically stable patients, a CT scan of the neck is helpful
to delineate whether there is a retropharyngeal cellulitis rather than a true
abscess [59].

Fig. 3. Retropharyngeal abscess. (Courtesy of Lee Harvey, MD, San Diego, CA.)
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Occasionally, there may be leukocytosis on a peripheral complete blood
count, but a normal white blood cell count does not rule out retropharyng-
eal abscess.

Treatment

In cases of retropharyngeal abscess diagnosed by CT, antibiotics alone
successfully treat 37% [59]. Antibiotic therapy should be initiated in these
patients; clindamycin is an appropriate first choice (30 mg/kg/d intravenously
divided four times a day), and cefazolin is an alternative (100 mg/kg/d
intravenously divided four times a day). Previously, the standard of care
for the management of retropharyngeal abscess had been surgical drainage.
For cases in which there is a concern for airway obstruction, endotracheal
intubation followed by surgical drainage by a qualified surgeon is still the
treatment of choice. If endotracheal intubation needs to be performed due
to airway compromise, caution should be taken when visualizing the airway
owing to distortion from the mass and the possibility of inducing rupture.

Complications

Because retropharyngeal abscess is a life-threatening airway illness, all
patients should be closely monitored and admitted. Complications include
airway compromise, abscess rupture leading to asphyxiation or aspiration
pneumonia, or spread of infection to adjacent structures in the neck, includ-
ing infection of the carotid artery sheath, osteomyelitis of the cervical spine,
or infection of the structures of the mediastinum. Necrotizing fasciitis is also
a complication of the infection.

Summary

Respiratory track infections are common in newborns and infants.
Prompt attention to the airway is essential as is the ability to recognize
and manage these illnesses.
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The presence of a distressed or obtunded infant in any adult or pediatric
emergency department can prove to be a challenging process in airway man-
agement, vascular access, and decision making. Cardiac emergencies, as well
as a number of other diseases, can present in this manner. It is essential to ac-
curately diagnose and expeditiously care for these potentially complicated car-
diac patients. Diagnosis can be difficult because of a number of nonspecific
elements in the history andphysical exam.However, by developing an effective
strategy in dealing with these patients, the emergency department manage-
ment of these individuals can be completed in an efficient and promptmanner.

The most challenging scenarios of cardiac emergencies in the first year of
life include cyanotic episodes, congestive heart failure, cardiogenic shock or
collapse, and arrhythmias. All of these emergent presentations can be the re-
sult of either the initial presentation of disease or as a known complication
of an already diagnosed cardiac lesion.

In approaching cardiac emergencies, cardiac disease can be divided into
structural disease, conduction abnormalities, and acquired illnesses. While
recognizing that many lesions can be a combination of many defects, struc-
tural congenital heart disease can be divided into cyanotic and acyanotic
categories. The cyanotic category can be further subdivided into increased
and decreased pulmonary blood flow. Division of the acyanotic category
is based on left-to-right shunting and left ventricular outflow obstruction.
Conduction abnormalities can be congenital or the result from a new-onset
illness. Acquired heart disease includes cardiomyopathies, myocarditis,
pericarditis, endocarditis, and Kawasaki’s disease.
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A cyanotic patient suggests that there is cyanotic congenital heart disease
with shunting from the right to the left. In a patient with cardiogenic shock
or collapse (the result of outflow obstruction and pump failure), the infant
may appear mottled, ashen, and gray. A patient with left-to-right shunting
and congestive heart failure can appear to be normal in color [1–7]. This
article will discuss the cardiac emergencies that may present within the first
year of life.

Basic pathophysiology

There are a number of changes that occur within the cardiovascular sys-
tem in the transition from a fetus to a newborn. The placenta functions as
the pulmonary system for the fetus, as oxygenated blood is transferred
from the placenta to the fetus via the umbilical vein. At birth, blood then
travels through a now lower resistance pulmonary system for oxygenation
with closure of the shunts that were used between the pulmonary and
systemic circulations (foramen ovale, ductus arteriosus, ductus venosus).
Expansion of the lungs and the elimination of fluid from the lungs cause
dilatation of the pulmonary vasculature, which then leads to a decrease in
pulmonary resistance and increased pulmonary blood flow. Oxygenation
of the blood through the pulmonary system leads to the closure of the
umbilical vessels, the ductus arteriosus, and the ductus venosus. Decreased
pulmonary artery resistance and subsequent increased systemic resistance
changes the flow though the atria, with pressures now higher in the left atria
than the right, resulting in the closure of the foramen ovale [8,9].

Cyanosis

Cyanosis is seen when desaturated blood is present in the capillary beds.
Deoxygenated hemoglobin is blue and the presence of cyanosis means that
there is 3 to5 mg/dL of deoxyhemoglobin in the blood. This corresponds
with a room air oxygen saturation of 70% to 85% [10,11]. Because the
oxygen carrying capacity is based on the amount of hemoglobin available
to carry oxygen, an infant who is polycythemic and cyanotic is still able
to deliver oxygen to tissues as opposed to an anemic infant who may not
appear cyanotic but is not able to deliver oxygen to tissues.

It is important to differentiate between central and peripheral cyanosis as
the evaluation and treatment differ based on the underlying cause. There
are a number of different causes for central cyanosis. These include central ner-
vous system (CNS) depression, pulmonary disease, and cardiac disease as well
as sepsis andmetabolic disease and toxic ingestions. Peripheral cyanosis is the
result of acrocyanosis, exposure to cold, and decreased peripheral perfusion.

Factors to keep in mind when assessing cyanosis are the arterial oxygen
saturation, the oxygen binding capacity (hemoglobin), and the arteriove-
nous oxygen difference [10].
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Cyanotic heart disease

There are five well-known cyanotic congenital heart lesionsdalso known
as the ‘‘Terrible Ts.’’ They are Tetralogy of Fallot (TOF), Transposition of
the Great Arteries (TGA), Tricuspid Atresia (TA), Total Anomalous
Venous Return (TAPVR), and Truncus Arteriosus.

Tetralogy of Fallot

Tetralogy of Fallot is the most common form of cyanotic congenital
heart disease in the post infancy period and represents up to 10% of all con-
genital heart disease [12,13]. Tetralogy of Fallot consists of four basic
lesions. The lesions are a large ventricular septal defect (VSD), right ventric-
ular outflow obstruction (from pulmonic stenosis), an overriding aorta, and
right ventricular hypertrophy. Two of the lesions will determine the extent
of the disease pathophysiology. There must be right ventricular outflow
obstruction and the VSD must be large enough to equalize pressures in
both of the ventricles.

The extent of obstruction of the right ventricular outflow track will deter-
mine the amount of cyanosis present in the patient. Systolic pressures are
equally balanced in the right and left ventricle because of the nonrestrictive
VSD. There will be a left-to-right shunt, a bidirectional shunt, or a right-
to-left shunt depending on the extent of the right ventricular outflow tract
obstruction. If the pulmonic stenosis is severe, there will be a right-to-left
shunt with subsequent cyanosis and decreased pulmonary blood flow. If
there is mild pulmonic stenosis, a left-to-right shunt will occur resulting in
an acyanotic Tetralogy of Fallot.

In addition to cyanosis, the physical exam may show a systolic thrill at
the lower and middle left sternal border. A loud and single S2, an aortic ejec-
tion click, and a loud grade 3 to 5/6 systolic ejection murmur in the middle
to lower left sternal border will also be found. A continuous patent ductus
arteriosus (PDA) murmur may also be present.

The ECG will show right axis deviation (RAD) and right ventricular
hypertrophy (RVH).

A boot-shaped heart with a main pulmonary artery segment is character-
istic of the cyanotic Tetralogy of Fallot. The heart size is normal with de-
creased pulmonary vascular markings. Acyanotic Tetralogy of Fallot will
have chest x-rays similar to that of moderate VSDs.

Transposition of the great arteries

Transposition of the great arteries represents around 5% to 8% of con-
genital heart disease and is the most common cyanotic heart lesion in the
newborn period [14]. There are many variations of the disease, with the un-
derlying factor being that the aorta originates from the right ventricle and
that the main pulmonary artery has origins in the left ventricle. Within these
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two distinct circulatory systems, the main pulmonary artery has a signifi-
cantly higher oxygen saturation than the aorta, with hyperoxemic blood
traveling through the pulmonary system and hypoxic blood traveling within
the systemic system.

The presence of a VSD, atrial septal defect (ASD), or PDA is essential to
survival, because the mixing of the circulations is the only way of providing
oxygenated blood to the systemic system. A VSD can be found in approx-
imately 20% to 40% of patients.

With progressive closure of the PDA, cyanosis becomes more prevalent.
Hypoxia and acidosis result from the suboptimal mixing of oxygenated and
deoxygenated blood.

Congestive heart failure is a common presentation in the first week of life,
with dyspnea and feeding difficulties in addition to the cyanosis. If the inter-
ventricular septum is intact, these patients will be the critically ill. The severe
arterial hypoxemia will not respond to the administration of oxygen. Acidosis
as well as hypocalcemia and hypoglycemia are common. They will respond
well to PGE1 infusion and, ultimately, a Rashkind balloon septostomy. If
there is a VSD or large PDA, these patients will not be as cyanotic but will
present with congestive heart failure and obstructive pulmonary disease.

There will be a loud, single S2. If there is a VSD, a systolic murmur can
be heard. Otherwise, there are no specific auscultatory findings.

The ECG will show right axis deviation (RAD) and right ventricular
hypertrophy (RVH).

The egg-shaped heart with a narrow mediastinum is the characteristic
chest x-ray. There is cardiomegaly with increased pulmonary vascular mark-
ings (Fig. 1).

Echocardiogram will show two circular structures instead of the circle
and sausage pattern of normal great arteries.

Total anomalous pulmonary venous return

TAPVR represents around 1% of congenital heart disease [15]. The
pulmonary veins bring the blood from the lungs to the right atrium instead
of the left atrium. TAPVR is generally divided into four groups, depending
on where the pulmonary veins drain. In the supracardiac type (50%) the
common pulmonary vein attaches to the superior vena cava. In the cardiac
type (20%) the common pulmonary vein empties into the coronary sinus. In
the infracardiac/subdiaphragmatic type (20%), the common pulmonary
vein empties into the portal vein, ductus venosus, hepatic vein, or inferior
vena cava. A mixed type is seen in 10% of the lesions, which is a combina-
tion of any of the types. An ASD or patent foramen ovale is necessary for
mixing of the blood.

Pulmonary venous return is delivered to the right atrium, and there is
mixing of the pulmonary and systemic circulations. Blood flow then travels
to the left atrium through the ASD and to the right ventricle. Systemic
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arterial desaturation occurs as the result of mixing of pulmonary and sys-
temic blood. Pulmonary blood flow determines the amount of desaturation
of systemic arterial blood. If there is no obstruction to pulmonary venous
return, there is minimal desaturation of the systemic blood. If there is
obstruction to pulmonary venous return, there is significant cyanosis.
With the blood from both the pulmonary and systemic circulations pumped
by the right ventricle, there can be volume overload, with subsequent right
ventricular and atrial enlargement.

In a patient without pulmonary venous obstruction, there can be a history
of frequent pneumonias and growth difficulties. Patients will frequently
present with a congestive heart failure presentation with tachypnea, tachy-
cardia, and hepatomegaly, in addition to slight cyanosis. There will be
a hyperactive right ventricular impulse, with a split and fixed S2. A grade
2 to 3/6 systolic ejection murmur is at the upper left sternal border, with
a mid diastolic rumble at the left lower sternal border.

The ECG will show right axis deviation, right ventricular hypertrophy,
and right atrial enlargement (Fig. 2).

Chest x-ray will exhibit significant cardiomegaly with increased pulmo-
nary vascular markings (Fig. 3). The characteristic ‘‘snowman sign’’ is found
in infants older than 4 months.

In those patients with TAPVR and pulmonary venous obstruction,
cyanosis and respiratory distress dominate the presentation. There can be
minimal cardiac exam findings aside from a loud and single S2 and gallop
rhythm. A murmur is usually not found.

The ECG will also show right axis deviation and right ventricular hyper-
trophy and the chest radiograph will have a normal heart silhouette with
lung fields consistent with pulmonary edema.

Fig. 1. Chest radiograph of TGA with cardiomegaly and increased vascular markings.
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Tricuspid atresia

Tricsupid atresia represents 1% to 2% of congenital heart disease in in-
fancy [16]. There is no tricuspid valve and there is underdevelopment of the
right ventricle and pulmonary artery. Therefore, pulmonary blood flow is
decreased. With no flow across the right atrium to the right ventricle, the
right atrium needs a right-to-left shunt to empty, making an ASD, VSD,
or PDA essential for survival. The great arteries are transposed in 30% of
the cases, with a VSD and no pulmonic stenosis. In 50% of cases there is
normal artery anatomy, with a small VSD and pulmonic stenosis.

Fig. 2. ECG of TAPVR with right atrial enlargement, right ventricular hypertrophy.

Fig. 3. Chest radiograph of TAPVR with cardiomegaly and increased vascular markings.
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There will be right atrial dilatation and hypertrophy because all systemic
venous return is shunted from the right atrium to the left atrium. Enlarge-
ment of the left atrium and ventricle occurs because of the work of handling
both systemic and pulmonary returns.

The amount of cyanosis is inversely related to the amount of pulmonary
blood flow.

Severe cyanosis, tachypnea, and poor feeding are common presentations.
There is a single S2. The murmur is a grade 2 to 3/6 systolic regurgitant
murmur from the VSD and is heard best at the left lower sternal border.
There can also be a continuous murmur of a PDA. Hepatomegaly can be
found with congestive heart failure.

The ECG has a superior QRS axis, along with right atrial hypertrophy
(RAH), left atrial hypertrophy (LAH) and left ventricular hypertrophy.
The chest radiograph will show a normal to slight increase in heart size
along with decreased pulmonary vascular markings.

Truncus arteriosus

Truncus arteriosus is seen in less than 1% of all congenital heart disease
[17]. All of the pulmonary, systemic, and coronary circulations result from
a single arterial trunk. A large VSD is associated with this, as well as abnor-
malities of the coronary arteries.

DiGeorge syndrome (hypocalcemia, hypoparathyroidism, absence or
hypoplasia of the thymus, chromosomal abnormalities) is often seen with
truncus arteriosus. Pulmonary blood flow can be normal, increased, or
decreased, depending on the type of truncus arteriosus.

There is a direct relationship between the amount of pulmonary blood
flow and the degree of systemic arterial oxygen saturation. Cyanosis is prev-
alent with decreased pulmonary blood flow, and is minimal with increased
pulmonary blood flow. Congestive heart failure can be seen with increased
pulmonary blood flow. The left ventricle has to deal with significant volume
overloads.

Usually within the first weeks of life, the patient will present with conges-
tive heart failure and cyanosis. There will be a loud regurgitant 2 to 4/6
systolic murmur at the left sternal border, sometimes associated with
a high-pitched diastolic decrescendo murmur or a diastolic rumble. The
S2 will be single and accentuated.

The ECG will usually show bilateral ventricular hypertrophy and the
chest radiograph will have cardiomegaly with increased pulmonary vascular
markings.

Acyanotic heart disease

Left-to-right shunt lesions include ventricular septal defects, atrial septal
defects, patent ductus arteriosus, and endocardial cushion defects. This
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group comprises almost 50% of all congenital heart disease [18]. Left-
to-right shunt lesions have blood shunted from the systemic system into
the pulmonary system. The high pulmonary vascular resistance in the neo-
nate controls the amounts shunted but once pulmonary vascular resistance
starts to drop in the first few weeks of life, pulmonary blood flow and pres-
sures will increase. The extent of the lesion is directly related to the degree of
pulmonary vascular blood flow. More blood flow will lead to chamber
enlargement, and increased pulmonary vascular pressures and subsequent
signs of congestive heart failure.

Atrial septal defects

Atrial septal defects comprise up to 10% of all congenital heart disease
[19]. In infancy this connection from the left to right atria has the potential
for causing problems in about 10% of patients [14]. If there is a large defect,
or if there are associated defects, there will be considerable left-to-right
shunting and subsequent overload of the pulmonary circulation. Some
defects will close spontaneously but larger defects will require surgical
intervention.

Difficulty feeding and difficulty gaining weight are common complaints.
The cardiac exam will have a widely split and fixed S2, with a grade 2 to

3/6 systolic ejection murmur at the upper left sternal border, sometimes
associated with a mid-diastolic rumble.

ECG findings include right axis deviation and right ventricular hypertro-
phy or right bundle branch block.

Chest radiograph will have cardiomegaly with increased pulmonary
vascular markings.

Ventricular septal defects

Ventricular septal defects are the most common type of congenital heart
disease. Seen in approximately 25% of all congenital heart disease cases [20],
ventricular septal defects allow for mixing of blood in the ventricles. The
extent of the defect determines the degree of disease. Small defects will
have minimal impact, as compared with large defects, which will cause pul-
monary hypertension and congestive heart failure. Large VSDs have volume
and pressure overload in the right ventricle as well as volume overload in the
left atrium and left ventricle.

In larger VSDs, poor weight gain along with delayed development are
common. Congestive heart failure and cyanosis are frequent presentations.

The exam will have a grade 2 to 5/6 systolic murmur (holosystolic) heard
best at the left lower sternal border. A systolic thrill or diastolic rumble can
also be present with a narrowly split S2.

ECG findings in a moderate VSD will show left atrial hypertrophy and
left ventricular hypertrophy. In a larger VSD there will be left and right
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ventricular hypertrophy and left atrial hypertrophy. The chest
radiograph can show cardiomegaly as well as increased pulmonary vascular
markings.

Patent ductus arteriosus

Seen in 10% of all congenital heart disease, the ductus arteriosus remains
patent and does not close as it ordinarily would [18]. The degree of the
left-to-right shunting is dependent on the lesion length and diameter and
pulmonary vascular resistance. The larger the left-to-right shunt, the more
symptomatic the patient will be. Ordinarily, in healthy patients the ductus
arteriosus will close within 15 hours after birth and then will completely
seal around 3 weeks of age, becoming the ligamentum arteriosum. Hypoxia
and prematurity have a tendency to keep the ductus arteriosus patent.

If the defect is large, as with all left-to-right shunts, signs of congestive
heart failure will be present.

Physical exam will be remarkable for a grade 1 to 4/6 continuous machin-
ery like murmur heard best at the left upper sternal border. A diastolic
rumble can also be present as well as bounding peripheral pulses.

ECG findings can show left and right ventricular hypertrophy in large
PDAs.

Chest radiograph will have cardiomegaly and increased pulmonary
vascular markings.

Endocardial cushion defect

When the endocardial cushion does not develop properly, there will be
defects to the atrial septum, the ventricular septum, and the atrioventricular
valves. Complete defects involve the entire endocardial cushion and will
have atrial and ventricular septal lesions and a common atrioventricular
valve. Incomplete or partial defects have atrial involvement with an intact
ventricular septum. There can also be variations of both complete and
incomplete lesions. A history of failure to thrive, and multiple respiratory
tract infections are common. Endocardial cushion defects represent around
3% of congenital heart disease and almost two thirds have the complete
form [18]. Down’s syndrome is strongly associated with the complete
form of endocardial cushion defects.

Left-to-right shunting is directly dependent on the extent of the defects,
with complete lesions presenting with congestive heart failure early from
volume overload in both the left and right ventricles.

Cardiac exam will be remarkable for a hyperactive precordium, a sys-
tolic thrill, a loud holosystolic regurgitant murmur, and a loud and split
S2.

The ECG will show a superior QRS axis with RVH, right bundle
branch block (RBBB), and left ventricular hypertrophy, along with a pro-
longed PR interval (Fig. 4).
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Coarctation of the aorta

Coarctation of the aorta represents 8% to 10% of congenital heart dis-
ease and is seen in males in a 2:1 ratio [21]. There is congenital narrowing
of the aorta, in the upper thoracic aorta in the region of the ductus arte-
riosus. The extent of illness is a factor of the degree of narrowing, the
length of the narrowing and the presence of other cardiac defects. If the
right ventricle supplies the descending aorta via the PDA in fetal life, in-
fants will be symptomatic early. Many other cardiac defects are present
such as a VSD, PDA, and aortic hypoplasia and collateral circulation is
underdeveloped.

The PDA is able to temporarily negate the obstructive effects of the co-
arctation obstruction. Additionally, the PDA can maintain blood flow to
areas distal to the obstruction. When the PDA eventually closes, the devel-
opment of pulmonary hypertension and subsequent pulmonary venous con-
gestion leads to congestive heart failure.

Tachypnea, feeding difficulties, and minimal urine output along with
shock and metabolic acidosis are common presentations. When presenting
in congestive heart failure, there will be a loud gallop, a murmur may or
not be present, and pulses will be weak.

The ECG will show RVH or RBBB. There will be significant cardiome-
galy as well as pulmonary edema on chest radiograph (Fig. 5). In older chil-
dren, the appearance of notching of the first rib, also known as the ‘‘3 Sign’’
may be present.

The presence of decreased pulses in the lower extremities is key in the
diagnosis of a coarctation. Comparison of the right upper extremity blood
pressures and pulse oximeter readings with the lower extremity aids in the

Fig. 4. ECG of CAVC (common AV canal) or endocardial cushion defect with superior QRS

axis.
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diagnosis. If the patient is in significant shock, however, pressures can be
decreased everywhere.

Hypoplastic left heart syndrome

Hypoplastic left heart syndrome (HLHS) includes hypoplasia of the left
ventricle and hypoplasia of the ascending aorta and aortic arch. There can
be atresia or marked stenosis of the mitral and aortic valves. The left atrium
is also underdeveloped. The ultimate result is that of minimal left ventricular
outflow [22].

In utero, the pulmonary vascular resistance is higher than the systemic
vascular resistance. The right ventricle (through the right-to-left shunt of
the ductus arteriosus) and the elevated pulmonary vascular resistance are
able to keep a normal perfusion pressure to the descending aorta and sys-
temic fetal system. The hypoplastic left ventricle does not contribute. An
ASD allows the left atrium to decompress. All systemic blood flow is depen-
dent on the ductus arteriosus. After birth, significant problems occur.
Systemic vascular resistance is now greater than pulmonary vascular resis-
tance, reversing the pressure system. The patent ductus arteriosus now be-
gins to gradually close. With the nonfunctioning left side and increased
systemic vascular resistance, cardiac output falls and aortic pressure drops.
This leads to circulatory shock and metabolic acidosis. Increased pulmonary
blood flow leads to an increase in left atrial pressure and subsequent pulmo-
nary edema.

These patients appear listless, dusky with tachypnea. There is a single
heart sound with a systolic ejection murmur and diminished pulses. The

Fig. 5. Chest radiograph of coarctation with cardiomegaly and pulmonary edema.
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ECG will show right atrial enlargement, right ventricular hypertrophy, and
peaked P waves. The chest radiograph will show cardiomegaly.

Aortic stenosis

Aortic stenosis is seen in 6% of congenital heart disease, with a 4:1 ratio
in males [23]. The stenosis will be at the valvular, supravalvular, or subvalv-
ular level, with the degree of obstruction determining the severity of disease
in the patient. Those with severe obstruction (approximately 10% to 15%)
will present with congestive heart failure in infancy [24]. Left ventricular
hypertrophy will develop with severe stenosis. The most common type of
aortic stenosis is a bicuspid aortic valve. William Syndrome has supravalv-
ular stenosis in addition to elfin facies, mental retardation, and pulmonary
artery stenosis.

The physical exam will be remarkable for a systolic thrill in the region of
the upper right sternal border, suprasternal notch, or carotid arteries. There
can be an ejection click. The murmur will be a rough or harsh systolic mur-
mur grade 2 to 4/6 at the right intercostal space or left intercostal space with
transmission to the neck.

In cases of severe aortic stenosis, the ECG will show left ventricular hy-
pertrophy. If there is resultant congestive heart failure, the chest radiograph
will show cardiomegaly.

Anomalous origin of the left coronary artery (ALCAPA Syndrome,

Bland-White-Garland Syndrome)

In anomalous origin of the left coronary artery (also known as ALCAPA
or Bland-White-Garland Syndrome), the left coronary artery has origins in
the pulmonary artery instead of the aorta. When pulmonary artery pressure
diminishes in the second to third month of life, there will be decreased per-
fusion of the left ventricle, resulting in a distressed patient with cardiome-
galy and congestive heart failure. There may or may not be a murmur
consistent with mitral regurgitation [25,26].

The ECG will show myocardial infarction with abnormally deep and
wide Q waves, inverted T waves, and ST segment changes in the precordial
leads (Fig. 6). The chest radiograph will be most likely show cardiomegaly.
An echocardiogram will help in the diagnosis, with an aortogram if
necessary.

Acquired disease

Inflammatory diseases of the heart are grouped under carditis. Included
in this group are myocarditis, pericarditis, and endocarditis (along with
valvulitis).
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Myocarditis

There are a number of different etiologies in myocarditis. Infectious and
autoimmune, as well as toxin-mediated processes can contribute to the in-
flammatory response in the myocardium [27,28].

Viruses, such as adenovirus, coxsackievirus, echovirus, mumps, and ru-
bella, are the most commonly associated infectious agents. Nonviral causes
such as protozoans (Chaga’s Disease seen in South America) also cause
myocarditis. Less frequently, bacteria, rickettsia, fungal, mycobacteria,
and other parasites can be etiologic agents.

Kawasaki’s disease and acute rheumatic fever as well as collagen vascular
disease can also be seen with myocarditis. Toxic myocarditis is the result of
drug ingestion.

Infants may present with vomiting, decreased activity, poor feeding, and
congestive heart failure, with tachycardia, tachypnea, a gallop rhythm, and
decreased heart tones.

There are no specific lab tests for myocarditis. Erythrocyte sedimentation
rate, white blood cell count, myocardial enzymes, and cardiac troponin will
be normal or elevated. Troponin levels are thought to be more sensitive than
cardiac enzymes [29]. Chest radiograph will show cardiomegaly and, de-
pending on the extent of the disease, pulmonary venous congestion.

ECG abnormalities are common but are nonspecific. There will be tachy-
cardia, low QRS voltages, flattened or inverted T waves with ST-T wave
changes, and prolongation of the QT interval. Arrhythmias such as prema-
ture contractions are also seen.

Fig. 6. ECG of anomalous origin of the left coronary artery (ALCAPA) with deep and wide Q

waves, inverted T waves, and ST segment changes.
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Echocardiogram studies will show dilatation of the heart chambers and
decreased left ventricular function. The echocardiogram will also help to
evaluate myocardial contractility and the presence of a pericardial effusion.
Radionuclide scanning and endomyocardial biopsies can help in confirming
the disease.

The mortality rate in symptomatic neonates with acute viral myocarditis
can be significant. Management of myocarditis revolves around identifying
an etiologic agent and, if identified, treating that suspected agent, treating
the congestive heart failure, and controlling the arrhythmias. Rest, supple-
mental oxygen, rapid-acting diuretics like furosemide, and rapid-acting ino-
tropic agents such as dopamine and dobutamine are mainstays in treatment
along with the use of angiotensin-converting enzyme inhibitors like capto-
pril. Digoxin is used cautiously because of its potential to induce
arrhythmias. In Kawasaki’s disease, high-dose immunoglobulins have
been beneficial. Other treatment modalities, such as immunosuppressive
agents and corticosteroids (except in severe rheumatic carditis) are not uni-
versally accepted.

Pericarditis

Inflammation of the pericardium is the hallmark of pericarditis. The most
common cause in infancy is a viral etiology such as coxsackie, echovirus, ad-
enovirus, or influenza. Viral pericarditis is usually associated with a viral
myocarditis, with the myocarditis being the more prominent entity. Bacterial
causes include Staphylococcus aureus, Streptococcus pnuemoniae, Haemophi-
lus influenzae, Neisseria meningitides, and streptococci as well as tuberculo-
sis. Acute rheumatic fever, collagen vascular disease, and uremia can also
cause a pericarditis. Postpericardiotomy syndrome is seen in patients who
have had cardiac surgery involving interruption of the pericardium.

Since the pericardium is a fixed space, the extent of symptoms and signs
of disease will be determined by the rate of accumulation of fluid and by the
health of the myocardium.

If the myocardium is normal and fluid accumulation is slow, then the pa-
tient will tolerate the pericarditis better than if there was underlying myocar-
dial injury with a slow collection of fluid or if there was a rapid collection of
a large amount of fluid.

If pericardial tamponade were to occur, the heart, to improve hemody-
namics would increase heart rate (improves cardiac output), increase sys-
temic vascular resistance (offset hypotension), and improve diastolic filling
by systemic and pulmonary venous constriction.

There is usually a predisposing illness in the history, with an upper respi-
ratory infection or, in the case of a bacterial pericarditis, a pneumonia,
empyema, osteomyelitis, pyelonephritis, or tonsillitis.

A pericardial friction rub is diagnostic. A murmur may not be found and
the heart will be hypodynamic.
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On ECG there will be a low-voltage QRS complex. Early in the disease,
ST segments will be elevated everywhere except in V1 and aVR. Later in the
disease, ST segments will return to normal and the T waves will flatten or
invert. A chest radiograph will show cardiomegaly, with the heart in a wa-
ter-bottle shape.

Echocardiogram is the key to establishing the presence of an effusion.
Additionally, the echo can also evaluate for cardiac tamponade, as it will
show the collapse of the right atrial wall or the right ventricular wall in
diastole.

To treat pericarditis or pericardiocentesis, surgical intervention is essen-
tial, especially if an infectious etiology is suspected. Multiple blood cultures
are also indicated as well as standard fluid studies. In milder cases not
requiring drainage or antibiotics, antivirals, or antifungals, nonsteroidal
anti-inflammatory drugs can be used to treat the discomfort.

In postpericardiotomy syndrome, which can affect as many as 30% of pe-
diatric patients who undergo cardiovascular surgery involving the pericar-
dium, the patients will present with fever, irritability, and a pericardial
friction rub anywhere from a month to a few months postoperatively. The
etiology is thought to be autoimmune [30].

In cardiac tamponade with signs of tachycardia, tachypnea is an immedi-
ate concern.

Chest radiograph will have cardiomegaly and pleural effusion. ECG will
have ST segment elevation and flat or inverted T waves. The most helpful
test is an echocardiogram because this will assess the amount of pericardial
effusion as well as the presence of cardiac tamponade.

Endocarditis

Congenital heart disease is a significant risk factor in infective endocardi-
tis. It is thought that turbulent flow from pressure gradients leads to endo-
thelial damage and thrombus formation. Transient bacteremia then seeds
the damaged areas. With the exception of a secundum ASD, all congenital
heart diseases and valvular heart diseases are prone to endocarditis, espe-
cially if there is any artificial material within the heart (prosthetic heart valve
or graft). Common bacterial causes include S viridans, enterococci, and
S aureus as well as fungal and bacteria such as Eikenella, Cardiobacterium
[31].

In infancy, endocarditis is rare and is associated with open-heart surgery.
The usual presentation is with fulminant disease and a septic appearance.
A heart murmur and fever are always present. Embolic phenomena tend
to be seen more in the adult population.

Using the Duke Criteria for Infective Endocarditis, a patient must have
two major criteria or one major criterion with three minor criteria or five
minor criteria. Major criteria include two separately obtained positive blood
cultures growing the typical microorganisms and an echocardiogram with
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endocardial involvement such as an intracardiac mass on a valve, abscess,
partial dehiscence of a prosthetic valve, or new valvular regurgitation.
Minor criteria include predisposing conditions, fever, vascular phenomena
(emboli, hemorrhages, Janeway lesions), and immunologic phenomena (glo-
merulonephritis, Osler’s nodes, Roth spots, rheumatoid factor), microbio-
logical evidence (positive blood culture not meeting major criteria), and
echocardiographic findings (not meeting major criteria).

While an echocardiogram identifying valvular vegetation is helpful in the
evaluation, the echocardiogram is not 100% sensitive or specific. Because of
this, a negative echocardiogram does not exclude endocarditis. A more
definitive diagnosis is made by obtaining a positive blood culture. The
isolation of a specific microorganism is key to determining antibiotic
therapy. Treatment regimens may take place for weeks to be certain that
the microorganism has been eliminated.

Kawasaki’s disease

Kawasaki’s disease (mucocutaneous lymph node syndrome) is a self-
limiting generalized systemic vasculitis of indeterminate etiology. Fever,
bilateral nonexudative conjunctivitis, erythema of the mucous membranes
(lips, oral mucosa), rash, and extremity changes are the hallmarks of the
disease. It is among the most common systemic vasculitic illnesses along
with Henoch-Schoenlein Purpura. Kawasaki’s primarily affects infants
and younger children, and can occur in endemic or community-wide
epidemic forms [32].

Coronary artery aneurysms or ectasia have been found in 15% to 25% of
untreated children with Kawasaki’s [33]. These coronary artery lesions can
lead to myocardial infarction, sudden death, or ischemic heart disease
[34,35].

In the acute phase of Kawasaki’s, there can be involvement of all parts of
the heartdthe pericardium, the myocardium, the endocardium, the valves,
and the coronary arteries. The cardiac exam can show a hyperdynamic pre-
cordium, tachycardia, a gallop, and a flow murmur or regurgitant pansys-
tolic murmur. Depressed myocardial function can present as cardiogenic
shock. The ECG will show nonspecific ST and T wave changes, a prolonged
PR interval, or arrhythmia.

The classic Kawasaki’s patient will present with fever greater than or
equal to 5 days’ duration, and at least four of the primary physical criteria,
which include involvement of the extremities, the skin, the conjunctivae, the
lips and mouth, and the cervical lymph nodes. The extremity changes in-
clude erythema to the palms and soles, with induration and desquamation
to the fingers and toes. There can be an extensive erythematous rash that
is usually a nonspecific diffuse maculopapular rash. Sometimes early des-
quamation in the perineal region can occur. Bilateral conjunctival injection
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involving the bulbar conjunctivae is seen around the time of the fever. There
can be erythema; peeling, cracking, or bleeding from the lips and mouth;
a strawberry tongue; and diffuse erythema of the mucosa of the oropharynx.
The cervical lymphadenopathy is generally unilateral, and usually one node
is greater than 1.5 cm in diameter.

Lab findings include thombocytosis (appears in second week, peaking in
third week), leukocytosis, and anemia. Thrombocytopenia in active disease
is a risk factor for coronary aneurysms. There is elevation of the C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR). Serum transami-
nases can be moderately elevated. Gammaglutamyl transpeptidase (GGT) is
elevated in a majority of patients.

In the younger patient, an incomplete or atypical presentation is common
[36]. Diagnosis is often made by echocardiogram findings of coronary artery
abnormalities [37].

Pharmacologic management of the acute phase of Kawasaki’s includes
aspirin and intravenous immunoglobulin (IVIG). High-dose aspirin at
80 to 100 mg/kg per day dosed four times a day along with IVIG have an
additive anti-inflammatory effect [32]. Length of treatment with aspirin is
variable. IVIG is thought to have a generalized anti-inflammatory effect
and is dosed at 2 g/kg in a single infusion. Best results are seen when
IVIG is started within the first 7 to 10 days of illness.

Cardiomyopathies

Cardiomyopathies affect the heart muscle and are divided into three
categories. They are hypertrophic, dilated, or congestive and restrictive
(Fig. 7).

In hypertrophic cardiomyopathies, there is significant ventricular muscu-
lar hypertrophy and increased ventricular contractility but these factors
limit or reduce ventricular filling.

An autosomal dominant link has been documented [38]. The left ventricle
is relatively stiff and affects diastolic ventricular filling. The physical exam is
notable for a sharp upstroke of the arterial pulse [39]. There can be a systolic
ejection murmur or holosystolic murmur.

The ECG will show left ventricular hypertrophy, ST and T wave changes,
deep Q waves, and decreased R waves. The chest radiograph may show
a globular heart or cardiomegaly.

Dilated or congestive cardiomyopathies have ventricular dilatation with
diminished contractility. This is the most common form of cardiomyopa-
thies and results from infectious or toxic etiologies. They will present with
evidence of congestive heart failure. A significant S3 will be found on exam.

Restrictive cardiomyopathies limit diastolic filling of the ventricles. This
is the least common form and results from noncompliant ventricular walls
that have been subject to an infiltrative process such as a glycogen storage
disease.
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Arrhythmias

Damage, from either congenital or acquired causes, to cardiac structure
will predispose the patient to arrhythmias. There can be congenital abnor-
malities to the conduction system, injured conduction pathways from sur-
gery or postinflammatory changes, or irritation to the conduction system
from injured myocardium. Arrhythmias have their origins in the atrial or
ventricular conduction systems.

The most common arrhythmia is paroxysmal SVT [40,41]. The usual
cause is idiopathic. The majority of patients with SVT have normal hearts,
with 23% having congenital heart disease and 22% with Wolff-Parkinson-
White (WPW) syndrome [42].

WPW is associated with congenital heart disease, such as transposition of
the great arteries. WPW is a preexcitation syndrome with an accessory path-
way between the atria and ventricles.

SVT is a narrow complex tachycardia with a rate ranging from 220 to 280
beats per minute in the 1-year age group. The determination of sinus tachy-
cardia and a reentrant tachycardia must be made before the initiation of
therapy. In this age group, pulse rate will linearly increase with body tem-
perature, at a ratio of 10 beats per minute per �C increase in body temper-
ature [43].

The ECG in SVT will show a regular rhythm with no beat-to-beat vari-
ability and a heart rate greater than 220 beats per minute in the infant. P
waves can be present but are usually not. In most cases, the QRS complex
is narrow. In a hemodynamically unstable SVT, immediate synchronized
cardioversion with 0.5 to 1.0 J per kilogram should be done. In a hemody-
namically stable SVT, vagal maneuvers can be initiated. Applying a bag of
ice water to the face for 15 to 30 seconds can be used. Adenosine is the drug

Fig. 7. ECG of hypertrophic cardiomyopathy with increased voltages throughout.
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of choice. Adenosine acts by temporarily blocking conduction at the AV
node, thereby interrupting the reentrant circuit. Because the drug is rapidly
metabolized, IV access as close to the heart is ideal, with the drug delivered
via a rapid intravenous injection. Constant cardiorespiratory monitoring
should be in place. Initial dosing of adenosine is 0.1 mg/kg. If there is no
response, the next dose should be doubled. The maximum dosing is 0.25
to 0.35 mg/kg (Fig. 8A, B). Verapamil should not be used in the patient
younger than 1 year because of the potential for hypotension and cardiovas-
cular collapse [44].

In WPW there is a ventricular preexcitation pathway because of an acces-
sory pathway between the atria and ventricles [3]. There is a short PR inter-
val, a prolonged QRS duration, and delta waves (Fig. 9). Slowing the
conduction through the atrioventricular node can allow another pathway
to become dominant.

In a WPW-induced SVT, adenosine can cause atrial fibrillation, which
can then lead to ventricular fibrillation. This underscores the need for
always having resuscitation material at the bedside whenever dealing with
arrhythmias.

Sick Sinus Syndrome is usually the result of cardiac surgery involving the
atria or can be from myocarditis. The sinus node no longer acts as the
primary pacemaker of the heart or functions at a significantly slower rate.
This leads to marked sinus bradycardia, sinus arrest with a junctional
escape, atrial flutter, fibrillation, or SVT.

Fig. 8. (A) ECG of supraventricular tachycardia (SVT) in a 19-day-old. (B) Rhythm changes

after adenosine.



1000 YEE
Fig. 8 (continued).
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AV block is found when there is an interruption of the conduction of the
normal sinus impulse and the subsequent ventricular response. There are
first-degree, second-degree, and third-degree blocks.

The first-degree block has a prolonged PR interval because of delayed
conduction through the AV node. This is the result of a cardiomyopathy,
congenital heart disease, postcardiac surgery, or digitalis toxicity or can
be found in healthy patients.

In a second-degree block, not all of the P waves are followed by QRS
complexes. The Mobitz Type I Wenckebach phenomenon has a PR interval
that gets progressively longer until the QRS complex is completely dropped.
The block is at the AV node level and can be attributed to myocarditis, car-
diomyopathy, surgery, congenital heart disease, or digitalis toxicity. The
Mobitz Type II block has similar etiologies but the block is at the Bundle
of His. AV conduction is either all or none. There is potential for a complete
block to develop. In two-to-one or three-to-one blocks, the block is at the
level of the AV node, but can also be at the Bundle of His.

Third-degree or complete heart blocks have independent atrial and ven-
tricular activity. There are regular P waves at a normal heart rate for age.
The QRS complexes are also regular but at a slower rate than the P waves.
The usual presentation in infancy is congestive heart failure. Congenital
complete heart blocks have a normal QRS complex duration and can be
found in patients with a structurally normal heart. A history of maternal lu-
pus or connective tissue disease such as Sjogen’s Syndrome predispose a
patient to complete heart block (Fig. 10). It is thought that there is transpla-
cental passage of autoimmune antibodies affecting the atrioventricular node
[45]. Acquired complete heart blocks are the result of cardiac surgery but
can also be attributed to cardiomyopathies and myocarditis and have a pro-
longed QRS duration.

Fig. 9. ECG of WPW with delta waves.
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If asymptomatic, no intervention is indicated. If symptomatic, atropine,
isoproterenol or temporary transvenous ventricular pacing are sometimes
required.

Surgical repairs

The surgical repair of congenital heart disease continues to progress, with
some lesions now repaired in the neonatal period, and most lesions repaired
in the first couple of months of life. There are still patients, however, who
may appear in the emergency department with no prior surgery, palliative
surgery, or corrective surgery. These patients may have a less than optimal
nutritional status, can be on multiple medications, or can be exhibiting post-
operative complications such as a dysrhythmia or post pericardiotomy syn-
drome. Also a shunt could develop stenosis.

A Blalock-Taussig shunt is used in the Tetralogy of Fallot. This shunt
joins the subclavian artery to the ipsilateral pulmonary artery. The modified
Blalock-Taussig shunt uses a Gore-Tex shunt and requires less dissection, is
not dependent on the vessel length, and has decreased shunt failure [46].

The Rastelli procedure is done in older patients, and is used in severe Te-
tralogy of Fallot with significant right ventricular outflow tract obstruction.
There is patch closure of the VSD, with the placement of a conduit from the
right ventricle to the pulmonary artery.

The Mustard and Senning operations were used in the Transposition of
the Great Arteries and functioned at the atrial level. The Mustard opera-
tion was an atrial switch using prosthetic material for an intra-atrial baffle,
while the Senning operation used native material for an intra-atrial baffle.

Fig. 10. ECG of complete heart block, patient’s mother with lupus.
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Because of atrial dysrhythmias and the inability of the right ventricle to
function as a normal left ventricle in later life, these procedures were dis-
continued. The Arterial Switch, which has now replaced the Mustard and
Senning, corrects the TGA at the great artery level. The aortic trunk is at-
tached to the left ventricle and the pulmonic trunk is attached to the right
ventricle.

The Fontan operation is done in HLHS, tricuspid atresia, and HRHS.
This shunt is a cavocaval baffle to pulmonary artery anastomosis. Systemic
venous return is redirected to the pulmonary artery.

The bidirectional Glenn (cavopulmonary shunt) or hemi-Fontan opera-
tion anastomoses the superior vena cava to the right pulmonary artery
and is performed in patients with HLHS and HRHS. The bidirectional
Glenn operation is usually done at 6 months of age, and the hemi-Fontan
at 1.5 years of age.

The Norwood operation, performed in the neonatal period, is a palliative
procedure in HLHS [47]. The hypoplastic aorta is reconstructed using an
aortic or pulmonary artery allograft, the main pulmonary artery is divided,
a Gore-Tex shunt is placed on the right to establish pulmonary blood flow,
and the atrial septum is excised to provide interatrial mixing [48].

Complications that may be seen in the postoperative patient include
dysrhythmias, obstruction of the surgical grafts or conduits, endocarditis,
myocardial ischemia or postpericardiotomy syndrome.

Management of acute issues

Cardiac emergencies in the first couple of weeks of life will involve cya-
nosis and shock. The ductal-dependent lesions dominate this group and pre-
serving ductal patency is crucial in managing these patients. While many of
these patients will be diagnosed in the newborn nursery, the advent of earlier
newborn discharges increases the chances that the patient will present to the
emergency department for the initial diagnosis.

Cyanotic or hypoxemic episodes are seen in patients with congenital
heart disease (usually Tetralogy of Fallot). They will present with hyper-
pnea, irritability, and increasing cyanosis along with a decreased intensity
of the underlying heart murmur. A decrease in systemic vascular resistance
or increased resistance to the right ventricular outflow tract increases right-
to-left shunting, causing hyperpnea and, then, increased systemic venous
return. This causes increased right-to-left shunting through the VSD.

To manage a ‘‘tet spell’’ the patient should be placed in a knee-chest po-
sition. Morphine sulfate (0.1 to 0.2 mg/kg subcutaneously [SC] or intramus-
cularly [IM]) will stop the hyperpnea. Oxygen may or may not help because
the issue is to improve pulmonary blood flow. Sodium bicarbonate (1 mEq/
kg IV) can treat the acidosis. Propanolol (0.01 to 0.2 mg/kg IV over 5 min-
utes) can be beneficial. Phenylephrine (0.02 mg/kg IV) can help to increase



1004 YEE
systemic vascular resistance. Ketamine (1 to 3 mg/kg IV) can also increase
systemic vascular resistance and provide sedation.

Tricuspid Atresia, Transposition of the Great Arteries, Total Anomalous
Pulmonary Venous Return, Truncus Arteriosus, Hypoplastic Right Heart
Syndrome, and Pulmonary Atresia can all present with cyanosis or shock
in the first couple of weeks of life. Cyanosis or congestive heart failure
will be the usual presentation of Tetralogy of Fallot. Shock will be the initial
presentation for Hypoplastic Left Heart Syndrome, Aortic Stenosis, and
Coarctation of the Aorta.

The key to dealing with the ductal-dependent lesions is to start intrave-
nous prostaglandin E1 (PGE1). Decreasing pulmonary vascular resistance
will help in left-to-right shunting and increasing pulmonary blood flow.
The initial dose of PGE1 is 0.05 mg/kg/min. If at all possible, consultation
with pediatric cardiology as well as the critical (neonatal or pediatric) care
staff is beneficial. Apnea and hypotension are potential complicating side ef-
fects of PGE1 so management of the airway is essential as well as determin-
ing that the patient is not possibly septic. Additionally, the side effect of
fever can cloud the potential sepsis picture. In certain variants of TAPVR,
PGE1 can actually exacerbate the symptoms. Supplemental oxygen can has-
ten the closure of the ductus arteriosus, so this must be used with caution.

Acyanotic lesions that are dependent on ductal flow will present with car-
diogenic shock.

Those lesions with critical left heart obstruction such as HLHS, aortic
stenosis, and coarctation of the aorta depend on the ductus to maintain sys-
temic perfusion. Poor perfusion, diminished pulses, and pallor are common,
and the presentation can mimic sepsis. If central cyanosis is present, a re-
sponse to oxygen may not take place or the patient may become worse.

Airway management is paramount, as mechanical ventilation can in-
crease pulmonary vascular resistance [49]. Increasing right-to-left shunting
over the PDA will improve systemic perfusion. Volume assists in treating
the acidosis and fluid deficits. Vasopressors can be initiated if decreased ven-
tricular function is evident.

Patients with critical right heart obstruction such as Tetralogy of Fallot
and pulmonic stenosis are also ductal dependent. Airway management is
a primary concern. IV prostaglandins are also key in the management, espe-
cially with oxygen saturations less than 70%. Decreasing pulmonary vascu-
lar resistance will help in left-to-right shunting and increasing pulmonary
blood flow.

Congestive heart failure in the first year of life is generally associated with
congenital heart disease but can also be the result of acquired disease such as
myocarditis, arrhythmias, sepsis, and respiratory and metabolic diseases.
Pressure overload, volume overload, decreased inotropic function, and
rhythm abnormalities can all be factors in causing congestive heart failure.
Cardiac congenital abnormalities that have predisposition to presenting
with congestive heart failure include left ventricular outflow obstruction
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(such as coarctation of the aorta and aortic stenosis) and volume overload
(left-to-right shunts, VSDs, TAPVR). Endocardial cushion defects with
complete involvement and AV valve insufficiency will present acutely ill in
the first couple of months of life.

Difficulty feeding, tachypnea, tachycardia, cardiomegaly, hepatomegaly,
and rales are all common findings. Prolonged feeding times with diaphoresis
can function as a stress test for the infant. Pulmonary diseases can also pres-
ent in the same fashion as cardiac disease. Supplemental oxygen may not help
in differentiating between the two. Echocardiogram is much more definitive.

To treat congestive heart failure, inotropic assistance is important. Mod-
ification of preload (end diastolic volume roughly equivalent to the intravas-
cular volume), afterload, contractility, and heart rate all play roles. Cardiac
output is determined by heart rate multiplied by stroke volume. In the under
1-year-old, heart rate is the primary method of increasing cardiac output.

Airway management is important and should take precedence, as a stabi-
lized airway and mechanical ventilation can prevent respiratory decompen-
sation. Elevation of the head of the patient can help to decrease pulmonary
blood volume. Morphine sulfate assists in treating agitation. Bicarbonate
can be used in severe acidosis.

If immediate intervention is needed, dopamine and dobutamine are
appropriate choices.

Dopamine is started at a continuous infusion at 5 to10 mg/kg/min. There
should be a rapid response to the chronotropic effects with increases in heart
rate and blood pressure and urine output. Dobutamine is also started as
a continuous infusion at the same dosing. Dobutamine has less of an ar-
rhythmic potential and chronotropic effect than dopamine and because of
its vasodilatory effect, reduces afterload. Dobutamine should be used with
caution in the less than 1 year of age population. Dobutamine will improve
cardiac output without increasing blood pressure so if there is severe hypo-
tension, dobutamine may be a better choice as an adjunct rather than
primary agent [4,50].

Amrinone (0.5 mg/kg IV over 3 minutes) and milrinone (loading dose of
10 to 50 mg/kg IV over 10 minutes) can also be considered as potential aids
in treating congestive heart failure. They do not increase the heart rate but
have inotropic and vasodilator properties.

Digoxin is the inotrope of choice in the nonacute setting. Digoxin im-
proves cardiac contractility and subsequently increases cardiac output.
Care must be taken with dosing regimens. Diuretics such as furosemide pro-
mote diuresis.

Summary

The diagnosis and management of cardiac emergencies in the first year of
life can be challenging and complicated. By reviewing the pathophysiology
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of the heart and circulation, one can be more prepared for these difficult
scenarios.

Early presentations will usually be the result of ductal-dependent lesions
and will appear with cyanosis and shock. Later presentations will be the re-
sult of volume overload or pump failure and will present with signs of con-
gestive heart failure. Acquired diseases will also present as congestive heart
failure or arrhythmias.
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Abdominal concerns are a common emergency department (ED) com-
plaint, representing about 10% of visits [1]. Neonates and infants only com-
prise a small subset of these ED visits. They, however, may present with the
most devastating, life-threatening surgical and medical abdominal emergen-
cies. This article is designed to refresh the experienced practitioner and to
entice the new physician. Samuel Bard, in 1769, stated:

‘‘Do not therefore imagine, that from this Time [ie, on receipt of this MD
degree] your studies are to cease; so far from it, you are to be considered as
but just entering upon them; and unless your whole lives, are one continued
series of application and improvement, you will fall short of your duty’’ [2].

In this article, neonates are defined as being less than 31 days of life; in-
fants are defined as being more than 31 days of life up to 12 months of age.
Based upon these definitions, the article will present and discuss abdominal
emergencies as two groups: neonates and infants. This approach is more
consistent with how these patients present to the ED with their surgical or
medical abdominal emergencies.

General approach

With nonverbal patients, all medical information is obtained from care-
givers. Clinicians must listen. Parents will know their child’s condition better
than clinicians upon presentation to the ED. Often, an infant will present
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with a distended abdomen or mass that only the parent will recognize. Ob-
taining an accurate history and being meticulous with the infant’s signs and
symptoms often will guide the astute practitioner to a child’s diagnosis. For
example, a parental report of bilious vomiting in an otherwise well-appear-
ing newborn may be the only sign of malrotation with volvulus. In addition,
a parental description of an 8-month-old with intermittent abdominal pain
followed by lethargy is highly suggestive of intussusception.

The physical examination always should include reviewing the patient’s
vital signs. Abnormal vital signs must be repeated and verified. Trends
and changes in heart rate and blood pressure may be evidence of shock
[3,4]. Tachypnea may suggest respiratory compensation for acidosis second-
ary to diabetic ketoacidosis [5] or peritonitis and sepsis. Singer and Losek
noted tachypnea as a clinical finding suggestive of abdominal pain [6].
Once the vital signs have been reviewed, the actual examination should
proceed.

The physical examination can be difficult even for the friendliest-appear-
ing provider. Stranger anxiety develops in the pediatric population at about
8 months of age and will not diminish, for some patients, until as late as 2 to
3 years of age [7]. Despite the best efforts of parents and the physician, an
infant may not want to cooperate with an abdominal examination. Further-
more, the examination may provide little information if the child cries
throughout and contracts his or her abdominal musculature. Gentle palpa-
tion during inspiration may provide some clues as to why the patient is vom-
iting. Many times, the infant only will allow an examination while the parent
is comforting the infant. With supervision and guidance, sometimes a parent
can perform an informal examination. Otherwise, the physician should try
to examine the infant on the lap of the caregiver. A warm and quite exam-
ination room may allow the physician to observe an undressed infant during
sleep or while in a calm moment. With luck, an inguinal hernia or a peristal-
tic wave suggestive of hypertrophic pyloric stenosis may be witnessed.

The age of the patient can assist greatly the physician in the differential
diagnosis. Table 1 lists the age of presentation with regards to particular

Table 1

Neonatal and infant abdominal emergencies

Age Disease Clinical presentation

Neonate Malrotation with volvulus Bilious vomiting

Necrotizing enterocolitis Vomiting, abdominal distention

Omphalitis Erythema of umbilicus

Hirschsprung’s disease Abdominal distention, diarrhea

Infant Hypertrophic pyloric stenosis Projectile, nonbilious vomiting

Incarcerated inguinal hernia Inguinal mass, vomiting

Meckel’s diverticulum Rectal bleeding or bilious vomiting

Intussusception Vomiting, colicky abdominal pain, listless

Appendicitis Vomiting, anorexia, fussy
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abdominal emergencies. Although not absolute, Table 1 is very helpful in
forming an approach and diagnostic decision process. A common theme
will be found in this article:

� Vomiting and abdominal distention should alert the practitioner to
a life-threatening abdominal process.
� Abdominal plain films are a good screening tool.
� A thorough history and physical examination often will assist the
physician in diagnosing many of the surgical and medical emergencies
seen in neonates and infants.

Neonates

Malrotation with volvulus

Pathophysiology
Malrotation occurs during early fetal development and is a failure of the

midgut, small bowel, right colon, and one third of the transverse colon, to
undergo appropriate rotation and retroperitoneal fixation [8,9]. The supe-
rior mesenteric artery supplies vascular vessels to the midgut. If malrotation
occurs during embryonic development, the midgut bowels are prone to
twisting, resulting in a volvulus, and in severe cases, bowel ischemia
[10,11]. Anatomically, the twisting of the midgut occurs at the distal duode-
num or proximal jejunum [12]. Fibrous bands, known as Ladd’s bands, may
cause intestinal obstructions and are a result of anomalous fixation of the
gut [13].

Epidemiology
Malrotation occurs in approximately 1 in 5000 live births [14]. About

80% of all midgut malrotation with volvulus presents in the first month
of life, with most cases occurring in the first week of life [15]. Other cases
will present later in childhood and rarely in adulthood [16,17]. Males have
a higher incidence of malrotation by 2:1 [15].

Clinical presentation
The trademark presentation is a neonate presenting with bilious vomit-

ing. The incidence of this single clinical finding is found in 80% to 100%
of cases [18,19]. Early in the clinical course, the abdominal examination
will be normal, and the neonate will appear healthy. Over time, as the mid-
gut blood supply is compromised, hematochezia, abdominal distension or
pain, and shock will present and are strongly suggestive of bowel necrosis
[19–21]. Bowel necrosis can occur within 2 hours of initial presentation
[22]. It should be noted that about 40% of neonatal bilious vomiting will re-
quire a surgical intervention [23]. Nevertheless, the dictum ‘‘bilious vomiting
in the (neonate) should be considered as due to mechanical intestinal ob-
struction until proven otherwise’’ [23] must be followed. The midgut
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volvulus can present in older children and adolescents, and it should be con-
sidered in patients who have chronic intermittent vomiting or abdominal
pain, feeding difficulties, or failure to thrive [17]. Other concomitant congen-
ital anomalies are unusual in patients who have malrotation.

Differential diagnosis
Approximately 40% of neonates who have bilious emesis will have a sur-

gical etiology [23,24]. Apart from a midgut volvulus, one should consider
other surgical conditions including meconium ileus, Hirschsprung’s disease,
duodenal atresia, necrotizing enterocolitis, Meckel’s diverticulum, intussus-
ception, and appendicitis. Medical conditions also should be considered,
including inborn errors of metabolism, nonintentional trauma, gastroesoph-
ageal reflux (GER), acute gastroenteritis (AGE), pyelonephritis, meningitis,
and intracranial pathology.

Laboratory and imaging diagnostics
Generally, specific laboratory studies are not useful to diagnosing malro-

tation and volvulus. Plain radiographs, however, can be useful in identifying
a bowel obstruction (Fig. 1) or showing a markedly dilated stomach and du-
odenal bulb (Fig. 2). Both radiographic findings are suggestive of malrota-
tion with a volvulus [25]. A normal or equivocal radiograph, however, also
is seen in 20% of cases [12]. An upper gastrointestinal (GI) study (UGI) is
considered the gold standard and also can assist in identifying other condi-
tions such as GER, pyloric stenosis, and duodenal atresia. Under

Fig. 1. Supine and decubitus radiographs showing a small bowel obstruction caused by

malrotation with volvulus. (Courtesy of David Cox, MD, St. Paul, Minnesota.)
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fluoroscopy, a spiral–corkscrew configuration of the jejunum can be found
(Fig. 3), confirming a midgut malrotation with volvulus. Also, ultrasonog-
raphy is becoming a valuable screening tool [26]. Orzech and colleagues
[27] reported that this modality effectively ruled out intestinal malrotation
by noting a normal superior mesenteric artery and vein orientation. All
abnormal ultrasounds, however, should be confirmed by an UGI series.

Management
Once the diagnosis is confirmed, consultation with a pediatric surgeon is

an important pillar of management. Venous access should be obtained, and

Fig. 2. Supine and upright radiographs showing a markedly dilated stomach and duodenal bulb

that is highly suggestive of malrotation with volvulus. (Courtesy of Loren G. Yamamoto, MD,

Honolulu, Hawaii.)

Fig. 3. The corkscrew findings during an upper gastrointestinal series diagnosing malrotation

with volvulus. (Courtesy of David Cox, MD, St. Paul, Minnesota.)
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a nasogastric (NG) tube should be placed to decompress the stomach. Other
management strategies should be directed towards the overall condition of
the patient, such as fluid resuscitation for volume loss, acidosis, and third
spacing. Initial laboratory studies should include a complete white cell count
(CBC), electrolytes with a renal panel, and type and screen. If the patient is
ill-appearing, consider a venous blood gas (VBG), liver function tests (LFT),
and coagulopathy laboratory tests. Finally, if intestinal necrosis is sus-
pected, then broad-spectrum antibiotics should be given. The ED physician
should provide supportive care and stabilization until the patient undergoes
operative repair or is transferred to a pediatric critical care unit.

Necrotizing enterocolitis

Pathophysiology
Regarding premature and full-term infants, the precise mechanism

causing necrotizing enterocolitis (NEC) is unknown. NEC results from
bowel wall inflammation that leads to necrosis and bowel wall death.
Pathogenic bacteria, the introduction of enteral feeds of commercial formu-
las, or hyperosmolar medications are some recent theories behind mucosal
wall inflammation [28].

Epidemiology
NEC is not only a disease of premature infants, but also is well described

in full-term infants. The overall rate of NEC in full term infants is approx-
imately 0.7 per 1000 live births, which is almost 10% of all cases of NEC
[29]. In a study by Maayan-Metzger, most of these cases were delivered
by caesarian. The results of a 5-year study period show that the prevalence
is increasing [30]. Age of presentation is described from birth to the first
week of life [31], although case reports show NEC presenting in infants
up to 6 months of age [32]. The following risk factors commonly are linked
to full-term infants developing NEC: maternal eclampsia, a history of
neonatal respiratory distress, congenital heart disease, neonatal asphyxia,
or hypothyroidism [31]. Some infants will have no risk factors [30,31].

Term infants born at 36 weeks or more present with NEC on average at
day 3 or day 4 day of life [31]. The mean presentation is 10 days of life for
premature infants. This is critical, because premature infants who are dis-
charged from the NICU earlier in life, may present to the ED with NEC.
Hostetller and Schulman describe a premature NICU graduate presenting
to the ED with fulminate NEC [33].

Clinical presentation
Early in the course, the most common symptom is feeding intolerance

associated with emesis and abdominal distention. As the disease progresses,
fevers will develop, and the infant may become irritable or lethargic. The
emergency medicine practitioner may see coffee ground or bilious vomiting
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[33]. The abdomen will be distended, and on physical examination, one may
visualize erythema on the abdominal wall. Gentle palpation of the abdom-
inal wall will elicit pain secondary to peritonitis. Finally, these neonates may
present with fever and shock, often mimicking bacterial meningitis [29].

Differential diagnosis
Surgical conditions may include Hirschsprung’s disease, malrotation with

volvulus, intussusception, and appendicitis. Medical conditions such as non-
accidental trauma, pyelonephritis, omphalitis, sepsis, GER, overfeeding,
AGE, and meningitis also should be considered in the differential diagnosis
for NEC.

Laboratory and imaging diagnostics
Abdominal radiographs are salient in the diagnosis of NEC, allowing

physicians to visualize pneumatosis intestinalis, the presence of gas bubbles
within the bowel wall, a characteristic of NEC (Fig. 4). Portal vein air is
associated with a poor prognosis [34]. The presence of free air, especially
pneumoperitoneum, also may be visualized. In addition, ultrasounds are
becoming a reliable screening modality. Ultrasounds have been used to iden-
tify and predict the outcome from necrotic bowel, free peritoneal fluid, and
portal air [35,36].

Fig. 4. An infantwith pneumatosis intestinalis in the right lower quadrant. (Courtesy ofLorenG.

Yamamoto, MD, Honolulu, Hawaii.)
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Management
Once the diagnosis is confirmed on radiograph, an early surgical consul-

tation is warranted. Initial stabilization should include volume resuscitation
and broad-spectrum antibiotics. Laboratory studies should include a CBC,
electrolytes with a renal panel, blood culture, C-reactive protein, and blood
gas analysis. An NG tube should be inserted to decompress the stomach. If
the diagnosis of NEC is suspected, but not confirmed, in-patient observation
and serial examinations and radiographs are warranted with early pediatric
surgical and neonatology consultation.

Omphalitis

Pathophysiology
The umbilical stump is a universally acquired wound with the potential of

becoming infected. Omphalitis occurs from poor hygiene or an acquired
nosocomial infection [37]. As the infection intensifies, the bacteria will
spread into the subcutaneous tissue causing necrotizing fasciitis [38]. Myo-
necrosis, an infection of the abdominal musculature and phlebitis and an
infection of the portal veins also have been described [39].

Epidemiology
In developed countries, the incidence is about 7 per 1000 live births [40].

Mortality rates are over 50% if the infant develops necrotizing fasciitis
[41,42]. Females are equally affected, but males have a higher rate of mor-
tality [43]. The mean onset of disease for full-term infants is 5 to 9 days
of life [43].

Umbilical cord care has changed over the last decade. Traditionally, a tri-
ple dye was applied within the first hours of birth, followed by outpatient
care with alcohol [44]. Currently, the stump is left to dry, and parents are
educated not to apply commercial antibacterial solutions or alcohols [44].
Research has shown autonecrosis of the umbilical cord occurs almost 2
days faster with the natural drying technique [45]. Parents, however, often
complain of its appearance and foul smell [46]. Increases in infection rates
have not been reported. Interestingly, in 2003, a study from Nepal showed
a large reduction in omphalitis by using topical applications of chlorhexi-
dine [47]. Obviously, controversy exists among either technique.

The most common bacterial pathogens to cause omphalitis are Staphylo-
coccus aureus, S epidermidis, Streptococcus pyogenes, enterococci, and gram-
negative rods [40,44,48]. The presence of community acquired-methicillin
resistant S aureus (CA-MRSA) has yet to be reported.

Clinical presentation
Early in the infection, omphalitis presents as an erythematous rash at the

umbilical cord (Fig. 5) [49]. The area is warm and tender to the touch, con-
sistent with cellulitis. The newborn may have a fever. A malodorous smell
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may emanate from the site of infection [49]. As time progresses, the infection
will spread into the subcutaneous tissue layer causing necrotizing fasciitis
[39]. Palpation of the abdomen will be exquisitely tender, and crepitus
also may be appreciated. An ecchymotic, violaceous discoloration may be
seen around the umbilicus. Fever and lethargy signify systemic infection
[48]. A thorough history and a physical examination revealing an umbilical
rash will be sufficient for the astute practitioner to diagnosis this disease.

Differential diagnosis
A clear history and physical findings of an umbilical rash are almost

pathognomonic for omphalitis. The clinician, however, should be aware
of other medical and surgical conditions related to the umbilicus. In healthy
newborns, the cord usually separates from the umbilicus at about 10 days of
life. By 2 weeks of life, delayed cord separation is considered abnormal. Leu-
kocyte adhesion deficiency (LAD) is a rare immunologic disorder resulting
in a defective leukocyte function and high morbidity and mortality [50]. It
often presents with delayed cord separation and omphalitis [51]. These pa-
tients require pediatric subspecialty care by immunology or infectious dis-
ease. Anatomical urachal abnormalities also can cause delayed cord
separation [52,53].

Laboratory and diagnostic imaging
For afebrile and febrile neonates, obtaining surface cultures of the umbi-

licus may identify the causative bacteria. For afebrile neonates, a CBC and
a C-reactive protein should be obtained. For febrile and ill-appearing pa-
tients, a full sepsis work-up should be performed. LFTs and coagulopathy
laboratory tests also are indicated if portal vein thrombosis has occurred.
An ultrasound or abdominal CT scan may show fluid accumulation between
subcutaneous fat and muscle in cases with necrotizing fasciitis. Both modal-
ities also will detect congenital umbilical anatomic abnormalities. A radio-
graph may demonstrate subcutaneous air.

Fig. 5. An infant with omphalitis. Note the erythema surrounding the umbilicus. (� Bernard

Cohen, MD, Dermatlas; http://www.dermatlas.org. Used with permission.)

http://www.dermatlas.org
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Management
All infants will require admission for intravenous broad-spectrum antibi-

otics. For ill-appearing neonates, fluid resuscitation is a priority along with
other supportive measures for airway, breathing, and circulation. A consul-
tation with a neonatologist or pediatric infectious disease specialist is pru-
dent for guidance on antimicrobial selection. A pediatric surgical
consultation is warranted to remove infected tissue.

Hirschsprung’s disease

Pathophysiology
From a histologic perspective, Hirschsprung’s disease is caused by agan-

glionosis, hypoganglionosis, or dysganglionosis of the bowel [54]. The con-
genital agangliosis always involves the anus, and the pathology proceeds
proximally for a variable length of large bowel. Both the myenteric (Auer-
bach) and submucosal (Meissner) plexus are absent, resulting in diminished
bowel peristalsis and function. The anus will have an abnormal or absent
relaxation [55]. The precise mechanism underlying the development of
Hirschsprung’s disease is unknown.

Epidemiology
It is estimated that 1 in 5000 newborns will have Hirschsprung’s disease

[56]. Three quarters of the infants will be males [57]. Familial cases have
been described [30]; thus it is not surprising that after one child has the dis-
ease, subsequent offspring are at much higher risk than the general popula-
tion [58]. Other congenital abnormalities have been found with
Hirschsprung’s disease: Trisomy 21, Smith-Lemli-Opitz syndrome, and
Waardenburg’s syndrome [59]. This is an abbreviated list.

Clinical presentation
In the newborn period, the most common presentation is a failure to pass

meconium in the first 48 hours of life [60]. For neonates who present to the
ED, there are two well-described presentations: bowel obstruction and
enterocolitis. The former often will present with complaints of abdominal
distention, bilious or feculent vomiting, constipation, and other signs of
obstruction [15,61,62]. Older patients and adults have been diagnosed
with Hirschsprung’s disease. They usually complain of chronic constipation,
vomiting, and failure to thrive [61]. For infants who present outside of the
neonatal period, 30% will have diarrhea, which some researchers believe
is a symptom of enterocolitis [63].

Enterocolitis occurs in 12% to 60% of patients with congenital aganglio-
sis [63,64]. It is the most serious complication of Hirschsprung’s disease [65].
It may occur before a diagnosis of Hirschsprung’s disease is made, and it is
described after corrective surgery. Mortality rates from treated Hirsch-
sprung’s disease are as high as 30% [66]. The symptoms of enterocolitis
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range from loose diarrhea with mild abdominal distention and no systemic
manifestations to explosive diarrhea with mucosal ulceration, marked ab-
dominal distension, and sepsis [67]. Toxic megacolon is a life-threatening
complication of enterocolitis. It is associated with fever, abdominal disten-
tion, bilious vomiting, explosive diarrhea, volume depletion, and shock
[63,64]. Radiographs typically will show air fluid levels and the absence of
air in the distal rectosigmoid colon [68]. Pneumatosis intestinalis also may
be seen on radiograph [64,68]. Spontaneous perforation is estimated to
occur in about 3% of patients [66].

Differential diagnosis
For those patients who present with enterocolitis, necrotizing entero-

colitis, omphalitis, appendicitis, and malrotation with volvulus should be
considered. Medical conditions such as infectious colitis, congenital hypo-
thyroidism, and meconium ileus from cystic fibrosis also should be consid-
ered for those newborns who present with abdominal distention, vomiting,
and constipation.

Laboratory and imaging diagnostics
A high index of suspicion is required to diagnose Hirschsprung’s disease.

Abdominal radiographs may be suggestive of a toxic megacolon and may
show dilated loops of bowel with mucosal changes or pneumatosis intestina-
lis. Free peritoneal air also can be detected. A radiograph additionally may
demonstrate pathologic air–fluid levels without rectal air, which is sugges-
tive of Hirschsprung’s disease (Fig. 6). A contrast enema may show the

Fig. 6. Plain radiographs demonstrating air–fluid levels in the intestine and no gas in the rec-

tum. This is suggestive for Hirschsprung’s disease. (Courtesy of Loren G. Yamamoto, MD,

Honolulu, Hawaii.)
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classic finding of a normal-caliber rectum or narrow distal segment,
a funnel-shaped dilatation at the level of the transition zone, and a marked
dilation of the proximal colon [69]. In addition, the prolonged retention of
contrast in the colon for greater than 24 hours following an enema may
suggest Hirschsprung’s disease [63,70]. The preferred method of diagnosis
is a suction biopsy from the rectum [71,72]. Microscopic proof can diagnose
Hirschsprung’s disease by showing an absence of ganglion cells, hypertro-
phy and hyperplasia of nerve fibers, and an increase in acetylcholinester-
ase-positive nerve fibers in the lamina propria and muscularis mucosa [72].

Ill-appearing neonates and infants should be considered septic, and a sep-
sis evaluation may be warranted. The physician should consider coagulop-
athy studies to rule out disseminated intravascular coagulopathy (DIC)
and a blood gas with a lactate level to evaluate acid–base status.

Management
Neonates presenting in extremis require aggressive fluid resuscitation,

broad-spectrum antibiotics, and supportive care. Placement of an NG
tube to decompress the stomach and a rectal tube to decompress the rectum
is warranted. Abdominal radiographs are also important in the initial eval-
uation. An early pediatric surgical consultation is warranted for potential
complications of enterocolitis, such as perforation of a bowel wall, or for
possible surgical exploration.

Infants

Hypertrophic pyloric stenosis

Pathophysiology
Hypertrophic pyloric stenosis (HPS) first was described in 1888 by

Hirschsprung’s [73]. Intraoperatively, an abnormally enlarged pyloric mus-
cle usually measures 2 cm to 2.5 cm in length and 1 cm to 1.5 cm in diameter
[74,75]. The hypertrophic changes result in partial or complete obstruction
of the pyloric channel. The etiology of the abnormal pyloric muscle remains
unclear. Exposure to macrolides has been linked and is considered a possible
risk factor in the development of HPS [76]. Other researchers have suggested
that growth factors, such as hormones and peptides [77,78], or gastric acid
hypersecretion may play a role [79].

Epidemiology
HPS is the leading etiology for nonbilious emesis requiring a pediatric

surgical intervention [75]. Its prevalence is estimated to be between 1.5 to
4 per 1000 live births [75]. It is two to five times more common in males
[80] and more prevalent in white infants [81]. It is believed that firstborn
males have a 30% risk for developing HPS [75], although this assertion is
controversial. A child of an affected parent has an increased risk of HPS,
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with the risk being still higher if the mother is affected [82]. The peak age of
presentation in an infant is between 3 to 6 weeks of age [83]. Reports also
have described early and late presentations of 2 to 8 weeks of age, respec-
tively [75]. HPS can occur at birth. Premature infants also have been de-
scribed, but they typically present with projectile vomiting 2 weeks later
than term infants.

Clinical presentations
Projectile, nonbilious vomiting is the classic description of an infant with

HPS. Early in the course of the disease, vomiting is nonprojectile and often
is mistaken for GER [84]. As time continues, the pylorus channel narrows,
and the vomiting increases in frequency and intensity. Coffee ground emesis
may occur secondary to gastritis or esophagitis [85]. Some infants will have
diarrhea known as starvation stools, and may be mistaken as gastroenteritis
[75]. Significant delays in diagnosis will lead to severe dehydration. Hyper-
bilirubinemia is described in 2% to 5% of infants and is attributed to a glu-
curonyl transferase deficiency [75,86]. Indirect bilirubin levels can be as high
as 15 to 20 mg/dL [87].

Physical examination and palpation of the abdomen are performed best
while the infant is sucking on a pacifier, a sugar plum, or dextrose water.
The infant should be warm and relaxed. Observation of the infant’s abdo-
men may reveal peristaltic waves in the left upper quadrant moving left to
right. Palpation of the hypertrophic pyloric muscle, also known as the olive,
can be difficult even for the most experienced clinician. Decompression of
the stomach may be necessary prior to examination. The physician should
palpate near the right upper quadrant, feeling along the edge of the liver
and moving caudally in the midline a third of the distance between the xi-
phoid and the umbilicus. This examination should reveal a palpable olive
[75,88].

Differential diagnosis
The most common nonsurgical cause for nonbilious vomiting is GER.

Other causes for nonbilious vomiting are food allergies, intracranial dis-
eases, appendicitis, inborn errors of metabolism, pyloric duplication, pyelo-
nephritis, and duodenal antral web [89,90].

Laboratory and imaging diagnostics
Electrolytes with a renal panel are essential. The classic, but often late

finding of HPS is hypokalemic, hypochloremic alkalosis [91]. These labora-
tory tests also will confer the severity of dehydration (BUN/Cr ratio). If the
infant appears jaundiced, then liver function studies are prudent.

Ultrasound is the preferred modality to diagnose HPS [92]. Ultrasound
will document an enlarged pyloric muscle with a thickness of 3.5 mm to
4 mm and a pyloric channel length of 16 mm or greater [74,92,93]. The
mnemonic for p (3.14) is useful to remember the ultrasound criteria for
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HPS: greater then 3 mm for thickness and longer than 14 mm [74]. With
experienced ultrasonographers, the sensitivity approaches 100%, with
a 99.5% sensitivity and a 100% specificity [92]. If the ultrasound is incon-
clusive, an UGI is warranted, which will show the classic string sign [94].

Management
Most infants will require a fluid bolus of normal saline at 20 mL/kg to

correct initial fluid deficits, followed by a slow correction for the metabolic
alkalosis and any remaining deficiency using 1.5 times maintenance of D5
0.45 normal saline. The addition of potassium chloride, 10 to 20 mEq/L,
should be initiated after the infant demonstrates urine output. Infants
who have HPS do not require an NG tube, because this will exacerbate
the metabolic alkalosis [75]. Serum bicarbonate of less than 28 mEq/L
and serum chloride over 100 mEq/L generally are required for safe anesthe-
sia [75]. Once the patient is stable, a pediatric surgery consultation is
required.

Incarcerated inguinal hernias

Pathophysiology
It is estimated that 80% to 100% of newborn infants have a patent vag-

inalis that should close within the first 6 months of life [95]. A failure to close
results in an indirect hernia. Interesting, the left side appears to close earlier
that the right [96], and not surprising, most hernias occur on the right side
[97]. The following medical and postsurgical conditions have been associ-
ated with the development of congenital inguinal hernias: undescended tes-
tis, birth prematurity, ascites, and a ventriculoperitoneal shunt, to name
a few [96]. Genetic connective tissue conditions such as Ehlers-Danlos syn-
drome, Hunter-Hurler syndrome, Marfan’s syndrome, and mucopolysac-
charidosis are described as placing a child at risk for inguinal hernias [96].
Any infant who has an inguinal hernia risks having their bowels becoming
incarcerated, and in severe cases, enstrangulated.

Epidemiology
Inguinal hernia surgery is the most common operation performed by

pediatric surgeons [98]. The prevalence ranges from 0.8% to 4.4% [99].
The first year of life is the typical age of presentation for asymptomatic in-
guinal hernias [96,99]. Males are more likely to develop an asymptomatic
hernia, and there is a 3:1 male to female ratio [99]. Most hernias are
right-sided, and about 11% of families have a history of hernias [96,99].

The overall incidence of an incarcerated hernia occurs in about 31% of
the general population and between 6% to 18% in the pediatric population
[100]. Incarcerations are most likely to occur in the first year of life, with
a rate of 10% to 31% [101–104]. In fact, most incarcerations will present
within the first 2 months of life [97,100].
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Clinical presentations
Most inguinal hernias are asymptomatic. Once the bowel and other vis-

cera become incarcerated, however, typically at the level of the internal ring,
infants will present with a myriad of signs and symptoms. Early in the
course, the infant will become fussy or may be described as being irritable.
As the disease progresses to strangulation, abdominal distention, vomiting
and obstipation will occur [105]. Physical examination will reveal a mass
in the inguinal area with or without a scrotal mass.

If the incarcerated inguinal hernia is left unreduced, these infants prog-
ress rapidly to strangulation [106]. Ischemia to the testes and ovaries also
is described [107]. Patients who have strangulated bowel present extremely
irritable. The abdominal distention and vomiting can be pronounced. On
examination, a tender, tense, nonfluctuant mass is found in the inguinal
area. Late signs of strangulation are shock, blood per rectum, and peritoni-
tis [108]. An abdominal radiograph will show a partial or complete bowel
obstruction (Fig. 7). If the bowel extends into the scrotum, air–fluid levels
may be seen in the scrotum.

Differential diagnosis
The diagnosis is difficult to confuse given the physical findings. Surgical

conditions that may present with abdominal distension and vomiting in-
clude: necrotizing enterocolitis, abuse, Hirschsprung’s disease, appendicitis,
and malrotation with volvulus. Medical conditions presenting as a tender
mass include an abscess or tumor.

Laboratory and imaging studies
As mentioned previously, air–fluid levels may be found on abdominal ra-

diographs (see Fig. 7), indicating a partial or complete bowel obstruction.

Fig. 7. A neonate with an inguinal mass and bilious vomiting. Abdominal radiograph showing

small bowel obstruction. (Courtesy of Loren G. Yamamoto, MD, Honolulu, Hawaii.)
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Ultrasound has become the modality of choice in determining inguinal
hernias by differentiating among other causes for inguinal masses such as
abscess, tumors, and a hydrocele. The accuracy rate approaches 97% and
becomes higher with an associated history [109].

Management
Most patients who present with an incarcerated hernia can be managed

nonoperatively. Manuel reduction with manipulation can occur without se-
dation, but the author advocates analgesics with sedation. Several effective
techniques have been described. A well-known, time-honored, method is to
have the infant in Trendelenburg position after sedation [108]. This method
allows the mesentery, by gravity, to pull the bowel out of the hernia [108],
although it may take time. Another technique is manual reduction. This re-
quires the retraction of the hernia mass with one hand, while the free hand
guides the tissue through the inguinal defect [96]. With proper analgesics
and sedation, gentle compression has been shown to be effective. Other
techniques have been described. Bedside ultrasound also has been described
to increase the reduction rate by assisting the physician in the direction and
location of the hernia defect [109]. Approximately 85% of all incarcerated
hernias will be reduced [110,111]. Once the hernia is reduced, surgical
follow-up is advised, usually within 2 days [96,112]. About 15% to 21%
will recur; thus prompt operative herniorrhaphy is recommended
[110,112,113]. Of note, early surgical repair will reduce recurrence rates
by 25% [112].

If the incarcerated hernia cannot be reduced, or if the infant is suspected
of having a strangulated inguinal hernia, a pediatric surgical consultation is
required. Infants who have gangrenous bowel often are toxic, febrile, and
present with an inguinal mass and abdominal distention. ED management
should focus on aggressive fluid resuscitation, initiation of broad-spectrum
antibiotics, and attention to airway, breathing, and circulation.

Meckel’s diverticulum

Pathophysiology
A diverticulum is defined as an outpouching of a hollow or fluid-filled

structure [114]. During the fifth week of fetal development, the vitelline
duct normally is reabsorbed. When it fails to reabsorb, a diverticulum is
formed. About 50% of intestinal diverticula will contain ectopic tissue
such as gastric, colonic, or pancreatic mucosa [115]. Most ectopic tissue is
comprised of gastric mucosa [116]. Diverticula containing gastric mucosa
may ulcerate its own tissue layers and blood vessels, producing rectal bleed-
ing. If the ulceration is severe, perforation will occur [117]. Two less com-
mon complications of Meckel’s diverticulum are obstruction secondary to
fixation of the omphalomesenteric duct remnants to the abdominal wall
and inflammation [117].
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Epidemiology
Meckel’s diverticulum occurs in about 2% of the population, making it

the most common congenital GI abnormality [118]. It is more symptomat-
ically found in males, but is equally distributed among females and males
[119]. It is generally located about 60 cm from the ileocecal valve. In pedi-
atrics, it is a common cause of painless rectal bleeding and often presents
in infants [120], although Shalaby noted a mean age of 5 years of age
[121]. The rule of two is a common mnemonic to recall the basic information
of Meckel’s diverticulum. The diverticulum is within 2 in of the end of the
small intestine, is 2 in in length, occurs in 2% of the population, is twice
as common in males than females, and contains two types of ectopic mu-
cosa, gastric and pancreatic [119]. The usual age of symptomatic presenta-
tion is within the first 2 years of life, but a percentage of patients will
present in the first 2 decades of life [114].

Clinical presentations
An infant who has a diverticula containing gastric mucosa often will pres-

ent with relatively painless rectal bleeding [120]. This is themost common pre-
sentation ofMeckel’s diverticulum and accounts for about 20% to 30% of all
complications [122]. The bleeding is usually trivial; however, reports of mas-
sive bleeding are described [122–124]. Intestinal wall perforation also is
described, and patients often present with an acute abdomen [125].

Intestinal obstruction occurs in about 10% to 20% of patients from
either the Meckel’s diverticulum-inducing intussusception as a pathological
lead point, which is the most common, or secondary to an anatomic
obstruction from bands attaching the diverticula to the abdominal wall
[106,107,126]. These patients often will present with intermittent abdominal
pain and vomiting [127].

Differential diagnosis
As a presenting sign of rectal bleeding, the differential diagnosis includes

the following: polyp, peptic ulcer disease, underlying coagulopathy, nodular
lymphoid hyperplasia, arteriovenous malformations, Hirschsprung’s dis-
ease, and intussusception [120,127]. The differential diagnosis for abdominal
pain and bilious vomiting includes the following surgical conditions: necro-
tizing enterocolitis, midgut volvulus, appendicitis, abuse, and intussuscep-
tion. Medical conditions such as pyelonephritis and severe GER also
should be considered.

Laboratory and imaging diagnostics
There are no specific laboratory studies to diagnose Meckel’s diverticu-

lum. In the overall evaluation of an infant with rectal bleeding, however,
a CBC, coagulopathy panel, and LFTs, are recommended. If severe bleeding
is noted, type and cross are mandatory. In infants or neonates presenting
with vomiting and abdominal pain, a catheterized urine analysis is also
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warranted to rule out infection. The most commonly used study to diagnose
Meckel’s diverticulum is a Technetium-99 m pertechnetate scintigraphy,
more commonly known as a Meckel’s scan [128]. The radionucleotide, tech-
netium-99, is absorbed by the gastric mucosa and results in an abnormal up-
take (Fig. 8). Administering cimetidine, gastrin, or glucagons can enhance
the absorption [129]. In the pediatric population, the positive predictive
value (PPV) is 0.93, and the negative predictive value (NPV) is 0.93 [128].
Of interest, the same authors and others have found that the NPV falls
sharply with children who have anemia, described as hemoglobin lower
than 11 mg/dL [129]. This subset of patients subsequently was diagnosed
with endoscopy or laparoscopic surgery. Ultrasound has been found effec-
tive in the diagnosis of Meckel’s diverticulum associated with
intussusception.

Abdominal radiographs are rarely useful with Meckel’s diverticulum and
rectal bleeding. In infants who present with bilious vomiting, however,
a radiograph may show a small bowel obstruction or intussusception.
Free air also may be noted if perforation of the diverticulum has occurred.

Management
Stable patients will require laboratory studies as noted. An intravenous

catheter is prudent to begin fluid rehydration. For patients presenting
with signs and symptoms of hemorrhagic or hypovolemic shock, aggressive
fluid resuscitation is required. Blood products also may be required. Early
pediatric surgical consultation is suggested. For symptomatic bleeding

Fig. 8. An abnormal Meckel’s scan. Note the increase area of uptake at the right iliac vessel

indicating a Meckel’s appendage. (Courtesy of David Cox, MD, St. Paul, Minnesota.)
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with an inconclusive Meckel’s scan, laparoscopic surgery has been proven to
be safe and cost-effective for definitive diagnosis and care for rectal bleeding
[121,130]. Infants presenting with abdominal pain and vomiting and subse-
quently found to have an obstruction will require an extensive work-up and
eventual surgery. Patients with intussusception will require air-contrast
enema for reduction.

Intussusception

Pathophysiology
Intussusception is the involution of one part of intestine into another.

The word, intussusception is derived from the Latin words intus, meaning
within, and suscipere, meaning to receive [131]. Thus, intussusception is
the intestine’s ability, by means of peristalsis, to invaginate over itself. In do-
ing so, the intestine also carries the mesentery blood vessels into the intus-
susception. Shortly after, the blood vessels become congested. The clinical
sign of current jelly stool is thought to be secondary to venous congestion
and intestinal production of mucus [132]. As edema and swelling increase,
arterial blood flow will be forfeited, leading to ischemia and bowel necrosis.

Epidemiology
Intussusception is the most common etiology for bowel obstruction in

children younger than 2 years of age [133]. It is estimated to occur in about
1 in 2000 infants and children [133]. The typical age distribution is between
3 months to 6 years of age, and the peak incidence is 5 months to 12 months
of age [22,134]. There is a 3:2 male to female distribution [135,136].

About 90% of intussusceptions are ileocolic and do not have a pathologic
lead point [132]. A pathologic lead point is a lesion that is thought to cause
the intussusception. Common lead points include: appendix, lipoma, intes-
tinal polyp, a Meckel’s diverticulum, enlarged Peyer’s patch, and Henoch-
Schonlein purpura (HSP)-associated submucosal hematomas [1,132,136].
The second common type, representing 4% of intussusceptions, is ileoileo-
colic [137]. Approximately 40% of ileoileocolic intussusceptions will have
a pathologic lead point. Because of the anatomical location, these are
more difficult to reduce and often present with an abdominal radiograph
consistent of a small bowel obstruction [132,138]. Appendicocolic, cecocolic,
colocolic, jejunojejunal and ileoileal also are described [132] and typically in-
volve older patients. Pathologic lead points commonly are found with these
anatomic variations of intussusceptions [132,139,140].

Clinical presentation
The most common signs and symptoms of intussusception are well

documented: abdominal mass, rectal bleeding, vomiting, and colicky ab-
dominal pain that bring the child’s knees to the chest [137,139]. It is es-
timated that only 30% of children will have all four classic symptoms
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[141]. Thus, relying on all four symptoms will delay the diagnosis [137].
Vomiting and colicky abdominal pain lasting for minutes are the most
common and well-described clinical symptoms [141]. Another symptom
is lethargy following abdominal pain (and vomiting), which Justice noted
to be present in 75% of infants [142]. Finally, there is a subset of infants,
estimated to be 15%, who do not have any history of abdominal pain
[143]. These patients will have vomiting and will present listless, pale,
and ill [143–145].

Rectal bleeding, although thought to be a late sign, is found more fre-
quently than an abdominal mass [1,137]. Losek noted that 75% of cases
with intussusception had stool that was guaiac-positive [146]. An abdominal
mass typically is found in 22% of cases [147] and is palpated in the right up-
per quadrant. The mass is believed to be a displaced malpositioned colon
occurring during intussusception. When this happens, a vacant space may
be seen in the right lower quadrant. Concavity of the right lower quadrant
and palpation of a right upper quadrant mass are known as the signe de
Dance of intussusception [15,148].

Clearly, intussusception can be a difficult diagnosis. The most sensitive
signs and symptoms are vomiting and abdominal pain, which are indis-
tinguishable from gastroenteritis. Kupperman and colleagues developed
a predictive model and found that rectal blood, male sex, and a highly
suggestive radiographic finding were associated with sensitivities of
88%, 69%, and 86%, respectively. The negative predictive values were
76%, 49% and 79%, respectively. They argue that the presence of these
variables should prompt the clinician to order an air contrast enema
[133].

Differential diagnosis
The following life-threatening etiologies and common medical conditions

should be considered in the differential diagnosis for abdominal pain and
vomiting: incarcerated inguinal hernia, malrotation with volvulus, Hirsch-
sprung’s disease, abuse, gastroenteritis, constipation, appendicitis, and uri-
nary tract infections.

Laboratory and diagnostic studies
The standard of care suggests obtaining a two-view abdominal film in the

initial work-up for abdominal pain [132]. For intussusception, however, the
use of plain radiographs remains controversial [149,150], because the diag-
nostic accuracy is about 25% to 50% [147,151,152]. Nevertheless, the fol-
lowing radiographic findings have become almost pathognomonic for
intussusception:

� A soft tissue mass in the right upper quadrant effacing the liver edge
� The meniscus sign, which is a crescent of gas within the colonic lumen
that outlines the apex of the intussusception
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� The target sign, which is a soft-tissue mass outlined by a lucency of peri-
toneal fat (Fig. 9) [153]

These findings, unfortunately, are not common [154], and, more impor-
tantly, an infant with intussusception may have a normal radiograph.

Sonography is becoming the modality of choice in diagnosing intussus-
ception. It offers the absence of radiation. It is noninvasive and has
a 100% accuracy rate [155,156]. The ultrasound finding is distinct; on
cross section, a 3 cm to 5 cm diameter mass is seen in the shape of a target
or donut [157]. Sonography also has been shown to be effective in diagnos-
ing pathologic lead points and determining other true causes of abdominal
pain in children such as ovarian torsion and small bowel volvulus
[157,158].

Management
Once the diagnosis is apparent or suspected, an air contrast enema is re-

quired to reduce the intussusception. Sedation is not required. Unsuccessful
reduction or bowel wall perforation is uncommon. At the author’s institu-
tion, a pediatric surgery consultation is not required prior to the air contrast
enema. A surgery consultation is obtained if the pediatric radiologist is
unable to reduce the intussusception or if perforation occurs.

Air contrast enema has replaced barium enema for several reasons:
because perforation with contrast carries serious consequences, and the re-
currence rate is higher with contrast [159]. Ultrasonography also has been
shown to increase the success rate during difficult reductions [160].

Fig. 9. An infant with intussusception. Note the loss of the liver edge. A target also can be seen

in the right upper quadrant. (Courtesy of Loren G. Yamamoto, MD, Honolulu, Hawaii.)
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Appendicitis

Pathophysiology
In neonates and infants, fecaliths are not causative agents in the devel-

opment of appendicitis [161]. Pathologic obstruction of the appendiceal
lumen from Hirschsprung’s disease, an inguinal hernia, or emboli from
congenital heart disease has been implicated [162,163]. A lack of physio-
logic and immunologic reserve, a small abdominal cavity allowing an
intra-abdominal infection to easily spread, a relatively small omentum
that cannot wall off an infection, and a thin-walled appendix have been
cited to increase morbidity and mortality for appendicitis for this young
age group [164].

Epidemiology
Appendicitis in infancy is rare, and, as a surgical procedure, represents

less than 2% of all pediatric appendectomies [165]. The incidence is about
0.4% for children younger than 12 months of age [165,166]. By the time
of diagnosis, appendiceal perforation typically has occurred, with notable
rates from 37% to 94% [167,168]. In fact, perforation rates exceed 95%
within only 48 hours of symptoms [168]. In a recent study by Lin, perfora-
tion rates were 100%, and one infant died out of a total of seven infants dur-
ing a 10-year period [169]. Without aggressive management with surgery
and antibiotics, mortality rates for infants and neonates were 29% and
81%, respectively [162,165].

Clinical presentation
The high perforation rate implies nonspecific clinical findings or a lack of

attention by providers or caregivers. Early diagnosis is challenging, and the
most common sign and symptom are nonspecific and ubiquitous: fever,
vomiting, anorexia, and diarrhea [169,170]. As a result, the average time
to correctly diagnosis appendicitis is 4 days [171]. As the appendiceal inflam-
mation continues, irritability and lethargy may be noted in the infant or ne-
onate [1,172]. Grunting respirations and parental concerns for their infant’s
right hip may be noted [6,173]. Eighty-four percent of infants will have fe-
vers [165,168,173]. Once perforation occurs, abdominal pain and distention
will be noted [169]. A right lower quadrant mass will develop as inflamma-
tion and infection worsens [174]. In severe peritonitis, abdominal wall cellu-
litis may be visible [169].

A high clinical suspicion is needed to diagnose a neonate or infant with
appendicitis. In 1947, Howard Williams noted:

‘‘[a] history from the mother of a continued bellyache or discomfort
and repeated vomiting should be presumptive evidence of appendicitis.
I am in opinion that such a history places the responsibility on the

medical attendant of suspecting appendicitis and of acting accordingly’’
[175].
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Differential diagnoses
Medical and surgical conditions mimicking appendicitis include AGE,

GER, malrotation with volvulus, Hirschsprung’s disease, Meckel’s divertic-
ulum with a Ladd’s band, and NEC. Nonintentional trauma always should
be considered with abdominal distention and vomiting.

Laboratory and diagnostic imaging
No laboratory studies will diagnose appendicitis. White cell blood counts

have been noted to be normal among infants with perforated appendicitis
[169]. For ill-appearing patients, a sepsis work-up should be considered.
The evaluation of appendicitis with ultrasound and CT has not been studied
in neonates or infants. CT scans have a high sensitivity and specificity in
older children and adults [176]. Neonates and infants, however, have rela-
tively little body fat and a small appendix; thus diagnosing a nonperforated
appendix may be difficult [177]. In addition, exposing infants to radiation
should not be taken lightly. Researchers strongly urge more restrictive use
of CT scanning of children [178,179]. This is based on the following factors:

Children are more inherently sensitive to radiation, because they have
more cells in mitosis.

� The overall radiation dose is much greater than adults.
� Children are more likely to have additional CT scans over their life time,
and the carcinogenetic effects from radiation are cumulative.
� Children have long lives and have more time to express cancer [180,181].

Hall estimated that the lifelong risk of developing cancer after a single
abdominal CT was 1/1000 [181]. To put this into perspective, an estimate
2.7 million CT scans are performed in children each year [182]. The public
health implications are staggering. With this being noted, the author advo-
cates the use of abdominal CT when indicated, but also reminds physicians
to use it judiciously.

Ultrasound has proven to be a valuable modality in diagnosing appendici-
tis, especially in the hands of a well-trained ultrasonographer [183]. It has the
added value of being noninvasive (no intravenous catheter or the need for oral
contrast), not exposing the child to radiation, and not requiring sedation. The
sensitivities and specificities are good and have been reported to range from
44% to 95% and 47% to 95%, respectively [184]. The inability to visualize
the appendix is the most common cause for the false-negative rate [185].

As mentioned before, neonatal and infant perforation rates are high and
have not changed in recent years. Similarly, perforation rates for older chil-
dren and adolescents have not changed [186]. So how does one proceed?
Kosloske and colleagues proposed a clinical pathway that was effective at
reducing radiation exposure from CT scans without compromising accu-
racy. In their study, they reported an accuracy of 97%, which was higher
than using a CT scan or ultrasound alone [187], when a pediatric surgeon
performed an abdominal examination on each patient. Other researchers
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have proposed using an ultrasound to screen suspected cases [188]. Morrow
and other researchers suggest that if the combination of history, physical
examination, laboratory studies, and ultrasound are inconclusive, then the
patient could undergo a CT scan or be admitted for serial abdominal
examinations [170,189].

Management
If appendicitis is suspected, early pediatric consultation is warranted. In-

travenous access for aggressive fluid resuscitation is critical, given that most
infants will have perforated once the diagnosis is made. Broad-spectrum an-
tibiotics should be initiated early in the evaluation if the neonate or infant
appears ill. One should consider performing a full sepsis work-up and
also obtaining coagulopathy, type and screen, and VBG laboratory tests.
Supporting the airway, breathing, and circulation is the dictum until defin-
itive surgical repair or transfer to the critical care unit.

Summary

Neonatal and infant abdominal emergencies can present with a myriad of
signs and symptoms. There are, however, common themes with each disease.
For example, bilious vomiting always should be considered a life-threaten-
ing emergency, and it can be seen in all of the conditions discussed includ-
ing, malrotation with volvulus, necrotizing enterocolitis, Hirschsprung’s
disease, incarcerated inguinal hernia, omphalitis, and appendicitis except
hypertrophic pyloric stenosis. Abdominal distention also can be seen in all
but HPS. A thorough physical examination will diagnose omphalitis and in-
carcerated inguinal hernia. To some extent, abdominal radiographs can be
very helpful, especially if vomiting and abdominal distention are present.
Rectal bleeding or guaiac positive stool can be seen with Meckel’s divertic-
ulum, Hirschsprung’s disease, necrotizing enterocolitis, and intussusception.
Table 2 is a quick reference guide for the clinician when presented with
neonates and infants who may have an abdominal emergency.

Ill-appearing patients with vomiting, fever, and abdominal distention are
late presentations of malrotation with volvulus, necrotizing enterocolitis,
omphalitis, Hirschsprung’s disease, incarcerated inguinal hernia, intussus-
ception, and appendicitis. These patients require aggressive fluid resuscita-
tion, broad-spectrum antibiotics, attention to the ABCs, and a pediatric
surgery consultation.

The use of technology has changed patient care. Ultrasound and CT have
saved countless lives and decreased morbidity, especially for appendicitis.
Adversely, it now seems that radiation exposure from CT scans may have
consequences to all children. Obviously, the benefit of the CT scan out-
weighs the risk for most situations. Physicians must strive to protect patients
as best possible.
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Children with metabolic disturbances frequently present with symptoms
similar to those with other emergencies, particularly in the newborn period
and early infancy. Initial consideration of a metabolic disease in the differ-
ential diagnosis is important, especially in previously healthy neonates with
acute deterioration. Metabolic disorders, either acquired or congenital,
comprise a variety of entities which cause derangement in normal physiol-
ogy and metabolism. These disorders may include diseases related to electro-
lyte imbalances, endocrine dysfunction, or inborn errors of metabolism.
Although some use the term metabolic disorder only in relation to inherited
inborn errors as first described by Garrod in 1902, this article focuses on
pediatric metabolic disorders in the general sense.

Metabolic diseases can vary as much in clinical presentation as they can
in classification. Because the symptomatology of these disorders is also as-
sociated with a variety of non-metabolic diseases, many metabolic condi-
tions are missed in the emergency department. A definitive diagnosis is
frequently not possible or necessary during the emergency department
course, but proper initial management based on the probable diagnosis
can be life-saving or reduce neurologic sequelae. Disorders which are re-
sponsive to emergency department treatment are highlighted herein.

Infants with metabolic disorders frequently present with nonspecific
symptoms similarly seen in other infectious, neurologic, and toxicologic
emergencies. Differences in presentation can be subtle, especially in the
neonatal period. Vomiting, alterations in neurologic status, and feeding dif-
ficulties are perhaps the most prominent features of metabolic diseases.
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Characteristic clinical manifestations of specific disorders are discussed in
the following sections.

Hypoglycemia

Hypoglycemia is one of the most commonly encountered metabolic prob-
lems, especially in the neonatal period. The definition of hypoglycemia is
somewhat controversial and age dependent. In children, infants, and term
neonates older than 1 to 2 days of life, hypoglycemia is usually defined as
a serum glucose concentration less than 40 to 45 mg/dL [1,2]. In term and
premature neonates within 1 day of life, levels as low as 30 mg/dL are con-
sidered by some to be normal. The laboratory value should be interpreted in
the context of the clinical presentation, because symptoms may occur within
a continuum of low glucose levels. Glucose levels of 50 to 60 mg/dL with
symptoms of hypoglycemia may warrant treatment.

Glucose is the main energy substrate for the brain, and its levels represent
a balance between exogenous supply and endogenous gluconeogenesis and
glycogenolysis. Mobilization and use of glucose is mediated by hormones,
primarily insulin. Insulin stimulates glucose uptake in cells and glycogen
synthesis, and its actions are opposed by epinephrine, glucagon, cortisol,
and growth hormone. Hypoglycemia can occur when imbalances exist be-
tween exogenous and endogenous substrate supply which may involve these
hormonal abnormalities. Causes of hypoglycemia in the pediatric popula-
tion are listed in Box 1. Important etiologies in the emergency department
include infection, adrenal insufficiency, inborn errors, and medication-
induced causes. Hyperinsulinemia, particularly persistent hyperinsulinemic
hypoglycemia of infancy, should be considered as a potential cause of
intractable hypoglycemia from the newborn period to 6 months of age.

Symptoms of hypoglycemia generally fall into two categories: (1) those
associated with activation of the autonomic nervous system (adrenergic),
and (2) those associated with decreased cerebral glucose use (neuroglyco-
penic). Adrenergic symptoms are usually seen early with a rapid decline in
blood glucose and include tachycardia, tachypnea, vomiting, and diaphore-
sis. Because most of these patients are hypoglycemic before arrival to the
emergency department, these symptoms are frequently absent. More famil-
iar are the neuroglycopenic symptoms, which are usually associated with
slower or prolonged hypoglycemia. These symptoms include poor feeding,
altered mental status, lethargy, and seizures. These classic symptoms are
usually evident in older children and adults; in infants, the presentation
may be subtle and include only hypotonia, hypothermia, jitteriness, exagger-
ated primitive reflexes, or feeding difficulties.

Early detection of hypoglycemia is critical because permanent brain
damage may begin shortly after symptoms develop, particularly in new-
borns and infants. Bedside glucose testing should be performed on all
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pediatric patients who appear seriously ill or altered. Hypoglycemia occur-
ring in children requiring resuscitation care is associated with increased
mortality [3].

Acute treatment for hypoglycemia begins with intravenous glucose bolus
replacement. The recommended dose ranges from 0.2 to 1 g/kg; a midlevel
range of 0.4 to 0.5 g/kg glucose translates to approximately 4 mL/kg of 10%
dextrose or 2 mL/kg of 25% dextrose. Some advocate a smaller bolus of
0.2 g/kg (2 mL/kg of 10% dextrose) to minimize hyperglycemia and resul-
tant insulin secretion and possible prolonged hypoglycemia [4]. Generally,
a 10% solution is used in neonates and infants, whereas a 25% solution is
used in toddlers and children. More dilute solutions are used in younger
patients to minimize vascular injury caused by more concentrated fluids.
Continuous glucose infusion should follow bolus administration to maintain
normal glucose homeostasis, especially in neonates. The normal glucose

Box 1. Causes of hypoglycemia

Decreased production/availability of glucose
Low glycogen stores

Small for gestational age, prematurity
Malnutrition/fasting
Malabsorption/diarrhea

Increased use of glucose
Hyperinsulinemic states

Infant of diabetic mother
Persistent hyperinsulinemic hypoglycemia of infancy

Nesidioblastosis
Islet cell adenoma/hyperplasia

Beckwith-Wiedemann syndrome
Stress

Infection/sepsis

Combined or other mechanism
Inborn errors of metabolism
Hormone deficiency

Adrenal (glucocorticoid) insufficiency
Growth hormone deficiency
Glucagon deficiency

Iatrogenic
Insulin/oral hypoglycemic therapy
Poisoning (ethanol, propanolol, salicylates)
Reye’s syndrome
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requirement in a neonate is 6 to 10 mg/kg/min, which is roughly equivalent
to an infusion of 10% dextrose-containing solution at 1.5 times the mainte-
nance rate. Glucose levels should be rechecked frequently (every 1–2 hours)
and the infusion rate adjusted accordingly.

If hypoglycemia persists despite boluses and infusions, a hyperinsulinemic
state should be considered. Glucagon, 0.1 to 0.2 mg/kg (up to 1 mg) paren-
terally, can be given to infants for refractory hypoglycemia. Because it can
be given intramuscularly, glucagon can be particularly helpful when intrave-
nous access is difficult or delayed. Glucagon will not be effective in patients
lacking adequate glycogen stores, such as those with inherited storage
diseases [5]. Hydrocortisone, 2 to 3 mg/kg or 25 to 50 mg/m2, can also be
considered for refractory hypoglycemia [6].

Hyperglycemia and diabetic ketoacidosis

Hyperglycemia is typically defined as a glucose concentration of greater
than 125 to 150 mg/dL. It is often seen in critically ill, non-diabetic patients
of all ages and can signify increased mortality. Hyperglycemia is frequently
seen in the first week of life and is inversely correlated to gestational age,
with up to 18 times greater occurrence in neonates with birth weights less
than 1000 g [7,8]. It is also seen in infants who are acutely stressed or septic,
receiving high rates of glucose infusion, or being treated with corticosteroids
or other drugs. In non-iatrogenic conditions, hyperglycemia is a consequence
of physiologic stress and increased levels of counterregulatory hormones
including glucagon, catecholamines, cortisol, and growth hormones.
Mechanisms of hyperglycemia include immaturity in the neonatal period,
absolute or relative insulin insufficiency, and hepatic and peripheral insulin
resistance. Owing to their small mass of insulin-dependent tissue, namely,
muscle and fat, infants have limited glucose use when compared with larger
children and adults [7,8]. The greatest risk of hyperglycemia is dehydration
secondary to the resulting urinary loss of glucose and osmotic diuresis. The
hyperosmolarity and osmotic shifts that occur can increase the risk of cere-
bral bleeding due to brain cell dehydration, dilation of capillaries, and an
inability to autoregulate cerebral blood pressure. It is unknown whether
infants with stress-induced hyperglycemia are at risk for later development
of diabetes mellitus [9,10].

Insulin-dependent diabetes mellitus (IDDM) diagnosed in the newborn
or during the first 6 months of life is extremely rare, affecting approximately
1 in 500,000 births [7,8]. More common is a temporary form called transient
neonatal diabetes mellitus. It resembles permanent diabetes mellitus but
resolves within several weeks or months. Patients affected with the transient
form during infancy may have diabetes mellitus recur later in life [8]. The
ultimate cause of neonatal diabetes remains unclear; however, many theories
have related to immature metabolic pathways. Most children studied do
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have a low birth weight for gestational age, with some full-term infants
weighing less than 1500 g. Other possible associations include short-term
maternal enterovirus infection, autoimmune enterocolitis, congenital ab-
sence of the islet of Langerhans, rare genetic disorders, and pancreatic agen-
esis [7–9]. Patients in whom IDDM develops after the first 180 days of life
have genetic profiles and a clinical course similar to patients in whom
IDDM develops later in life [8].

Diagnosing IDDM in the young infant can be difficult for obvious
reasons. Polydipsia cannot be communicated by the nonverbal infant, new
absorbent diapers may mask polyuria, and oral rehydration may conceal
acute weight loss. Recurrent cutaneous candidiasis, although common in
infants, can be considered an indication for the clinician to check blood glu-
cose levels [9–11]. Infants are often misdiagnosed with pneumonia, asthma,
or bronchiolitis and undergo treatment with corticosteroids that will only
aggravate the metabolic derangements of IDDM. These difficulties help ex-
plain why the younger the patient presents with IDDM, the more likely they
will present with severe decompensation, including acidosis, obtundation,
and possibly cerebral edema [9].

Diabetic ketoacidosis (DKA) is defined as a glucose level greater than
200 mg/dL with either a bicarbonate level less than 15 mEq/L or a venous
pH less than 7.3. It is more difficult to recognize and treat in younger pa-
tients for several reasons. The higher basal metabolic rate and larger surface
area to body mass ratio in infants require stricter amounts of fluid and elec-
trolyte repletion. The smaller patient is also at greater risk for cerebral
edema owing to the immaturity of autoregulatory mechanisms. Cerebral
edema is thought to occur in about 0.5% to 1% of all children with DKA
and is the most likely cause of morbidity, with death in 20% to 25% of these
patients and pituitary insufficiency in 10% to 25% of survivors [9,11–13].
Other causes of mortality in infants with DKA include concomitant pneu-
monia, sepsis, pulmonary edema, and cardiac arrhythmias associated with
electrolyte imbalances.

The pathophysiology of DKA can be condensed to a blend of insulin de-
ficiency and antagonism during physiologic stress with the actions of coun-
terregulatory hormones. Increased glucose production from glycogenolysis
and gluconeogenesis coupled with the incapacity to use glucose lead to
hyperglycemia, osmotic diuresis, loss of electrolytes, hyperosmolarity, and
dehydration. This vicious cycle occurs concurrently with lipolysis as the
body senses a starvation mode and enters oxidative metabolism with resul-
tant ketone (beta-hydroxybutyrate) formation and metabolic acidosis.
Lactic acid also contributes to the acidosis as tissues undergo anaerobic
metabolism with inadequate perfusion. Clinically, the infant will most likely
present with vomiting, lethargy or frank coma, polyuria, deep Kussmaul’s
respirations, and severe dehydration. DKA can be categorized as mild
with a venous pH of 7.2 to 7.3, moderate with a venous pH of 7.1 to 7.2,
and severe with a venous pH less than 7.1.
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Assessment starts with the suspicion of DKA if the young infant did not
previously carry the diagnosis of diabetes. Clinical examination should focus
on volume status as well as a search for a source of infection, although this
may not be the precipitating cause in first time presentations. The patient
should be carefully weighed and measured for accurate fluid therapy calcu-
lations. Previously known weights should not be used because the patient
may have sustained an unnoticed amount of weight loss. Airway protection
with intubation may be necessary in the unresponsive infant or with impend-
ing respiratory failure. Care must be taken to set the respiratory rate on the
ventilator to match the infant’s previous natural rate to compensate for the
metabolic acidosis; however, aggressive hyperventilation (to PCO2 !22) is
associated with poorer neurologic outcomes and is not recommended
[9,11,12]. Initial diagnostic tests should include blood draws for serum
electrolyte levels, glucose, osmolality, pH, complete blood count, beta-
hydroxybutyrate and acetone levels, and blood cultures. Blood gases from
venous or capillary origin are generally regarded as acceptable in non-
intubated and well-perfused infants [14,15]. Catheterized urinalysis and
culture should also be performed. An electrocardiogram can be obtained
as a rapid way to assess the potassium level. Pseudohyponatremia is usually
seen from the dilutional effect of hyperglycemia. Leukocytosis may be from
a stress response rather than an underlying infection.

Initial management should focus on rapid expansion of the intravascular
volume and improvement of acidosis, the two life-threatening circum-
stances; however, rapid fluid administration to improve glomerular filtration
must be carefully monitored to avoid excessive hydration and augmenting
the possibility of cerebral edema. Approximately, a 10% fluid deficit in in-
fants with DKA can be assumed. Isotonic solutions of 0.9% saline or
Ringer’s lactate can be used with a volume of 10 to 20 mL/kg over 1 to 2
hours. If the infant remains severely dehydrated or hypotensive, this volume
can be repeated. Once adequate intravascular volume is obtained, the
remaining fluid deficit can be restored over the next 24 to 48 hours depend-
ing on the degree of initial hyperosmolality. The first 4 to 6 hours of replac-
ing fluid deficit can be done with 0.9% normal saline or Ringer’s lactate.
Subsequent volumes should be replaced with a fluid of tonicity greater
than 0.45% saline and added potassium or phosphate, provided that urine
output is adequate [9].

Insulin therapy is key to resolving DKA and halting lipolysis and ketone
generation. Insulin infusion should begin after the initial fluid bolus, about 1
to 2 hours after the start of resuscitation. Only intravenous routes should be
considered, because subcutaneous and intramuscular absorption is irregular
or inadequate in the dehydrated patient. Insulin bolus is not recommended
in the pediatric population, because extensive evidence demonstrates this
may exacerbate the risk of cerebral edema by dropping blood glucose
levels too quickly. The dose of insulin should be 0.1 U/kg/h (or as low as
0.05 U/kg/h in some infants) with the rate of infusion adjusted to achieve
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a fall in blood glucose of about 50 to 90 mg/dL per hour. Once the blood
glucose level falls to about 300 mg/dL, glucose should be added to the intra-
venous solution. As long as acidosis is present, insulin infusion should con-
tinue with the amount of added glucose adjusted to maintain levels between
150 and 200 mg/dL. Once acidosis has resolved and the patient can tolerate
oral intake, subcutaneous insulin can be initiated, usually 1 to 2 hours be-
fore insulin infusion is discontinued. The dose for subcutaneous insulin is
0.25 U/kg [9,10].

DKA patients generally experience a potassium deficit of about 3 to
6 mEq/kg. Most of the potassium deficit is intracellular as the acidosis, lipol-
ysis, hypertonicity, and glycogenolysis promote a general efflux of potas-
sium out of cells. Extracorporeal losses through vomiting and urinary
diuresis also contribute to total body potassium deficit. At presentation of
DKA, the extracellular potassium level that is measured may be decreased,
normal, or increased. Once insulin therapy is begun and acidosis is im-
proved, potassium is forced back into cells, which may cause a precipitous
drop in potassium levels and lead to cardiac arrhythmias. As a general
guideline, potassium replacement is necessary early in treatment. If the
potassium level is greater than 4 mEq/L, 40 mEq/L of potassium is added
to the intravenous fluids after vascular competency and urine output are re-
stored. If the initial potassium level is less than 4 mEq/L, replacement
should be started after the fluid bolus and before insulin therapy. Should
laboratory values be delayed, the electrocardiogram and cardiac monitor
can serve as a way to estimate potassium levels. Potassium phosphate com-
bined with potassium chloride or acetate can be used with the maximum
infusion rate at 0.5 mEq/kg/h.

Phosphate depletion due to osmotic diuresis can also be expected in DKA
patients, but the benefit of phosphate replacement is unclear. Although
a few studies have not demonstrated a clinical benefit to phosphate reple-
tion, severe hypophosphatemia exhibited by muscle weakness can be treated
through supplementation. Calcium levels may decline, and phosphate infu-
sion should be terminated if hypocalcemia occurs. Potassium phosphate has
been shown to be safe for use with close observation of calcium levels [9].

Bicarbonate therapy in DKA and other acidotic states is discussed in the
section on metabolic acidosis. Generally, bicarbonate is not recommended,
because the acidosis should self-correct during fluid resuscitation and insulin
therapy. Some advocate its use in DKA with a pH less than 6.9 or significant
hyperkalemia or arrhythmias. The American Diabetic Association recom-
mends consideration of bicarbonate in the pediatric patient if the pH
remains less than 7.0 after the first hour of hydration [16]. If given for
DKA, bicarbonate can be mixed as an isotonic solution (2 ampules of
sodium bicarbonate in 0.45% normal saline) and given over 1 hour.

These treatment guidelines have been based on concerns of how to best
avoid the development or worsening of cerebral edema. The pathophysiol-
ogy of cerebral edema is not well described, but DKA and its treatment
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have both been implicated. Perhaps the most common theory involves fluid
entry into the brain due to a rapid drop in serum osmolality concomitant
with vigorous fluid resuscitation. One should not infuse more than
50 mL/kg over the first 4 hours of treatment because higher volumes have
been associated with an increased risk of cerebral edema [13]. Recent studies
also suggest a vasogenic, rather than cytotoxic, mechanism of cerebral
edema [9,12,13]. Patients who are at greatest risk for cerebral edema tend
to be those who present with extreme acidosis, have high levels of blood
urea nitrogen, and hypocapnia. Cerebral edema can be present before the
initiation of therapy or within 4 to 24 hours after treatment [9,11–13].
Radiographic imaging can be normal early on with later signs of focal or
diffuse edema, hemorrhage, or infarction. Cerebral edema should be sus-
pected in infants with persistent vomiting, bradycardia, hypertension, labile
oxygen saturation, irritability, lethargy, or in the presence of neurologic
findings. Treating cerebral edema has been attempted with mannitol
(0.25–1.0 g/kg) or hypertonic saline (3%) given 5 to 10 mL/kg over a period
of 30 minutes. Hyperventilation in intubated patients should not be beyond
the patient’s physiologic tendency.

Hyponatremia

Although not as common as hypoglycemia in the emergency department,
hyponatremia is one of the most common electrolyte abnormalities in hos-
pitalized children [17]. Hyponatremia can be caused by salt-losing states,
such as vomiting or diarrhea, diuretic excess, and adrenal insufficiency, or
by excess total body water states such as the infection-induced syndrome
of inappropriate secretion of antidiuretic hormone (SIADH), nephrotic syn-
drome, and cirrhosis. Factitious, or pseudohyponatremia, can occur with
hyperglycemia, hyperlipidemia, or hyperproteinemia. In infants, hyponatre-
mia is commonly due to excess gastrointestinal loss from prolonged vomiting
or diarrhea, or from inappropriately diluted formulas. Pyridoxine-dependent
seizures are a rare cause of intractable seizures in neonates.

Hyponatremia is typically defined as a serum sodium level less than 125
to130 mEq/L, although clinical symptoms are not usually seen until serum
sodium falls below 120 mEq/L. Manifestations include altered mental sta-
tus, lethargy, vomiting, diarrhea, seizures, and circulatory collapse. Vomit-
ing can be a cause and manifestation of hyponatremia. The presence of
symptoms is dependent in part on the rate of change in serum sodium. A
gradual or chronic progression of hyponatremia may not become clinically
evident even at levels below 110 mEq/L. Conversely, less severe hyponatre-
mia may be symptomatic if the decline in serum sodium is rapid.

Treatment should be geared toward the underlying cause. Aggressive
treatment with 3% hypertonic saline (514 mL/kg) should only be initiated
if significant symptoms are present, such as seizures or coma. A dose of
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5 mL/kg over 10 to 15 minutes should raise the sodium level by approxi-
mately 5 mEq/L; smaller additional doses of 2 to 3 mL/kg can be considered
if there is no clinical improvement. The exact sodium deficit can be calculated
as follows: mEqNaþ needed¼ 0.6�weight (kg)� (Naþ desired�Naþmea-
sured). Acute correction to a level of 125 mEq/L should alleviate symptoms
in most cases. After acute correction for symptoms, the goal is to raise the
sodium level slowly at a rate of 0.5 mEq/L per hour (maximum, 12 mEq/L
per day) by using 0.9% normal saline infusion. If SIADH is suspected, one
should consider fluid restriction to two-thirds maintenance and administra-
tion of furosemide, 1 to 2 mg/kg. Pyridoxine, 100 mg intravenously, should
be considered for neonates with intractable seizures of unclear etiology [18].

Central pontine myelinolysis is a potential complication of hypertonic
saline use, although it has been less well described in children than adults
[17]. This observation may reflect the fact that hyponatremia in the pediatric
population tends to occur acutely rather than chronically, and most cases of
central pontine myelinolysis after a rapid rise of sodium are described in
a setting of chronic hyponatremia. Infants can apparently tolerate rapid
and large increases in sodium levels without sequelae.

Metabolic acidosis

Metabolic acidosis occurs via three major mechanisms: (1) loss of
bicarbonate from the kidney or gastrointestinal tract, (2) excess acid from
endogenous production or an exogenous source, or (3) underexcretion of
acid by the kidneys. Neonates and infants are more susceptible than are
older children to acidosis owing to their lower renal threshold for bicarbon-
ate reabsorption and limited maximum net acid excretion. Young infants
have a relatively limited compensatory mechanism for an excess acid load.

The presence of metabolic acidosis has important diagnostic consider-
ations depending on the classification of acidosis as a normal anion gap
or increased anion gap. The anion gap is calculated as the difference between
serum sodium and the sum of serum chloride and bicarbonate [Naþ � (Cl� þ
HCO3

�)]. A normal anion gap range is somewhat age dependent but in
children is 12 � 4, and an anion gap of greater than 16 is considered
elevated. Causes of metabolic acidosis based on the anion gap are listed
in Box 2. Lactic acidosis is the most common cause of an increased anion
gap acidosis in critically ill neonates [19].

Clinical manifestations of metabolic acidosis are nonspecific and include
altered mental status, vomiting, respiratory distress, and poor perfusion. An
important sign, particularly in infants, that can alert the emergency depart-
ment physician of metabolic acidosis is tachypnea, a compensatory mecha-
nism creating a respiratory alkalotic response. This breathing can range
from mild shallow tachypnea to deep Kussmaul respirations of severely
acidotic patients.
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Treatment is focused toward appropriate fluid resuscitation and specific
therapy for the underlying cause of the acid-base disturbance. The use of
sodium bicarbonate is controversial. Most clinicians would only recommend
it if an inborn error is suspected or if the metabolic acidosis is causing
significant arrhythmias or hemodynamic instability. Some advocate its use
in DKA with a pH less than 6.9 or significant hyperkalemia or arrhythmias,
or in non-DKA metabolic acidosis with a pH less than 7.1 refractory to
other treatments. The dose of sodium bicarbonate is 1 to 2 mEq/kg given
intravenously. Bicarbonate potentially improves cardiac output and blood
pressure, but these benefits are thought to be only transient in neonates
[20]. Bicarbonate therapy is potentially harmful because it shifts the
oxygen-hemoglobin dissociation curve to the left and can worsen tissue
hypoxia, particularly in hypovolemic patients. It can also cause hypernatre-
mia, hypokalemia, and a paradoxical drop in central nervous system pH
leading to decreased consciousness. A 5% albumin infusion in neonates
has been shown to be less effective than bicarbonate in correcting metabolic
acidosis [21].

Adrenal insufficiency

Adrenal insufficiency is due to primary adrenal disease or secondary to
pituitary suppression and can be inherited or acquired. Congenital adrenal
hyperplasia (CAH) is an important cause of primary adrenal insufficiency in
the newborn period, whereas Addison’s disease is a more common etiology
in children and adolescents. Secondary adrenal insufficiency is more com-
mon in older children and almost always involves exogenous steroid use
for a chronic disease with subsequent discontinuation. Acute adrenal

Box 2. Causes of metabolic acidosis

Normal anion gap
Gastroenteritis/diarrhea
Renal tubular acidosis
Adrenal (mineralocorticoid) insufficiency

Increased anion gap
MUDPILES

Methanol, uremia, DKA, paraldehyde, iron or isoniazid, lactic
acidosis, ethylene glycol, salicylates

Inborn errors
Carbohydrate, amino acid, or fatty acid metabolism

Starvation
Chronic renal insufficiency
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insufficiency or crisis occurs when the adrenal glands fail to produce
adequate glucocorticoid and mineralocorticoid in response to stress. The
common emergency department presentation involves a newborn male
with an uneventful birth history who presents within the first 2 weeks of
life with apparent dehydration or sepsis and circulatory collapse unrespon-
sive to fluid resuscitation.

The term congenital adrenal hyperplasia refers to a group of inherited au-
tosomal recessive disorders with defects in adrenal biosynthesis of the gluco-
corticoid cortisol. The low cortisol production stimulates pituitary
production of ACTH which causes the characteristic hyperplasia of the
adrenal cortex. Depending on the affected enzyme, the synthesis of other
steroids such as mineralocorticoids (aldosterone) and androgens may also
be affected, and the clinical expression will vary depending on the accumu-
lated biosynthetic precursors. Deficiency of 21-hydroxylase accounts for up
to 95% of CAH cases, and the discussion herein is limited to this particular
form of CAH. This disorder occurs in 1 in 10,000 to 15,000 live births world-
wide [22]. Up to 75% of affected newborns have the classic salt-losing viril-
izing variant, which is associated with aldosterone deficiency and androgen
overproduction (17-hydroxyprogesterone); up to 25% have the non–salt-
losing simple virilizing type. The degree of virilization and other clinical
signs are usually more pronounced and seen earlier in life in the salt-losing
variant.

Many states now screen newborns for CAH; however, these results may
not be available for several weeks, allowing for an acute adrenal crisis to
occur during this time. Males are particularly prone to missed diagnosis
because their genitalia may appear normal at birth. Females usually exhibit
some degree of ambiguous genitalia, such as clitoral enlargement or fusion
of the labial folds. Another physical examination sign is hyperpigmentation,
which may be present in the axilla and scrotal/labial areas and is due to the
accumulation of a corticotropin precursor that stimulates melanocytes.
With the classic salt-losing type, symptoms may begin 1 to 2 weeks after
birth and include weight loss, poor feeding, vomiting, polyuria, and dehy-
dration. Progression can occur rapidly, particularly in the setting of infec-
tion or trauma, to altered mental status, hypotension, or death.

Acute adrenal insufficiency, whether acquired or from CAH, is associated
with hyponatremia, hyperkalemia, and hypoglycemia. A normal anion gap
metabolic acidosis is often seen due to aldosterone deficiency. Unexplained
hypotension unresponsive to intravenous fluids is another sign of steroid de-
ficiency. Treatment should be geared toward aggressive fluid resuscitation
and rapid stress doses of corticosteroids. Before treatment, if possible, blood
should be collected for non-emergent testing of specific endocrine hormones
and metabolites.

Acute adrenal insufficiency is treated with stress doses of corticosteroids.
Table 1 lists various options. Hydrocortisone is the steroid of choice because
it has equal glucocorticoid and mineralocorticoid effects; cortisone is an
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alternative but cannot be given intravenously. The stress parenteral dose of
hydrocortisone is 25 to 50 mg/m2 (approximately 2–3 mg/kg), followed by
100 mg/m2/d in divided doses. The typical dose in a neonate or young infant
is 25 mg. Dexamethasone has no mineralocorticoid effect but is advocated
by some over hydrocortisone in normotensive patients with an unconfirmed
diagnosis owing to its noninterference with diagnostic ACTH stimulation
testing. An oral mineralocorticoid such as fludrocortisone can be started
after initial stabilization with intravenous fluids and glucocorticoids.
Hyperkalemia should correct with fluids and steroid therapy and rarely
needs individual correction, because neonates can tolerate elevated potas-
sium levels better than children and adults.

Inborn errors of metabolism

This diverse group of hereditary disorders involves gene mutations, usu-
ally of a single enzyme or transport system, causing significant blocks in
metabolic pathways and accumulation or deficiency of a particular metabo-
lite. Due to the large number and complexity of inborn errors of metabolism
(IEMs), the reported incidence of these disorders varies greatly, ranging
from 1 in 1400 to 200,000 live births [23,24]. It is now possible to screen
for many of these defects in the newborn as well as prenatal periods.
Some IEMs manifest clinically in the newborn period or shortly thereafter,
and failure of early diagnosis may lead to permanent neurologic sequelae
and death if specific treatment is not initiated. Although collectively numer-
ous, IEMs that are amenable to specific emergency medications are limited;
however, the majority of them should respond to removal of the offending
metabolite from the diet. The most common emergent clinical manifesta-
tions in the neonatal period include vomiting, neurologic abnormalities,
metabolic acidosis, and hypoglycemia [25,26]. These nonspecific findings

Table 1

Corticosteroids for adrenal insufficiency

Potency effect (per mg)

Drug Dose Glucocorticoid Mineralocorticoid

Glucocorticoid

Hydrocortisone 25–50 mg/m2 IV/IM

Infant: 25 mg

Child: 50 mg

Teen: 75 mg

1 1

Cortisone 1 mg/kg IM 0.8 1

Dexamethasone 0.1–0.2 mg/kg IV/IM 40 None

Mineralocorticoid

Fludrocortisone 0.1 mg PO daily 15 400

Abbreviations: IV/IM, intravenous/intramuscular; PO, by mouth.
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can mimic other disorders, such as sepsis or adrenal crisis, but an IEM
should be considered in a previously normal neonate with acute clinical de-
terioration. Conversely, the presence of infection does not exclude the pos-
sibility of IEMs, because these patients frequently deteriorate and become
septic quickly. Standard laboratory values, particularly blood ammonia,
electrolytes, and urinalysis can be helpful in further classifying the IEM
and tailoring treatment in the emergency department (Fig. 1).

IEMs can be divided into disorders of amino acid metabolism (phenylke-
tonuria, nonketotic hyperglycinemia), fatty acid oxidation/metabolism
(medium-chain acyl-CoA dehydrogenase deficiency, primary carnitine
deficiency), energy metabolism (primary lactic acidemias), and carbohydrate
metabolism (glycogen storage diseases, galactosemia). Organic acidemias
and acidurias (methylmalonic, propionic, and isovaleric acidemias, maple
syrup urine disease) refer to a specific group of disorders of amino and fatty
acid metabolism in which high levels of non-amino organic acids accumulate
in serum and urine.

Many patients with IEMs exhibit symptoms as newborns after feedings
have been initiated, but a minority may go undetected into childhood
with only psychomotor delay until a stressor causes acute deterioration.
Recurrent vomiting, dehydration, and acute metabolic encephalopathy are
common clinical manifestations. Neurologic symptoms can range from
hypotonia to seizures to frank coma. Intractable seizures are characteristic
of nonketotic hyperglycinemia and pyridoxine-dependent seizures.
Hepatomegaly is a common finding on physical examination and can be

HYPERAMMONEMIA

Present Absent

ACIDOSIS

AMINO ACID METABOLISM
DEFECT

ACIDOSIS

Absent Present

UREA CYCLE DEFECT

INCREASED
URINE

KETONES

DECREASED
URINE

KETONES

ORGANIC ACIDEMIA
ENERGY METABOLISM DEFECT
CARBOHYDRATE METABOLISM
   DEFECT

FATTY ACID OXIDATION DEFECT

Absent

(+) urine reducing
substances in a few
carbohydrate and 
amino acid defects  

Fig. 1. Diagnostic pathway for inborn errors. (Modified from Brousseau T, Sharieff G. The crit-

ically ill newborn. Critical Decisions in Emergency Medicine 2003;18:5; with permission.)
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pronounced in glycogen storage diseases and galactosemia, although it tends
to be less evident in infancy. The risk of infection, particularly Escherichia
coli sepsis, and liver failure are also increased in patients with galactosemia.
A peculiar odor in body fluids can be associated with specific disorders and
may offer an invaluable aid to diagnosis when present. Maple syrup urine
disease is named for its characteristic sweet sugar odor, isovaleric acidemia
is associated with a ‘‘sweaty feet’’ scent, and methylmalonic and propionic
acidemias can exude a fruity ketotic odor similar to that of diabetic ketoa-
cidosis. Metabolic acidosis with an increased anion gap is common in many
IEMs and can aid in further classification. Hypoglycemia is also common
and can be pronounced, particularly in glycogen storage diseases and defects
of fatty acid oxidation [27]. Hyperammonemia is most commonly seen in
organic acidemias and urea cycle defects.

Urea cycle defects are a specific classification of IEMs which lead to hy-
perammonemia due to the inability to detoxify ammonia to urea. Common
disorders include ornithine transcarbamylase deficiency, arginase deficiency
(argininemia), and argininosuccinic acid synthetase deficiency (citrulline-
mia). Clinical manifestations parallel those seen in other IEMs. Neonates
frequently present after a few days of protein feeding of either breast milk
or formula. Symptoms include vomiting, poor feeding, and post-prandial
neurologic alterations. Older infants and children may present with recur-
rent vomiting, ataxia, or developmental delay. Tachypnea is common due
to stimulation of the respiratory center by ammonia. The level of hyperam-
monemia tends to be higher than that seen in organic acidemias. Blood am-
monia is usually above 200 mmol/L (normal, !35–50 mmol/L), with some
complete enzyme defects reaching levels greater than 500 to 1000 mmol/L
[28,29]. Although sicker infants tend to have higher ammonia levels, no
strict correlation exists between ammonia levels and clinical findings. The
degree of neurologic impairment is thought to be related more to the dura-
tion of hyperammonemia rather than the level itself. Blood urea nitrogen is
usually low, but a normal level does not exclude a urea cycle defect. Meta-
bolic acidosis does not occur with these disorders unless they are associated
with a concurrent dehydrating illness. The lack of acidosis is helpful in
differentiating urea cycle defects from many of the other IEMs.

Treatment for IEMs consists of general measures as well as specific med-
ications if a probable type of IEM is suspected. Unless the infant has
a known IEM and is already on a special formula, all dietary intake should
be withheld and feedings reintroduced after consultation with a specialist.
Intravenous fluid containing dextrose may be indicated, particularly if
a urea cycle defect is suspected, because stimulating endogenous insulin will
minimize protein catabolism and ammonia production. After appropriate
fluid boluses of normal saline to correct shock, most IEMs can be managed
with a standard intravenous fluid consisting of 10% dextrose in one-fourth
normal saline at 1.5 times maintenance. Metabolic acidosis unresponsive
to intravenous fluids should be treated with sodium bicarbonate boluses of
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1 to 2 mEq/kg. Although controversial for other diseases, bicarbonate use
for IEMs is indicated, but standard calculations of bicarbonate requirements
will underestimate actual needs owing to ongoing production of acidic
metabolites [28,30]. Correction of severe acidosis will often require large
doses of bicarbonate, up to 20 mEq/kg in some organic acidemias [31].
Liberal use of bicarbonate should be performed in consultation with a meta-
bolic specialist. The rapid removal of toxins may be life-saving in some cases,
particularly with severe hyperammonemia. An ammonia level greater than
120 mmol/mL in a newborn is considered neurotoxic. Hemodialysis to remove
excessive ammonia is more effective than peritoneal or other extracorporeal
routes [28,32]. Temporizing empiric therapy with arginine with or without
sodium benzoate/phenylacetate can reduce ammonia levels acutely in most
urea cycle defects. Table 2 lists specific therapies to consider when suspecting
particular IEMs.

Thyroid disorders

Neonatal thyrotoxicosis, also called congenital hyperthyroidism, is usu-
ally due to in utero passage of thyroid-stimulating immunoglobulins from
the mother to fetus. The incidence is 1 case per 4000 to 50,000 live births
[33]. By far, most cases are due to maternal Graves’ disease, an autoimmune
disorder that produces thyroid-stimulating hormone (TSH) receptor anti-
bodies causing increased thyroid hormone release. The prevalence of
Graves’ disease in pregnant women is 0.1% to 0.4%, with hyperthyroidism
seen in 0.6% to 10% of infants born to these mothers [34]. Euthyroid
mothers treated for hyperthyroidism are still at risk for having a newborn
with thyrotoxicosis. Diagnosis is made by measuring neonatal levels of
serum-free thyroxine (T4) and TSH shortly after birth. Normal ranges of
T4 and TSH concentrations are higher in neonates than older infants and

Table 2

Specific therapies for inborn errors of metabolism

Drug Dose Indication

Arginine HCl 10%a 210–600 mg/kg IV Urea cycle defects

Biotin 10 mg IV or PO Organic acidemias

Carnitine 50–400 mg/kg IV or PO Fatty acid defects, organic

acidemias

Pyridoxine 100 mg IV Pyridoxine-dependent seizures

Sodium benzoatea and/or

phenylacetatea
250 mg/kg IV Urea cycle defects

Thiamine 25–100 mg IV MSUD, primary lactic acidosis

Abbreviations: IV, intravenous; PO, by mouth; MSUD, maple syrup urine disease.
a Can infuse over 1 to 2 hours in dextrose-containing solution.

Data from Refs. [24,27,28,32].
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children. Also, thyroid function tests may be unreliable in the first few days
of life if the mother was taking antithyroid medications.

Infants with neonatal hyperthyroidism are commonly born preterm with
low birth weight, microcephaly, and craniosynostosis. They usually present
within a few days of life but can sometimes be delayed 10 days or more.
Symptoms are transient and usually last less than 12 weeks, the duration
of which is dependent on the persistence of maternally transmitted immuno-
globulins. Symptoms include vomiting, diarrhea, poor feeding and weight
loss, sweating, and irritability. Most infants will have a goiter, and many
will also have exophthalmos, hyperthermia, tachycardia, hepatomegaly,
and jaundice. Although transient, neonatal thyrotoxicosis can be life-threat-
ening, with a reported mortality rate of up to 20%, usually from heart
failure [33].

Hyperthyroidism in older infants and children is almost always due to
Graves’ disease. Nearly 5% of all patients with hyperthyroidism are less
than 15 years old, with the majority being adolescents. Unlike adults, chil-
dren with hyperthyroidism usually have an indolent progression of symp-
toms over months, although it may occur more abruptly. Personality
disturbances or motor hyperactivity may be the earliest symptoms, followed
by the classic symptoms of weight loss, heat intolerance, diaphoresis, palpi-
tations, diarrhea, and amenorrhea. A goiter is present in nearly 100% of
cases, and exophthalmos, tachycardia, and hypertension are common [35].
Thyroid storm can occur in the pediatric population and consists of extreme
signs and symptoms of hyperthyroidism combined with a high fever and
altered mental status. It is usually precipitated by infection, trauma, or
dehydration. Thyroid storm is life-threatening and treatment should be
aggressive and similar to adult management.

Neonatal hyperthyroidism and thyroid storm have many therapeutic
options. Beta-adrenergic blockade can be achieved with propanolol in
a 0.01 mg/kg/dose intravenously and titrated to clinical effect; alternative
oral dosing is 2 mg/kg/d in three to four divided doses. Thyroid hormone
synthesis can be blocked using propylthiouracil, 5 to 10 mg/kg/d, or methi-
mazole, 0.5 to 1 mg/kg/d, both in three divided oral doses. Iodine can be
given in the form of Lugol’s solution (8 mg iodine/drop), 1 to 3 drops daily.
Iodine should be started at least 1 hour after administering an anti-thyroid
drug like propylthiouracil to avoid increasing thyroid gland stores before
the anti-thyroid effect occurs. Glucocorticoid treatment with hydrocortisone
or prednisone may also be helpful in severe cases, because it inhibits thyroid
hormone release and decreases peripheral conversion of T4 to T3.

Hypothyroidism does not occur with acute signs or symptoms and is
rarely classified as an emergent condition. Congenital hypothyroidism
may occasionally be missed due to laboratory errors in newborn screening,
and early emergency department detection and treatment within the first few
weeks of life are important to prevent irreversible brain damage. The inci-
dence is 1 case per 4000 live births, and it is the most common treatable
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cause of mental retardation. Classic symptoms include prolonged jaundice,
poor feeding, hoarse cry, constipation, somnolence, and hypothermia.
Classic signs include coarse puffy facies, large fontanelles, macroglossia, hy-
potonia, dry skin, jaundice, and a distended abdomen with umbilical hernia.

Emergency department evaluation

Initial emergency department management for a suspected metabolic dis-
order should begin with the standard ABCs approach. Poorly perfusing or
hypotensive infants require standard intravenous fluid replacement, and an-
tibiotics should be administered promptly when sepsis is suspected. If DKA
is suspected or confirmed, aggressive fluid resuscitation should be avoided in
normotensive infants due to its association with cerebral edema.

A careful history may reveal important clues suggestive of metabolic dis-
ease. Questions about prenatal care and maternal medications may elucidate
an endocrine disorder. Newborn screening test results are important inqui-
ries when considering an IEM, as is a history of consanguinity or sudden in-
fant death in the immediate family. Feeding difficulties, weight loss, or an
association of symptoms with dietary intake or particular types of food
are important inquiries, especially in newborns. Vomiting is a prominent
feature in most metabolic disorders, both as a primary symptom and a com-
pensatory mechanism by which excess body acid is eliminated via the gastro-
intestinal tract.

Physical examination should focus on the patient’s neurologic and circu-
latory status. Alterations in consciousness can range from mild lethargy to
seizures and coma. Hypotonia with poor suck and Moro reflexes are fre-
quently seen. Dehydration with tachycardia, poor perfusion, or hypotension
should be recognized early and treated aggressively. Tachypnea is a charac-
teristic sign in acidotic infants, and the degree of tachypnea frequently cor-
relates with the severity of acidosis. A fruity breath can be seen in DKA or
other ketotic diseases, whereas other unusual or peculiar body fluid odors
suggest IEMs. Hepatomegaly and jaundice may be prominent, especially
in glycogen storage diseases and galactosemia.

Emergent diagnostic testing should begin with bedside glucose testing,
which should be verified by standard laboratory testing. Electrolytes with
calculation of the anion gap are important for diagnostic classification
(see Box 2). Acid-base status can be more precisely measured with an
arterial blood gas, although in the absence of hypoxia or poor perfusion,
a venous or capillary measurement may be adequate and less invasive in in-
fants. Serum calcium, magnesium, and liver function tests should also be ob-
tained. Urinalysis will reveal the presence or absence of ketones, which can
help to differentiate particular metabolic disorders; the lack of an appropri-
ate ketonuric response to metabolic acidosis is indicative of a fatty acid
oxidation defect. The pH of urine is normally less than 5 in organic
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acidemias, whereas the most common urea cycle defect, ornithine transcar-
bamylase deficiency, may contain urinary orotic acid crystals. The finding of
urine reducing substances in the absence of glucosuria is indicative of galac-
tosuria and presumptive galactosemia. Urine reducing substances can also
be seen in a few select disorders of amino acid metabolism, such as tyrosi-
nemia. Urine electrolytes and osmolality can better classify a hyponatremic
disorder. Serum osmolality, both measured and calculated, is important in
managing DKA. Along with drug screens and levels, osmolality can help
to exclude a toxicologic cause. Concurrent with these studies should be stan-
dard investigations for infection, including a complete blood count, cerebro-
spinal fluid studies, and body fluid cultures.

The blood ammonia level should be obtained in any altered infant in
whom metabolic disease is suspected. Testing for ammonia levels need to
be completed within 30 minutes of the blood draw to avoid falsely elevated
levels. Ammonia is significantly elevated in urea cycle defects and many of
the organic acidemias. Mild transient elevation of ammonia is common in
asymptomatic neonates, especially premature infants. Lactate and pyruvate
levels can be of use. Although both acids can be elevated in sepsis and IEMs,
the lactate-to-pyruvate ratio tends to be increased in sepsis (greater than
10:1), whereas in some IEMs such as primary lactic acidosis the ratio is usu-
ally normal. Because stat thyroid function testing is now available in many
laboratories, these tests should be initiated in the emergency department
when indicated. Although variable studies exist, essential testing should
include levels for TSH and free thyroxine (T4).

Additional archival body fluid samples should be appropriately collected
and stored if an undiagnosed metabolic disease is considered in the emer-
gency department and preferably before initiation of any therapy. For adre-
nal insufficiency and CAH, additional blood studies to consider include
cortisol, ACTH, 17-hydroxyprogesterone, aldosterone, renin, insulin, and
growth hormone. For organic acidemias and other defects in amino acid
and fatty acid metabolism, quantitative blood amino acids and urinary
amino and organic acids will aid in definitive diagnosis. Although these tests
are nonemergent, the emergency department physician may on occasion be
requested to order these studies by a consultant.

Most symptomatic patients with a known or suspected metabolic disor-
der will require hospitalization, usually in an intensive care setting for fre-
quent monitoring of metabolic parameters and neurologic status. Prompt
consultation should be initiated with a pediatric endocrinologist or meta-
bolic specialist. If appropriate resources are unavailable, transfer should
be arranged with a pediatric center skilled in managing metabolic disorders.
This transfer should be done expeditiously after resuscitation and empiric
treatment for likely causes have been started.

In the event of a failed resuscitation or imminent death in a patient with
a suspected IEM, permission for autopsy and specimen testing should be
thoughtfully discussed with the parents. Perimortem samples to consider
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obtaining include frozen blood, plasma, and urine specimens, a skin biopsy,
and a needle liver biopsy [28,31]. These studies will allow for appropriate
genetic counseling for current family members and future siblings.
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A seizure is defined as a paroxysmal electrical discharge of neurons in the
brain resulting in an alteration of function or behavior. The area of cortical
involvement, the direction and speed of the electrical impulse, and the age of
the child all contribute to the clinical manifestations of the seizures [1]. A
seizure may be short and self-limited or prolonged and life threatening.
Most seizures are followed by a period of confusion, irritability, or fatigue
known as the postictal period [2]. The length of this period generally corre-
sponds to the length of the seizure activity. A diagnosis of epilepsy is made
only after the occurrence of two or more seizures without evidence of pro-
voking factors. An epileptic syndrome is a cluster of signs and symptoms
that is associated with specific neurologic and electroencephalographic
(EEG) findings [1]. Continuous seizure activity lasting longer than 30 min-
utes or two or more seizures without a return to a baseline level of con-
sciousness between events is referred to as status epilepticus [1].

Seizures are the most common neurologic disorder of childhood and one
of the most frightening. Seizures occur in approximately 4% to 10% of chil-
dren and account for 1% of all emergency room visits [3,4]. Children under
3 years of age have the highest incidence of seizures. The incidence decreases
with increasing age [5]. Each year, 150,000 children experience an unpro-
voked, first-time seizure and 30,000 of those children ultimately develop
epilepsy [3].

Patients with seizures present frequently to the emergency department,
and emergency physicians should be comfortable and proficient in the rec-
ognition and acute stabilization of these patients. It is imperative that emer-
gency department physicians differentiate between true seizures and events
that mimic seizure activity to provide appropriate treatment, parental reas-
surance, and safe patient disposition. A thorough knowledge of long-term
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seizure management including antiepileptic medications, other therapies,
and their various side effects is necessary.

Pathophysiology

A seizure is not a diagnosis itself but rather a symptom of a process that
results in a hypersynchrony of neuronal discharges. During a seizure, oxy-
gen and glucose consumption and lactate and carbon dioxide production
are all increased. If normal ventilation is maintained, the increase in cerebral
blood flow is generally sufficient to compensate for these changes. As a re-
sult, brief seizures rarely cause long-term neurologic damage. Seizures with
a longer duration may result in permanent sequelae.

During a seizure, sympathetic discharge results in tachycardia, hyperten-
sion, and hyperglycemia. Additionally, patients may have difficulty main-
taining a patent airway. In patients for whom ventilation is inadequate,
hypoxia, hypercarbia, and respiratory acidosis may occur. If seizure activity
is prolonged, the risk of lactic acidosis, rhabdomyolysis, hyperkalemia,
hyperthermia, and hypoglycemia increases.

Seizure classification

There are many possible etiologies of seizures (Box 1). The determination
of a pathologic cause should always be attempted so that the diagnostic and
treatment process can begin with the classification of the seizure. Classifica-
tion systems have been developed to standardize the terminology used to
describe seizure activity. Two overall seizure types exist: partial and
generalized.

Partial seizures originate in one cerebral hemisphere. This type of seizure
has also been referred to as a focal or local seizure. Partial seizures are fur-
ther subdivided based on whether they result in an altered level of conscious-
ness. A simple partial seizure has no impairment of consciousness, and most
commonly manifests as abnormal motor activity. Autonomic, somatosen-
sory, and psychic symptoms can also occur. When an alteration of con-
sciousness is present, the seizure is classified as a complex partial seizure.
An ‘‘aura’’ consisting of abnormal perception or hallucination often pre-
cedes this type of seizure [1,2]. These seizures may present with lip smacking,
a dazed look, or nausea and vomiting [3]. Both simple and complex partial
seizures may ultimately become generalized. Generalization occurs in
approximately 30% of children [6].

A generalized seizure involves both cerebral hemispheres and may
involve a depressed level of consciousness. Generalized seizures are either
convulsive, with bilateral motor activity, or nonconvulsive [2]. Various types
of generalized seizures can occur, including absence (petit mal), myoclonic,
atonic (drop attacks), tonic, clonic, and tonic-clonic (grand mal) seizures
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Box 1. Etiology of Seizures

Infectious
Febrile seizure
Meningitis
Encephalitis
Brain abscess
Neurocysticercosis

Neurologic/developmental
Birth injury
Hypoxic-ischemic encephalopathy
Neurocutaneous syndromes
Ventriculoperitoneal shunt malfunction
Congenital anomalies
Degenerative cerebral disease

Metabolic
Hypoglycemia
Hypoxia
Hypomagnesemia
Hypocalcemia
Hypercarbia
Inborn errors of metabolism
Pyridoxine deficiency

Traumatic/vascular
Child abuse
Head trauma
Intracranial hemorrhage
Cerebral contusion
Cerebrovascular accident

Toxicologic
Alcohol, amphetamines, antihistamines, anticholinergics
Cocaine, carbon monoxide
Isoniazid
Lead, lithium, lindane
Oral hypoglycemics, organophosphates
Phencyclidine, phenothiazines
Salicylates, sympathomimetics
Tricyclic antidepressants, theophylline, topical anesthetics
Withdrawals (alcohol, anticonvulsants)
Idiopathic/epilepsy
Obstetric (eclampsia)
Oncologic

Data from Friedman M, Sharieff G. Seizures in children. Pediatr Clin North Am
2006;53:257–77.
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[2,6,7]. Absence seizures are characterized by sudden, brief (30 second) star-
ing spells associated with lapses in awareness. Most patients are not aware
that a seizure has occurred. Simple (typical) absence seizures are character-
ized by sudden cessation of activity, a blank stare, and no postictal drows-
iness or confusion. Complex (atypical) absence seizures last longer, have
a more gradual onset and resolution, and are often associated with
myoclonic activity in the face or extremities [5,6,8].

Myoclonic seizures may occur hundreds of times daily and are character-
ized by a sudden head drop and flexion of the arms (‘‘jackknifing’’). Atonic
seizures result in a sudden loss of consciousness and muscle tone. General-
ized tonic-clonic seizures are the most common seizure type in children.
These seizures begin with a tonic phase during which pallor, mydriasis,
eye deviation, and muscle contraction occurs. This period is followed by
clonic movements including jerking and flexor spasms of the extremities.
Bowel or bladder incontinence is common. Tonic-clonic seizures can be pre-
ceded by an ‘‘aura’’ in some children but occur suddenly and without warn-
ing in most cases [5,6]. Following this type of seizure, the child may
experience a transient weakness or paralysis of one area of the body known
as Todd’s paralysis. This weakness is self-limited and requires only support-
ive management [2].

Certain epilepsy syndromes are specific to children and are classified by
etiology. One fourth of epilepsy is due to an identified preceding neurologic
cause and is referred to as symptomatic epilepsy. In cryptogenic epilepsy,
the cause is not identified but an occult symptomatic cause is assumed.
The term idiopathic epilepsy is reserved for syndromes that are presumed
to be solely genetic [9].

Infantile spasms (West’s syndrome) present with sudden jerking contrac-
tions of the extremities, head, neck, and trunk in patients between 4 and 18
months of age. The jerking often occurs in clusters and rarely during sleep.
Mental retardation is present in 95% of children with West’s syndrome, and
25% of these children have tuberous sclerosis. This syndrome carries a 20%
mortality rate. The characteristic pattern of hypsarrhythmia (random high-
voltage slow waves with multifocal spikes) is seen on EEG [5,6]. Patients are
generally treated with adrenocorticotropic hormone (ACTH) or prednisone
[10,11]. Valproic acid, lamotrigine, topiramate, vigabatrin, and zonisamide
have been successful as well [10,12–14].

Children with Lennox-Gastaut syndrome present between the ages of 3
and 5 years with intractable mixed type seizures, including tonic, myoclonic,
atonic, and absence seizures. An irregular, slow, high-voltage spike pattern
is seen on EEG [5,6]. Typically, these children are mentally retarded or have
significant behavioral problems. Attainment of seizure control is difficult,
although multiple medications have been used. Valproic acid is the most
common; however, felbamate, topiramate, lamotrigine, and zonisamide
are other alternatives [10,12]. The ketogenic diet has been successful in
some children with Lennox-Gastaut syndrome [15].
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Benign rolandic epilepsy is a genetic syndrome with an autosomal dom-
inant mode of inheritance. Patients with this syndrome present between the
ages of 3 and 13 years with nighttime seizures. They begin with clonic activ-
ity of the face (grimacing, vocalizations), and often wake the child from
sleep. The EEG shows a characteristic pattern of perisylvian spiking. The
syndrome typically resolves spontaneously by early adulthood, and therapy
is generally not indicated. If seizures are frequent, carbamazepine is the
treatment of choice [3,5,6,10].

Juvenile myoclonic epilepsy of Janz is also inherited in an autosomal
dominant fashion and presents with myoclonic jerks, most commonly on
awakening. Tonic-clonic and absence seizures occur in 80% and 25% of
these patients, respectively. The syndrome most often presents between 12
and 18 years of age and can be provoked by lack of sleep, hormonal
changes, alcohol, and stress. EEG findings include a pattern of fast spike-
and-wave discharges. Juvenile myoclonic epilepsy of Janz is most commonly
treated with valproic acid, but lamotrigine, topiramate, felbamate, and
zonisamide can also be used [3,5,6,10].

Special considerations

Neonatal seizures

The immature neonatal brain is more excitable than that of an older
child. This excitability allows for synaptogenesis and learning but decreases
the threshold for seizure activity [16]. Organized epileptiform activity is dif-
ficult to sustain in the immature cortex. The resulting seizures may be subtle
and difficult to discern from other normal newborn movements or activities
[16]. Lip smacking, eye deviations, or apneic episodes may be the only man-
ifestations of seizure activity in this age group. This presentation contrasts
with the more recognizable ‘‘shaking’’ movements in older children. In new-
borns, apneic episodes, ‘‘jitteriness,’’ and autonomic alterations may also
occur in the absence of seizure activity. These events must be differentiated
from true seizures [16]. True seizures cannot be stopped with passive
restraint alone and cannot be elicited by moving or startling the child [17].

In neonates, seizures are the most common neurologic manifestation of
impaired brain function. Seizures occur in 1.8 to 3.5 of every 1000 newborns.
Although studies have shown that seizure activity causes little direct brain
injury in neonates, some data suggest that neonatal seizures may predispose
these infants to learning difficulties and increased seizure activity later in life
[16]. Low birth weight infants have a higher incidence and worse outcomes
following seizure activity. It is not known whether this is due to the seizure
activity itself or to an initial cerebral insult [16].

Initial evaluation may include EEG and cerebral imaging studies such as
head ultrasound, CT, or MRI. Laboratory evaluation includes glucose, elec-
trolytes, calcium, magnesium, a complete blood count, blood culture,
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urinalysis, urine culture, and toxicology screens. Cerebrospinal fluid culture,
cell counts, and herpes simplex virus (HSV) polymerase chain reaction
should be considered. Further testing including blood amino acids, lactate,
pyruvate, ammonia, and urine organic acids should be added if the diagno-
sis of an inborn error of metabolism is considered.

The causes of neonatal seizures are listed in Box 2 [1,18–21]. Perinatal or
intrauterine hypoxia accounts for 50% to 65% of neonatal seizures. Intra-
cranial hemorrhage accounts for an additional 15%. Five to ten percent
of seizures result from infection, metabolic abnormalities, and toxins
[1,19,20].

Benign familial neonatal convulsions and benign idiopathic neonatal con-
vulsions are additional types of seizures that present during the neonatal
period. They are considered benign, have no known etiology, and carry

Box 2. Causes of neonatal seizures

Perinatal or intrauterine hypoxia/anoxia
Intracranial hemorrhage
Intraventricular
Subdural
Subarachnoid

Infection
Group B streptococcus
Escherichia coli
TORCH

Toxoplasmosis
Other (syphilis, hepatitis B, coxsackie virus, Epstein-Barr virus,

varicella zoster, parvovirus)
Rubella
Cytomegalovirus
HSV

Metabolic abnormalities
Hypoglycemia
Hypocalcemia
Hypomagnesemia
Pyridoxine deficiency
Inborn errors of metabolism

Other
Toxins/drug withdrawal
Central nervous system abnormalities
Neurocutaneous diseases
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a favorable prognosis. Patients with benign familial neonatal convulsions
present in the first 3 days of life and usually have a family history of neona-
tal seizures. This syndrome resolves spontaneously by 6 months of age
[1,21]. Benign idiopathic neonatal convulsions are also known as the ‘‘fifth
day fits’’ because they present on day 5 of life and generally resolve by day
15 [1,21].

Initial seizure management in neonates is similar to that in older children.
Immediate priorities include stabilization of the airway, breathing, and cir-
culation, as well as therapy to abort seizure activity. Phenobarbital is the
treatment of choice in these patients. Phenobarbital and phenytoin have
shown equal efficacy in many studies, although neither has been particularly
successful [16]. Phenytoin exerts a depressive effect on the newborn myocar-
dium and has a variable rate of metabolism in newborns; therefore, it is not
often used as a first-line agent [20,21]. Benzodiazepines should be used cau-
tiously due to the risk of hypotension and respiratory depression in this age
group [20–22]. In refractory seizures, a trial of pyridoxine is indicated to
treat the rare cases of pyridoxine deficiency, an autosomal recessive disorder
presenting in the first 1 to 2 days of life. This disease does not respond to
conventional therapies [21]. Electrolyte abnormalities should be rapidly cor-
rected, and therapy for underlying infection should be instituted. Long-term
anticonvulsant therapy usually includes phenobarbital or fosphenytoin.
Both topiramate and zonisamide have been effective as well [17,18].

Febrile seizures

A febrile seizure is defined as a convulsion that occurs in association with
a febrile illness in children between the ages of 6 months and 5 years. The
peak age of occurrence is between 18 and 24 months. Between 2% to 5%
of children will experience at least one febrile seizure before the age of 5
years, making it the most common seizure type in young children [3,23].
Febrile seizures are either simple or complex depending on their clinical fea-
tures. A simple febrile seizure is brief (%15 minutes), single, and generalized.
A complex febrile seizure lasts longer than 15 minutes, recurs during a single
illness, or is focal. Simple febrile seizures are more common and account for
80% of all febrile seizures.

Although the exact pathophysiology is unknown, it is believed that fever
lowers the seizure threshold in certain children. It is unclear whether seizure
activity is related to the absolute height of the fever or to the rate of rise of
the temperature [23–25]. It is evident that some genetic predisposition exists.
Between 25% and 40% of children with febrile seizures have a family his-
tory of febrile seizures [26].

The vast majority of children who experience a febrile seizure will have no
complications and no long-term neurologic effects [23–25]. Recurrence of
febrile seizures occurs in approximately 33% of children, with the highest
recurrence seen in children who experience their first episode before 1 year
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of age [27]. Less than 10% of children have more than three seizures [24].
Recurrences tend to occur soon after the first febrile seizure, with 50% oc-
curring within the first 6 months. Seventy-three percent occur in the first
year and 90% in the first 2 years [27]. Children with higher temperatures
at the time of their febrile seizure are less likely to have a recurrence, but
it is unclear whether the type of initial seizure (simple or complex) has
any bearing on the risk of recurrence [3,28]. In children with no additional
risk factors, the overall risk for nonfebrile seizures in the future (1%–2%) is
not statistically greater than for the general population (0.5%–1%) [1,24].
An abnormal neurologic examination before the seizure, a complex febrile
seizure, or a family history of epilepsy increases the risk of epilepsy to be-
tween 9.6% and 13% [24,27].

A patient who presents to the emergency department during a febrile sei-
zure should be treated in the same fashion as a patient with any other type of
seizure. Attention should first be directed at controlling the airway, breath-
ing, and circulation, and then at stopping the seizure activity. As is true for
other seizure types, benzodiazepines are the first-line therapy, followed by
fosphenytoin and phenobarbital. In addition, treatment to control and
reduce the temperature is indicated [24].

Due to the self-limited nature of febrile seizures, children are usually pos-
tictal or have returned to baseline by the time they arrive in the emergency
department. In these children, a thorough history and physical examination
along with an age appropriate search for the source of the fever are appro-
priate [23,29]. The risk of serious bacterial infections in these children is the
same as in children who present with fever alone [25,29,30]. In cases in which
a cause of the fever has been identified, viral infections are the most common
source. Both influenza A and human herpes virus 6 (roseola infantum) have
been linked with an increased incidence of febrile seizures [31,32]. Routine
examinations of glucose, electrolytes, calcium, blood urea nitrogen, and cre-
atinine are not necessary in children who have returned to baseline, have no
risk factors for epilepsy, and have a normal physical examination [23,27].

The need for routine lumbar puncture in children with a first febrile sei-
zure has generated much controversy. It is universally accepted that a lum-
bar puncture is required in all children in whom meningeal signs are present.
The inability to perform a reliable examination in postictal or very young
children has led to considerable variability in the approach to these children.
American Academy of Pediatrics guidelines recommend the strong consid-
eration of lumbar puncture in children younger than 12 months of age
and consideration in those younger than 18 months of age [23]. Because
the incidence of meningitis in children who present with a first febrile seizure
is low, recent research recommends that routine lumbar puncture based on
age alone is not necessary. These new suggestions rely more strongly on clin-
ical findings in addition to the child’s age when making the decision to per-
form a lumbar puncture. A lumbar puncture should be considered in
patients less than 18 months of age who present with a history of irritability,
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lethargy, or poor oral intake. Additionally, those with an abnormal mental
status, slow return from the postictal state, bulging fontanelle, headache, or
other meningeal signs should have a lumber puncture performed. Patients
whose seizures have complex features, or those who have been pretreated
with antibiotics should be considered for lumbar puncture [25].

Emergent EEG is generally not helpful and will be abnormal in approx-
imately 95% of patients shortly after a febrile seizure. It may be useful in
patients with an underlying neurologic disorder [27]. Emergent cranial imag-
ing is not necessary in children with a simple febrile seizure and is also not
likely to be necessary in well-appearing children with a first complex febrile
seizure [28]. Complex febrile seizures may require further neuroimaging on
a nonemergent basis.

Prophylactic antipyretic therapy is not effective in the prevention of future
febrile seizures, and long-term anticonvulsant medication is generally not
indicated in these children. Prophylactic antiepileptic medications may be
considered in patients with neurologic deficits, focal or prolonged seizures,
or those with a family history of epilepsy. Phenobarbital has been effective
in the prevention of future febrile seizures, but its use is limited due to behav-
ioral and cognitive side effects. Furthermore, for it to be effective, phenobar-
bital must be given continuously and cannot be used only at the onset of
fever. Valproic acid is as effective as phenobarbital, but the occurrence of
hepatotoxicity and pancreatitis in young children has limited its use. Other
antiepileptic medications such as carbamazepine and phenytoin have been
evaluated without success. Oral or rectal diazepam (0.5 mg/kg/d) given every
12 hours from the onset of fever has been shown to be as effective as contin-
uous phenobarbital in the prevention of febrile seizures. Side effects include
lethargy, irritability, and ataxia [27]. Antiepileptic therapy decreases the
recurrence of seizures but does not influence the development of epilepsy.

Most patients who have experienced a febrile seizure may be safely dis-
charged home once sufficient reassurance and parental education has
occurred. Patients with features of a complex febrile seizure, those with pro-
longed seizure activity, or those whose seizure activity fails to stop on its
own should be admitted to the hospital for further observation.

Differential diagnosis

Many clinical entities have features that mimic seizure activity (Box 3).
Disorders that result in an altered level of consciousness, those with abnor-
mal movements or posturing, psychologic disorders, and some sleep disor-
ders have features in common with seizures. Often, a thorough history
and physical examination are all that is necessary to differentiate these enti-
ties from true seizure activity. A complete description of the event from
a witness is invaluable in making this distinction. Other historical and phys-
ical examination findings are also helpful. It is useful to recall that most
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nonepileptic conditions will not be followed by a postictal period. Addition-
ally, seizure activity cannot be stopped by passive restraint alone [17]. The
differential diagnosis changes depending on the age of the child.

Breath-holding spells occur in approximately 5% of children between the
ages of 6 months and 5 years and resolve spontaneously. In cyanotic breath-
holding spells, the child first cries vigorously in response to anger or fear.
The child then holds his or her breath, becomes cyanotic, limp, and may ex-
perience loss of consciousness and jerking of the extremities. The episode is
brief, and the child returns to normal activity rapidly. Pallid breath-holding
spells are also brief but generally occur after a minor trauma. In these cases,
the child cries, becomes pale, and loses consciousness and motor tone. Nei-
ther type is followed by any postictal behavioral changes.

Syncope is defined as a brief sudden loss of consciousness and muscle
tone and may result from a variety of causes. Typically, the patient is

Box 3. Pediatric conditions often mistaken for seizures

Disorders with altered consciousness
Breath-holding spells
Apnea/syncope
Cardiac dysrhythmias
Migraine

Paroxysmal movement disorders
Tics
Shuddering attacks
Benign myoclonus
Pseudoseizures
Spasmus mutans
Acute dystonia

Sleep disorders
Night terrors
Sleepwalking
Narcolepsy

Psychologic disorders
Attention deficit hyperactivity disorder
Hyperventilation
Hysteria
Panic attacks

Gastroesophageal reflux (Sandifer syndrome)

Data from Friedman M, Sharieff G. Seizures in children. Pediatr Clin North Am
2006;53:257–77.
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upright before the event and reports the sensation of lightheadedness or
nausea. Signs of increased vagal tone such as pallor, diaphoresis, and dilated
pupils are often observed. Syncope is more common in adolescents
[5,6,33,34]. Like syncope, narcolepsy presents in adolescence; however, it
is significantly less common. It presents with sudden uncontrollable periods
of sleep during waking hours. In 50% of cases, it is associated with a sudden
loss of muscle tone following an emotional outburst known as cataplexy.
These events may be mistaken for atonic type seizures [2,5,6,33,35].

Benign shuddering attacks are characterized by rapid shaking of the head
and arms lasting only a few seconds with immediate return to baseline activ-
ity. Tics are another movement disorder that may mimic epilepsy. They are
brief and repetitive, are partially repressible, and are often induced by stress.
Infants with Sandifer’s syndrome present with back arching, writhing, and
crying associated with vomiting episodes. These manifestations of gastro-
esophageal reflux disease may be confused with seizure activity. Spasmus
nutans is characterized by head tilting, nodding, and nystagmus and pres-
ents between 4 and 12 months of age. Dystonic reactions may be mistaken
for a tonic seizure and most often are a side effect of medication. During the
reaction, the child experiences sustained contraction of the neck and trunk
muscles, abnormal posturing, and facial grimacing. They experience no pos-
tictal period [5,6,33,36].

Multiple sleep-related paroxysmal events may be mistaken for seizure ac-
tivity. Sudden jerking of the extremities, usually on falling asleep, is referred
to as benign myoclonus. Night terrors are usually seen in preschool-aged
children who wake from sleep crying, confused, and frightened. These epi-
sodes are self-limited and last only a few minutes, after which the child
has no recollection of the event. School-aged children may also experience
somnambulism (sleepwalking). During these events, the child wakes from
sleep and wanders around aimlessly for a short period of time before return-
ing to bed [5,6,33,36].

Pseudoseizures are most commonly seen in patients with a known seizure
disorder or who have a family member with epilepsy. They are often difficult
to differentiate from true seizures. Characteristics of pseudoseizures include
suggestibility and moaning or talking during the event. Injury, incontinence,
and postictal drowsiness are notably absent. When the diagnosis is unclear,
an EEG or video EEG monitoring can be helpful in distinguishing these par-
oxysmal events from true seizures [5,6,33,36].

Evaluation and management

History and physical examination

The history and physical examination are invaluable elements of the
seizure evaluation. Often, they alone can distinguish between true seizure
activity and other paroxysmal disorders of childhood. Furthermore, an
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accurate description of the event can lead to appropriate differentiation be-
tween seizure types. The underlying cause of seizure activity may be uncov-
ered during these steps in the evaluation process (see Box 1).

A thorough history of possible precipitating factors should be sought.
These factors include fever, current systemic illness or infection, a history
of neurologic disease, trauma, possible ingestions, other medications, recent
immunizations, and a history of seizures. In patients with a history of sei-
zure disorder, the investigation should include questions specific to previous
antiepileptic treatment and seizure type. It is important to determine which,
if any, seizure medication the patient is taking, and if there have been recent
changes in the medication or dosing. The child’s baseline seizure frequency
as well as how the current seizure compares with past seizures are crucial
historical points. It is helpful to know whether the child has traveled recently
or has a family history of seizure disorder. Certain comorbid conditions,
such as attention-deficit hyperactivity disorder, mental retardation, and au-
tism, are associated with a higher incidence of seizure disorder, and a history
of these conditions should be sought [37].

In addition to these historical features, it is extremely helpful to receive an
accurate description of the event from a reliable witness. Events leading up
to the seizure, as well as the presence of an aura, are important. The dura-
tion of the event, types of movement, eye involvement, loss of conscious-
ness, the presence of incontinence, focal abnormalities following the
seizure, and the length of the postictal period should be determined [6].

A thorough physical examinationmay yield clues to the cause of seizure ac-
tivity. First, a complete set of vital signs should be obtained and evaluated.The
child should be examined for signs of infection, meningeal irritation, signs of
elevated intracranial pressure (bulging fontanelle, changes in vital signs), head
trauma (bruising, retinal hemorrhages), and focal neurologic deficits. Other
less obvious clues to the cause of seizure activity include hepatosplenomegaly
associated with glycogen storage diseases and skinmanifestations of neurocu-
taneous diseases (café au lait spots, ash leaf spots, and port wine stains) [6].

Laboratory testing

As in febrile seizures, there is no routine panel of laboratory studies in the
evaluation of a first-time unprovoked afebrile seizure. Laboratory testing
should be based on the history and physical examination and should at-
tempt to elucidate a treatable cause of seizure activity. A bedside glucose
level should be obtained in all patients. Electrolyte abnormalities are more
common in actively seizing patients, those younger than 1 month of age,
and those with hypothermia (!36.5�C) [38]. The presence of hypothermia
is the best predictor of hyponatremic seizures in children younger than 6
months [39]. Patients with a history of diabetes or metabolic disease, dehy-
dration or excess free water intake, prolonged seizure, an altered level of
consciousness, and those younger than 6 months are also at an increased
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risk of electrolyte disturbances. Determination of the white blood cell count
may be helpful if an infectious cause of the seizure is suspected. Based on the
clinical picture, laboratory evaluation may also include toxicology screens,
serum ammonia levels, urine amino acids, and serum organic acids [34].
Subtherapeutic anticonvulsant levels are a common cause of seizures in chil-
dren with known seizure disorders. Serum anticonvulsant levels should be
included in the evaluation of these children [7].

A lumbar puncture should be considered in patients with meningeal signs,
altered mental status, a prolonged postictal period, or in neonatal seizures.
Patients who have returned to their baseline level of activity following
a first-time afebrile seizure do not require a cerebrospinal fluid evaluation [34].

Neuroimaging

As is true for laboratory testing, the decision to perform emergent neuro-
imaging should be made on a case-by-case basis. Although MRI is more
sensitive in the detection of certain tumors and vascular malformations,
CT is often more readily available [6,7]. Brain CT scan should be performed
in patients with a history of trauma, neurocutaneous diseases, ventriculoper-
itoneal shunt, or exposure to cysticercosis. Those with evidence of increased
intracranial pressure, focal seizure activity, focal neurologic deficits, or
a prolonged postictal period should also be imaged. Imaging should also
be considered in patients with hypercoaguable states (sickle cell disease),
bleeding disorders, or immunocompromised states (HIV, malignancy)
[40,41]. Following a first-time, unprovoked, nonfebrile seizure, most well-
appearing children will have none of the previously mentioned risk factors.
These children can be safely discharged home without emergent neuroimag-
ing once follow-up is ensured [34].

Electroencephalography

Emergent EEG should be reserved for patients in whom the diagnosis of
nonconvulsive status epilepticus is suspected or in those with refractory sei-
zure activity. Well-appearing children who present to the emergency depart-
ment with a first-time unprovoked nonfebrile seizure do not require an
emergent EEG. These patients can be referred for outpatient EEG analysis
including recordings in the sleep and wake states as well as during periods of
patient stimulation [6,7]. An EEG during seizure activity is most beneficial.
Although positive EEG findings are an important predictor of future sei-
zures, a negative EEG does not rule out a seizure disorder [42].

Initial management

Most seizures are brief and self-limited. As a result, patients generally
present to the emergency department after seizure activity has stopped. Pa-
tients who are actively seizing on presentation are generally in a prolonged
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seizure state, and the diagnosis of status epilepticus should be considered.
Seizures that last longer than 10 minutes are unlikely to stop on their own
and become increasingly refractory to antiepileptic drugs with time [43].

The initial management (Fig. 1) includes evaluation of the airway,
breathing, and circulation, with interventions as necessary. Attention may

Time Line Intervention

Lorazepam SL, PR
   Diazepam PR 
   Midazolam IN, buccal 

5 min Prehospital medications

10-20 min ED Arrival:
ABCs, O2, dextrostick,

IV/IO access  

Consider IV glucose**, naloxone**,
pyridoxine** based on clinical situation

seizure persists x 3-5 min

Give benzodiazepine
repeat 1-2x

buccal*
seizure persists x 5 min

Phenytoin or Fosphenytoin 15-20 mg/kg IV

seizure persists x 15 min 

30 min Phenobarbital 20mg/kg IV

assess airway/consider intubation seizure persists x 20 min

60 min intubation / general anesthesia
continuous EEG monitoring

Lorazepam IV, IM* 
Diazepam IV, PR* 
Midazolam IV, IM, PR, IN, 

Fig. 1. Status epilepticus management algorithm. ABC, airway, breathing, circulation; ED,

emergency department; ETT, endotracheal tube; IO, intraosseous; SC, subcutaneous; SL, sub-

lingually; PR, rectally; IM, intramuscularly; IN, intranasally; IV, intravenous. *Lorazepam,

0.05 to 0.1 mg/kg IV/IM (maximum 4 mg/dose). Diazepam, 0.2 to 0.4 mg/kg IV (maximum

10 mg/dose) or 0.5 to 1 mg/kg PR. Midazolam IV: 0.05 to 0.1 mg/kg/dose (maximum 6 mg/

dose for !6y, 10 mg/dose O6y), IM: 0.1 to 0.2 mg/kg/dose (maximum 5 mg/dose), IN: 0.2

to 0.3 mg/kg/dose (maximum 7.5 mg/dose), PO: 0.5 to 1 mg/kg/dose (maximum 20 mg/

dose). **Dextrose, 2 to 4 mL/kg/dose D25% IV. Naloxone, 0.1 mg/kg/dose IV/IM/SC/ETT

if !20 kg, 2 mg/dose if O20 kg. Pyridoxine, 50 to 100 mg/dose IV/IM.
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then be focused on the prevention of secondary injuries. Supplemental
oxygen should be provided and the airway maintained. Airway positioning
is usually sufficient; however, an oral or nasal airway may be required. All
necessary medications and equipment should be at the bedside of actively
seizing patients because intubation is sometimes required. This access is
particularly important after the administration of certain anticonvulsants.
If possible, intravenous or intraosseous access should be obtained.

A dextrose bolus (2–4 mL/kg/dose of 25% dextrose intravenously)
should be given in all cases of documented hypoglycemia. Empiric dextrose
administration should also be given in cases in which rapid glucose testing is
unavailable. Empiric dextrose should be avoided in children on the
ketogenic diet because administration may interfere with the ketogenic state
and worsen seizure activity. In patients with suspected opioid intoxication,
naloxone (0.1 mg/kg/dose given intravenous/intramuscular/subcutaneous/
endotracheal tube if !20 kg, 2 mg/dose if O20 kg) should be given.
Additionally, pyridoxine (50–100 mg/dose intravenous/intramuscular)
should be administered to neonates and in those with isoniazide intoxication
[26,43–46].

Benzodiazepines are the initial drug of choice in acute seizure manage-
ment. They can be administered via multiple routes. Initial medicines may
have been given by pre-hospital care providers, and this history should be
obtained whenever possible. Lorazepam (Ativan) has an onset of action
of 2 to 5 minutes and a half-life of 12 to 24 hours. For these reasons, it is
the preferred agent. It can be given either intravenously or intramuscularly
at a dose of 0.05 to 0.1 mg/kg (maximum 4 mg/dose) and may be repeated
every 5 to 15 minutes; however, its effectiveness decreases with subsequent
doses. An alternative medication is diazepam (Valium), whose half-life is
less than 30 minutes but with an onset of action similar to lorazepam. Be-
cause of its short half-life, an additional agent for long-term seizure control
should be added when diazepam is used. It can be administered at a dose of
0.2 to 0.4 mg/kg intravenously (maximum 10 mg/dose) or 0.5 to 1 mg/kg
rectally. The rectal dose may be given by instillation of the intravenous for-
mulation or through the use of preformed rectal gel suppositories [26,47,48].
Rectally administered diazepam has a longer onset of action than the intra-
venous form and is less successful at controlling seizures [49]. Midazolam
(Versed) can be administered via various routes including intramuscular, in-
travenous, intranasal, oral, and buccal forms [26,48,50,51]. The intranasal
form has been shown to be more effective than rectal diazepam and as effec-
tive as its intravenous form [49]. This preparation may be useful when intra-
venous access is difficult to obtain or in the pre-hospital setting. Dosing of
midazolam varies based on the route of administration (by mouth: 0.25–0.5
mg/kg [maximum 20 mg/dose]; intravenous: 0.05–0.1 mg/kg/dose [maxi-
mum 6 mg/dose for !6y, 10 mg/dose O6y]; intramuscular: 0.1–0.2 mg/kg/
dose [maximum 5 mg/dose]; intranasal: 0.2–0.3 mg/kg/dose [maximum 7.5
mg/dose], rectal: 0.5–1mg/kg/dose [maximum 20mg/dose]). Benzodiazepines
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may cause respiratory depression, sedation, and, rarely, hypotension. These
effects are more common with multiple doses. Attention to the airway is
crucial.

If seizure activity persists despite repeated benzodiazepine dosing, phe-
nytoin or fosphenytoin should be used. These medications are unique in
that they do not cause sedation or respiratory depression. Fosphenytoin is
a rapidly metabolized prodrug of phenytoin that can be rapidly delivered
with fewer systemic and local side effects. The loading dose of phenytoin
is 10 to 20 mg/kg intravenously but must be given slower than 50
mg/min. Fosphenytoin is given as phenytoin equivalents at the same dose
without the time constraints of phenytoin. It may be infused at rates up
to 150 mg/min. Intramuscular fosphenytoin is also available. Patients re-
ceiving chronic phenytoin therapy require a smaller loading dose to achieve
therapeutic serum levels. In these cases, a typical starting dose is 5 to 10 mg/
kg. The serum concentration increases by 1 mg/mL for each mg/kg given.
Patients receiving phenytoin should be placed on continuous cardiac moni-
toring, because the drug may result in hypotension and cardiac dysrhyth-
mias. Phenytoin will precipitate in the intravenous tubing when given with
a dextrose-containing solution, but fosphenytoin will not [7,26,43,52].

Phenobarbital is the next antiepileptic drug to be added if seizure activity
persists. It is given at a loading dose of 20 mg/kg intravenously over 5 to 10
minutes and requires 15 to 20 minutes to take effect. It has a duration of ac-
tion lasting between 12 and 24 hours. If intravenous access is unavailable, it
may also be given intramuscularly. Phenobarbital is the initial drug of
choice in neonatal seizures [43]. Phenobarbital, especially when used in con-
junction with benzodiazepines, can lead to significant respiratory depres-
sion, sedation, and hypotension. Intubation is frequently necessary at this
stage in management [7,26,44–46]. Valproic acid can be substituted for phe-
nytoin or phenobarbital in status epilepticus at a dose of 25 mg/kg/dose.
Patients on chronic valproic acid therapy should receive 10 mg/kg/dose to
raise serum drug levels [2].

If seizure activity persists longer than 30 to 60 minutes despite these in-
terventions, continuous infusions of pentobarbital, midazolam, or propofol
may be necessary. A few patients may require general anesthesia and neuro-
muscular blockade. These patients require continuous EEG monitoring, and
medication doses should be titrated to achieve a flat line or suppression pat-
tern on EEG [6,44–46].

Long-term management

In addition to seizure control, therapeutic goals include improving the
quality of life for epileptic patients. Patients with seizure disorders have
a high incidence of depression and suicidal ideations [37]. These factors,
although not often addressed in the emergency department, may have
a role in compliance and may influence treatment decisions.
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It is uncommon to begin long-term antiepileptic therapy in the emergency
department. Antiepileptic medications may decrease the risk of a second sei-
zure but do not decrease the incidence of epilepsy. For this reason, they are
generally not initiated following a first-time afebrile seizure in otherwise
well-appearing children. When necessary to begin treatment, these drugs
should be given in conjunction with the pediatrician or neurologist who
will provide the patient’s long-term care. The decision to begin therapy
should consider the patient’s age, seizure type, comorbid conditions, and
risk of seizure recurrence [34,42,53].

Many antiepileptic drugs exist (Table 1), and the decision of which to use
can be difficult. A few basic principles can guide proper selection. First, one
should choose a drug that is appropriate for the patient’s seizure type. If
more than one appropriate drug exists, one should choose the one with
the least side effects. Second, one should begin with a single agent at the
low end of the dosing range. Doses should be titrated up until seizures
are controlled or side effects become intolerable. Medications should not
be changed until the drug has been allowed to reach a steady state. This level
is generally five times the half-life of the medication. A second drug should
be added if seizure activity continues. The ultimate goal is to wean to a single
drug if possible [6,15,55] When choosing an antiepileptic medication, it is
also necessary to consider the patient’s comorbid conditions. Certain antiep-
ileptic agents have either beneficial or detrimental effects on other conditions
[37]. It is important to inform families that although 75% of patients will
achieve seizure control with a single drug [35], dose or medication changes
could be necessary before seizure control is obtained.

Carbamazepine (Tegretol) is a first-generation antiepileptic drug recom-
mended for use in the treatment of simple and complex partial seizures
and generalized tonic-clonic seizures. Additionally, it is the treatment of
choice for benign rolandic epilepsy [5]. Interestingly, carbamazepine induces
its own metabolism and decreases its own half-life from 30 to 10 hours.
Drug absorption is slow and irregular, resulting in erratic serum drug levels
[55]. Dose-related side effects include drowsiness, diplopia, and lethargy.
Other side effects include rash, hepatic toxicity, leukopenia, and aplastic
anemia. Its use may interfere with the effectiveness of oral contraceptive
medications. Carbamazepine exerts some positive effect on mood stabiliza-
tion [56]. Other medications, including macrolide antibiotics, isoniazide,
cimetidine, verapamil, and diltiazam, may interfere with carbamazepine me-
tabolism and result in toxic serum levels. Therapeutic serum levels range
from 4 to 12 mg/mL. Dosing begins at 10 mg/kg/d and is increased by
5 mg/kg/d every 3 to 4 days to maintenance dosing (usually 10–40 mg/kg/d
divided twice to four times daily) [53,54,57].

Phenytoin (Dilantin) is another first-line antiepileptic drug whose use is
indicated in the treatment of generalized tonic-clonic seizures and simple
and complex partial seizures. It is used in status epilepticus and possibly
in neonatal seizures as well. Significant side effects are associated with
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its use. Dose-related side effects that usually occur at supratherapeutic
levels include nausea, vomiting, drowsiness, ataxia, and nystagmus. Cos-
metic effects include acne, gingival hyperplasia, and hirsuitism. Blood
and liver toxicity and drug-induced rashes (Stevens-Johnson syndrome) can
also occur. Therapeutic levels range from 10 to 20 mg/mL, but higher levels
may be necessary in some patients. Dosing ranges from 4 to 8 mg/kg/d
divided once to three times daily. Changes between generic and trade
forms of the drug as well as small changes in dosing may significantly alter
serum drug levels. Like carbamazepine, phenytoin has multiple drug inter-
actions. Its levels may be increased with concomitant use of cimetidine,
isoniazide, anticoagulants, estrogens, chlorpromazine, and chlorampheni-
col. Phenytoin also alters drug levels of other antiseizure medications. Car-
bamazepine, clonazepam, and primidone levels are lowered, whereas
phenobarbital levels may be increased with concurrent use of phenytoin
[9,26,53,54,57].

Phenobarbital (Luminal) is effective against generalized tonic-clonic and
partial seizures, both simple and complex. It is used in the treatment of sta-
tus epilepticus and is the treatment of choice in neonatal seizures. A signif-
icant proportion (30%–50%) of children experience side effects including
hyperactivity, lethargy, sleep and behavioral disorders, rash, and hypersen-
sitivity reactions. Due to its low cost, it is often tried initially and discontin-
ued if side effects are problematic. Therapeutic levels range between 10 to
40 mg/mL. The phenobarbital dose ranges from 2 to 6 mg/kg/d divided
once or twice a day [9,26,53,57].

Primidone (Mysoline) is metabolized into phenobarbital and is useful in
partial (simple and complex) and generalized tonic-clonic seizures as well.
The side effect profiles are similar. Serum drug levels of phenobarbital are
followed for monitoring and should range between 5 and 12 mg/mL. The
usual maintenance dose is 10 to 25 mg/kg/d divided between two and
four times per day [53,54,57].

Valproate (Depakote) is primarily used to treat absence or myoclonic sei-
zures but is also effective in the treatment of generalized tonic-clonic seizures
and both simple and complex partial seizures. It is occasionally used in the
treatment of Lennox-Gastaut syndrome, juvenile myoclonic epilepsy of
Janz, and infantile spasms [5,12]. Side effects include nausea, vomiting,
drowsiness, alopecia, weight gain, and menstrual irregularities. Idiosyncratic
pancreatitis and hepatic failure may occur, especially in children less than 2
years old. Additional dose-related effects include thrombocytopenia, platelet
dysfunction, and tremors. Beneficial effects include migraine prevention and
mood stabilization. Administration of valproate may increase serum drug
levels of phenobarbital, phenytoin, carbamazepine, diazepam, clonazepam,
and ethosuximide. Doses are started at 10 mg/kg and increased weekly by
10 mg/kg. The usual maintenance dose is between 10 and 60 mg/kg/d and
is given in two to four divided doses. Therapeutic serum concentrations
range from 50 to 100 mg/mL [53,54,56,57].
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Ethosuximide (Zarontin) is the last of the first-generation antiepileptic
drugs. It is most effective in absence seizure therapy. Side effects include
nausea, vomiting, hiccups, and headache. Erythema multiforme, Stevens-
Johnson syndrome, and a lupus-like syndrome have been reported on rare
occasions. Its dose is from 20 to 40 mg/kg/d given in two divided doses
with therapeutic levels ranging from 40 to100 mg/mL [53,54,56].

Clonazepam (Klonopin) can be used to treat myoclonic and atonic sei-
zures as well as absence type seizures. Side effects include ataxia, drowsiness,
and drooling. Therapeutic drug levels range from 0.02 to 0.08 mg/mL and
are generally achieved with doses of 0.05 to 0.3 mg/kg/d divided from two
to four times per day [54,57].

Lamotrigine (Lamictal) is indicated as adjunctive therapy in partial sei-
zures, atonic, tonic, and myoclonic seizures in addition to Lennox-Gastaut
syndrome. Lamotrigine monotherapy may be effective for generalized tonic-
clonic and partial seizures, but further studies are required [56]. Lamotrigine
dosing ranges from 5 to 15 mg/kg/d given once or twice daily. Because it
interferes with other anticonvulsant medications, its dosage must be
adjusted when given concurrently. Side effects include insomnia, gastrointes-
tinal upset, headache, dizziness, and diplopia and are more pronounced in
patients also receiving valproate. Lamotrigine has mood stabilizing effects
and may be beneficial in patients with depression or bipolar disorder
[10,14,26,37,53,56,58,59].

Felbamate (Felbatol) is most often used to treat refractory seizures, espe-
cially those associated with Lennox-Gastaut syndrome. Its use results in
increased levels of phenytoin and valproate and decreased levels of carba-
mazepine, and its side effects are intensified when used with other medica-
tions. As a result, it is generally used as monotherapy. Side effects include
insomnia, somnolence, anorexia, and vomiting. Its use has decreased sec-
ondary to the incidence of aplastic anemia and hepatic failure. Children
on felbamate should have liver function tests and blood counts monitored
frequently. Dosing should start at the low end of the dosing range and
be increased every 1 to 2 weeks if tolerated. The usual dose is 15 to
45 mg/kg/d divided three to four times daily [10,14,37,53,58].

Gabapentin (Neurontin) has been used as adjunctive therapy in patients
with refractory partial and secondary tonic-clonic seizures. It is relatively
well tolerated with side effects including weight gain, fatigue, dizziness,
ataxia, and diarrhea. Maintenance dosing ranges from 20 to 70 mg/kg/d di-
vided in three to four doses daily. It can be rapidly titrated if necessary and
has no interaction with other antiepileptic drugs [10,14,26,53,56,58].

Vigabatrin (Sabril) is indicated for the management of refractory partial
seizures and infantile spasms. In some children with infantile spasms, treat-
ment results in the replacement of infantile spasms with partial seizures. This
effect is considered by most experts to be an improvement. In infants with
tuberous sclerosis and infantile spasms, vigabatrin has been shown to be
equally as effective as ACTH therapy [14]. Side effects include rash,
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sedation, ataxia, behavioral changes, and visual field constriction. Gener-
ally, dosing is started at 50 mg/kg/d given once daily or divided in two doses.
It is increased to a goal of 75 to 150 mg/kg/d if some response is seen with
the initial dose. Patients who do not respond or who worsen with treatment
are considered resistant to the drug [10,14,26,53].

Zonisamide (Zonegran) is an effective adjunctive therapy for partial sei-
zures in patients over 16 years of age. It has also been used effectively in gen-
eralized tonic-clonic, myoclonic and atonic seizures, infantile spasms, and
Lennox-Gastaut syndrome. Some recent evidence shows that it may be
useful as monotherapy in multiple seizure types including absence seizures
[60–62]. Side effects are more common early in treatment and include nau-
sea, vomiting, anorexia, fatigue, ataxia, and rash. Dosing begins at 2 to
4 mg/kg/d divided two to three times daily. It is titrated to maintenance
dosing between 4 and 8 mg/kg/d [10,58].

Oxcarbazepine (Trileptal) is indicated in partial seizures as an adjunctive
therapy. Side effects may include nausea, ataxia, diplopia, somnolence, rash,
and hypersensitivity reactions. Twenty-five percent of children allergic to
carbamazepine are also sensitive to oxcarbazepine. It is better tolerated
than phenytoin and may have mood stabilizing benefits. Use of this medica-
tion may increase serum levels of phenobarbital and phenytoin. Dosing is
started at 5 mg/kg/d and increased to 45 mg/kg/d divided in two doses
[6,10,56].

Levetiracetam (Keppra) is a useful adjunct in the treatment of partial sei-
zures in children between the ages of 6 and 12 years. Side effects include
behavioral problems, somnolence, vomiting, anorexia, rhinitis, pharyngitis,
otitis media, and gastroenteritis. Leukopenia has been reported in adults but
has not been observed in children. The usual maintenance dose is between
10 and 60 mg/kg/d [10,56,58,63].

Tiagabine (Gabitril) is an adjunctive medication useful for refractory par-
tial seizures. Side effects include headache, mood disturbances, inability to
concentrate, fatigue, and dizziness. They are accentuated with multidrug
therapy. Maintenance doses range from 0.5 to 1 mg/kg/d titrated from
a starting dose of 0.1 mg/kg/d [10,14,26,53,58].

Topiramate (Topamax) is an adjunctive therapy in partial or general-
ized tonic-clonic seizures, refractory complex partial seizures, Lennox-
Gastaut syndrome, and infantile spasms. Its side effects include anorexia,
weight loss, renal stones, headache, fatigue, diplopia, and metabolic acido-
sis. Sleep disturbances, behavioral and cognitive effects, confusion, and
speech problems can also occur. A few recent studies have documented
hypohydrosis and intermittent hyperthermia occurring as a result of topir-
amate administration. The effects were reversible and resolved shortly after
the medication was discontinued [37,64]. Topiramate may be beneficial in
patients with migraine headaches [37]. Dosing begins at 1 mg/kg/d and is
titrated to a maintenance dose of 3 to 9 mg/kg/d divided twice daily
[10,14,26,53,58].
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The ketogenic diet has been used with success in patients with refractory
seizure types who have failed standard medical therapy. It has been used in
multiple seizure types, including tonic-clonic, myoclonic, atonic, atypical ab-
sence, infantile spasms, and Lennox-Gastaut syndrome. A seizure reduction
rate of 50% to 70% has been achieved in some studies [10,15]. Although it
has traditionally been reserved for patients with refractory seizures, some
evidence suggests that it may be a valuable treatment option early in therapy
as well [65]. The diet, which is low in protein and carbohydrates and high in
fat, induces a ketogenic state that results in a reduction in seizure frequency.
At the start of the diet, patients are admitted to the hospital for approxi-
mately 4 days to educate the family and closely monitor for side effects. Dur-
ing the initial 48-hour fasting phase, these patients are at risk for
hypoglycemia, vomiting, and dehydration and must be monitored closely.
Long-term side effects include renal tubular acidosis, nephrolithiasis, consti-
pation, growth retardation, weight loss, hyperlipidemia, hypoproteinemia,
and an increase in hepatic and pancreatic enzymes. An increased risk of in-
fection and prolonged QT intervals are other potential risks. An EKG and
a thorough metabolic evaluation should be performed before initiation of
the diet. Routine laboratory monitoring and vitamin supplementation are
necessary [6,10,26,66]. Some recent evidence suggests that a modification
of the popular Atkins’ diet may be as effective as and better tolerated
than the traditional ketogenic diet. This therapy eliminates the need for ini-
tial admission and has fewer dietary restrictions than the traditional diet
[66].

In addition to the ketogenic diet, other nonmedical therapies are avail-
able in certain cases. These therapies include anterior temporal lobectomy,
corpus callostomy, and vagal nerve stimulation therapy. These methods
have considerable risks and side effects but are useful in carefully selected
patients [37].

Patients, especially adolescents, should be educated about lifestyle mod-
ifications that may decrease their seizure activity. Alcohol consumption
should be kept to a minimum, and patients should be encouraged to main-
tain regular sleep-wake cycles because disruption to their circadian rhythm
can lead to increased seizures [37].

Disposition

Following a first-time afebrile seizure, well-appearing children can be
safely managed on an outpatient basis. Adequate follow-up should be
ensured, and sufficient parental education and reassurance should be pro-
vided. Additional work-up, including EEG, can be performed on an outpa-
tient basis [6]. Very young infants, those with prolonged seizure activity,
a prolonged postictal state, and who require anticonvulsant medications
warrant hospital admission and further inpatient evaluation. EEG, whether
performed in the hospital or after discharge, can help predict future seizure
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recurrence. Patients with a normal EEG have a 2-year recurrence rate of
28%, whereas the rate of recurrence in those with abnormal findings rises
to 58% [67].
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Although fever is one of the most common presenting complaints to
emergency departments [1], the approach to the febrile young child remains
controversial. Despite attempts to simplify and unify the approach to febrile
children, the evaluation and treatment of these patients varies considerably
[2–4]. Furthermore, recent advances, such as vaccination with the heptava-
lent pneumococcal conjugate vaccine, warrant the need to reevaluate previ-
ously used strategies in the evaluation of the young child who has fever.

The presence of fever worries clinicians and parents alike. Although the
differential diagnosis of fever is broad and includes both infectious and non-
infectious causes [5], the majority of febrile children have viral infections as
sources of their fevers. Febrile young children present a particularly vexing
group; when compared with older children, young children are less articu-
late and less able to localize signs and symptoms, and this age group is
the most likely group of children to sustain occult bacterial infections.

Attempts have been made to standardize the approach to the young febrile
child. Several algorithmic approaches apply to the evaluation of the young
child who has a fever without source (FWS) [6–8]. These patients have tradi-
tionally been divided into three subgroups: neonates (birth to 28 days old),
young infants (commonly defined as infants between 1 to 3 months of age, al-
though some define this group as children between 1 month and 2 months of
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age), and the older infant or toddler (commonly defined as 3 to 36 months of
age, although some studies include patients only up to 24 months old).

Limitations of current approaches

The approach to the young child who has a FWS has traditionally em-
phasized the detection of serious bacterial infections such as meningitis,
pneumonia, urinary tract infection (UTI), bacterial gastroenteritis, osteomy-
elitis, and bacteremia. Most viral infections cause self-limited illnesses that
do not cause significant morbidity or mortality. Conversely, bacterial infec-
tions are more likely to be associated with worse outcomes, a characteristic
that has led many to ignore the role of viral infections, especially in the
young patient. The role of rapid viral testing in the emergency department,
which is becoming increasingly available to emergency clinicians, remains
unclear.

Further confusing the approach to these patients is the changing epidemi-
ology of invasive bacterial infections. Haemophilus influenzae type b (Hib)
previously presented a substantial burden of disease resulting in consider-
able morbidity and mortality in young children, but, since the early 1990s,
universal Hib vaccination has nearly eliminated this organism as a significant
cause of disease [9–12].

With the eradication of Haemophilus influenzae type b, Streptococcus
pneumoniae emerged as the predominant bacterial pathogen. In the late
1990s, S pneumoniae represented 83% to 92% of positive blood cultures
taken from young febrile children presenting to emergency departments,
and the overall prevalence of occult bacteremia was 1.6% to 1.9% [9,11].
An effective, 23-valent polysaccharide pneumococcal vaccine has been
licensed since 1983, but this vaccine is insufficiently immunogenic in young
children and is not recommended for children younger than 2 years of age
(the age group at greatest risk for invasive pneumococcal infection).

The heptavalent pneumococcal conjugate vaccine (PCV7), licensed in
2000, covers the seven most common pneumococcal serotypes and has
changed the landscape of invasive bacterial disease in young children. The
seven serotypes included in this vaccine caused approximately 82% of cases
of invasive pneumococcal disease [13]. This vaccine is recommended for uni-
versal administration to children younger than 2 years old in a four-dose
regimen (doses are given at 2, 4, 6, and 12 to 15 months), as well as to
high-risk older children (eg, children who have sickle cell disease, HIV infec-
tion, cochlear implants, and other causes of immunocompromise) [14].

This vaccine has been shown to be safe [15,16] and highly effective in pre-
venting invasive pneumococcal disease. In a post licensure surveillance of
the Northern California Kaiser Permanente study cohort, the incidence of
invasive pneumococcal disease caused by vaccine and cross-reactive vaccine
serotypes declined from 51.5 to 98.2 cases of invasive disease per 100,000
person-years in children less than 1 year old to zero cases per 100,000
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person-years 4 years after licensure [17]. There was also a reduction of inva-
sive pneumococcal disease in children less than 2 years old, declining from
81.7 to 113.8 cases of invasive disease per 100,000 person-years to zero cases
per 100,000 person-years 4 years after the vaccine was licensed [17]. Addi-
tionally, there was a decline in invasive pneumococcal disease for all sero-
types, not just the seven covered by PCV7, and a significant decline in
drug-resistant pneumococci. Moreover, there was a 25% decrease in inva-
sive pneumococcal disease in persons older than 5 years, suggesting herd im-
munity because these patients were not themselves immunized. These
reductions have been replicated in other settings [18–25]. This success has
also been reflected in changes in the epidemiology from blood cultures ob-
tained from the emergency department. The incidence of positive blood cul-
tures for all pathogens from emergency department patients is less than 1%
[21,25,26].

History and physical examination

The history and physical examination are invaluable in the assessment of
the febrile child. A fever is defined as temperature of 38.0�C (100.4�F). Rec-
tal thermometry is considered the gold standard for temperature measure-
ment, because this route is thought to most closely represent the core
temperature and is more accurate than oral, axillary, tympanic membrane,
and temporal artery thermometry [27–32]. Bundling a young child may
increase the skin temperature but probably does not increase the core tem-
perature [33]. Subjective determination of fever by parents at home is mod-
erately accurate [34–36], but further evaluation should be considered in this
population because a subjective fever at home may be the only indicator of
a potentially serious bacterial infection in a child who is afebrile in the emer-
gency department [37]. Patients who have fevers measured rectally at home
should undergo the same evaluation as if these measurements were obtained
in the emergency department.

The characteristics of a patient’s fever may provide useful information.
There is an increase in the rate of pneumococcal bacteremia with an increase
in temperature, and this increase is more pronounced in young children [38].
Other studies suggest that the incidence of serious bacterial infections is
higher in patients who have hyperpyrexia [39,40]. The duration of the fever
at the time of emergency department presentation does not predict whether
a child has occult bacteremia [41]. The use of antipyretics should be noted;
however, a response (or lack thereof) to antipyretic medications does not
predict whether the underlying cause is bacterial or viral [42–46]. Additional
important data include associated signs and symptoms, underlying medical
conditions, exposure to ill contacts, and immunization status.

An assessment of the child’s overall appearance is critical. Although
there is an imperfect correlation between physical examination findings
and serious bacterial illness, ill-appearing children are more likely than
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well-appearing children to have serious bacterial infection, and most well-
appearing children do not have serious bacterial infection [47–50]. In the
child who has a toxic appearance, an aggressive work-up, antibiotic treat-
ment, and hospitalization are mandated regardless of age or risk factors.
The physical examination may reveal obvious sources of infection, and
the identification of a focal infection may decrease the need for additional
testing. For example, febrile patients who have clinically recognizable viral
conditions (eg, croup, chicken pox, and stomatitis) have lower rates of bac-
teremia than patients who have no obvious source of infection [51].

With the exception of neonates and young infants, if a child has a non-
toxic appearance, a more selective approach can be undertaken. When
a child who has a febrile illness has an obviously identifiable cause, the treat-
ment and disposition should generally be tailored to this specific infection.
The approach to the young child who has a FWS is discussed in the follow-
ing sections.

Neonates: birth to 28 days old

Neonates are at particularly high risk for serious bacterial infection
(Fig. 1). Although most febrile neonates presenting to the emergency depart-
ment are diagnosed ultimately as having a nonspecific viral illness, approx-
imately 12% to 28% of all febrile neonates presenting to a pediatric
emergency department have serious bacterial illness [52–54]. Neonates are
infected typically by more virulent bacteria such as group B Streptococcus,
Escherichia coli, and Listeria monocytogenes. Group B Streptococcus, a com-
mon bacterial pathogen in this age group, is associated with high rates of
meningitis (39%), non-meningeal foci of infection (10%), and sepsis (7%)
[55]. Although only a small percentage of neonates are infected by S pneu-
moniae, these neonates have a mortality rate of 14% [56]. The most common
bacterial infections in this are group are UTIs and occult bacteremia [52,54].
Neonates are more likely to experience serious sequelae from viral infections
(eg, herpes simplex virus [HSV] meningitis).

Evaluation of the febrile neonate
Traditional risk stratification strategies have used ancillary testing to sup-

plement the limited information available from the history and physical
examination. Unfortunately, it is difficult to predict accurately which neo-
nates have invasive disease, even when laboratory testing is used. Initial
studies by Dagan and colleagues [57,58] appeared promising. The ‘‘Roches-
ter criteria’’ were applied to infants less than 90 days old, and neonates were
included. Using these criteria, Jaskiewicz and colleagues [59] found that 2 of
227 children younger than 30 days old who met low-risk criteria had serious
bacterial infection. Ferrera and colleagues [60] found that 6% of neonates
who were retrospectively classified as low risk by the Rochester criteria
had serious bacterial infection.
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Baker and colleagues retrospectively stratified neonates into high- and
low-risk patients based on the ‘‘Philadelphia criteria’’ [61] they had derived
for older infants. The neonates who were placed in the high-risk category
had a higher incidence of bacterial disease (18.6%), but 4.6% of neonates
who were classified as low-risk patients had serious bacterial infections. Ad-
ditionally, 11 different bacterial pathogens were identified in 32 patients
who had serious bacterial infections, and only 1 of these 32 patients was in-
fected with S pneumoniae. Kadish and colleagues [54] found a similar rate
of serious bacterial infections in neonates whom they categorized as low
risk when they retrospectively applied both the Philadelphia criteria and
similar criteria created by Baskin and colleagues (the ‘‘Boston criteria’’).
They also found a wide range of bacterial pathogens, but only two cultures
in 55 patients who had serious bacterial infection were positive for S pneu-
moniae. Chiu and colleagues [53,62] have also demonstrated low but signif-
icant rates of serious bacterial infections in neonates initially classified as
low risk.

Because of the inability of the physical examination to accurately predict
serious infections in neonates, recommendations for these patients include
obtaining blood cultures, urine for rapid urine testing, urine cultures, and
cerebrospinal fluid (CSF) studies [6]. A peripheral white blood cell (WBC)
count is often ordered in the evaluation of febrile neonates, but the discrim-
inatory value of the WBC count is insufficient to differentiate between
patients who have serious bacterial infections and those who do not
[63,64]. Because of the inability of the WBC count to predict bacteremia,
blood cultures should be ordered for all patients. Although various options
for rapidly testing for UTI exist (eg, urine dipstick, standard urinalysis, and
enhanced urinalysis), no rapid test detects all cases of UTI; therefore, urine
cultures must be ordered for all of these patients [65,66]. Urine should be col-
lected by bladder catheterization or suprapubic aspiration because bag urine
specimens are associated with high rates of contamination [67–70]. Because
the peripheral WBC is a poor screening test for meningitis [71], a lumbar
puncture should be performed in all febrile neonates. Chest radiographs
are indicated only in the presence of respiratory symptoms, and stool anal-
yses are indicated only in the presence of diarrhea. In neonates, the presence
of signs suggestive of viral illness does not negate the need for a full diagnos-
tic evaluation. Unlike in older children, in whom documented respiratory
syncytial virus (RSV) infections decrease the likelihood of serious bacterial
illness, RSV-infected neonates have the same rate of serious bacterial infec-
tion when compared with RSV-negative neonates [72].

Treatment and disposition of the febrile neonate
Because of the high rates of serious bacterial infections, all febrile neo-

nates should receive antibiotics. Typically, these patients are treated with
a third-generation cephalosporin or gentamicin. Ceftriaxone is not recom-
mended for neonates who are jaundiced because of the concern for inducing
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unconjugated hyperbilirubinemia [73,74]. Other third-generation cephalo-
sporins, such as cefotaxime, 50 mg/kg intravenously (75–100 mg/kg if there
is a concern for meningitis based on CSF results), or gentamicin, 2.5 mg/kg
intravenously, are used in this age group. Additionally, although the inci-
dence of L monocytogenes is low [75], ampicillin, 50 mg/kg intravenously
(100 mg/kg intravenously if there is a concern for meningitis) is still recom-
mended in the empiric treatment of these patients [76].

Neonatal HSV infections occur in approximately 1 in 3200 deliveries in
the United States [77]. Neonates who have HSV infections usually present
within the first 2 weeks of life, and only a minority of infected children
have fever [78]. Rates of morbidity and mortality are high with neonatal

Age <28 days or toxic
appearance  

REQUIRED
1.  Blood culture
2.  Urine culture
3.  Cerebrospinal fluid (CSF) culture
4. Peripheral WBC with differential
5.  Rapid urine test
6.  IV antibiotics
7.  Hospital admission
OPTIONAL
1.  Chest x-rayB

2.  Stool cultureB

3.  HSV studies

REQUIRED
1.  Blood culture
2.  Rapid urine test
3.  Urine culture
OPTIONAL
1.  Peripheral WBC with differential
2.  CSF studies/culture
3.  Rapid viral testing
3.  Chest x-rayB

4.  Stool cultureB

REQUIRED
1.  PeripheralWBC with differential
2.  Blood culture
3.  Rapid urine test
4.  Urine culture
5.  CSF studies/culture
OPTIONAL
1.  Chest x-rayB

2.  Stool cultureB

Abnormal
labs or x-ray

1.  CSF studies/culture if not
initially performed
2.  Ceftriaxone 50 mg/kg 
(100 mg/kg if meningitis is 
suspected) IV or IM
3.  Hospital admission  

Discharge

A

B

C

D

Yes

No

Age 2-3
months

E

Yes 

No

No

No

Yes 

Yes

Treat like older child –
Go to Figure #2 

1.  Follow-up assured in 24 hours
2.  Adequate social situation (e.g., access
to telephone and transportation)
3.  Parents and primarycare physician
agreeable to outpatient approach
4.  Consider ceftriaxone 50 mg/kg IV /IM

Option 1

Age 29 days - < 2months
Option 2

Baseline
high-risk

Temperature ≥38.0° and age <3 months
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HSV, but treatment with high-dose acyclovir (20 mg/kg intravenously) im-
proves outcomes in patients [79]. Acyclovir is not recommended routinely
for empiric treatment in addition to standard antibiotics in febrile neonates
[78] but should be considered in febrile neonates with risk factors for neona-
tal HSV. Risk factors include primary maternal infection, especially for ne-
onates delivered vaginally, prolonged rupture of membranes at delivery, the
use of fetal scalp electrodes, skin, eye, or mouth lesions, seizures, and CSF
pleocytosis [77,80,81].

Febrile neonates should be hospitalized regardless of the results of labo-
ratory studies. Outpatient management of these patients has been suggested
and occurs frequently when patients present to pediatricians’ offices [37];
however, given the lack of prospective studies addressing this approach as
well as the limitations inherent in the screening evaluation in the emergency
department and the difficulties in arranging follow-up evaluation, hospital-
ization is strongly recommended.

Young infants: 1 to 2 or 3 months old

The approach to febrile young infants, defined most commonly as chil-
dren less than 2 or 3 months old, changed dramatically in the 1980s and
early 1990s (see Fig. 1). Before this time, most febrile young infants present-
ing to academic medical centers were hospitalized and frequently started on
antibiotic therapy [82]. This aggressive approach was based, in part, on the

Fig. 1. Fever without an apparent source in children less than 3 months of age. (A) Urine test-

ing can be accomplished by microscopy, Gram stain, or urine dipstick. Chest radiographs are

indicated in patients who have hypoxia, tachypnea, abnormal lung sounds, or respiratory dis-

tress. Stool studies are indicated in patients who have diarrhea. HSV testing should be consid-

ered in the presence of risk factors (see text for details). HSV testing is best accomplished by

polymerase chain reaction or viral culture. Neonates should receive both ampicillin (50 mg/

kg intravenously; 100 mg/kg intravenously if concern for meningitis) and cefotaxime (50 mg/

kg; 100 mg/kg intravenously if concern for meningitis) or gentamicin (2.5 mg/kg intravenously).

Older children should receive ceftriaxone (50 mg/kg intravenously; 100 mg/kg intravenously if

concern for meningitis). (B) Young patients who have increased underlying risk include children

who were premature, who had prolonged hospital stays after birth, those who have underlying

medical conditions, patients who have indwelling medical devices, patients who have a fever

greater than 5 days, and patients already on antibiotics. (C) Urine testing can be accomplished

by microscopy, Gram stain, or urine dipstick. Chest radiographs are indicated in patients who

have hypoxia, tachypnea, abnormal lung sounds, or respiratory distress. Stool studies are indi-

cated in patients who have diarrhea. (D) Abnormal laboratory values are as follows: peripheral

WBC count, !5000/mm3 or O15,000/mm3 or band-to-neutrophil ratio O0.2; urine testing, R5

WBC/hpf, bacteria on Gram stain, or positive leukocyte esterase or nitrite; CSF, R8 WBC/

mm3 or bacteria on Gram stain; stool specimen, R5 WBC/hpf; chest radiograph, infiltrate

on chest film. (E) Administering ceftriaxone (50 mg/kg intravenously or intramuscularly) is op-

tional but should be considered in patients who have undergone lumbar puncture. Patients who

have not undergone lumbar puncture should not be given ceftriaxone. (Adapted in part from

Ishimine P. Fever without source in children 0 to 36 months of age. Pediatr Clin N Am

2006;53:184; with permission.)

=
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relatively limited amount of information obtainable from the examination
of young infants [83] and the high morbidity rate observed with H influenzae
type b infection. Several decision rules were developed in an attempt to iden-
tify febrile young children who were believed to be at low risk for serious
bacterial infection and who could be treated on an outpatient basis.

The Rochester criteria stratified children less than 60 days old into high-
and low-risk groups. The children who met the low-risk criteria appeared
well, had been previously healthy, and had no evidence of skin, soft tissue,
bone, joint, or ear infections. Additionally, these children had normal pe-
ripheral WBC counts (5000–15,000/mm3), normal absolute band counts
(%1500/mm3), %10 WBC/high-power field (hpf) of centrifuged urine sedi-
ment, and, for those patients who have diarrhea, %5 WBC/hpf on stool
smear [57,58]. The low-risk group identified children who were unlikely to
have serious bacterial infections, with a negative predictive value of
98.9% [59].

Baskin and colleagues [84] described the Boston criteria for febrile chil-
dren between 1 and 3 months of age who presented to the emergency depart-
ment with temperatures R38.0�C. Infants were discharged after an
intramuscular injection of ceftriaxone, 50 mg/kg, if they generally appeared
to be well (not strictly defined) and had no ear, soft tissue, joint, or bone in-
fections on physical examination. Furthermore, these patients had to have
CSF with %10 WBC/hpf, microscopic urinalysis with %10 WBC/hpf or
a urine dipstick negative for leukocyte esterase, a peripheral WBC count
of %20,000/mm3, and normal findings when a chest radiograph was ob-
tained (all tests except the chest radiograph were performed on all patients).
Twenty-seven of 503 children (5.4%) were later found to have serious bac-
terial infection (bacterial gastroenteritis, UTI, and occult bacteremia).

Baker and colleagues [85] developed the Philadelphia criteria and simi-
larly sought to identify low-risk patients between 29 and 56 days old with
temperatures of R38.2�C. Patients who appeared to be well (as defined
by an Infant Observation Score of 10 or less) had a peripheral WBC count
of %15,000/mm3, a band-to-neutrophil ratio of %0.2, a urinalysis with
fewer than 10 WBC/hpf, few or no bacteria on a centrifuged urine specimen,
CSF with fewer than 8 WBC/mm3, a gram-negative stain, negative results
on chest radiographs (obtained on all patients), negative stool findings for
blood, and few or no WBCs on microscopy (ordered for patients who had
watery diarrhea). These patients were considered to have a negative screen
and were not treated with antibiotics. Of the 747 consecutively enrolled pa-
tients, 65 (8.7%) had serious bacterial infections. All 65 patients who had
serious bacterial infections were identified using these screening criteria. In
a follow-up study (in which fever was defined as R38.0�C rectally) of 422
consecutively enrolled febrile young infants, 43 (10%) had serious bacterial
infections, and all 101 patients who were identified as low risk had no seri-
ous bacterial infections. All 43 patients who had serious bacterial infections
were identified prospectively as high risk using the Philadelphia criteria [86].
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The most common bacterial infections in this age group are UTIs; corre-
spondingly, the most common bacterial pathogen identified is E coli
[61,84,86]. In the large studies by Baskin and Baker and colleagues [84],
only a minority of patients who had serious bacterial infection had pneumo-
coccal infection; therefore, children in this age group are unlikely to benefit
directly from the PCV7 vaccine. In the Baskin study, only one of nine pa-
tients who had occult bacteremia in this study was infected with S pneumo-
niae. Four of 70 bacterial infections were caused by S pneumoniae in Baker’s
original study [61].

Evaluation of the febrile young infant
Because relying solely on the clinical examination results in a substantial

number of missed serious bacterial infections, laboratory testing is required
in this age group. A catheterized urinalysis and blood and urine cultures
should be obtained in all patients. Although an abnormally high or low
WBC count increases the concern for bacteremia or meningitis, it is an im-
perfect screening tool for bacteremia and meningitis, and the decision to ob-
tain blood cultures and spinal fluid should not depend on the results of the
WBC count [63,64,71]. Stool studies for WBC counts and stool cultures
should be ordered in patients who have diarrhea. Chest radiographs should
be obtained only in young febrile infants who have signs of pulmonary dis-
ease (tachypnea R50 breaths/min, rales, rhonchi, retractions, wheezing, co-
ryza, grunting, nasal flaring, or cough) [87,88].

The results of these tests help to risk stratify these young children. The
WBC count is considered abnormal if it is greater than 15,000/mm3 or
less than 5000/mm3, or if the band-to-neutrophil ratio is greater than 0.2.
There should be fewer than 8 WBC/mm3 and no organisms on Gram stain
of the CSF. The urine is considered abnormal if the urine dipstick is positive
for nitrite or leukocyte esterase, if there are R5 WBC/hpf on microscopy, or
if organisms are seen on a Gram-stained sample of uncentrifuged urine. If
obtained, there should be fewer than 5 WBC/hpf in the stool specimen
and no evidence of pneumonia on a chest radiograph [6].

The need for lumbar puncture is controversial in this age group. Al-
though the Boston and Philadelphia criteria require CSF analysis, the Ro-
chester criteria do not mandate lumbar puncture. The rarity of bacterial
meningitis contributes to the controversy surrounding the utility of the
lumbar puncture. The prevalence of bacterial meningitis in febrile infants
less than 3 months old is 4.1 cases per 1000 patients, and neither the clinical
examination nor the peripheral WBC count is reliable in diagnosing men-
ingitis in this age group [63,71]; therefore, lumbar puncture should be
strongly considered. Additional controversy surrounds the need for antibi-
otics in patients who are identified as low risk. Patients identified as low
risk by the Philadelphia protocol were not given antibiotics, whereas pa-
tients enrolled in the Boston study were given intramuscular ceftriaxone.
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There is some concern that performing a lumbar puncture in a bacteremic
patient may lead to meningitis [89,90]. Four of 8300 children 3 months of
age or less who underwent CSF analysis had bacterial meningitis and %8
WBC/mm3 in the CSF [91], and clinical decision rules to determine which
children who have CSF pleocytosis have bacterial infection are less accu-
rate in this young age group [92]. Published recommendations state that
parenteral antibiotics should be ‘‘considered’’ if a lumbar puncture is per-
formed [6].

The presence of a documented viral infection lowers but does not elimi-
nate the likelihood of a serious bacterial infection in this age group. Young
infants classified as high-risk patients using the Rochester criteria who had
test-proven viral infection (enterovirus, respiratory virus, rotavirus, and her-
pes virus) were at lower risk for serious bacterial infection when compared
with patients who did not have an identified source (4.2% versus 12.3%)
[93]. A subgroup analysis of 187 febrile infants 28 to 60 days old from the
largest prospective multicenter study of RSV infection in young infants
showed a significantly lower rate of serious bacterial infection in RSV-pos-
itive patients when compared with RSV-negative patients (5.5% versus
11.7%) [72], confirming the results of similar studies in young infants who
had bronchiolitis. Most of these bacterial infections were UTIs [94,95].
These studies were underpowered to detect differences in rates of bacteremia
and meningitis between RSV-positive and RSV-negative patients. Based on
available data, it remains unclear whether the clinician can forgo blood and
spinal fluid testing in RSV-positive infants. Patients less than 90 days old
who have enteroviral infections have a similar rate of concurrent serious
bacterial infections (mostly UTI) of 7% [96].

Treatment and disposition of the febrile young infant
Most infants who have a FWS who are otherwise healthy and born at full

term, who are well appearing, and who have normal laboratory values can
be managed on an outpatient basis. If the patient undergoes a reliable fol-
low-up within 24 hours, if the parents have a way of immediately accessing
health care if there is a change in the patient’s condition, and if the parents
and the primary care physician understand and agree with this plan of care,
the patient may be discharged home. Ceftriaxone, 50 mg/kg intravenously
or intramuscularly, can be given before discharge, but withholding antibi-
otics in these low-risk patients is acceptable as well. Patients who do not un-
dergo lumbar puncture in the emergency department should not receive
antibiotics because this will confound the evaluation for meningitis if the pa-
tient is still febrile on follow-up examination. Close follow-up reevaluation
must be ensured before discharge.

For patients who have abnormal test results or who appear to be ill, an-
tibiotic therapy and hospitalization are warranted. Ceftriaxone, 50 mg/kg
intramuscularly or intravenously (100 mg/kg if meningitis is suspected), is
commonly used for these patients. Additional antibiotics should be
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considered in select circumstances (eg, ampicillin or vancomycin for sus-
pected infection by Listeria, gram-positive cocci, or Enterococcus). Some
studies suggest that patients in this age group who have UTIs may be treated
on an outpatient basis [97,98]; however, no large prospective studies provide
evidence as to the safety of outpatient management in this age range. Young
infants who are RSV positive are at higher risk of serious complications,
such as apnea [99], and the clinician must evaluate this concern in addition
to the risks of serious bacterial infection when making a disposition
decision.

Older infants and toddlers: 3 months and older
A temperature of 38.0�C defines a fever and is the usual threshold at

which diagnostic testing is initiated in the young infant; however, in febrile
children 3 months and older (some studies extend this group to include 2-
month-old infants), a temperature of 39.0�C is commonly used as the tem-
perature for initiating further evaluation (Fig. 2). This higher temperature
cutoff is used because of the increasing risk of occult pneumococcal bacter-
emia with increasing temperatures [38] and because large studies of occult
bacteremia, widely referenced in the medical literature, use this temperature
as the study entry criteria [9,11,100]. No systematic studies have been con-
ducted in the post-PCV7 era to determine whether an increasing height of
fever is still correlated with increasing rates of bacterial infection. Although
the rates of serious bacterial infection may be higher in children who have
temperatures R39.0�C, these patients may still have occult infections with
lower heights of fever.

Evaluation of the child 3 months and older
The history is often helpful in this age group. Patients are more likely to

be able to communicate complaints, and the physical examination is more
informative. Clinical assessment as to whether a child appears to be well,
ill, or toxic is important. A well appearance does not completely exclude
bacteremia [101], but children who appear toxic are much more likely to
have serious illness when compared with ill- or well-appearing children
(92% versus 26% versus 3%, respectively) [102]. Many bacterial infections
can be identified by history and physical examination alone, but some infec-
tions may be occult. The most common serious bacterial infections in this
age group that may not be clinically apparent are bacteremia, UTI, and
pneumonia. Rapid influenza testing may result in a decreased need for
diagnostic testing [103]; febrile children between 3 and 36 months who
are influenza A positive are less likely to have serious bacterial infections
than children who are influenza A negative [104]. If no focal infection is
identified and the cause is not believed to be viral, diagnostic testing in
this age group is undertaken for the purposes of identifying occult bacterial
infections.
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Occult bacteremia
In the pre-PCV7 era, the children at greatest risk for occult bacteremia

were 6 to 24 months old, and the most common pathogen was S pneumoniae
[9,11]. In the era of universal PCV7 vaccination, the overall incidence of
pneumococcal bacteremia (and, accordingly, the total overall incidence of
bacteremia) has dropped substantially. In a population immunized with
PCV7, E coli bacteremia is at least as common as pneumococcal bacteremia.

Rapid urine test positive?

1.  Outpatient oral antibiotics (e.g.,
cefixime, cephalexin)
2.  Consider giving first dose of
parenteral antibiotics (e.g.,
ceftriaxone) in ED    

Findings suggestive of pneumonia?

1.  Outpatient oral antibiotics
 (e.g., amoxicillin, azithromycin)
2.  Consider giving first dose of
 parenteral antibiotics (e.g.,
 ceftriaxone) in ED

Low risk patient
If ≥2 PCV7 and no higher-
risk criteria
 No blood testing    

Option 2
 Blood culture
 CBC with differential
 If WBC >15K,  treat
 with ceftriaxone 

No

No

Option 1
 Blood culture
 +/- ceftriaxone
 (50 mg/kg IV or IM)

Yes

Yes

1.  Assess clinical stability for discharge
2   Ensure ability to obtain follow-up care
2.  Follow-up in 24-48 hours for persistent
     symptoms
3.  Immediate follow-up for worsening condition
4.  Immediate follow-up for positive blood culture
5.  Discharge home

Occult UTI
Obtain rapid urine testing and
culture in:
1. All children ≤6 months
2. Girls <24 months if 1 or more
 risk factors present:
 Fever  ≥2 days
 Age <12 months
 White race
 No alternative source of fever
2. Uncircumcised boys <12m
3. Patients with temperatures
  38.3-38.9°C if they have two
 or more of the above risk
 factors

Age 3-36 months and temp ≥39°C
Healthy without underlying medical conditions

Nontoxic appearance and no obvious source
(Some 2-3month children; see Fig1)

Occult Bacteremia

Evaluate for occult infection

Occult pneumonia
1.  Obtain CXR if patient has
     hypoxia, tachypnea, respiratory
     distress, abnormal breath
     sounds regardless of
     temperature
2.  Consider CXR if no other
     source identified, temp    39°C
     and WBC >20,000/mm3 (if
     obtained), or for prolonged
     cough or fever 

Higher risk patient
Increased risk for bacteremia if:
  <2 PCV7 vaccinations
 Temp ≥40°C
 Contacts with meningococcal
 disease
 Petechiae
 Prolonged gastroenteritis
 Abnormal rapid urine test in
 children <18m

Fig. 2. Fever without apparent source in children 3 to 36 months of age. CBC, complete blood

count; CXR, chest radiography; ED, emergency department. (Adapted in part from Ishimine P.

Fever without source in children 0 to 36 months of age. Pediatr Clin N Am 2006;53:186.)
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This changing epidemiology has added to the confusion regarding the
utility of blood testing in the evaluation of the febrile child, specifically re-
garding the value of blood testing in the identification of occult bacteremia.
Although there is an increased risk of bacteremia with an increasing WBC
count, the sensitivity and specificity of a WBC count R15,000/mm3 is
only 74% to 86% and 55% to 77%, respectively [11,21,105,106]. Similarly,
patients who had E coli bacteremia were more likely to have elevated WBC
counts when compared with control subjects without bacteremia; however,
the WBC counts in patients who have Salmonella [21], Staphylococcus au-
reus [21], and Neisseria meningitidis [107] bacteremia do not differ from
that in control patients without bacteremia. Using an elevated WBC or ab-
solute neutrophil count as a surrogate marker for occult bacteremia means
that many patients will unnecessarily receive antibiotics and a substantial
number of patients who have bacteremia will be untreated.

The shifting epidemiology of bacteremia has prompted cost-effectiveness
analyses of various management strategies. Using pre-PCV7 data, Lee and
colleagues analyzed five strategies for the 3- to 36-month-old febrile child
who did not have an identifiable source of infection. In their sensitivity anal-
ysis, they found that when the prevalence rate of pneumococcal bacteremia
dropped to 0.5%, which is essentially the current rate of pneumococcal bac-
teremia in emergency departments [21,25,26,108], clinical judgment (eg, pa-
tients who were deemed to be at low risk clinically for occult pneumococcal
bacteremia received no testing or antibiotics) was the most cost-effective
strategy [109].

The role of antibiotics in children believed to be at high risk for bacteremia
is controversial as well. Currently, there is no way of prospectively identifying
bacteremic patients. Practically, this means that, at the time of the emergency
department visit, many febrile children who are at risk for bacteremia must
be treated to prevent a single serious bacterial infection. Before PCV7, the
use of amoxicillin [110] and ceftriaxone [100,105] appeared to shorten the du-
ration of fever in bacteremic febrile children. Nevertheless, there is a paucity
of randomized, placebo-controlled data demonstrating that the use of
either oral or parenteral antibiotics prevents significant adverse infectious se-
quelae in these children. One study compared amoxicillin with placebo for
the treatment of febrile children and showed no difference in the rates of sub-
sequent focal infection [110], but another retrospective study demonstrated
that, in patients ultimately found to have bacteremia, treatment with oral
or parenteral antibiotics reduced persistent fever, persistent bacteremia,
and hospital admission [111]. A subsequent meta-analysis has shown that, al-
though ceftriaxone prevents serious bacterial infection in patients who had
proven occult bacteremia, 284 patients at risk for bacteremia would need
to be treated with antibiotics to prevent one case of meningitis [112]. Compli-
cating this analysis is the fact that in a majority of patients who have pneu-
mococcal bacteremia, the bacteremia will resolve spontaneously [9]. Focal
infections develop in 15% of bacteremic children [9], and meningitis develops
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in 2.7% to 5.8% of patients who have occult pneumococcal bacteremia
[112,113]. These analyses were conducted on data obtained in the pre-
PCV7 era, and similar risk-benefit analyses have not been conducted after
the introduction of PCV7. Nonetheless, it is clear that with the significant de-
crease in invasive pneumococcal disease [17,24,114], many more children will
be treated unnecessarily with antibiotics to prevent a single serious outcome.

PCV7 has led to remarkable declines in the rates of invasive pneumococcal
disease. Declines in the rate of invasive disease occur even when the four-dose
regimen is incomplete, and even one dose of PCV7 offers some protection,
although one dose given before 6 months of age did not seem to protect
against illness occurring after 6 months or more [115]. Although maximum
individual protection against the seven serotypes covered by this vaccine oc-
curs after completion of the four-dose immunization regimen (the standard
immunization regimen entails doses at age 2 months, 4 months, 6 months,
and 12 to 15 months) [116], similarly high rates of vaccine efficacy in protect-
ing against serotype disease were noted in two- and three-dose immunization
regimens as well [115]. Among the seven serotypes, the amount of disease re-
duction is variable [18,20,117]. Although the overall rate of invasive pneumo-
coccal disease is declining, the rates of invasive disease caused by nonvaccine
serotypes appear to be stable and may be increasing [24,27,118–120]. The
clinical implications of this serotype replacement are unclear.

In addition to pneumococcus, another common cause of bacteremia is E
coli. E coli bacteremia is more common in children aged less than 12 months
and is most common in children 3 to 6 months of age. E coli bacteremia is
commonly associated with a concomitant UTI [121]; in one recent study, all
27 patients identified with E coli bacteremia had UTIs [21]. Salmonella
causes 4% to 8% of occult bacteremia, occurring in 0.1% of all children
3 to 36 months old who have temperatures R39.0�C [9,11,21,100]. Although
the majority of patients who have Salmonella bacteremia have gastroenter-
itis, 5% will have primary bacteremia [122]. One large retrospective study of
children who have non-typhi Salmonella bacteremia showed that 54% of
bacteremic children had temperatures less than 39.0�C (29% of patients
were afebrile) and a median WBC count of 10,000/mm3. These children
had a 41% rate of persistent bacteremia on follow-up cultures, and the rates
of persistent bacteremia were the same in patients who were treated with an-
tibiotics at the initial visit and those who were not. Among immunocompe-
tent patients, 2.5% of patients who had Salmonella bacteremia had focal
infections, and no differences in rates of focal infection were noted in chil-
dren older and younger than 3 months of age [123].

Meningococcal infections are infrequent causes of bacteremia but are as-
sociated with high rates of morbidity and mortality [124]. Neisseria meningi-
tidis is a leading cause of bacterial meningitis [125]. Combining the data
from Boston and Philadelphia occult bacteremia studies, 0.02% of children
who appeared to be nontoxic and who had temperatures R39.0�C had me-
ningococcal disease [9,11]. Usually, these patients are overtly sick; however,
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12% to 16% of patients who have meningococcal disease have unsuspected
infection [107,126]. Although there is an association between younger age and
elevated band countwithmeningococcal disease, the positive predictive values
of these variables are low given the low prevalence of this disease, and the re-
searchers in one largemeningococcal disease study believe that routine screen-
ing for all young febrile children who have complete blood counts for
meningococcal bacteremia is not useful [107]. Patients who had unsuspected
meningococcal disease who were treated empirically with antibiotics had
fewer complications than patients who were untreated, but there were no dif-
ferences in rates of permanent sequelae or death [127]. Nevertheless, testing
and empiric treatment may be warranted for children at higher risk formenin-
gococcal disease. Risk factors for meningococcal bacteremia include contact
with patients who have meningococcal disease, periods of meningococcal dis-
ease outbreaks, and the presence of fever and petechiae (although most chil-
dren who have fever and petechiae do not have invasive bacterial disease)
[128–130]. A new tetravalent meningococcal conjugate vaccine was licensed
for use in the United States in 2005. Although clinical trials in infants and
young children are in progress, this vaccine has been licensed and recommen-
ded for routine administration in children 11 years old and older [131].

Children who have positive blood cultures need to be reexamined. A child
who has a positive blood culture with any pathogen who appears ill needs
a repeat blood culture, lumbar puncture, intravenous antibiotics, and hospi-
tal admission. Because the rates of spontaneous clearance of pneumococcal
bacteremia are high, patients who have pneumococcal bacteremia who are
afebrile on repeat evaluation can be observed on an outpatient basis [132]
after repeat blood cultures are obtained and these patients are given antibi-
otics. Children who have pneumococcal bacteremia and who are persistently
febrile need repeat blood cultures and generally should undergo lumbar
puncture and require hospital admission. The treatment and disposition
for well-appearing children who have Salmonella bacteremia are less clear,
but patients with meningococcal bacteremia should be hospitalized for par-
enteral antibiotics [106]. Furthermore, the approach to the patient who has
an E coli UTI who later grows E coli in a blood culture is unclear, although
repeat assessment and blood culture should be performed, and consider-
ation should be given to lumbar puncture and admission.

Contaminated blood cultures are common, and in younger children, the
rate of contaminated cultures frequently exceeds the rate of true positive cul-
tures [9,11,21,25,108,133]. False-positive blood cultures lead to further test-
ing and unnecessary use of antibiotics and hospitalizations [134], along with
the attendant iatrogenic complications [135].

Given the observed decline in invasive pneumococcal disease, the incon-
sistent relationship between the height of a fever and rates of bacteremia, the
strong association between E coli UTIs and E coli bacteremia, the relative
infrequency of meningococcemia and Salmonella bacteremia, and the lim-
ited value of the WBC count in predicting the latter two diseases, the



1102 ISHIMINE
need for a routine complete blood count, blood cultures, and empiric anti-
biotics has been called into question in fully immunized children
[21,25,136,137]. If the clinician decides to obtain blood testing, the most im-
portant test is the blood culture, because this is the gold standard test for
bacteremia. At best, the WBC count is a limited screening tool, and an ab-
normality is a relatively poor surrogate marker for bacteremia. It is reason-
able to address parental preferences when devising a ‘‘risk-minimizing’’
versus a ‘‘test-minimizing’’ [138] approach to these children, because paren-
tal perceptions and preferences regarding risk may differ from those of the
treating clinician [139–141].

Occult urinary tract infection
UTIs are common sources of fever in young children, and these children

are at risk for permanent renal damage from such infections. In older chil-
dren, historical and examination features such as dysuria, urinary fre-
quency, and abdominal and flank pain may suggest UTI; however, in
young children, symptoms are usually nonspecific. Although the overall
prevalence in children is 2% to 5% [142–144], certain subgroups of children
are at higher risk for UTIs. White race, girls, uncircumcised boys, children
who have no alternative source of fever, and temperatures R39.0�C are as-
sociated with a higher risk of UTI. Sixteen percent of white girls less than
2 years old with temperatures R39.0�C and a FWS had UTI [143,144].
UTIs were found in 2.7% to 3.5% of febrile children, even when there
were other potential sources of fever (eg, gastroenteritis, otitis media, upper
respiratory tract infection, and nonspecific rash) [143,144].

Gorelick and Shaw [145] derived a clinical decision rule which has been
subsequently validated for febrile girls with temperatures R38.3�C who
are less than 24 months of age. Urine testing is indicated if two or more
of the following risk factors are present: age less than 12 months, fever for
2 or more days, temperature R39.0�C, white race, and no alternative source
of fever. This rule has a sensitivity of 95% to 99% and a false-positive rate of
69% to 90% in detecting girls with UTI [145,146]. No similar clinical deci-
sion rules exist for boys, but, because the prevalence in boys less than 6
months old is 2.7% [144], urine should be collected in all boys in this age
group. The prevalence of UTIs in uncircumcised boys is eight to nine times
higher than in circumcised boys; therefore, uncircumcised boys younger than
12 months should also undergo urine testing [144,147,148].

Several rapid urine tests have good sensitivity for detecting UTIs. En-
hanced urinalysis (R10 WBC/hpf or bacteria on Gram-stained, uncentri-
fuged urine) [65,149] and a combination of R10 WBC/hpf and bacteriuria
(on either centrifuged or uncentrifuged urine) [150] are both excellent
screening tests. The more readily available urine dipstick (positive for either
leukocyte esterase or nitrites) has a sensitivity of 88% [65]. Because no rapid
screening test detects all UTIs, urine cultures should be ordered for all of
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these patients [68]. Any positive test results from a rapid test should lead to
a presumptive diagnosis of a UTI, and antibiotic treatment should be initi-
ated. Most patients who have UTIs and appear well can be treated on an
outpatient basis. Empiric antibiotic therapy should be tailored to local bac-
terial epidemiology, but reasonable outpatient medications include cefixime
(8 mg/kg twice on the first day of treatment, then 8 mg/kg/d starting from
the second day) or cephalexin (25–100 mg/kg/d divided into four doses).
The duration of therapy should be from 7 to 14 days.

Occult pneumonia
Young children commonly develop pneumonia, and the most common

pathogens are viruses and (based on pre-PCV7 data) S pneumoniae [151].
The diagnosis of pneumonia based on clinical examination can be difficult
[152]. Multiple attempts have been made at deriving clinical decision rules
for the accurate diagnosis of pneumonia, but none has been successfully val-
idated [153–155]. The presence of any pulmonary findings on examination
(eg, tachypnea, crackles, respiratory distress, or decreased breath sounds)
increases the likelihood of pneumonia, and, conversely, the absence of these
findings decreases the likelihood of pneumonia [156–158]. The role of pulse
oximetry in detecting pneumonia is unclear [159,160]. Although the chest
radiograph is often believed to be the gold standard, there is variability in
the interpretation of radiographs even by pediatric radiologists [161]. Fur-
thermore, radiographic findings cannot be used to reliably distinguish
between bacterial and nonbacterial causes [162,163].

Some cases of pneumonia are likely to be clinically occult. In the pre-
PCV7 era, Bachur and colleagues found that 19% to 26% of children youn-
ger than 5 years old who had a temperature of R39.0�C, a WBC count
R20,000/mm3, and no other source or only a ‘‘minor’’ bacterial source on
examination had a pneumonia infection as seen on a chest radiograph
[164]. This study has been criticized because of a high degree of interob-
server variability in chest radiograph interpretation, because of the failure
to perform a WBC count on over half the infants who had a temperature
R38�C, and because the majority of clinical assessments were preformed
by residents. Furthermore, a retrospective study at the same institution after
universal PCV7 vaccination showed a 5% ‘‘occult’’ (ie, no respiratory dis-
tress, no tachypnea or hypoxia, and no lower respiratory tract abnormalities
on examination) pneumonia rate in patients selected to undergo chest radi-
ography [165]. A clinical policy guideline from the American College of
Emergency Physicians states that, although there is insufficient evidence to
determine when a chest radiograph is required, the clinician is advised to
‘‘consider’’ a chest radiograph in children older than 3 months who have
a temperature R39�C and a WBC count R20,000/mm3. Furthermore,
a chest radiograph is usually not indicated in febrile children older than 3
months who have a temperature !39�C without clinical evidence of acute
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pulmonary disease [87]. The British Thoracic Society similarly recommends
that a chest radiograph should be considered in children younger than 5
years old who have a temperature R39�C caused by an unclear source of
infection [166]. These recommendations may change based on the decline
of the prevalence of pneumococcal pneumonia [167]. A chest radiograph
should be obtained in all febrile children regardless of fever height if there
are physical examination findings suggestive of pneumonia, such as tachyp-
nea, increased work of breathing, asymmetric or abnormal breath sounds,
or hypoxia.

No decision rules exist for pediatric pneumonia that help with disposition
decisions in children who have pneumonia, but the majority of patients are
treated on an outpatient basis. Both amoxicillin (80 mg/kg/d divided twice
or three times daily) and macrolide antibiotics (eg, azithromycin, 10 mg/
kg by mouth on the first day, then 5 mg/kg/d for 4 more days) are accept-
able. Treatment duration is usually from 7 to 10 days (with the exception of
azithromycin), but no definitive evidence supports a specific duration of
therapy [166].

Future directions and questions

The pneumococcal vaccine has already had a significant impact on the
epidemiology of bacterial infection in young children, and this vaccine seems
to have had some impact on the practice patterns of pediatricians. Pediatri-
cians who were surveyed ordered fewer blood and urine tests and were less
likely to prescribe antibiotics in a hypothetical scenario of an 8-month-old fe-
brile but otherwise healthy infant when the child had been fully immunized
with PCV7 versus when they had not been immunized [168]. The number of
blood cultures ordered by pediatricians (but not by emergency physicians)
has fallen by 35% in the Northern California Kaiser Permanente system [21].

Although the decline in invasive pneumococcal disease has been dra-
matic, the rise in nonvaccine serotype pneumococcal disease raises concerns
[118,169]. Likewise, there is an increase in antibiotic resistance in nonvaccine
serotype pneumococci [19,120,170]. Newer pneumococcal conjugate vac-
cines with increased serotype coverage are in development [171].

Despite the use of the PCV7 vaccine, bacteremia will still develop in
patients; therefore, there remains a need for better tests to diagnose invasive
bacterial disease. Several additional tests are being studied as potential sur-
rogate markers for bacterial disease in young children: procalcitonin, C-re-
active protein, and interleukin-6 [172–180].

Summary

Most children aged 0 to 36 months who have a FWS have viral infec-
tions, but certain subsets of febrile children are at higher risk for more seri-
ous bacterial disease. The child who appears to be toxic, regardless of age,
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needs a comprehensive work-up, antibiotic coverage, and admission to the
hospital. Generally, this work-up entails a complete blood count with differ-
ential, blood culture, urinalysis and urine culture, lumbar puncture with
CSF analysis, Gram stain and culture, and, when indicated, chest radio-
graphs and stool studies. These patients should receive broad-spectrum par-
enteral antibiotics before hospital admission. Additionally, the approach to
patients who are immunocompromised (eg, sickle cell disease, cancer, or
long-term steroid use), who have indwelling medical devices (eg, ventriculo-
peritoneal shunts and indwelling venous access catheters), who are currently
taking antibiotics, or who have prolonged fevers should be individualized.

The febrile neonate (0–28 days old) is at high risk for serious bacterial
infection, even with a benign examination and normal screening laboratory
results; therefore, these patients also need a complete blood count with dif-
ferential, blood culture, urinalysis and urine culture, lumbar puncture with
CSF analysis, Gram stain and culture, and, when indicated, chest radio-
graphs and stool studies. Febrile neonates should receive empiric antibiotic
coverage, typically with ampicillin (50 mg/kg intravenously, or 100 mg/kg if
meningitis is suspected) and cefotaxime (50 mg/kg intravenously, or 100 mg/
kg if meningitis is suspected) or gentamicin (2.5 mg/kg intravenously).

The febrile young infant (1–3 months old) is also at significant risk for
bacterial infection. These patients need complete blood counts, blood cul-
tures, urinalyses, and urine cultures. A lumbar puncture with CSF analysis,
Gram stain, and culture should be strongly considered because other labo-
ratory tests such as the WBC count are inaccurate in predicting which pa-
tients have meningitis. When clinically indicated, chest radiographs and
stool studies should be obtained as well. If any of these test findings are ab-
normal (including a peripheral WBC R15,000/mm3 or %5000/mm3, a
band-to-neutrophil ratio R0.2, a urine dipstick test positive for nitrite or
leukocyte esterase or a finding of R5 WBCs/hpf or organisms seen on Gram
stain, CSF fluid with R8 WBC/mm3 or organisms on Gram stain, R5
WBC/hpf in the stool specimen, or evidence of pneumonia on a chest radio-
graph), the patient should receive ceftriaxone (50 mg/kg intravenously or in-
tramuscularly, or 100 mg/kg intravenously if meningitis is suspected) and
should be admitted to the hospital. If these initial laboratory results are nor-
mal, the patient can be discharged if follow-up within 24 hours can be en-
sured. The administration of ceftriaxone, 50 mg/kg intravenously or
intramuscularly, should be considered if a lumbar puncture is performed;
if a lumbar puncture is not performed, antibiotics should be withheld. If
a patient is 2 to 3 months old and the practitioner is comfortable with his
or her pediatric assessment skills, these children can be treated similarly
to older febrile children.

The older infant or toddler (3–36 months old) who has a temperature
of R39.0�C may be treated more selectively. In this age group, if no febrile
source is identified definitively, a catheterized urine specimen for evaluation
(dipstick, urinalysis, microscopy, or Gram stain) and urine culture should be
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obtained in girls less than 2 years old if one or more of the following risk
factors are present: age less than 12 months, fever for 2 or more days, white
race, and no alternative source of fever. Urine testing should also be consid-
ered in girls who have temperatures of 38.3�C to 39.0�C if they meet two of
the previous risk factors. All boys younger than 6 months and all uncircum-
cised boys younger than 12 months should also have catheterized urine sent
for rapid urine testing and culture. Chest radiographs should be considered
in children who have physical examination findings suggestive of pneumo-
nia. Additionally, a chest film should be considered in a child with an unex-
plained peripheral WBC count R20,000 (if obtained), or with prolonged
fever or cough.

Patients who have not received at least two PCV7 vaccinations should
still be considered to be susceptible to pneumococcal bacteremia, but these
children benefit to some degree from herd immunity conferred by the pop-
ulation as a whole. Based on pre-PCV7 data, the most cost-effective
approach to the child who has had fewer than three PCV7 doses is to obtain
a peripheral WBC count. If the WBC count is R15,000/mm3, a blood cul-
ture should be ordered, and the administration of ceftriaxone should be con-
sidered [109]; however, other options (eg, blood culture with or without
empiric antibiotic administration, or a WBC count and blood culture with
selective antibiotic administration) are also reasonable. This approach
should also be considered when parents are unsure of their child’s immuni-
zation status, because parental recall of immunization status is relatively
inaccurate [181].

Blood testing should be considered optional in patients who have
received two or more PCV7 vaccinations, because the rate of bacteremia
in this population is less than 1%. This approach is acceptable because of
the low overall rates of bacteremia, the limited accuracy of the WBC count
in predicting bacteremia, and the high rate of spontaneous resolution of
pneumococcal bacteremia. Additional benefits of this approach include for-
going the discomfort and expense of testing, as well as the complications as-
sociated with false-positive results (which are more likely than true-positive
results). This approach presumes that the clinician and the parents accept
the risk of missing some cases of occult bacteremia with the attendant
risk of morbidity. Although an elevated complete blood count can be sug-
gestive of pneumococcal and E coli bacteremia, this is neither a sensitive
nor specific test. Furthermore, the complete blood count is unhelpful as
a screen for other types of occult bacteremia. Empiric antibiotic therapy
is generally not indicated for these patients; however, if the clinician chooses
to obtain a complete blood count and this is elevated, or if there is any other
concern for an increased risk of bacteremia (eg, hyperpyrexia [40]), blood
cultures and antibiotics should be considered.

No combination of clinical assessment and diagnostic testing will success-
fully identify all patients who have serious infection at the time of initial pre-
sentation; therefore, the importance of timely reassessment (even for the
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child with initially normal test results or the child who has received antibiotic
therapy) cannot be overemphasized, and caretakers must be instructed to re-
turn to the emergency department or primary care provider’s office immedi-
ately for any deterioration in the child’s condition. A systematic plan for the
evaluation and treatment of the febrile child may help reduce unnecessary
testing and morbidity associated with serious infection; however, no single
strategy can capture the nuances of all febrile young patients. Any standard-
ized approach to the febrile young child should serve as an adjunct to, and
not a replacement for, the judgment of the treating clinician.
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Jaundice, also known as hyperbilirubinemia, is a yellowish-greenish
pigmentation of the sclera and skin caused by an increase in bilirubin pro-
duction or a defect in bilirubin elimination. Jaundice is defined by a serum
bilirubin concentration greater than 5 mg/dL. Neonatal jaundice is esti-
mated to occur in the majority of term infants (60%) in the first week of
life, and approximately 2% of infants reach total serum bilirubin (TSB)
levels in excess of 20 mg/dL [1–4]. The TSB normally rises during the first
3 to 5 days of life and then begins to decline [3]. As such, it is important
that bilirubin levels are interpreted based on the neonate’s age in hours [5].

The feared complication of neonatal jaundice is bilirubin encephalopa-
thy, the result of prolonged unconjugated hyperbilirubinemia. Acute biliru-
bin encephalopathy can eventually develop into chronic bilirubin
encephalopathy (kernicterus). Kernicterus has been called the ultimate ad-
verse manifestation of severe hyperbilirubinemia [6] and was rarely seen in
the decades following the introduction of phototherapy and exchange trans-
fusion; however, recent reports suggest it is reemerging [6]. A concerning
number of cases have been reported in healthy term and near-term neonates
[7]. Since 1990, the Pilot Kernicterus Registry has identified kernicterus in
greater than 120 near-term and term infants who had been discharged as
healthy from the hospital [7–10]. In 2001, the Joint Commission on Accred-
itation of Health Care Organizations issued a sentinel event alert notifying
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health care providers and hospitals that kernicterus is a threat to otherwise
healthy newborns. The reemergence of kernicterus has been attributed in
part to earlier hospital discharge, before the natural peak of bilirubin in
the neonate, as well as a result of relaxation of treatment criteria [4,9,11,12].

Newborns are often discharged from the hospital within 48 hours of
birth; as a result, hyperbilirubinemia is not as often detected before dis-
charge as it had been previously [13]. The practice of early newborn
discharge has transformed neonatal hyperbilirubinemia from an inpatient
issue to an outpatient one [14,15]. Currently, hyperbilirubinemia is one of
the most common reasons for readmission of a newborn [16,17]. As such,
emergency physicians should be comfortable with the diagnosis, evaluation,
and management of the jaundiced newborn [2,18]. Vales eloquently stated in
a commentary that, in an ideal world, ‘‘the issue of dangerous hyperbiliru-
binemia should have been solved before embarking in a drastic cut on the
in-hospital observation’’ of newborns [19].

Epidemiology

Hyperbilirubinemia is one of the most common reasons for the presenta-
tion of neonates to the emergency department and one of the major causes
for hospital readmission. Overall, jaundice is observed in the first week of
life in 60% of term infants and 80% of preterm infants [1,20]. In a case-
control review, Maisels and Kring [17] concluded that hyperbilirubinemia
is the major reason for hospital readmission in the first 2 weeks of life (in-
cidence of 4.2 cases per 1000 discharges). Although the percentage of jaun-
diced newborns is higher among preterm newborns, the majority of data on
the assessment, evaluation, and management of jaundice have been collected
on term newborns with birth weights of 2500 g or greater.

Pathophysiology

Bilirubin is produced from the breakdown of hemoglobin (Fig. 1). Hemo-
globin is degraded by heme oxygenase, resulting in the release of iron and
the formation of carbon monoxide and biliverdin. Biliverdin is then
converted to bilirubin by biliverdin reductase.

Unconjugated bilirubin (also known as indirect bilirubin) is initially only
soluble in lipids, not water, and is subsequently bound by albumin in the
blood stream. Any substance competing for binding sites, such as organic
acids or drugs, can increase the levels of free bilirubin. In this unconjugated
state, bilirubin is difficult to excrete (because it is lipid soluble), and it can
easily pass into the central nervous system where it is neurotoxic and can
produce kernicterus [11]. Unconjugated bilirubin is taken up by the liver,
where it is conjugated by uridine diphosphate glucuronosyltransferase
(UDPGT) to a conjugated form.



1119NEONATAL HYPERBILIRUBINEMIA
Fig. 1. The pathophysiology of neonatal hyperbilirubinemia.



1120 COLLETTI et al
Conjugated bilirubin (direct bilirubin) is water soluble, non-toxic, and
unable to cross the blood-brain barrier. It also binds to albumin and can
compete with unconjugated bilirubin for binding sites. It is excretable into
the biliary or intestinal tract. Once conjugated bilirubin enters the intestinal
tract, it is either excreted in stool or deconjugated by bacteria, where it may
reenter the circulation (enterohepatic circulation). Total bilirubin is bound
to protein (mainly albumin) in the blood and is a combination of unconju-
gated and conjugated bilirubin.

There are three main causes of hyperbilirubinemia in the neonate, which
generally manifests as elevated levels of unconjugated bilirubin: (1) an
increase in hemolysis, (2) a delay in maturation or inhibition of conjugating
mechanisms in the liver, and (3) interference with hepatic uptake of uncon-
jugated bilirubin. Neonates are especially prone to hyperbilirubinemia
secondary to increased hemoglobin from high red blood cell volume,
shortened red blood cell survival (and therefore increased breakdown),
and relative immaturity of UDPGT in the liver.

Clinical presentation

The emergency physician should be familiar with historical clues that put
the neonate at increased risk for severe hyperbilirubinemia. Risk factors to
consider are jaundice in the first 24 hours, visible jaundice before hospital
discharge, fetal-maternal blood type incompatibility (ABO incompatibility
as well as Rh incompatibility), prematurity, exclusive breastfeeding as well
as significant weight loss associated with breastfeeding, maternal age greater
than or equal to 25 years, male sex, delayed meconium passage, and exces-
sive birth trauma such as bruising or cephalohematomas [6,21,22]. The par-
ents should be asked specifically about poor feeding, urine output (including
dark urine), stooling (delayed passage of meconium or light-colored stool),
vomiting, or any changes in behavior (lethargy, changes in cry pattern, cries
becoming more shrill, arching of the body) [18].

Pertinent family history includes ethnicity, as well as siblings with hyperbi-
lirubinemia, anemia, liver disease, or splenectomy. Ethnicity is a factor in de-
termining the likelihood of hyperbilirubinemia. Individuals of East Asian
descent, certain tribes of Native Americans such as the Navajo, and those of
Greek ancestry have a higher incidence of hyperbilirubinemia [3,15,23]. It is
important to inquire about siblings with jaundice, because there is a 12.5 times
greater risk for severe jaundice in newborns who have one or more siblings af-
fected with severe neonatal hyperbilirubinemia when compared with new-
borns who have prior siblings without severe neonatal hyperbilirubinemia
[24].

Physical assessment begins with the clinical appearance of the infant.
Jaundice is assessed through blanching the skin with digital pressure, reveal-
ing the underlying color of the skin and subcutaneous tissue. The clinical
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assessment of jaundice is best undertaken in a well-lit room to maximize the
ability to determine true skin color [21]. Jaundice in term and preterm in-
fants follows a cephalocaudal progression [25]. Visual estimation of the
severity of jaundice is unpredictably and imprecisely related to the actual
serum bilirubin level, especially in infants with dark skin pigmentation
and once the jaundice has extended to the lower legs and feet [5,9,26–28].
Moyer and colleagues [28] evaluated 122 healthy infants who underwent
examination by two observers followed by measurements of serum bilirubin.
The investigation concluded that visual estimation of infantile jaundice was
not reliable, and that prediction of serum bilirubin concentration by clinical
examination is not accurate [28]. After assessing the skin, it is important to
look for other signs indicative of pathologic jaundice, such as pallor, pete-
chiae, hydration, and weight status. Signs of blood loss or blood sequestra-
tion such as excessive bruising, hepatosplenomegaly, or cephalohematoma
should be sought out as well [22].

A review of the birth history should be performed. First, it is important
to establish whether the child was large for gestational age (LGA), within
normal range, or small for gestational age (SGA). Infants that are SGA
have associated complications such as hypoglycemia, polycythemia, and ab-
normal neurologic symptoms. Although hyperbilirubinemia is not directly
linked to SGA infants, polycythemia can lead to an increased bilirubin level
secondary to increased red cell destruction [29,30]. Infants that are LGA
have an increased incidence of birth trauma due to their size. Excessive
bruising and cephalohematomas can be acquired from birth trauma. One
study determined that over a 10-year period, 2.5% of all breech births
had an associated cephalohematoma [31]. Forceps and vacuum extraction
deliveries can also cause bruising and cephalohematomas to occur [30].
Other injuries such as clavicle fractures and brachial plexus injuries are
also associated with hyperbilirubinemia. Clavicle fractures are often second-
ary to shoulder dystocia. These injuries are linked to hyperbilirubinemia sec-
ondary to the extravasation of blood from the associated trauma [32].
Information regarding medications administered to the mother before and
during delivery should be obtained, because certain medications, such as
oxytocin, can result in an increased incidence of hyperbilirubinemia [30,33].

On initial inspection of a jaundiced neonate, the clinician should have an
increased index of suspicion for underlying disease entities. Among these en-
tities are sepsis and galactosemia. A diagnosis of sepsis should be considered
in the infant presenting with apnea or temperature instability. Galactosemia
presents as feeding intolerance manifested by persistent vomiting, an
enlarged liver, seizures, and lethargy [34].

Differential diagnosis

There are two different classifications of jaundice to considerd
physiologic and pathologic. Physiologic jaundice is the transient elevation



1122 COLLETTI et al
of serum bilirubin during the first week of life. Pathologic jaundice occurs in
the first 24 hours of life and is often associated with anemia or hepatosple-
nomegaly. Furthermore, pathologic jaundice can be characterized by a rap-
idly rising serum bilirubin (O5 mg/dL per day), prolonged jaundice (O7 to
10 days in a full-term infant), and an elevated conjugated bilirubin concen-
tration (O2 mg/dL or more than 20% of TSB).

Two main categories of hyperbilirubinemia are unconjugated or conju-
gated, also known, respectively, as indirect or direct. One may further
breakdown the etiology of unconjugated hyperbilirubinemia into an in-
creased bilirubin load, decreased bilirubin excretion, or bilirubin increase
due to breastfeeding. One of the major causes of increased bilirubin load
is blood group incompatibility.

ABO blood group incompatibility is the leading cause of hemolytic dis-
ease of the newborn. One of the primary clinical features of ABO blood
group incompatibility is hyperbilirubinemia. Approximately one third of in-
fants with ABO incompatibility have a positive direct antiglobulin test
(DAT or Coombs’ test), indicating that they have anti-A or anti-B anti-
bodies attached to their red cells [35]. Of this third, 20% will have a peak
TSB of greater than 12.8 mg/dL [35]. Although ABO-incompatible, DAT-
positive infants are more likely to develop moderate hyperbilirubinemia,
severe jaundice is uncommon [35]. Overall, ABO hemolytic disease is a com-
mon cause of early hyperbilirubinemia before the infant leaves the nursery;
it is a rare cause of hyperbilirubinemia in infants who are discharged and
return for evaluation [35]. A mechanism similar to that of ABO incompat-
ibility exists for Rh incompatibility. Of note, 15% of all births are a set-up
for ABO incompatibility, but only 0.33% to 2.2% of all neonates will have
some manifestation of the disease [36,37]. Several other minor blood group
types, such as Kell and Duffy, can also cause hemolytic disease.

Enzyme deficiencies in the glycolysis pathway, such as glucose-6-phos-
phate dehydrogenase (G6PD) deficiency and pyruvate kinase deficiency,
also increase the indirect bilirubin load. G6PD deficiency mainly affects
the red blood cells and can cause acute hemolysis. Many infants, although
not all, with this disease present with hyperbilirubinemia. The exact mecha-
nism as to how G6PD deficiency causes hyperbilirubinemia is unknown;
however, the leading explanation is a decrease in bilirubin elimination
[38]. G6PD deficiency affects between 200 and 400 million people worldwide
and is the leading cause of hyperbilirubinemia in certain population sub-
types such as African Americans, those of Mediterranean descent, and
some Far East populations [39,40]. Multiple studies have shown that infants
who are affected by hyperbilirubinemia and who have G6PD deficiency have
the same clinical course and clinical indicators as infants with hyperbilirubi-
nemia who do not have G6PD deficiency; therefore, it is prudent to include
G6PD deficiency in the differential diagnosis if there is a family history of
G6PD deficiency or if the patient fits into an at-risk demographic group
[39,41].
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Pyruvate kinase deficiency is the second leading cause of red blood cell
enzyme deficiency in North America and overall is an uncommon cause
of hyperbilirubinemia. The clinician should have a higher index of suspicion
for pyruvate kinase deficiency as a cause of hyperbilirubinemia in popula-
tions in which pyruvate kinase deficiency is more common, such as neonates
of Indian descent [42,43]. An investigation by Kedar and colleagues deter-
mined the prevalence of pyruvate kinase deficiency in jaundiced neonates
in India to be 3.21% [43].

Abnormalities in the red blood cell membrane, such as hereditary spher-
ocytosis and elliptocytosis/ovalocytosis, may also result in an increase in
indirect bilirubin levels. In hereditary spherocytosis, there is a defect in
the red cell membrane causing an increase in red cell breakdown and abnor-
mal red blood cells. Fifty percent of individuals with hereditary spherocyto-
sis state they had significant jaundice as newborns. Trucco and Brown [44]
suggest that the clinical findings of hereditary spherocytosis can include
early onset of jaundice or a marked increase in bilirubin beyond what is ex-
pected with physiologic jaundice. An osmotic fragility test is considered to
be the gold standard to confirm a diagnosis of hereditary spherocytosis
[45,46]. Elliptocytosis/ovalocytosis is an autosomal dominant disease affect-
ing predominantly Southeast Asian and Mediterranean populations. Several
case studies have reported that it results in an elevation of indirect bilirubin
[47,48].

It is important to exclude hemolytic disease as the cause of increased
indirect bilirubin levels. The diseases discussed previously can cause hemo-
lysis, and it is important to identify factors that will help diagnosis hemolytic
disease early. A family history of significant hemolytic disease, a high-risk
ethnic background, early or severe jaundice, or the development of jaundice
in the newborn before 24 hours of life suggest the possibility of hemolytic
disease in the newborn. In addition, a bilirubin level in a neonate that
does not respond to phototherapy may indicate that breakdown is ongoing
from an underlying disease process that requires further evaluation. A rapid
rate of rise in the bilirubin level should cause concern for hemolytic disease
[1,13].

Increased indirect bilirubin can also be caused by decreased bilirubin ex-
cretion. One of the main causes of decreased bilirubin excretion is that ne-
onates have a decrease in bowel motility which results in an increase in
the enterohepatic circulation, in turn, leading to increased indirect bilirubin
[22,49]. One of the more life-threatening causes of hyperbilirubinemia by im-
paired bilirubin excretion is Crigler-Najjar syndrome. There are two types,
both of which are due to defects in bilirubin-UDP-glucuronosyltransferase
(B-UGT). Type I is characterized by an absence of enzyme activity and is
the more severe type which can lead to kernicterus and death by the age
of 1 to 2 years of age without treatment. Type II has some enzyme activity
and is therefore less fatal. Without B-UGT, unconjugated bilirubin accumu-
lates in the body. Once the threshold of albumin and other tissue
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phospholipids is reached, the brain becomes stained and kernicterus de-
velops. The disease is rare and inherited in an autosomal recessive fashion.
The clinical presentation includes elevated bilirubin levels and symptoms of
kernicterus despite phototherapy treatment [50,51]. Congenital hypothy-
roidism is another disease that can cause hyperbilirubinemia through de-
creased bilirubin excretion. It presents with prolonged jaundice, lethargy,
constipation, poor feeding, hypotonia, and enlarged fontanelles. It is ex-
tremely important to follow-up on thyroid levels in the newborn genetic
screening of neonates who have hyperbilirubinemia with concerns of hypo-
thyroidism [52].

Increased indirect bilirubin levels can also result from breastfeeding.
When compared with formula feeding, breastfeeding has been associated
with neonatal jaundice that is more severe and longer in duration [53,54].
This type of hyperbilirubinemia can present in two ways. The first is a de-
layed course in which the bilirubin level rises on the fourth to seventh day
of life after physiologic jaundice is resolving. The bilirubin then peaks at
about 2 weeks of life (to a level of 15–25 mg/dL) and stays in this range
for another 2 weeks before a decrease is observed [55]. The second type
has also been described as an exaggerated physiologic jaundice. It occurs
earlier than the first type, typically on the third or fourth day of life, with
bilirubin levels above 10 mg/dL [54]. The exact mechanism of action is un-
known. There is evidence to suggest that caloric deprivation results in hyper-
bilirubinemia. Because it may take anywhere from 2 to 5 days for the
production of breast milk, a breastfed infant may experience a calorie defi-
ciency [56]. Furthermore, it has been shown that human breast milk has
a substance within it that inhibits hepatic B-UGT, which, in turn, leads to
hyperbilirubinemia [57,58]. It is recommended by the American Academy
of Pediatrics that, even with this risk, it is still better to breastfeed than to
switch to formula when breastfeeding jaundice is suspected [1]. Human
milk jaundice syndrome, also know as breastfeeding-associated jaundice,
should be distinguished from breastfeeding jaundice. Human milk jaundice
appears later than breastfeeding jaundice, typically on the fourth to seventh
day of life, and is more prolonged than breastfeeding jaundice [35].

Important clues to the etiology of jaundice are the time of onset and the
duration [59,60]. Jaundice in the first 24 hours may be secondary to blood
type incompatibilities such as ABO and Rh. Sepsis should also be consid-
ered, because several investigations have described as association between
proven bacterial infection and neonatal jaundice [60–66]. Arthur and
Williams [62], Seeler [65], and Littlewood [64] demonstrated an association
between hyperbilirubinemia and urinary tract infections in neonates. A few
investigations have concluded that jaundice as the only symptom of sepsis is
rare, especially in a well-appearing neonates [67–69].

Jaundice appearing during the second to third day of life is most likely
physiologic and will dissipate by the fifth or sixth day. If the newborn is
breastfed, he or she may develop breastfeeding jaundice that can be present
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for 2 weeks. The clinician should consider a pathologic etiology of jaundice
if it persists for longer than 2 weeks. A prospective investigation by Maisels
and Kring [69] demonstrated that most newborns admitted for indirect
hyperbilirubinemia are healthy breastfed infants. Newborns who warrant
careful screening are those presenting with late-onset jaundice, direct hyper-
bilirubinemia, or signs of sepsis.

Conjugated hyperbilirubinemia is concerning because, although it is non-
toxic, it is a marker for serious underlying disease. Etiologies of conjugated
hyperbilirubinemia are summarized in Table 1. Associated findings of con-
jugated hyperbilirubinemia are pale acholic stools, dark urine, or the pres-
ence of bilirubin in the urine [1].

Emergency department evaluation

Evaluation should be guided by the clinical appearance of the neonate
and the timing of jaundice. A full-term, well-appearing, asymptomatic in-
fant is at low risk of complications, especially in the absence of danger signs
(Box 1) and when presenting within a time frame that is consistent with
physiologic jaundice [70]. To aid in the assessment of the jaundiced neonate,
several laboratory investigations may be obtained, including TSB, a direct
Coombs’ test, blood group testing, hemoglobin, urinalysis, as well as
a full sepsis work-up (white blood cell count, cerebral spinal fluid for anal-
ysis and culture, and blood and urine cultures).

A serum bilirubin and hemoglobin measurement should be routinely or-
dered for the jaundiced infant. Inaccuracy between the physician’s clinical
estimation and actual serum bilirubin levels is well documented, as is poor
interrater reliability; therefore, physical examination alone should not be re-
lied upon. Measurements of total and direct serum bilirubin should be ob-
tained to differentiate conjugated from unconjugated hyperbilirubinemia.
Unfortunately, measurement of bilirubin has a notorious wide range, is in-
accurate, and is associated with a tremendous amount of interlaboratory
variability [70–78]. In a well-appearing, afebrile infant with unconjugated
hyperbilirubinemia and normal hemoglobin, no further tests are needed (al-
though some practitioners would obtain a urinalysis and urine culture) [2].

Table 1

Etiology of conjugated hyperbilirubinemia

Infectious Anatomic Metabolic

TORCH Biliary atresia Inborn errors of metabolism

Hepatitis Choledochal cyst Cystic fibrosis

Sepsis (usually presents with

other signs of sepsis, ie,

vomiting, abdominal

distention, respiratory

distress, and poor feeding)

Alagille syndrome

(arteriohepatic

dysplasia)

Cholestasis

Mass lesion

Alpha-1-antitrypsin deficiency
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As alluded to earlier in this manuscript, obtaining a urinalysis may prove
helpful in the infant with physiologic jaundice. Several investigations have
indicated an association between jaundice and asymptomatic urinary tract
infections [2,62,64,67,79–82]. A series of articles by Seeler indicate that jaun-
dice may be one of the earliest signs of a urinary tract infection [64,79,81].
Ng and Rawstron described a case series of six neonates in whom jaundice
was the prominent feature in acute urinary tract infection [80]. Chavalitd-
hamrong and colleagues [68] prospectively identified two urinary tract infec-
tions in 69 infants with unexplained jaundice. Rooney and colleagues [62]
found urinary tract infections in 40% (9 of 22) of infants with documented
bacterial infections. Garcia and Nager [82] prospectively evaluated asymp-
tomatic, afebrile, jaundiced infants for evidence of a urinary tract infection,
which they found in 7.5% of infants less than 8 weeks of age. Furthermore,
neonates presenting with an onset of jaundice after 8 days of age or those
with an elevated conjugated bilirubin fraction were more likely to have a uri-
nary tract infection. Garcia and Nager recommend testing for a urinary
tract infection as part of the evaluation of the asymptomatic jaundiced in-
fant presenting to the emergency department [82].

In cases in which anemia is present, a complete blood count with periph-
eral smear, Coombs’ test, and maternal and fetal blood types should be an-
alyzed (ABO and Rh(D) typing) [2]. Neonates who are Coombs’ positive are
approximately twice as likely as their comparable peers to have a serum bil-
irubin level of more than 12 mg/dL [70]. In the presence of a positive
Coombs’ test, ABO or Rh incompatibility is the most likely cause of jaun-
dice, because the majority of neonates with other causes of hemolysis will be
Coombs’ negative [2]. Furthermore, a G6PD level has been recommended
for any infant undergoing phototherapy with an appropriate genetic or geo-
graphic background, and for any neonate who does not respond well to
phototherapy [2].

In cases of conjugated hyperbilirubinemia, evaluation efforts should be
directed to determining the underlying etiology [2]. Most commonly,

Box 1. Danger signs

1. Family history of significant hemolytic disease
2. Vomiting
3. Lethargy
4. Poor feeding
5. Fever
6. Onset of jaundice after the third day of life
7. High-pitched cry
8. Dark urine
9. Light stools
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conjugated hyperbilirubinemia is infectious in origin, and these causes
should be assessed with a TORCH infection panel (toxoplasmosis, others,
rubella, cytomegalovirus, and herpes simplex), hepatitis B serology, and uri-
nalysis for cytomegalovirus. Although less common, jaundice may be the
presenting complaint in neonates with inborn errors of metabolism, cystic
fibrosis, alpha-1-antitrypsin deficiency, and iron storage deficiencies.
When any of these processes are suspected, investigative studies should be
broad and include liver function tests, ammonia, albumin and total protein
levels, and a complete chemistry panel. Examination of urine for reducing
substances, sweat chloride testing, and red blood cell galactose-1-phosphate
uridyltransferase activity may be required.

Obstructive causes may be more difficult to identify owing to their
insidious and often intermittent presentation. Abdominal ultrasound and
hepatobiliary scintigraphy to assess for biliary atresia or a choledochal
cyst may provide a diagnosis that, when reached promptly, improves out-
comes due to early surgical intervention.

In casesof significanthyperbilirubinemia (serumbilirubin levelO15mg/dL)
with or without symptoms of illness, the following laboratory values
should be obtained: direct and indirect bilirubin, complete blood cell count,
peripheral blood smear for hemolysis, reticulocyte count, liver function tests,
thyroid function tests, as well as an evaluation for sepsis. If an ex-
change transfusion is anticipated, a type and cross must be obtained. Indi-
rect hyperbilirubinemia, reticulocytosis, and a smear consistent with red
blood cell destruction are suggestive of hemolysis [58]. Infants with hemoly-
sis as a cause of their hyperbilirubinemia are at greater risk for kernicterus
[83] and should be admitted.

Kernicterus

Kernicterus (bilirubin encephalopathy) is a rare but catastrophic biliru-
bin-induced brain injury that is one of the known causes of cerebral palsy
[7,35,84,85]. It is one of the few causes of brain damage in the neonatal pe-
riod that, with current diagnostic and treatment regimens, is preventable
[11]. The link between hyperbilirubinemia and brain damage was first estab-
lished in the early 1950s when Mollison and Hsia and colleagues demon-
strated that the risk of kernicterus in infants with hemolytic disease of the
newborn dramatically increased with the bilirubin level and that an ex-
change transfusion could dramatically decrease that risk [70,86,87]. The
likelihood of kernicterus depends on the bilirubin level, as well as the age
of the child and comorbidities.

A schema for grading the severity of acute bilirubin encephalopathy has
been described [10,88]. The earliest signs are often subtle and may be missed
but include early alterations in tone of the extensor muscles (hypotonia or
hypertonia), retrocollis (backward arching of the neck), opisthotonus
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(backward arching of the trunk), as well as a poor suck response [10,13,89].
The hypertonia and retrocollis will often increase in severity and may be by
accompanied by a shrill cry as well as unexplained irritability alternating
with lethargy and fever [89]. Prompt and effective therapy during the early
phase of bilirubin-induced neurologic dysfunction can prevent chronic
kernicteric sequelae [10].

Advanced signs of bilirubin encephalopathy are cessation of feeding,
bicycling movements, irritability, seizures, fever, and altered mental status.
These late findings are predictors of severe kernicteric sequelae. The final
stage is chronic irreversible bilirubin encephalopathy, also known as kernic-
terus [10]. The classic tetrad [11] of chronic irreversible bilirubin encephalop-
athy are athetoid cerebral palsy, deafness or hearing loss, impairment of
upward gaze, and enamel dysplasia of the primary teeth.

Kernicterus was rarely seen in the decades following the introduction of
phototherapy and exchange transfusion, but recent reports suggest it is
reemerging despite virtual elimination of Rh disease [4,11]. The majority
of cases reported in the last decade have not occurred in infants with
ABO, Rh, other hemolytic disease but in apparently healthy near-term
and term infants with significantly elevated bilirubin levels (well above
30 mg/dL) [90].

Bhutani and colleagues [6] preformed a review in which steps were de-
signed to facilitate a safer experience with newborn jaundice and prevent
the feared manifestation of severe hyperbilirubinemiadkernicterus. A
root cause analysis of cases of kernicterus was also performed by the Amer-
ican Academy of Pediatrics Subcommittee on Neonatal Hyperbilirubinemia
who identified several potentially correctable factors that are associated with
the development of kernicterus [89]. Based on Bhutani’s review and the rec-
ommendations of the subcommittee, the principles that are most applicable
to the practice of emergency medicine include an increased level of concern
by the clinician, an objective assessment of the presence or absence of jaun-
dice, the identification of risk factors of potential severe disease, careful at-
tention to parental concern regarding jaundice, the identification of poor
feeding and lethargy, and timely intervention for infants with TSB greater
than the 95th percentile [6,89].

Emergency department management and disposition

Emergency department management of the jaundiced neonate depends
on several factors. Management of jaundice in the term newborn is challeng-
ing because the clinician must balance the risks of aggressive versus conser-
vative management [70]. Careful consideration must be given to the risks
and benefits of each therapeutic intervention. Clinical decision making is
aided by weighing variables such as the infant’s age, clinical appearance, bil-
irubin level, the etiology, and the timing of jaundice.



1129NEONATAL HYPERBILIRUBINEMIA
In unconjugated hyperbilirubinemia, the ultimate goal is the prevention
of kernicterus and its potentially devastating effects. The full-term, well-
appearing, and afebrile neonate without significant risk factors and a biliru-
bin level less than 17 mg/dL may be simply observed, monitoring closely for
increasing jaundice. Any dehydration should be corrected according to
weight with normal saline boluses, and the frequency of feeding may be
increased to aid in the excretion of bilirubin. Frequent feeding and frequent
stools aid in bilirubin excretion and should be encouraged. The issue of con-
tinuing breastfeeding often arises. The American Academy of Pediatrics
does not recommend the discontinuation of breastfeeding in healthy term
newborns and encourages frequent breastfeeding of at least eight to ten
times per 24-hour time period [1,2]. The major risk of interrupting breast-
feeding is that the interruption may result in permanent discontinuation,
losing its considerable benefits; however, a temporary cessation may be con-
sidered to augment phototherapy [70]. After bilirubin has fallen to a safe
level, breastfeeding should be reinstated and the adequacy of this intake
monitored to ensure proper hydration. Supplemental feedings in the form
of water or dextrose solutions have not been found to precipitate the reso-
lution of serum bilirubin levels to normal, nor are they preventative against
the development of jaundice; therefore, they are not routinely recommended
for healthy breastfed neonates. Depending on the preferences of the new-
born’s parents and physician, several options for feeding exist (with or with-
out phototherapy) [2]. A candid conversation should be entered with the
newborn’s parents outlining the risks and benefits of the continuation of
breastfeeding with close monitoring, supplementation with formula, or
a brief substitution of breastfeeding with formula, each of which may be im-
plemented with or without phototherapy. Ultimately, feeding options for
jaundiced newborns sufficiently healthy to be monitored on an outpatient
basis depend on both the parents’ and physician’s preferences [2]. In cases
of breast milk jaundice, one consideration is the temporary cessation of
breast milk with reintroduction after the bilirubin has fallen to a safe level.

Phototherapy, one of the mainstays of therapy for the jaundiced neonate,
is carried out with a blue light that causes photoconversion of the bilirubin
molecule to a water-soluble product that is excreted in the urine and stool.
The use of phototherapy may lead to greater water loss; therefore, fluid in-
take must be increased by 20%. Breastfeeding may be continued. A general
rule of thumb regarding when to initiate phototherapy for a full-term
healthy infant is to begin the therapy at a bilirubin level of 17 mg/dL or
higher and to discontinue therapy once the bilirubin level is less than
12 mg/dL. Table 2 lists further recommendations based on age in hours and
risk. Phototherapy should be started at lower bilirubin levels (15 mg/dL)
for neonates with a rapid rise in bilirubin, when ABO incompatibility exists,
and in the preterm and near-term infant [1].

‘‘Near-term’’ is a phrase used to describe newborns who do not meet the
World Health Organization’s definition of 38 to 42 weeks’ gestation but are
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over 2500 g in birth weight [35,89,91]. A commentary by the American
Academy of Pediatrics Subcommittee on Neonatal Hyperbilirubinemia con-
cluded that newborns who are near-term are at significant risk of severe hy-
perbilirubinemia [89]. A prospective investigation by Sarici and colleagues
[91] determined that neonates between 35 and 37 weeks’ gestation (near-
term newborns) were 2.4 times more likely than those at 38 to 42 weeks
to develop significant hyperbilirubinemia. These investigators stated near-
term infants should be considered to be a high-risk group because one of
four of these infants requires phototherapy for jaundice.

Exchange transfusion should be initiated emergently for markedly ele-
vated serum bilirubin levels (Table 3). A body of literature suggests that ex-
change transfusion to maintain a bilirubin level below 20 mg/dL prevents
kernicterus in infants with severe hemolytic disease of the newborn
[86,87,92,93]. An exchange transfusion is recommended for term infants
with hemolysis, if phototherapy is unable to maintain the total bilirubin

Table 2

American Academy of Pediatrics recommendations for phototherapy

Total serum bilirubin (mg/dL)

Age (h)

Risk category 24 36 48 72 96

High risk (35–37 weeks þ risk factorsa) 8 9 11 13 14

Medium risk (R38 weeks þ risk factors or 35–37

weeks and well)

10 12 13 15 17

Low risk (O38 weeks and well) 12 13 15 18 20

a Risk factors are defined as isoimmune hemolytic disease, G6PD deficiency, asphyxia, sig-

nificant lethargy, temperature instability, sepsis, acidosis.

Data from the American Academy of Pediatrics Clinical Practice Guidelines Subcommittee

on Hyperbilirubinemia. Management of hyperbilirubinemia in the newborn infant 35 or more

weeks of gestation. Pediatrics 2004;114:297–316.

Table 3

American Academy of Pediatrics recommendations for exchange transfusion

Total serum bilirubin (mg/dL)

Age (h)

Risk category 24 36 48 72 96

High risk (35–37 weeks þ risk factorsa) 15 16 17 18 19

Medium risk (R38 weeks þ risk factors or 35–37

weeks and well)

16.5 18 19 20 22

Low risk (O38 weeks and well) 19 21 22 24 25

a Risk factors are defined as isoimmune hemolytic disease, G6PD deficiency, asphyxia, sig-

nificant lethargy, temperature instability, sepsis, acidosis.

Data from the American Academy of Pediatrics Clinical Practice Guidelines Subcommittee

on Hyperbilirubinemia. Management of hyperbilirubinemia in the newborn infant 35 or more

weeks of gestation. Pediatrics 2004;114:297–316.
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level below 17.5 to 23.4 mg/dL, or for any neonate showing signs of kernic-
terus [70]. Newman and colleagues [94] found that when high TSB levels
were treated with phototherapy or exchange transfusion, there was not an
association with adverse neurodevelopment. An exchange transfusion will
reduce the bilirubin concentration by approximately 50% and should be
used with concurrent phototherapy.

Pharmacologic therapy may also be considered in conjunction with a neo-
natologist. Phenobarbital and ursodeoxycholic acid have been used to im-
prove biliary flow and lower bilirubin levels [35]. Tin mesoporphyrin
decreases bilirubin production by inhibiting heme oxygenase and is awaiting
US Food and Drug Administration approval [35].

Admission is indicated for all ill-appearing neonates, for those found to
be anemic, for bilirubin levels in the range of phototherapy or exchange
requirements, and for pathologic or conjugated hyperbilirubinemia [1].
The latter condition always conceals serious underlying disease. Although
conjugated bilirubin lacks the neurotoxicity of the unconjugated form,
steps should immediately be taken to identify and treat the precipitating
disorder. Jaundice is an early indicator of sepsis or urinary tract infection,
and if such an infectious etiology is found, antibiotics should be started
immediately. The anatomic causes of biliary atresia or obstruction due to
a choledochal cyst must be identified early, and surgical evaluation should
be prompt [2].

Prognosis

For the majority of cases, when treated early and appropriately, the prog-
nosis is favorable. This success is evidenced by an investigation by Newman
and colleagues [94] who determined that when high TSB levels were treated
with phototherapy or exchange transfusion, there was not an association
with adverse neurodevelopment.

Summary

Neonatal hyperbilirubinemia is estimated to occur in the majority of term
infants in the first week of life, and approximately 2% reach a TSB greater
than 20 mg/dL [1–4]. Secondary to early hospital discharge, neonatal jaun-
dice has been transformed from an inpatient issue to an outpatient one that
is often dealt with by the emergency physician. Consequently, the emergency
physician should be comfortable with the presentation, evaluation, and
management of the jaundiced newborn. Kernicterus, a rare but catastrophic
complication of neonatal hyperbilirubinemia, is preventable and until re-
cently was thought to be extinct. The role of the emergency physician is
to balance the risks and benefits of diagnostic evaluation and management
in the care of the jaundiced neonate.
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Crying is a part of normal human behavior. Infants cry for a variety of
reasons including the need for attention, hunger, discomfort, or pain. How-
ever, when the amount of crying is perceived to be excessive or without dis-
cernable cause, it can be the cause of much parental as well as physician
anxiety. During the first 4 months of an infant’s life, excessive crying has
been one of the problems most commonly reported by mothers [1–3]. The
prevalence of excessive crying in infants has been estimated to be between
1.5% and 40% [4–7]. Among those 1 to 6 months of age, 1-month-old
infants appear to have the highest prevalence [5].

Crying in infants can have a strong impact on both the families and the
medical system that supports them. Crying and irritability are among the
most common reasons that families seek medical attention during a child’s
first months of life and therefore it is a frequent presenting complaint for pe-
diatricians and emergency physicians. A study from the United Kingdom has
estimated an annual cost of $108 million to the national health system related
to the care of infants with crying and difficulty sleeping in the first 12 weeks of
life alone [8]. It is an important cause of maternal anxiety and stress, and is
strongly associated with maternal depression [9–13]. Infant crying has also
contributed to the discontinuation of breast-feeding [2]. Moreover, not only
is the relationship between a mother and infant often subjected to stress in
such situations, the entire family dynamic including interactions between
the infant and father and that between the two parents can be negatively af-
fected [10,14]. In theworst of cases, it has been implicated as one of the inciting
factors in physical violence and even infant death [9,15,16].

One of the challenges for every physician presented with a crying or irri-
table infant lies in discriminating between benign and organic causes for
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crying. Because of the commonality and seeming banality of the problem,
the chief complaint of ‘‘crying’’ is at times greeted by the physician with dis-
dain. While it may be tempting to dismiss these patients and assign a pre-
emptory diagnosis of colic after a cursory history and physical exam, they
are better served when each case is looked upon as a clinical challenge rather
than as an annoyance. It is also an opportunity to educate and counsel par-
ents in regard to the care of their infant. Conversely, excessive caution or
fear of ‘‘missing’’ a diagnosis may result in unnecessary and overly invasive
tests. Therefore, caring for such patients requires a fine balance.

Crying: how much is normal?

The literature on excessive crying is considerable. For the larger part, the
term has been used to describe crying behavior in infants resulting from
nonorganic disease. It may denote duration, frequency, and intensity of cry-
ing, and has been used interchangeably with ‘‘persistent crying,’’ ‘‘infantile
colic,’’ and ‘‘paroxysmal fussing.’’ Before discussing excessive crying in
infants, however, it is helpful to understand their usual crying behavior.
Fortunately, this has been previously illustrated in a number of studies.

In 1962 Brazelton [17] delineated the crying pattern in infants based on
prospective data from 80 infants from birth through 12 weeks of age. He
found that infants in their second week of life cried and fussed for a median
of 1.75 hours (30 minutes in the upper quartile and 20 minutes in the lower
quartile). From there, it increased gradually to a peak median of 2.75 hours
at 6 weeks of age, after which there was a decline in the amount of crying. At
3 weeks of age the majority of crying was concentrated in the hours between
6 and 11 PM with smaller concentrations between 4 to 7 AM and 9 to 11 AM.
At 6 weeks of age crying occurred more at the end of the day between 3 PM

and 12 AM with a smaller peak in the early morning. By 10 weeks of age
infants were crying to a lesser extent and mostly between the hours of
6 AM to 12 PM and 5 PM to 11 PM.

Subsequent studies that described crying beyond 12 weeks of age have
supported and supplemented Brazelton’s original work. Crying in infants
has often been described using a behavioral or crying curve characterized
by a peak at 2 months of age and a decline thereafter until about 4 months
after which it remains relatively steady [17–20]. There appears to be a circa-
dian pattern in which crying is concentrated most in the late afternoon and
evening. This decreases by the middle of the first year, and after 9 months of
age crying at night becomes more common [18,19]. It is important to note
that despite observed trends, there does exist considerable variability of
crying between infants as well as day-to-day fluctuations of crying in each
infant [18,21].

Perhaps one of the earliest studies that addressed excessive crying was
that by Illingworth [22] in 1954 in which he described 50 infants in the first
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3 months of life with ‘‘rhythmic attacks of screaming.’’ In finely illustrative
terms, he described the child thus: ‘‘his face flushes, his brow furrows, and
then he draws his legs up, clenches his fists and emits piercing, high-pitched
screams, which do not stop when he is picked up, continuing unabated in his
mother’s arms.’’ Such episodes lasted 5 or more minutes, occurred predom-
inately in the evenings, and had no clear inciting cause. Illingworth called
this phenomenon ‘‘three months’ colic’’ because it improved by the time
a child reached 3 months of age.

Contemporaries of Illingworth, Wessel and colleagues [23] used the
phrase ‘‘paroxysmal fussing’’ to describe a similar phenomenon in 98 in-
fants. In what has come to be known as the ‘‘rule of threes,’’ they defined
a fussy infant as one who cried or fussed for a total of more than 3 hours
a day occurring on more than 3 days a week. The infants were, furthermore,
divided into one of three groups: (1) contented, (2) paroxysmal fussers, and
(3) seriously fussy. Contented infants were those who did not meet the cri-
teria outlined above. Seriously fussy infants were those whose paroxysmal
fussing episodes continued for more than 3 weeks. As with Illingworth, Wes-
sel’s group found that the episodes, in most cases, subsided by the end of the
second month of life.

While Wessel’s designation of the amount of crying that constitutes ex-
cessive has become the most commonly accepted standard, the literature
on crying has not always been consistent. Numerous studies have used var-
iations on that definition, which has made it somewhat problematic to inter-
pret the data as a whole. Different definitions have resulted in study groups
composed of dissimilar infants between and among studies; this makes it dif-
ficult to compare estimations of prevalence as well as the cause and treat-
ment of excessive crying [5]. Similarly, it may be difficult to consistently
identify characteristics of at-risk infants [24].

When confronted with a crying infant in the emergency department,
while it is helpful to understand the common pattern and distribution of cry-
ing, it is important to consider each child individually. Bouts of crying of
several weeks’ or months’ duration with relatively stable frequency may
be more reassuring than that which started much more recently even if
the latter conforms better to the ‘‘normal’’ infant crying pattern. One may
more comfortably attribute the former to benign crying, while the latter
may require more in-depth investigation. While the crying curve is helpful
in the understanding of infant development, it is meant be applied within
the context of a case.

Colic

Colic is a well-known syndrome of excessive crying. Beyond that, the exact
definition encompassing etiology as well as possible treatments varies consid-
erably. The term colic itself is perhaps a misnomer. It is a derivation of the
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Greek word for colon, and, as such, implies gastrointestinal (GI) dysfunction
as the underlying cause. In fact, GI dysfunction is only one of several theories
that have been presented over the years to explain the colic syndrome. These
theories span physiological, psychological, and behavioral foundations.

Some of the earliest and more popular explanations for colic involve
cow’s milk protein allergy, malabsorption, and gastrointestinal dysmotility.
In 1901 Zahorsky [25] reported that ‘‘proteids’’ found in breast milk caused
violent peristalsis in the gastrointestinal tracts of colicky infants. Unfortu-
nately, studies that have examined gastrointestional dysfunction as the
source of colic have often been plagued with inadequate sample numbers
and faulty methodology [26,27]. A number of studies have demonstrated
that crying decreased in formula-fed infants when cow’s milk protein allergy
was eliminated from their diets [28–30]. However, as Treen [26] has pointed
out, some of these studies were not blinded and lacked adequate controls,
while others preselected a subgroup consisting of infants with the most se-
vere degree of crying who had already failed standard counseling and med-
ication trials. The data on elimination of cow’s milk from the mothers’ diets
in breast-fed babies have yielded mixed results [31–33].

Malabsorption has been thought to be a possible cause for colic through
the production of excess colonic gas, abdominal cramping, and discomfort.
However, this has not borne out in all studies. In one prospective study of 56
infants with colic, stool examinations for pH and reducing substances were
normal [34]. In another study, breath hydrogen production was measured in
122 healthy infants after feedings containing lactose [35]. The group of col-
icky infants had more numbers of positive breath tests compared with the
noncolicky infants, and failure to produce hydrogen gas throughout the
breath test was more frequent in the latter group. However, there was con-
siderable overlap in the hydrogen excretion values between groups. Ulti-
mately, malabsorption may account only for a small subset of infants
with colic.

Gastroesophageal reflux disease (GERD) as a cause for colic is a common
conception held by both health care providers and parents [36]. One study
with 51 infants admitted to the hospital with crying or irritability found
that the most common diagnosis previously assigned to them was gastro-
esophageal reflux disease [37]. The data on this topic, however, has been
mixed. In a study of 26 infants with colic of more than 4 weeks’ duration
that was considered severe enough to prompt referral to a pediatric gastro-
enterology clinic, pathological GERD was found in 16 (61.5%) using
pH-metry [38]. All of those infants experienced a reduction in crying 2 weeks
after institution of treatment. Of note, however, the remaining infants with-
out GERD also experienced a resolution of their colic over a 4- to 6-week
period. One may question whether the patients who received treatment
might have improved even without intervention. In addition, because the
median age of the infants in the group was 4.8 months, a number of them
had crying that persisted beyond the time when the average infant’s crying
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has abated. Thus, this was a group preselected for the most severe patients,
and may not be an accurate reflection of the population of colicky infants as
a whole. A review of the relationship between colic and GERD found that
there was little evidence to support the connection, and furthermore, that
there was poor correlation between irritability and episodes of reflux on
pH probe studies [36].

Although gastrointestinal disturbances cannot fully account for the col-
icky behavior in many infants, they might explain crying and irritability
in at least a subgroup of patients. The diagnosis can be considered when
the history or physical examination is suggestive, as for example, when there
are feeding difficulties, excessive emesis, diarrhea, constipation, or mucous
or blood in the stools [26,36,39]. Excessive crying beyond 3 months of age
or worsening of crying, although this has been shown to persist into the fifth
month of life in otherwise healthy infants, should also raise suspicion of gas-
trointestinal or other causes of irritability [4,26].

An extensive body of literature has examined infant crying in terms of de-
velopment and temperament. Barr described four distinct clinical crying
syndromes in the first year of life, namely: (1) colic, (2) persistent mother-
infant distress syndrome, (3) the temperamentally difficult infant, and (4)
the dysregulated infant [40]. Colic, in this view, should be regarded as a man-
ifestation of normal development. Furthermore, if crying syndromes were
viewed in terms of responsivity (positive or negative), reactivity (the inten-
sity, threshold, and timing of the response), and regulation (inhibition of
the response), colic could be described by increased responsivity and reactiv-
ity, and decreased regulation. The persistent mother-infant distress syn-
drome refers to infants whose crying peaks at 2 months and worsens or
fails to decline thereafter. These infants may have additional characteristics
including feeding and sleeping disturbances, and familial discord [14,40].
The temperamentally difficult infant has been described as having a predis-
position to negative responsivity (crying), and high intensity and low dis-
tractibility on the Early Infancy Temperament Scale [40,41]. Finally,
dysregulated infants are thought to have central dysfunction and usually
present in the latter part of the first year of life with disturbances in multiple
behavioral domains including affect, feeding, and motor activity [40].
Viewed in this manner, one can conclude that the crying syndromes can
and do overlap.

In the past, one of the theories offered to explain colic was that of the in-
different or aloof mother [21]. This view serves neither the interests of the
mother nor the child and has fortunately been discredited in recent years.
St. James-Roberts and colleagues [42] compared the caretaking styles of
mothers of 67 persistent criers at 6 weeks of age who cried 3 or more hours
a day with 53 moderate criers and 35 evening criers who cried less than
3 hours a day in total. They found that there was no significant difference
in maternal sensitivity or affection between the groups. The studies examin-
ing the possible effects of maternal care on crying in infants 3 months and
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older have been mixed [43,44]. However, at that age when colicky crying has
started to decline, excessive crying may have different implications.

Colic may best be viewed as a syndrome consisting of common symptoms
rather than a specific disease entity. It consists of the timing and duration
described above; that is, crying for more than 3 hours a day for 3 days
a week for 3 or more weeks, which peaks at about 6 weeks of age and starts
to decline at about 3 months of age. These crying bouts are characterized by
their failure to abate with the usual soothing methods such as feeding, hold-
ing, or rocking. Many parents may feel that their child is in pain because of
the inconsolability and characteristic posture adopted by these infants con-
sisting of drawing up their legs, furrowing their brows, and screaming. How-
ever, they occur by definition in healthy well-fed infants who are growing
and developing appropriately and appear ‘‘normal’’ between the bouts.

Colic treatments

Once the diagnosis of colic has been made, one must contend with pre-
scribing treatment and giving the parents suggestions on ways with which
to deal with their infant’s crying. This is neither straightforward nor always
successful. The methods that have been prescribed to control infantile colic
thus far have included both medical treatment and behavioral modifica-
tions. No one approach works consistently for every infant. The process
of trial and error may be discouraging and frustrating for both the parents
and their health care providers. In treating patients with colic, it is perhaps
just as important to offer support to the parents as it is to find ways to as-
suage the infant’s crying.

A number of medical treatments have been examined regarding their ef-
ficacy in reducing crying in colic. Simethicone is one agent commonly used
in the treatment of infantile colic, although its effectiveness has not been
fully supported. It is a defoaming agent that is thought to accelerate the pas-
sage of gas in the gastrointestinal tract. In one randomized, double-blind,
placebo-controlled multicenter trial with 83 infants ranging from 2 to 8
weeks of age, simethicone was no more effective than placebo [45]. A sys-
temic review that included three randomized controlled trials found that
only one showed possible benefit, but noted that the authors did not eluci-
date their definition of colic in that study [46]. A second review found that
although the use of simethicone was not supported by good quality trials, it
has no reported adverse effects and is widely used based upon common con-
sensus [47].

Dicyclomine and dicycloverine are anticholinergic medications that are
thought to relieve crying in colic through their actions as smooth muscle
antispasmodics. They have been found to be effective treatments in a number
of randomized controlled trials [46,48]. However, because of reported
adverse events, the manufacturer has contraindicated their use in infants
younger than 6 months and they are no longer indicated as treatments for
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infantile colic. The most frequently reported adverse events were drowsiness,
constipation, and diarrhea. The most serious events, occurring most com-
monly in infants younger than 7 weeks, included shortness of breath, apnea,
syncope, seizures, hypotonia, and coma [49].

Sucrose has been studied in the treatment of infantile colic because it is
thought to cause release of endogenous opioids providing an analgesic effect
in infants [50]. One double-blind double-crossover study examining the effect
of 12% sucrose on 19 infants found that 12 had a positive response, although
this only lasted for 30 minutes to an hour [51]. A randomized controlled trial
using 48% sucrose with 19 colicky infants similarly showed that the response
to sucrose was short-lived; in this case only up to 3 minutes [52].

Several studies in which lactase enzyme was introduced into the milk of
infants with colic have not shown significant reductions in crying [53,54].
Miller and colleagues [54] conducted a randomized controlled trial with
15 colicky breast-fed infants and found that lactase did no better than
placebo in reducing duration of crying. In a second small double-blind
crossover study with 10 infants fed both breast milk and cow’s milk formula,
the duration and severity of their colic was not significantly different when
they received milk treated with lactase [53]. One double-blind randomized
placebo-controlled crossover trial with 53 infants did find that crying time
was reduced in 26% of infants who received lactase, although the difference
was not significant [55]. A recent review that included four randomized con-
trolled trials determined that the evidence was such that one cannot draw
firm conclusions [47].

A number of dietary changes with the intent to eliminate cow’s milk pro-
tein have been proposed as interventions for colic or crying. One of the most
prevalent is perhaps the use of soy-based formulas as opposed to cow’s
milk–based formulas. A survey of 1803 mothers in Israel found that
10.4% of infants were given soy-based formulas at 2 months of age,
20.4% at 4 months of age, and 31.5% of infants at 12 months of age [56].
Colic ranked among the main symptoms that triggered medical personnel
and/or the mothers to initiate the change to a soy-based formula. One
systemic review with three trials found that the substitution of a soy-based
formula for cow’s milk formula had a small favorable effect in infantile colic
[48]; however, the significance disappeared when results were calculated us-
ing only the trials deemed to be methodologically sound. A second systemic
review found two randomized controlled trials that examined the efficacy of
soy formula in reducing symptoms of colic in bottle-fed infants [46]. Both
studies showed a decrease in symptoms, but the methodology was found
to be flawed. One study enrolled infants admitted to the hospital for colic,
selecting a population much different from the majority seen in the outpa-
tient setting. Both studies were thought to have inadequate blinding.
A more recent review that included the same trials concluded that although
no harms were reported in either, the evidence was of insufficient quality to
determine the benefit of soy-based formula in infantile colic [47].
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Some studies have addressed the efficacy of a low allergen diet in mothers
of breast-feeding infants in reducing symptoms of colic. In one double-blind
randomized placebo-controlled study, Hill and colleagues [57] looked at the
77 breast-fed and 38 bottle-fed infants. Mothers of the breast-fed infants
were randomized to a low allergen diet free of milk, egg, wheat, and nut,
or to a control diet free of artificial color, preservatives, and additives. Bot-
tle-fed infants received either a hypoallergenic casein hydrolysate formula or
a control cow’s milk formula. When results of the two groups were com-
bined in analysis, 61% of infants randomized to the low allergen or hypoal-
lergenic feeds experienced more than 25% reduction in distress versus 43%
of those on the control diets. In comparing the results between the bottle-fed
and breast-fed groups, the investigators did not find a significant difference.
Evans and colleagues [32] performed another small placebo-controlled dou-
ble-blind randomized crossover trial with 20 exclusively breast-fed infants.
They determined that eliminating cow’s milk from the maternal diet did
not ameliorate the distress in colic except in infants whose mothers had a his-
tory of atopy. A thirdmore recent randomized controlled trial with 90 colicky
infants found a significant absolute risk reduction of 37% in cry/fuss duration
in 47 infants whose mothers were randomized to a low-allergen diet free of
dairy products, soy, wheat, eggs, peanuts, tree nuts, and fish compared with
the 43 infants whose mothers were randomized to the control diet [58].
Although there is some conflicting evidence, overall, the studies suggest
that some therapeutic benefit may be derived in colicky breast-fed infants
when their mothers maintain a low-allergen diet.

Hypoallergenic formulas including casein hydrolysate and whey hydroly-
sate formulas are potentially promising treatments for colic [46–48]. In Hill
and colleagues’ [57] study comparing casein hydrolysate formula to cow’s
milk formula, the infants randomized to the former group did significantly
better in terms of reduction of distress. However, there were only 38 bottle-
fed infants in the study, and the results were pooled with those of breast-fed
infants. A second double-blind crossover randomized study with 17 infants
evaluated the effects of alternating casein hydrolysate and cow’s milk for-
mula on colic symptoms [59]. Although symptoms were significantly re-
duced when the infants were on the casein hydrolysate formula, the effects
diminished over time and there was no difference between groups by the
third change. In addition, eight infants dropped out of the study before
completion. Lucassen and colleagues [60] compared whey hydrolysate for-
mula to cow’s milk formula in a double-blind, randomized trial with 43 in-
fants with colic. Infants in the first group were found to have an average in
decreased crying time of 63 minutes compared with those receiving cow’s
milk formula. However, blinding may have been inadequate.

A number of herbal remedies have been used anecdotally in the treatment
of colic. One study comparing the effects of a tea containing chamomile, ver-
vain, licorice, fennel, and balm-milk to placebo found that after 7 days of
treatment 57% of infants in the active treatment group no longer met
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Wessel’s criteria for colic versus 27% of those in the placebo group [61].
Long-term effects were not studied. In addition, the average amount of
tea consumed by infants in the study was 32 mL/kg/day which leads to con-
cerns about nutritional deficiencies should the amount of milk consumed de-
crease accordingly. No adverse effects were reported in this study. However,
not all herbal remedies may be considered safe. In particular, star anise is
a spice used among the Caribbean and Latino populations to make tea
for the treatment of colic. Chinese star anise is commonly viewed as safe,
although neurological symptoms have been seen with higher doses [62].
The closely related Japanese star anise, however, has been reported to cause
both gastrointestinal and neurological toxicities including vomiting, jitteri-
ness, myoclonus or clonus, nystagmus, and seizures [62,63].

Along with medical remedies and dietary changes, parents are oftentimes
advised to initiate behavioral interventions for their colicky infants. These
include increased infant carrying, car rides, decreasing stimulation, and in-
fant swaddling. Two systemic reviews with two randomized control trials
found that there was no reduction in symptoms with increased infant carry-
ing [46,48]. One randomized controlled trial showed that the use of a car ride
simulator was no better than counseling and reassurance in reducing the
amount of infant crying or maternal anxiety [64]. Two systemic reviews
found one randomized controlled trial that addressed the question of
whether or not decreasing stimulation effectively reduces the symptoms of
colic [46,48]. In this study, 93% of infants in the treatment group showed
improvement compared with 50% in the control group [65]. However, the
study had methodological weaknesses including a subjective case definition
that precludes one from drawing firm conclusions [46–48]. A recent random-
ized controlled trial evaluated the added effect of swaddling to nurse support
and stimuli reduction on excessive infant crying [66]. Swaddling was found
to have no added benefit for the group as a whole. However, the subgroup
of infants younger than 8 weeks did appear to benefit although the results
were modest with a crying time reduction of 12 minutes per 24 hours.

Pathological crying

Organic diseases account for less than 5% of infants presenting with
excessive crying [67]; however, the importance of distinguishing crying due
to pathologic causes from nonpathological causes cannot be understated.
In addition, in the face of an actively wailing infant and his or her strained
parent(s), the examination room setting can often be tense. Because the
complaint of crying is so nonspecific, the differential diagnosis is extensive
and may be somewhat overwhelming. The authors find it helpful to use a sys-
tems-based approach.

The importance of a thorough history and physical examination cannot
be overemphasized. In a prospective study of 56 infants presenting to the
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Emergency Department with ages ranging from 4 days to 24 months
(median age 3.5 months), Poole [68] found that 61% had diagnoses that
were considered serious. The history provided clues that aided in the diag-
noses in 20% of these patients, while the physical examination provided
the diagnoses in 41% and provided clues leading to the diagnoses in 13%.
The remaining 24% of infants with serious conditions continued to cry ex-
cessively after the initial assessment. Of note, patients were excluded from
the study when they had fever or history of fever, symptoms of acute illness
within the past 72 hours, or history of a previously diagnosed disease that
could predispose them to bouts of pain or crying including colic, sickle
cell anemia, and ventriculoperitoneal shunt.

In addition to the usual questions concerning onset, duration, and
frequency of crying, and associated symptoms, the initial history should in-
clude a thorough review of systems, birth history, developmental history,
past medical history, medications, and allergies. A history of recent immu-
nizations should be included as well. Persistent crying associated with pain-
ful local reactions has been reported following administration the
diphtheria-tetanus-pertussis vaccine [69]. The infant should be undressed
to allow a complete exam. A thorough history and physical examination
will go a long way in helping to sort out the possibilities. Box 1 lists some
of the more common causes of crying in infants.

Head, eyes, ears, nose, throat

The head and scalp should be palpated carefully. Soft tissue swelling, ten-
derness, or skull depression suggest trauma and should prompt radiological
testing especially when the injury is unexplained or the history is inconsis-
tent. A bulging fontanelle raises concerns about increased intracranial pres-
sure secondary to intracranial infections or intracranial lesions including
hemorrhage or space-occupying masses. A large fontanelle along with
widely separated cranial sutures suggests hydrocephalus. Prematurely fused
cranial sutures, on the other hand, may be indicative of craniosynostosis.

Examination of the eyes should start with an external examination of the
eyelids, conjunctiva, sclera, cornea, and iris. The presence of persistent
discharge or tearing is associated with lacrimal duct obstruction, infection,
allergy, or glaucoma [70]. Corneal enlargement is the hallmark of pediatric
glaucoma, but the edema may be subtle especially if both eyes are involved.
It is often preceded by the triad of epiphora, blepharospasm, and photopho-
bia. In the presence of consistent signs and symptoms, an intraocular pres-
sure of greater than 20 mm Hg in a resting infant or an asymmetry of more
than 5 mm Hg are suggestive of glaucoma [71]. Suspicion for glaucoma
should prompt urgent referral to a pediatric ophthalmologist. Direct oph-
thalmoscopy may be performed to look for the red reflex both individually
and simultaneously. The red reflex should be bright reddish-yellow or light
gray in the brown-eyed patients and should be symmetrical in both eyes [72].
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A blunted or asymmetric reflex suggests intraocular tumors, vitreous
opacities, or retinal detachment. The presence of retinal hemorrhages in
the absence of a history of robust mechanism is concerning for shaken
baby syndrome [73]. A thorough eye examination with fluorescein stain of
the cornea should be performed in every infant with unexplained crying.
Corneal abrasions have been reported in infants in the absence of trauma
history and corneal redness or edema [68,74]. Similarly the lids may be
retracted to look for a foreign body.

External examination of the ears is important. Look for signs of external
irritation or injury. Contusions on the ear are highly suggestive of nonacci-
dental trauma. Otoscopy should be performed on every child to look for oti-
tis media. In Poole’s [68] study, otitis media was the most commonly
diagnosed condition among infants with unexplained excessive crying.

A history of unilateral nasal discharge is suggestive of a nasal foreign
body. Because the history can often be unrevealing, nares should be exam-
ined in every infant, ambulatory and nonambulatory alike. Examination of
the oropharynx may reveal thrush, pharyngitis, or vesicular lesions indica-
tive of stomatitis. Palatal or uvular burns from ingesting hot food or liquid
can also become apparent. These conditions may be accompanied by a his-
tory of decreased feeding and/or fever.

Cardiovascular

A history of congenital heart disease (CHD) in a child may change one’s
approach to the work-up, and should be sought out. Many children with
CHD are at increased risk for infective endocarditis. Infants can present
with nonspecific symptoms such as fever, malaise, and irritability. They
may have a new or changing murmur, splenomegaly, or petechiae on exam.
Patients with known CHD and those with undiagnosed CHD can present
with symptoms of congestive heart failure. In the most severe case, they can
have cyanosis or shock; however, many will have less obvious complaints
and signs including fussiness, agitation, and feeding difficulty. A cardiac mur-
mur, tachypnea, diaphoresis, and hepatomegalymay be found on physical ex-
amination [75]. Infants with an anomalous left coronary artery can present
with myocardial infarction and such nonspecific signs as crying and fussiness.

Patients with supraventricular tachycardia may also present with the
chief complaint of fussiness. The diagnosis usually starts in triage, with
the nurse reporting that the heart rate is ‘‘too fast to count.’’ In general,
infants will present with heart rater of greater than 220 beats per minute.

Pulmonary

Any history of previous or chronic pulmonary disease such as recent pneu-
monia, bronchopulmonary dysplasia, reactive airway disease, or cystic fibro-
sis may be relevant. Procure a history of respiratory symptoms including
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Box 1. Differential diagnosis for excessive crying in infants

Head, eyes, ears, nose, throat
Trauma
Corneal abrasion
Ocular/nasal/ear foreign body
Glaucoma
Otitis media
Oral thrush/stomatitis/pharyngitis
Palatal burns
Panniculitis

Cardiovascular
Congestive heart failure
Supraventricular tachycardia
Endocarditis/myocarditis
Myocardial infarction

Pulmonary
Upper respiratory infection
Foreign body aspiration
Pneumothorax
Pneumonia

Gastrointestional
Constipation
Anal fissure
Hemorrhoids
Bowel obstruction
Intussusception
Malrotation/midgut volvulus
Hirschsprung’s disease
Milk protein allergy
GERD/Esophagitis
Celiac disease
Appendicitis
Peritonitis

Genitourinary
Testicular torsion
Incarcerated inguinal hernia
Genital tourniquets
Balanitis/posthitis/balanoposthitis
Hydrocele
Urinary retention
Urinary tract infection
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cough, wheezing, dyspnea, or tachypnea. This is not always offered without
prompting when the main complaint is crying especially if the event was tran-
sient and thus deemed insignificant. The possibility of a foreign body in the
airway is present even in the nonambulatory infant especially if they have
been around other young children. If the index of suspicion is high, bilateral

Musculoskeletal
Hair/Synthetic fiber tourniquet
Fracture
Osteomyelitis
Arthritis
Rickets
Vasoocclusive crisis (sickle-cell anemia)
Dactylitis

Neurological
Neonatal drug withdrawal
Increased intracranial pressure

Hydrocephalus
Mass
Intracranial hemorrhage
Cerebral edema

Meningitis/encephalitis

Dermatologic
Burns
Cellulitis
Insect bites/urticaria
Atopic dermatitis
Mastocytosis

Metabolic/Toxigenic
Inborn errors of metabolism
Hypoglycemia
Electrolyte abnormalities
Hyperthyroidism
Pheochromocytoma
Toxic ingestion
Carbon monoxide poisoning

Other
Hunger
Infantile colic
Immunizations
Abuse
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decubitus chest radiographs may be indicated. Inadequate oxygenation or
ventilation resulting in air hunger can manifest outwardly with nonspecific
symptoms such as irritability. Note the general work of breathing. Ausculta-
tion of the lungs yielding abnormal sounds should prompt a chest radiograph.

Gastrointestinal

A history of vomiting or diarrhea or an abdominal examination revealing
tenderness, distention, or a mass could direct the work-up and diagnosis in
a child with excessive crying. The rectum should be examined in every case
for anal fissures or hemorrhoids. Bright red blood may be seen in the stools
but not invariably. Constipation is a common problem that can cause dis-
comfort and irritability and, oftentimes, the diagnosis is made based solely
on a history of stooling patterns [68]. Bilious vomiting points to a process
occurring distal to the ampulla of vater, whereas nonbilious vomiting sug-
gests that there is a problem proximal to the ampulla. Gastrointestinal
symptoms are, however, often more subtle especially in young infants.

Intussusception is a serious condition that has a peak incidence between
3 and 9 months of age. One retrospective chart review of 90 patients diag-
nosed with intussusception found that 92% of patients were under the age
of 1 year [76]. Only 30% of patients had bloody stools, while the combina-
tion of vomiting, blood per rectum, and abdominal mass was found in 29%.
The triad of vomiting, screaming attacks, and lethargy was found in 38%.
Vomiting alone or in combination with other signs or symptoms was the
most common clinical manifestation of intussusception, but screaming at-
tacks ranked second with 74% of infants presenting with it. The incidence
of intussusception appears to be concentrated during the warmer months.
It occurs not uncommonly in conjunction with common viral illnesses in-
cluding upper respiratory infections. The newly released rotavirus vaccine
is currently suspected of causing intussusception in vaccine recipients. Sus-
picion should also be high when there is unexplained crying with vomiting
and/or lethargy. Plain radiographs are diagnostic in less than half of cases.
Barium enema can be both diagnostic and therapeutic and has traditionally
been the study of choice. More recently, air and saline hydrostatic reduc-
tions have also been performed. The use of ultrasound as a diagnostic mo-
dality has achieved good results at centers with experienced radiologists [77].

Other causes of bowel obstruction that can present early with nonspecific
signs and symptoms include midgut volvulus, and Hirschsprung’s disease.
Although Hirschsprung’s disease presents most commonly in the newborn
period with bowel obstruction and bilious emesis, children can present later
with irritability and a history of chronic severe constipation. Classically
there is a failure to pass stools within the first 24 hours of life. The rectal
examination may reveal an empty rectal vault [77]. Midgut volvulus occurs
in those that have intestinal malrotation during fetal development. They
may present from the newborn period into adulthood, but most become
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symptomatic during the first year of life with a concentration during the first
month of life. Early signs include acute onset of abdominal pain and bilious
emesis. Abdominal distension and tenderness, hematemesis, and passage of
blood from the rectum develop later [77,78]. Again, a high index of suspi-
cion is required for early diagnosis and management. Chronic intermittent
midgut volvulus may have a more subtle presentation including recurrent
bouts of abdominal pain and malabsorption, constipation alternating with
diarrhea, and intolerance to solid food. The upper GI series is the diagnostic
modality of choice in the stable patient [77].

Genitourinary

A careful physical examination of the genitourinary area may suggest tes-
ticular torsion or incarcerated inguinal hernias, both surgical emergencies.
The incidence of congenital inguinal hernia has been reported to be between
0.8% and 4.0% of live births, and during the first 6 months of life the risk of
the hernia becoming incarcerated may be as high as 60.0% [79]. An incarcer-
ated inguinal hernia presents as scrotal swelling that can extend to the ingui-
nal area that may or may not be tender [80]. The incidence of testicular
torsion peaks during the perinatal period and the peripubertal period.
Patients may present with acute onset of scrotal pain, tenderness, and swell-
ing often accompanied by nausea and vomiting. A Doppler ultrasound is
needed to diagnose and differentiate it from other causes of scrotal swelling
including orchitis, epididymitis, trauma, and hydrocele. Hydroceles are
a common cause of scrotal swelling in infants and, although usually pain-
less, can cause diffuse discomfort. Transillumination can help confirm the
presence of a hydrocele, but an ultrasound may be needed for evaluation
of possible associated pathology [79,81].

Other causes of discomfort that may be uncovered with physical exami-
nation include genital tourniquets, balanitis, posthitis, and balanoposthitis.
Genital tourniquets are surgical emergencies that can lead to ischemic injury
to the organ if not promptly relieved. Balanitis, posthitis, and balanoposthi-
tis are commonly the result of inadequate hygiene or external irritation [79].
A history of recent urethral catheterization or instrumentation may be
significant. Obtaining a urinalysis to screen for urinary tract infections in
infants with a normal exam and continued unexplained crying can be helpful
[68].

Musculoskeletal

A history of trauma is important. It is vital to obtain a clear and detailed
history including time of injury occurrence and mechanism of injury. Frac-
tures are the second most common presentation of abuse, and up to 80% of
fractures occurring in infants less than a year of age have been attributed to
abuse [82]. Carefully palpate the body and extremities for swelling or tender-
ness. Oftentimes, the chief complaint is vague consisting only of a fussy or
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irritable infant, swollen extremity, or refusal to move a limb. In one study
with 215 children 3 years of age and younger with sustained fractures,
52 (24%) were determined to be the result of abuse. Abuse was found to
be more likely if there was no history of trauma, the extent of injury was
greater than expected, there was an extremity fracture in a child less than
1 year of age, or there was a midshaft or metaphyseal humerus fracture
[83]. Fractures with high specificity for abuse include classic metaphyseal
lesions, posterior rib fractures, scapula fractures, spinous process fractures,
and sternal fractures [84].

Examine all bones and joints for warmth, swelling, tenderness, or irrita-
bility that may suggest osteomyelitis, or arthritis. Osteomyelitis in infants
and especially neonates can have delayed diagnoses because signs and symp-
toms are often nonspecific. These include irritability, decreased use of the af-
fected limb, and fever. There may be redness or swelling of the soft tissue
over the affected area. Neonates with osteomyelitis may show solely pseudo-
paralysis and tenderness over the site. Septic arthritis can present similarly
with acute onset of irritability, fever, limp in the ambulatory child, or joint
irritability, redness, and swelling [85,86]. The child may hold the joint in
such a position that maximizes intracapsular volume and comfort. Hips
may be flexed, abducted, and externally rotated, and knees may be moder-
ately flexed [86]. The differential diagnosis includes inflammatory or reactive
arthritis and malignancy. Dactylitis, microinfarcts in the phalanges and
metatarsal bones, occurs in individuals with sickle-cell disease, most
commonly in infancy, and can mimic osteomyelitis [85,87]. Children with
acutely swollen digits should be examined carefully for digital tourniquets.

Neurologic

Many neurological disorders can present with nonspecific signs and symp-
toms especially in young infants. Birth history should include a history of ma-
ternal drug use since neonates in drug withdrawal are often irritable, jittery,
and difficult to console. A careful neurological exam should be performed
on all patients. Focal neurological findings might raise concern for increased
intracranial pressure. Infants with acute intracranial hemorrhage, cerebral
edema, or hydrocephalus can initially present with fussiness, irritability, de-
creased activity or feeding, or lethargy. Those with chronic subdural hemato-
mas, hydrocephalus, intracranial mass, or chiari malformation type I may
also have poor weight gain or failure to thrive and developmental delay [88].

An external examination of the head and scalp is important as stated
above. However, infants with inflicted traumatic brain injuries commonly
present without external signs of trauma and a wide spectrum of signs and
symptoms. Many have normal neurological examinations [89–91]. Rubin
and colleagues [91] reviewed the records of children younger than 2 years
with injuries suspicious for child abuse, a normal neurological exam, normal
scalp exam, and at least one high-risk criteria, namely rib fractures, multiple
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fractures, facial injuries, or an age of less than 6 months. They found that 19
(37%) of 51 had occult head injuries found on computed tomography. Con-
sider imaging the head when there is suspicion for abuse in the young infant.

Meningitis or encephalitis should always be a consideration in the irrita-
ble infant. During the early course of systemic infections, young infants may
present with crying, irritability, or fussiness without fever [92]. Patients who
are ill-appearing, or have unabated crying during the emergency department
visit should be observed either in the department or in the hospital and may
require further ancillary testing. In Poole’s [68] small study, serious illness
was found to be unlikely in the face of a normal physical exam and an infant
who did not continue to cry beyond the initial assessment.

Dermatologic

The skin should be examined thoroughly for infectious lesions, rashes,
abrasions, and bruises. Infants with infectious skin lesions such as cellulitis
or mastitis do not necessarily have fever or obvious initial findings [93]. The
skin exam may also reveal papular urticaria from insect bites or spider bites.
Check the child’s interdigital web spaces for lesions that could suggest infes-
tation with Sarcoptes scabiei, or scabies.

Diaper dermatitis is a common condition in young infants particularly in
those with a recent history of diarrhea. The resulting skin irritation can
cause aggravation and restlessness. The papulosquamous lesions of atopic
dermatitis may be found on the scalp, face, or extensor surfaces on infants
usually sparing the diaper area. It is characterized by intense pruritis and
scratching that can lead to excoriations and vesiculations [94].

Bruises are extremely rare in preambulatory infants less than 6 months of
age and uncommon in those less than 9 months of age [95–97]. Therefore,
when they do occur, they raise suspicion for inflicted injuries. Bruises over
the ears and genitourinary and buttocks regions are rarely the results of ac-
cidental injury. Accidental bruises from falling characteristically occur over
bony prominences at the front of the body [96,97]. Any injury that does not
fit with the statedmechanism is a cause for concerns about possible abuse. The
developmental capabilities of the infant should be taken into accountwhen de-
termining the plausibility of the mechanism. The same is true of burn injuries
[98]. Patterned burns from the imprint of hot objects such as a cigarette or
hand iron, or immersion of a body area into hot liquid are suggestive of in-
flicted injuries. Burns to the bilateral lower extremities and buttocks or peri-
neal regions are seen more frequently in inflicted than accidental injuries [99].

Metabolic/toxigenic

The child with an inborn error of metabolism can present in the newborn
period or later in life. The intricacies of various biochemical pathway defects
that result in the many possible diseases are discussed in detail elsewhere
[100–102]. Many of these disorders have in common enzymatic or protein
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defects that lead to accumulation of toxic intermediates and neurological
dysfunction. This can manifest in the early stages as irritability or lethargy
and vomiting, and in later stages with a sepsis-like picture. When the toxic
intermediates are acids, as is often the case, metabolic acidosis is present
inducing tachypnea. Older infants and toddlers typically present during
periods of common viral illnesses. There may be a history of poor weight
gain, developmental delay, or recurrent severe illness.

Hypoglycemia is important particularly in the neonatal period. It is rela-
tively common in newborns especially in those who are premature or small
for gestational age. In most cases, it is a transient process, a consequence of
poor glucose and fat stores and immature glucoregulatory mechanisms that
resolves over a matter of days. Newborn infants of diabetic mothers can also
have hypoglycemia from transient hyperinsulinemia that usually resolves
over 3 to 5 days. Hypoglycemia occurring past the newborn period could
suggest pituitary or adrenal dysfunction; inborn errors of glucose synthesis,
storage, or breakdown or fatty acid oxidation; or congenital hyperinsuline-
mia [101–103]. Alternatively, infants may be hypoglycemic simply from in-
adequate nutritional intake. It can also be one of the many manifestations of
serious systemic illness including infection [104]. Hypoglycemia in infants
presents with any combination of jitteriness, irritability, abnormal cry,
poor feeding, respiratory distress, apnea, cyanosis, temperature instability,
myoclonic jerks, and seizures.

Consider the possibility of toxic ingestions especially in ambulatory in-
fants. In the same vein, maternal medications can be significant in breast-
feeding infants who may be exposed to medications that are excreted in
the breast milk. Environmental exposures can also be a consideration. Car-
bon monoxide poisoning is the most frequent cause of asphyxiant poisoning
in the United States, and occurs more commonly in the winter months [105].
Relevant historical factors include indoor heaters and gas stove use, and
household members with similar symptoms. It presents in the acute stages
in adults and older children with headache, dizziness, blurred vision,
confusion, nausea/vomiting, chest pain, weakness, tachycardia, and/or
tachypnea. Young infants can present with irritability or lethargy and vom-
iting [106,107]. The classic findings of cherry-red lips, cyanosis, and retinal
hemorrhages are rare. More severe poisoning can lead to apnea, seizures,
dysrhythmias, or cardiopulmonary arrest. Pulse oximetry is often falsely
elevated, and diagnosis requires the measurement of carboxyhemoglobin
in the blood. The mainstay of treatment is supplemental oxygen [107].

Summary

The crying infant is a common clinical dilemma faced by emergency phy-
sicians. Careful consideration should be given to every case. The differential
diagnosis must be tailored to the history and clinical presentation. Ordering
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arbitrary tests will likely have low diagnostic yield possibly exposing the
child to unneeded pain and radiation and adds to the cost burden of the
medical system. Colic is a common condition in young infants. The individ-
ual history of crying pattern is necessary in making the diagnosis. The first
episode of severe crying should not be easily dismissed as colic. Taking the
general appearance of the child into account will guide clinical decision
making. Any child who is ill-appearing or displays evidence of poor growth
or development deserves further investigation. Any child who has cries
inconsolably beyond the time of the initial assessment also requires further
consideration. Do not forget the possibility of abuse. Screening and diag-
nostic testing should ideally be guided by the history and physical examina-
tion. The differential diagnosis for pathological causes of crying is
considerable. To assist clinicians in recalling some of the more common
causes of excessive crying, one of the authors has previously proposed the
mnemonic IT CRIES (Box 2) [108].

When the diagnosis of colic is made, it is important to offer support and
reassurance and suggest different methods of treatment since not all infants
will respond to the same treatments. In addition, reviewing signs of ill
appearance will empower the guardians and ensure prompt follow-up
should the clinical picture change. A thorough systemic evaluation of the in-
fant with the chief complaint of crying is an important skill for any clinician
who works with pediatric patients. When the problem is approached in an
open-minded inquisitive manner, the experience can be more satisfying for
both the family and the practitioner.
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