
Inborn errors of metabolism (IEM) often present as acute
episodes that require hospital attention and emergency care.
The clinical suspicion of an IEM is essential, since the collec-
tion of appropriate laboratory samples during an episode of
clinical decompensation is the key to a specific diagnosis. How-
ever, the early recognition of IEMs is difficult, probably
because they occur infrequently, and their predominant signs
and symptoms are nonspecific. 

In the emergency department
(ED), clinicians faced with an
acutely ill child routinely do not
suspect an IEM until the more
common conditions have been
excluded.1-16 Consequently,
diagnoses and specific therapeu-
tic measures are delayed or
missed; frequently, the appropri-
ate samples needed for the spe-
cific diagnoses are not collected.
Another important factor is that
many studies have focused their
objectives on the description of
the clinical phenotypes, not the
acute presentation of the disease
or common features of the first decompensation.6

Patients often arrive to the ED with symptoms requiring
immediate attention, such as cardiorespiratory arrest, apnea,
seizures, or coma. Studies have shown a predominance of neu-
rologic signs followed by digestive symptoms. Fewer than 10%
of patients with IEM present without neurologic or digestive

signs.1,2 Lethargy, coma, seizures, and abnormalities in muscle
tone are the common neurologic presentations, while vomiting,
feeding difficulties, and hepatic dysfunction are the predomi-
nant digestive signs and symptoms.

It is remarkable that most patients with severe metabolic
decompensation, especially when complicated by apnea and
cardiorespiratory arrest, are young (< 2 years of age).1

Many inborn errors of inter-
mediary metabolism present
during periods of poor oral
intake or intercurrent illness.3,17

Under these conditions, the
body switches to a predomi-
nantly catabolic state, in which
glycogen, fat, and protein are
mobilized as alternative energy
sources. If a genetic defect
already exists in any of these
catabolic pathways, the prob-
lem is accentuated, because the
catabolic state demands a high
flux of metabolite through these
pathways. Therefore, a cardinal
principle in the management of

children who have IEM is to prevent them from lapsing into a
catabolic state.

The number, complexity, and varied clinical presentations of
IEM present a formidable challenge to the practicing physician.
Yet, in many cases, prevention of death or permanent neurologic
sequelae in patients with these disorders is dependent on early
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diagnosis and institution of appropriate therapy. It is, therefore,
incumbent on the ED physician to be familiar with the major
signs and symptoms of IEM and with the basic laboratory studies
necessary to arrive at an initial diagnosis. Waiting until sepsis
and other, more common causes of illness are ruled out before
initiating a specific diagnostic evaluation is inadvisable, as is
indiscriminate study of all ill newborns for metabolic disorders.

It is the purpose of this article to define the constellation of
findings in the young infant that should alert the physician to the
possibility of inherited metabolic disease. The discussion is con-
fined to those disorders that typically present in early infancy
and have potential life-threatening consequences. The treatment
of important groups of metabolic disorders is addressed, focus-
ing on stabilization and acute management of patients with these
conditions.It is hoped that a presentation of the essential bio-

chemical pathways will facilitate understanding of the correla-
tion between biochemical derangements and the clinical presen-
tations of a variety of IEM.

— The Editor

General Concepts in Energy Metabolism
Energy in the form of glucose supplies the majority of the

body’s needs under normal homeostasis. At the cellular/molecu-
lar level, the end point of glucose metabolism is generation of
adenosine triphosphate (ATP). When the supply of glucose can-
not be maintained by dietary intake or by utilization of glycogen
stores, a catabolic state ensues, with utilization of fat and protein
to furnish the necessary ATP. Fat and protein catabolism, as well
as glucose metabolism induce generation of ATP via the Krebs
or tricarboxylic acid cycles which convert acetyl coenzyme A
(acetyl CoA) to the reduced form of nicotinamide adenine dinu-
cleotide (NADH). NADH undergoes oxidative phosphorylation
within the mitochondria, where the chemical energy of NADH is
transferred to ATP.3 If catabolism is not arrested by appropriate
treatment, starvation ensues. If adequate energy cannot be pro-
duced, death occurs. Patients with severe forms of some IEMs
may die even with appropriate recognition and treatment.

Glucose and Other Carbohydrates. Through the process
called glycolysis, glucose is converted to pyruvate, a 3-carbon
ketoacid that is an important intermediary substance. It has
many different fates that depend on the metabolic status of the
cell. It can be converted to and exists in equilibrium with lac-
tate; it can be used to make glucose through a process called
gluconeogenesis; and it is converted to acetyl CoA, a 2-carbon
compound that then is fed into the Krebs cycle.

The most important function of the Krebs cycle is to convert
acetyl CoA to NADH. Captured within NADH is the major
portion of the chemical energy from glucose. NADH then is
carried through a cascade of reactions within the mitochondria,
known as oxidative phosphorylation, in which the chemical
energy locked within NADH is transferred to ATP. Thus,
through the successive steps of glycolysis, Krebs cycle, and
oxidative phosphorylation, glucose is used to make ATP.3

It is interesting to note that the equilibrium between pyruvate
and lactate mentioned previously depends on the availability of
NADH. When NADH is in excess, lactate is favored; when
NADH is in short supply, pyruvate is favored, such that more
pyruvate is available to generate NADH.

Because the daily diet rarely consists of pure glucose as the
carbohydrate source, many metabolic pathways are needed to
convert other carbohydrates to glucose. Therefore, carbohy-
drates such as fructose, galactose, lactose, sucrose, and starch
eventually are converted to glucose if they are to be used to
generate energy. These conversion processes are determined
genetically. Failure of a conversion process because of a genetic
defect often leads to accumulation of intermediates, some of
which may be toxic to the body.

Another problem with the inability to convert other carbohy-
drate sources to glucose would appear to be the deprivation of a
potential energy source to the body. This problem is most dra-
matic when the defect involves the inability to convert endoge-
nous carbohydrate — glycogen — to glucose. 

Fat, Acetyl CoA, and Ketones. Of all the compounds that
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represent energy reserve for the body, fat has the highest caloric
content per molecule. Therefore, it is not surprising that mobi-
lization of fat is one of the key adaptive biochemical responses
when glucose and glycogen sources are exhausted for ATP gen-
eration. Fat is composed of a 3-carbon backbone (a glycerol
derivative) coupled to long-chain fatty acids with varying
degrees of saturation. The majority of the chemical energy is
stored in the long-chain fatty acids. During fat breakdown, the
glycerol and the long-chain fatty acids are separated first.
Metabolism of the long-chain fatty acids requires the successive
removal of 2-carbon units from the carboxyl end of the mole-
cules through a process called beta-oxidation.3

As nature would have it, the 2-carbon unit that is removed
from the fatty acid is acetyl CoA, a key intermediate in the
pathway from glucose to ATP. Therefore, the metabolism of
fatty acid dovetails into the existing pathway of energy metabo-
lism, with the generated acetyl CoA being fed into the Krebs
cycle for eventual NADH and ATP production. Another note-
worthy biochemical feature is that, during fat breakdown, the
massive flux of acetyl CoA results in its higher steady-state
level. Because ketone bodies can be thought of as dimers of
acetyl CoA, a consequence of having higher levels of acetyl
CoA is a higher rate of ketone production. Therefore, ketosis is
a biochemical hallmark of effective fat mobilization.

Protein, Amino Acids, Organic Acids, and Ammonia.
The mobilization of fat during the catabolic state almost always
is accompanied by mobilization of protein as an energy source.
Protein is made up of amino acids, which can be thought of as
being composed of two components: the amino group and an
organic acid backbone. The amino group is metabolized in the
form of ammonia, which can accumulate to toxic levels if not
disposed of efficiently. This is done through the urea cycle,
which takes place in the liver. The net effect of the urea cycle is
conversion of excess ammonia into readily excretable urea.

The organic acid backbone is more complicated. The many
different amino acids have many different configurations of the
organic acid backbone, and each organic acid backbone is
metabolized somewhat differently. Fortunately, a thread of
logic governs these diverse catabolic pathways: All of the end
products of the organic acid metabolism pathways are com-
pounds that fit into the existing scheme of energy metabolism.
Many of these organic acids yield acetyl CoA or ketone bodies
during their catabolism, and some are converted to pyruvate.
Thus, during protein mobilization, the chemical energy stored
in amino acids is harnessed in the generation of ATP through
the Krebs cycle and oxidative phosphorylation.3

Another feature of amino acid metabolism that is not
involved directly in energy metabolism is the conversion of
some amino acids into other amino acids. When this conversion
fails because of a genetic defect, the substrate amino acid accu-
mulates to toxic levels. This is exemplified by phenylketonuria,
in which phenylalanine fails to convert to tyrosine. A high
blood phenylalanine level ensues, which is toxic to the central
nervous system and leads to mental retardation.

IEM: General Overview
IEM are a heterogeneous group of disorders in which a sin-

gle gene deficit results in an enzyme or transport protein defi-

ciency, causing a block in a metabolic pathway.4 The clinical
abnormalities occur from either accumulation of the metabolic
substrate behind the block and/or deficiency of an end product.
Both males and females are affected since the gene responsible
for an autosomal recessive disorder is located on one of the 22
autosomes.8 The clinical manifestations or phenotype of the dis-
orders are determined by the severity of the particular genetic
abnormality and the associated environmental factors, such as
diet or intercurrent infection.17 More than 400 IEMs have been
identified, a minority of which will present in the infant or
young child as an acute, serious, or life-threatening event.6

Inborn errors of metabolism have been categorized in various
ways, with no classification being universally accepted because
the disease categories often overlap. Classifications can be
based on categories of underlying defect and/or by initial bio-
chemical presentation. (See Figure 1.)

IEM are rare, nearly always autosomal recessive or, less often,
X-linked recessive disorders.6 However, if taken as a group of
disorders, they are not rare; cumulatively, IEM may occur in
more than 1 in 5000 live births.8,10 It is incumbent on the clinician
to recognize the signs and symptoms of these disorders so that
early, appropriate laboratory testing and treatment are provided
prior to the advent of a life-threatening event. In addition, obtain-
ing a family history for IEM, consanguinity, unexplained child-
hood deaths, or acute life-threatening events may be paramount
to the clinician to facilitate early diagnosis of an IEM. Missing
the diagnosis may result in otherwise preventable morbidity, life-
long disability, or death. Some disorders may have relatively sim-
ple treatments such as avoiding certain foods or adding vitamin
supplements; for example, biotin supplementation for biotinidase
deficiency may be all that is required for maintaining health.12

Newborn Screening. Approximately 4 million infants are
born yearly in the United States and are screened to detect condi-
tions that threaten their lives and long-term health.18,19 Newborn
screening is a public health activity aimed at the early identifica-
tion of infants who are affected by certain genetic, metabolic, or
infectious conditions. Early identification of these conditions is
particularly crucial, as timely intervention can lead to a signifi-
cant reduction of morbidity, mortality, and associated disabilities
in affected infants.

In all states today, every newborn is screened for two disor-
ders: phenylketonuria (PKU) and hypothyroidism.18 Beyond
these two tests, there is inconsistency between states in the panel
of conditions screened. Many states screen for various additional
disorders such as maple syrup urine disease, homocystinuria,
tyrosinemia, galactosemia, biotinidase deficiency, medium-chain
acyl-CoA dehydrogenase (MCAD) deficiency, and sickle cell
anemia. When an infant presents with a severe illness or life-
threatening event, the newborn screen should be reviewed.

Clinical Manifestations of IEM 
Acute Metabolic Encephalopathy. Several groups of inher-

ited metabolic disorders, most notably the organic acidemias,
urea cycle defects, and certain disorders of amino acid metabo-
lism, typically present with acute life-threatening symptoms of
an encephalopathy.2,7 (See Table 1.) These symptoms are the
result of toxic effects of accumulating metabolites on the central
nervous system (CNS). Because most of these metabolites cross
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the placenta and are cleared by the mother during gestation,
affected infants usually appear normal at birth. The interval
between birth and onset of clinical symptoms ranges from hours
to months. The initial findings usually are those of lethargy and
poor feeding, as seen in almost any sick infant. Although sepsis
often is the first consideration in infants who present in this
way, these symptoms in a full-term infant with no specific risk
factors for sepsis strongly suggest a metabolic disorder. Infants
with inborn errors of metabolism may become debilitated and
septic rather quickly, and it is therefore important that the pres-
ence of sepsis not exclude consideration of other possibilities. If
untreated, the lethargy associated with these conditions may
progress to coma. Other signs of CNS dysfunction, such as
seizures and abnormal muscle tone, also may be noted. Evi-
dence of cerebral edema may be observed, and intracranial
hemorrhage occasionally occurs.2,7

Subdural and retinal hemorrhages in young children without
an appropriate history of trauma strongly suggest non-accidental
injury. Similar features are occasionally found in patients with
glutaric aciduria type 1 (GA1), a rare inborn error of metabolism,
and have led to the misdiagnosis of non-accidental injury.20,21

GA1 is an autosomal recessive disorder caused by deficien-
cy of the enzyme glutaryl-CoA dehydrogenase. It commonly
presents before age 18 months with sudden onset of
encephalopathy, followed by a severe and persistent movement

disorder.20,22 Clinical examination at this stage often shows
macrocephaly, and cerebral imaging may show bilateral fron-
totemporal atrophy or widening of the Sylvian fissure, with or
without subdural effusions.20,22 Subdural hematomas have been
found in symptomatic and asymptomatic patients.20 They can
occur with minimal trauma presumably because the bridging
veins are elongated in the presence of cerebral atrophy and easi-
ly ruptured.20 Retinal hemorrhages also have been reported.20

An infant with an IEM may present with the gradual develop-
ment of lethargy and poor feeding or abruptly with apnea or res-
piratory distress.2 The apnea is typically central in origin and a
symptom of the metabolic encephalopathy, but tachypnea may
be a symptom of an underlying metabolic acidosis, as occurs
with the organic acidemias. Infants with urea cycle defects and
evolving hyperammonemic coma initially exhibit central hyper-
ventilation, which leads to respiratory alkalosis. Ammonia is a
potent stimulant of the respiratory center, and hyperammonemia
results in varying degrees of respiratory alkalosis.3,14,23

IEM appear in newborns and infants in one of two forms —
acute, fulminant or chronic, slowly progressive disorders. The
most common acute encephalopathies fall into one of seven cat-
egories. These include maple syrup urine disease, organic aci-
dopathies, congenital lactic acidosis, fatty acid oxidation
defects, urea cycle disorders, nonketotic hyperglycinemia, and
disorders of carbohydrate metabolism. (See Table 1.) Chronic

Acid-Base Balance

GI losses
renal losses
endocrine disease

(i.e., CAH)

anion gap
normal

anion gap increased

† ketonuria
‡ lactic acidosis

HHH = Hyperornithinemia, hyperammonemia, and homocitrullinuria SCAD = Short-chain acyl-CoA dehydrogenase
CPSD = Carbamyl phosphate synthetase deficiency CAH = Congenital adrenal hyperplasia
ASLD = Argininosuccinate lyase deficiency GI = Gastrointestinal
MCAD = Medium-chain acyl-CoA dehydrogenase
LCAD = Long-chain acyl-CoA dehydrogenase

No Hypoglycemia

Isovaleric acidemia +

Hypoglycemia

Fructose-1, 6 diphosphatase deficiency ‡
Glutaric acidemia Type 1†
Glycogen storage Type 1, 3†
Maple syrup urine disease (early onset)

Normal
Transient hyperammonemia of newborn
HHH Syndrome

Low level
Ornithine transcarbamylase deficiency
CPSD

Mild increase
ASLD

Marked increase
Citrullinemia

Nonketotic hyperglycinemia

Metabolic Acidosis No Metabolic Acidosis

Hyperammonemia Ammonia normal

Hypoglycemia

Carnitine deficiency
Dicarboxylic aciduria
Glutaric acidemia Type 2 †
Methylmalonic acidemia †‡
Propionic acidemia †‡
Congenital lactic acidosis †‡
MCAD, LCAD, SCAD

Normoglycemia

Periodic hyperlysinemia
Ketothiolase

Hyperglycemia

Isovaleric acidemia †‡
Methylmalonic acidemia †‡
Propionic acidemia †‡

Hyperammonemia
Normoglycemia

Ammonia normal
Normoglycemia

Citrulline

Figure 1. Classification of Inborn Errors of Metabolism by Initial Biochemical Profile49
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progressive disorders are much less common and fall into one
of the following disease groups: peroxisomal disorders, pyri-
doxine dependency, hyperphenylalaninemias, and some forms
of lysosomal storage diseases.

The first step in identifying metabolic encephalopathies is to
think of them. Metabolic disease should be considered in the dif-
ferential diagnosis of any newborn or infant demonstrating symp-
toms or signs of acute or progressive encephalopathy. An acute or
progressive encephalopathy is characterized by any combination
of symptoms and signs of diffuse central nervous system dysfunc-
tion that evolve in severity over hours or days. What is character-
istic of metabolic disease is that the overall pattern and temporal
evolution are generally dominated by progressive depression of
consciousness, and motor abnormalities and brainstem dysfunc-
tion parallel the severity of disturbed consciousness in a manner
that does not localize to a particular neuroanatomic structure.14

Suspicion of an IEM should be elevated by the presence of a
variety of nonneurologic abnormalities. Prominent, unexplained
vomiting, hyperpnea in the absence of lung disease, unusual
odors, or other organ involvement (i.e., cataracts; sparse, brittle
hair; unusual skin rashes such as ichthyosis; hepatospleno-
megaly; liver failure; cardiomyopathy; neutropenia; or throm-
bocytopenia) may appear in the course of decompensation of an
IEM.6 A careful family history should be obtained to ascertain
consanguinity, known inherited metabolic disease, excess fetal
loss, or infant demise in a sibling under similar circumstances.

Once an infant is identified as having an acute encephalopa-
thy, further evaluation should proceed urgently to determine its
cause. The most common causes usually can be suspected based
on history, known risk factors, and existing diagnoses. These
include hypoxic-ischemic injury, intracranial hemorrhage, cen-
tral nervous system infection, and intoxication. Diagnosis is fur-
ther delineated by appropriate first-stage laboratory studies as
shown in Table 2.13 The aim of the initial evaluation is to simul-
taneously narrow the diagnosis and treat potentially life-threat-
ening or handicapping conditions as quickly as possible. Results
of first-stage studies should reveal abnormalities requiring
immediate corrections, such as hypoglycemia, hyponatremia,

hypocalcemia, or hypoxia. The stud-
ies also should further delineate other
organ involvement, such as renal or
hepatocellular dysfunction. A con-
stellation of abnormalities on the ini-
tial screen may suggest a particular
IEM. (See Figures 1 and 2.) For
example, severe metabolic acidosis
combined with hyperammonemia
and ketotic hypoglycemia would
strongly suggest an organic acidemia,
such as propionic acidemia, whereas
a respiratory alkalosis combined with
severe hyperammonemia without
ketotic hypoglycemia would likely be
a urea cycle disorder. If the results of
first-stage assessment combined with
clinical history, examination, and
neuroimaging do not provide a spe-
cific cause for encephalopathy, they

should provide the rationale for choosing appropriate second-
stage studies. These studies are aimed at identifying the category
of metabolic defect and in some cases provide a probable specif-
ic diagnosis that can be verified in the third stage, in which tis-
sue sampling provides material for enzyme quantification or
genetic analysis. 

Hypoglycemia. Hypoglycemic encephalopathy is rarely an
isolated or pure insult in newborns and infants. However, hypo-
glycemia is a common finding in many critically ill infants and
is a frequent manifestation of IEM.

The brain is a principal consumer of circulating glucose and,
for all practical purposes, is dependent on glucose alone for its
metabolic needs. When the brain is deprived of glucose for pro-
longed periods or on multiple occasions, injury occurs.24,25

The neurologic signs and symptoms attributable solely to
deficient supply to the brain of glucose of glucose-sparing sub-
strates have been defined.26 The early stages may be dominated
by signs of elevated circulating catecholamines: tachycardia,
pallor, diaphoresis, irritability, jittery movements or tremors,
and exaggerated tendon reflexes and neonatal reflexes (Moro
reflex). As cerebral glucose stores decline, there ensues pro-
gressive depression of consciousness, hypotonia, depressed
reflexes, and often seizures. At its worst, uncorrected hypo-
glycemia in the absence of circulating ketone bodies will
progress to coma, characterized by an isoelectric electroen-
cephalogram, cerebral edema, flaccid unresponsiveness, apnea,
and loss of brainstem reflexes.26 Hypothermia and myocardial
dysfunction may accompany the intermediate and severe stages.
If not treated, hypoglycemic coma is associated with irre-
versible neuronal necrosis and lasting neurologic deficits, the
severity of which depend on the duration of coma.

A number of factors make the infant and child more vulnera-
ble to hypoglycemia than the adult.26,27 Glucose utilization is
higher in the child, probably due to the proportionately larger
brain.24 Glycogen stores are smaller and may only be sufficient
to provide circulating glucose for a fast of a few hours. Avail-
able muscle mass and fat stores from which to generate precur-
sors for gluconeogenesis and ketogenesis are smaller. 

CATEGORY OF DISEASE BIOCHEMICAL ABNORMALITY BIOCHEMICAL FINDINGS

Maple syrup urine disease Ketonuria and ketoacidosis Hypoglycemia

Organic acidopathies Metabolic acidosis (not lactate) Ketosis
Hyperammonemia

Congenital lactic acidosis Lactic acidosis Ketosis

Fatty acid oxidation defects Hypoglycemia Hyperammonemia
Hypoketosis

Urea cycle defects Hyperammonemia without Respiratory alkalosis
ketoacidosis Hypoglycemia

Hepatic dysfunction

Nonketotic hyperglycinemia No systemic metabolic High plasma glycine
abnormality

Defects in carbohydrate Fasting ketotic hypoglycemia Hepatocellular       
metabolism dysfunction

Table 1. Inborn Errors of Metabolism Manifesting 
as Acute Encephalopathy
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Any disorder that interferes with carbohydrate intake, intesti-
nal absorption, glycogen formation or mobilization, gluconeo-
genesis, ketogenesis, or fatty acid oxidation places a child at
risk for hypoglycemia.24 Similarly, disorders that result in
excessive tissue utilization of glucose (e.g., hyperinsulinism)
place a child at risk for hypoglycemia. 

Hypoglycemia and its associated symptoms occasionally
may be seen in infants with disorders of protein intolerance, but
it is seen more commonly in disorders of carbohydrate metabo-
lism or fatty acid oxidation.2 Among the best known IEMs
associated with hypoglycemia are the hepatic glycogen storage
diseases (GSD). The hypoglycemia in these disorders is related
to the inability of the liver to release glucose from glycogen,
and it is most profound during periods of fasting. Hypo-
glycemia, hepatomegaly, and lactic acidosis are prominent fea-
tures of these disorders. Hypoglycemia is not a feature of GSD
type II (Pompe disease) because cytoplasmic glycogen metabo-
lism and release are normal in this disorder in which glycogen
accumulates within lysosomes as a result of deficiency of the
enzyme acid maltase. Clinical manifestations of this disorder
include macroglossia, hypotonia, cardiomegaly with congestive
heart failure, and hepatomegaly. Cardiomegaly is the most
striking feature and may be apparent in the neonatal period.28

Congestive heart failure is the cause of death in most cases.
Hypoglycemia may be a prominent feature of both galac-

tosemia and hereditary fructose intolerance, although symptoms
of the latter disorder occur only after fructose (sucrose) has
been introduced to the diet.

A number of inherited defects in fatty acid oxidation have
been identified in infants presenting with hypoglycemia.29-31

These disorders are important because of their apparent fre-
quency and because of the variability of the initial presentation.
Infants affected have an impaired capacity to use stored fat for
fuel during periods of fasting and readily deplete their glycogen
stores. Despite the development of hypoglycemia, acetyl-CoA
production is diminished, and ketone production is impaired.
The hypoglycemia occurring in these conditions is typically
characterized as nonketotic, although small amounts of ketones
may be produced.29 Hypoglycemia may occur as an isolated
finding or may be accompanied by many of the other biochemi-
cal derangements typically associated with Reye syndrome,
such as hyperammonemia, metabolic acidosis, and elevated
transaminases.32 Hepatomegaly may or may not be present.
Any infant presenting with findings suggesting Reye syndrome
should be evaluated for fatty acid oxidation defects.

The most common of the fatty acid oxidation defects is
MCAD deficiency. In addition to presenting as nonketotic hypo-
glycemia or a Reye’s-like syndrome, it may present as sudden
death or an acute life-threatening event.15,16,33 Many reports of
infants diagnosed as having MCAD deficiency have described a
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history of a sibling who died of SIDS. Fat accumulation in the
liver or muscle of any infant dying unexpectedly should strongly
suggest the possibility of this or a related disorder of fatty acid
oxidation.29 Very long-chain fatty acyl-CoA dehydrogenase
deficiency is associated with similar clinical findings, although
there also may be evidence of a cardiomyopathy. Infants with
this and several other fatty acid oxidation defects may present
with cardiac arrhythmias or unexplained cardiac arrest.31

The accumulation of fatty acyl-CoAs in patients with fatty
acid oxidation defects leads to a secondary carnitine deficiency,
probably as a result of excretion of excess acylcarnitines in the
urine. Urine organic acid analysis, measurement of serum carni-
tine, and analysis of the plasma acylcarnitine profile are the most
helpful laboratory studies in the initial screening for defects in
fatty acid oxidation.30 These studies are sufficient to establish the
diagnosis of MCAD deficiency, which is associated with the
presence of a characteristic metabolite, octanoylcarnitine, on the
acylcarnitine profile.30 Enzymatic assays may be necessary for
the definitive diagnosis of some of the fatty acid oxidation
defects. As is true for the defects in carbohydrate metabolism
leading to hypoglycemia, treatment of the fatty acid oxidation
defects involves avoidance of fasting and provision of adequate
glucose. Restriction of dietary fat intake and supplemental L-car-
nitine therapy are recommended.13,17

Glutaric acidemia type II is an IEM involving fatty acid and
amino acid oxidation.33 Affected infants present clinically with
hypoketotic hypoglycemia, severe metabolic acidosis, and a

characteristic organic aciduria. There are two
forms of the disease: severe neonatal and mild
late-onset. In the more severe form, patients pre-
sent during the neonatal period and die within the
first month of life. Patients with the relatively
mild, late-onset form of the disease present later in
life (months to years) and may only exhibit symp-
toms and diagnostic metabolite abnormalities
intermittently during periods of stressed catabolic
states caused by fasting or intercurrent illness.

When any infant develops signs and symptoms
of acute encephalopathy, a complete first-stage
evaluation should be performed. Blood glucose val-
ues of less than 45 mg/dL (2.5 mmol/L) should be
treated while the evaluation proceeds. If ketones are
absent and the exogenous glucose requirement is
high (greater than 10 mg/kg/min), then hyperin-
sulinism should be suspected and further evaluated
by measuring insulin levels.24 This is a logical
means to quickly narrow down the differential
diagnosis by means of simple bedside findings and
first-stage laboratory studies that determine the
presence or absence of the following findings: 1)
hepatomegaly; 2) ketonuria; 3) metabolic acidosis;
and 4) lactic acidemia.26 It is important that key
laboratory studies, such as urine for ketones, plas-
ma lactate, and acid-base status, be obtained at the
same time that hypoglycemia and its symptoms are
occurring. Additional information from the clinical
setting further suggests the likelihood of certain dis-
eases, such as the presence of myopathic weakness

and cardiomyopathy in the case of glycogen storage disease, or
the appearance of hyponatremic, hyperkalemic, or hypovolemic
shock in the case of adrenal insufficiency.

Treatment of acute, symptomatic hypoglycemia should pro-
ceed immediately after its identification. Recent recommenda-
tions have shifted away from the use of hyperosmolar dextrose
solutions in favor of a minibolus of 250 mg/kg using 10% dex-
trose infused over 2 minutes.26,27 This minibolus should be fol-
lowed by continuous infusion of 10% dextrose starting at 8
mg/kg/min and increasing as necessary to maintain stable blood-
glucose levels of greater than 45 mg/dL. Monitoring the effect of
glucose administration on the clinical symptoms, particularly
level of consciousness, can help clarify the neurologic signifi-
cance of the hypoglycemia and the need for evaluation for other
causes of encephalopathy. Discontinuation of intravenous glu-
cose infusion should proceed gradually, with frequent blood-glu-
cose monitoring to avoid the recurrence of hypoglycemia.

Hyperammonemia. Among the most important findings
associated with IEM presenting with an acute encephalopathy is
hyperammonemia.2,23 A plasma ammonia level should be
obtained for any child with unexplained vomiting, lethargy, or
other evidence of an encephalopathy.23,34-36 Significant hyper-
ammonemia is observed in a limited number of conditions,
including urea cycle defects and many of the organic acidemias.
Also in the differential diagnosis in the neonate is a condition
referred to as transient hyperammonemia of the newborn
(THAN), whereas in the older infant, fatty acid oxidation

Table 2. Laboratory Evaluation of the Infant 
with Suspected Encephalopathy

FFIIRRSSTT  SSTTAAGGEE::  SSUURRVVEEYY  AANNDD  SSCCRREEEENNIINNGG

Blood
•   Quantitative plasma amino acids
•   Lactate and pyruvate
•   Very long chain fatty acids
•   Carnitine

Urine
•   Quantitative amino acids
•   Organic acids
•   Galactose
CSF
•   Lactate
•   Quantitative amino acids

Blood
•   Blood glucose
•   CBC
•   Electrolytes
•   Mg++, Ca++, PO4

•   BUN, creatinine
•   Liver enzymes, serum proteins
•   Bilirubin
•   Cholesterol
•   Arterial blood gas
•   Ammonia

Urine
•   Ketone bodies, reducing substances
•   Protein, blood
•   Cells
CSF
•   Glucose, protein
•   Cell count
•   Microbiology
•   Check neonatal screen results

SSEECCOONNDD  SSTTAAGGEE::  IIDDEENNTTIIFFYY  TTHHEE  CCAATTEEGGOORRYY  OOFF  MMEETTAABBOOLLIICC  DDEEFFEECCTT

•   Tissue biopsy (muscle, liver) for 
quantitation

•   Skin fibroblast culture for enzyme
assay

•   DNA studies
•   Family studies

THIRD STAGE: VERIFY THE ENZYME OR GENE DEFECT 
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defects may be considered.2 Ammonia levels in newborns with
these conditions frequently exceed 1000 mcg/mol/L.35 The
finding of marked hyperammonemia provides an important clue
to diagnosis and indicates the need for urgent treatment to
reduce the ammonia level. The degree of neurologic impair-
ment and developmental delay observed subsequently in affect-
ed infants has been shown to be dependent on the duration of
the neonatal hyperammonemic coma.14,34

The timing of the onset of symptoms may provide an impor-
tant clue. Patients with some of the organic acidemias, such as
glutaric acidemia type II or pyruvate carboxylase (PC) deficien-
cy, may exhibit symptomatic hyperammonemia during the first
24 hours of life. Symptoms in the first 24 hours also are charac-
teristic of THAN, a condition that is poorly understood but,
apparently, not genetically determined.

Infants who develop severe hyperammonemia after 24 hours
of age usually have a urea cycle defect or an organic acidemia;
infants with organic acidemias typically exhibit a metabolic aci-
dosis as well. Urine organic acid analysis always should be
obtained, regardless of whether acidosis is present. Because
urea cycle intermediates are amino acids that generally are basic
in nature, anion gap metabolic acidosis is not seen unless there
is a significant degree of dehydration secondary to the acute ill-
ness. Plasma amino acid analysis is helpful in the differentiation
of the specific defects in this group. In addition, carbamyl phos-
phate synthetase deficiency and ornithine transcarbamylase
(OTC) deficiency may be differentiated by measuring urine
orotic acid, which is low in the former and elevated in the
latter.23,36 Although the family history often is negative, a posi-
tive history of early male deaths or of females with episodic ill-
ness in the family of a male infant with hyperammonemia sug-
gests ornithine transcarbamylase deficiency, the only one of the
urea cycle defects with a sex-linked mode of inheritance.36

Urea cycle disorders are characterized by the triad of encepha-
lopathy, respiratory alkalosis, and hyperammonemia.23 As a
group, urea cycle disorders may be as common as many well-
known diseases.23 It is apparent that OTC deficiency is the most
common of the urea cycle disorders, presumably because it is
inherited as an X-linked trait (the others are inherited as autosomal
recessive traits) and is expressed in some heterozygous females.36

Less significant elevations of plasma ammonia than those
associated with IEM and THAN can be observed in a variety of
other conditions associated with liver dysfunction, including
sepsis, generalized herpes simplex infection, and perinatal
asphyxia.2 Liver function studies should be obtained for evalu-
ating the significance of moderate elevations of plasma ammo-
nia. However, even in cases of severe hepatic necrosis, it is rare
for ammonia levels to exceed 500 mcg/mol/L.

Hyperammonemia also may result from urea cycle impair-
ment following hepatic failure, malignant disease, or toxin
exposure.37 A greatly increased urea load, such as that produced
by Proteus and other urea-splitting bacteria, may occur as a
result of increased production and absorption of ammonia as
NH3 from a reservoir of infected stagnant urine with an
increased pH. Hyperammonemia may complicate infectious
processes with purulent collections in the peritoneal cavity.

Both acute and chronic hyperammonemias have deleterious
effects on CNS function.38 Neurological symptoms range from

mild personality disorders to seizures, coma, and mental retar-
dation depending upon the age of the patient and the severity
and duration of the hyperammonemia. Neuropathological dam-
age similarly ranges from subtle astrocytic changes to cerebral
atrophy and delayed myelination.

Many mechanisms have been proposed to explain the toxic
effects of hyperammonemia on brain development and function.38

Precisely which mechanism is operative in a given patholo-
gy will depend not only on the degree and duration of hyperam-
monemia but also on the brain/blood ammonia concentration
ratio, a parameter that may be modified by such factors as
blood-brain barrier permeability and pH changes.38

Aggressive therapy of hyperammonemia is indicated with
the aim of reducing the concentration of blood ammonia as
quickly as possible. In patients with severe elevations of ammo-
nia, the preferred method of clearance is hemodialysis.35,36

Metabolic Acidosis. Another important laboratory feature of
many of the inborn errors of metabolism during acute episodes
of illness is metabolic acidosis with an increased anion gap,
readily demonstrable by measurement of arterial blood gases or
serum electrolytes and bicarbonate.39 An increased anion gap (>
16) is observed in many IEM and in most other conditions pro-
ducing metabolic acidosis in the neonate.12 In contrast, the dif-
ferential diagnosis of metabolic acidosis with a normal anion
gap is essentially limited to two conditions, diarrhea and renal
tubular acidosis. Among the inborn errors, the largest group
typically associated with overwhelming metabolic acidosis in
infancy is the group of organic acidemias, including such enti-
ties as methylmalonic acidemia, propionic acidemia, and isova-
leric acidemia.40

Organic acidemias are a biochemically heterogenous group
of IEM that are characterized by the accumulation in tissues and
body fluids of amino acid, fatty acid, and carbohydrate metabo-
lism intermediates, conventionally referred to as organic acids.5

If one considers the dicarboxylic acidemias and primary lactic
acidemias as being separate entities, the majority of the organic
acidemias known involve the metabolism of the essential
branch-chain amino acids isoleucine, leucine, and valine.

A combination of metabolic acidosis, elevated anion gap,
and rapidly progressing neurological symptoms always should
be considered a strong diagnostic indicator of one of these dis-
eases. The presence of ketonuria provides an additional clue
toward the recognition of the organic acidemias. Especially in
the neonatal period, the presence of significant ketonuria always
should be taken as a specific indicator of one of these relatively
frequent disorders.5,12 Ketonuria is rare in the normal or severe-
ly ill newborn, even when the blood sugar is severely
depressed. Urine ketones in the newborn are virtually diagnos-
tic of an IEM such as maple syrup urine disease or methyl-
malonic or propionic acidemias.

In addition to specific organic acid intermediates, plasma
lactate often is elevated in organic acidemias as a result of sec-
ondary interference with co-enzyme A (CoA) metabolism.5

Neutropenia and thrombocytopenia are commonly observed
and further underscore the clinical similarity of these disorders
to neonatal sepsis.5 Hyperammonemia, hypoglycemia, and
hyperuricemia are additional informative findings, especially
during episodes of decompensation.
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Methylmalonic (MMA) and propionic (PA) acidemias are the
most common clinically relevant inborn errors of organic acid
metabolism in man, with incidences of about 1/50,000 and
1/100,000 live births, respectively.40 Both typically present with
ketoacidosis in the neonatal period after a normal delivery and a
normal first 1-2 days of life. Some patients are diagnosed later in
the first year with failure to thrive, typically with recurrent
episodes of vomiting and acidosis. Of clinical interest is the ever-
increasing range of complications of these conditions. Basal gan-
glia infarction is now well-recognized and causes a choreoa-
thetoid movement disorder. Presentation with this feature has
been described even in adulthood, and urinary organic acid analy-
sis in children with unexplained choreoathetosis should be rou-
tine. Recurrent pancreatitis and renal tubular and glomerular dys-
function both appear to be relatively frequent complications of
MMA in particular, but thus far these have only been described in
children in whom the organic acidopathy previously has been
well-documented. Cardiomyopathy also has been mentioned as a
possible association with MMA. Many of the clinical features
and complications appear attributable to the recognized ability of
propionate to inhibit mitochondrial function; indeed, the alter-
ations in acid-base balance result from lactate and ketone accu-
mulation secondary to inhibition of mitochondrial energy cycles,
rather than through the direct effect of increased propionic (or
methylmalonic) acid concentration per se.40

Maple syrup urine disease (MSUD), also called branched
chain ketoaciduria, is a disorder of amino acid metabolism.5 The
enzyme deficient in MSUD, the branched-chain alpha-ketoacid
dehydrogenase complex, results in the accumulation of the
ketoacids derived from the transamination of the three branched
chain amino acids, leucine, isoleucine, and valine. The accumula-
tion of the branched chain amino acids and the ketoacids derived
from them exert neurotoxic effects.26 Clinical symptoms and
signs in the classic MSUD often manifest toward the end of the
first week of life and consist of somnolence, vomiting, seizures,
and increased muscle tone. A maple syrup aroma emanates from
the urine by the second or third week of life. Biochemical abnor-
malities include ketoacidosis, ketonuria and, in some cases, hypo-
glycemia. Diagnosis is accomplished by newborn screening in a
few states.18,19 More commonly, identification of the ketoacids in
the urine or elevation of isoleucine, valine, and leucine in the
blood establishes the presumptive diagnosis.

Defects in pyruvate metabolism or in the respiratory chain
may lead to primary lactic acidosis presenting as severe meta-
bolic acidosis in infancy.41-44 Unlike most of the other conditions
presenting acutely in the newborn, clinical features of these dis-
orders are unrelated to protein intake. Disorders in this group
should be considered in patients with lactic acidosis who have
normal urine organic acids. Differentiation of the various disor-
ders in this group can be facilitated by measuring plasma pyru-
vate and calculating the lactate/pyruvate ratio.2,5 A normal ratio
(< 25) suggests a defect in pyruvate dehydrogenase (PDH) or in
gluconeogenesis, and an elevated ratio (> 25) suggests PC defi-
ciency, a respiratory chain defect, or a mitochondrial myopathy.

Provided that the oxygen supply is adequate, the bulk of ener-
gy requirements for most cell types is generated in mitochondria
by oxidation of pyruvate, fatty acids, or ketone bodies. These sub-
stances enter as acetyl-CoA into the citric acid cycle and the respi-

ratory chain. Impairment of oxidative metabolism may occur due
to disorders of substrate transport, substrate utilization, citric acid
cycle function, or the respiratory chain.41 Tissues that are most
reliant on oxidative metabolism, including brain skeletal muscle
and cardiac muscle, are most jeopardized by disorders of oxidative
metabolism, which produce a variety of symptoms and signs relat-
ed to their dysfunction. Lactic acidemia, with or without metabolic
acidosis, is a frequent biochemical marker for disorders of oxida-
tive metabolism, as are hypoglycemia and hyperammonemia.

In the first six months of life, disorders of mitochondrial
metabolism fall into three main groups: defects of fatty acid oxi-
dation, defects of pyruvate metabolism, and defects of the respi-
ratory chain, all of which can produce severe brain dysfunction.44

Seizures. Many metabolic perturbations can provoke
seizures. Metabolic derangements (i.e., hypoglycemia, hypox-
emia, and electrolyte disturbances), systemic diseases (i.e., ure-
mia, liver failure, and hypertension), or IEM (i.e., pyridoxine
dependency, MSUD, hyperglycinemia, urea cycle defects, and
other amino and organic acid disorders) all may result in
seizures. These disturbances transiently alter the microenviron-
ment of the neuron such that excitation is facilitated or inhibi-
tion is impaired. Normally, correction of the underlying disor-
der or removal of the toxin corrects the problem. The risk of
subsequent unprovoked seizures is low unless there is a sec-
ondary complication that alters the structure of the brain.

Ordinarily, seizures are not the only manifestation of inborn
errors of metabolism.45 Seizures usually occur within the con-
text of acute encephalopathy with acidosis, hypoglycemia,
hyperammonemia, and other derangements. The exception is
pyridoxine dependency, in which seizures are the primary neu-
rologic complication.45

Glycine encephalopathy should be suspected in any infant
who has intractable seizures, especially with hiccoughs.4

Vomiting. Vomiting is a striking feature of many of the
inborn errors of metabolism associated with protein intolerance,
although considerably less common in the newborn than in the
older infant. If persistent vomiting occurs in the neonatal peri-
od, it usually signals significant underlying disease. Inborn
errors of metabolism should always be considered in the differ-
ential diagnosis. Formula intolerance is frequently suspected,
and many affected infants have numerous formula changes
before a diagnosis is finally established.

In the organic acidemias, the accumulating toxic compounds
appear to cause spasm of the pyloric sphincter and projectile
vomiting. Vomiting in hyperammonemia is more likely mediat-
ed by the central nervous system.

Vomiting in infants with IEM does not occur without other
symptoms such as lethargy, hypotonia or hypertonia, seizures,
or coma. 

Sepsis and gastroenteritis with dehydration also can have
this constellation of symptoms, so maintain a high index of sus-
picion for these conditions when evaluating patients with sus-
pected inborn errors of metabolism.46 Associated features of
metabolic acidosis, hypoglycemia, elevated lactate or pyruvate,
hyperammonemia, the presence or absence of ketosis, and a
thorough family history, including possible consanguinity, can
help elucidate the correct diagnosis.

Diarrhea, prominent in galactosemia and variably present in
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other disorders, is much less frequent than vomiting.6

Jaundice and Liver Dysfunction. Jaundice or other evi-
dence of liver dysfunction may be the presenting finding in a
number of inherited metabolic disorders in infancy.2,9 For most
of the inborn errors of metabolism associated with jaundice, the
elevated serum bilirubin is of the direct-reacting type. This gen-
eralization does not include those inborn errors of erythrocyte
metabolism, such as glucose-6-phosphate dehydrogenase defi-
ciency or pyruvate kinase deficiency, that are occasionally
responsible for hemolytic disease in the newborn. 

The best known metabolic disease associated with jaundice
is galactosemia. In galactosemia a deficiency of the enzyme
galactose-1-phosphate uridyl transferase, an enzyme important
in the conversion of galactose (milk sugar) to glucose, results in
an accumulation of galactose-1-phosphate and other metabo-
lites, such as galactitol, that are thought to have a direct toxic
effect on the liver and on other organs.9 Jaundice and liver dys-
function in this disorder are progressive and usually appear at
the end of the first or during the second week of life, with vom-
iting, diarrhea, poor weight gain, and eventually cataract forma-
tion.5,7 Hypoglycemia may be observed. The disease may pre-
sent initially with indirect hyperbilirubinemia resulting from
hemolysis secondary to high levels of galactose-1-phosphate in
erythrocytes. Alternatively, the effects of acute galactose toxici-
ty on the brain may cause the CNS symptoms to predominate.

If the diagnosis of galactosemia is suspected, whether or not
reducing substances are found in the urine, galactose-containing
feedings should be discontinued immediately and replaced by
soy formula or other lactose-free formula pending the results of
an appropriate enzyme assay on erythrocytes to confirm the
diagnosis. Untreated infants with galactosemia, if they survive
the neonatal period, have persistent liver disease, cataracts, and
severe mental retardation. Many affected infants die of
Escherichia coli sepsis in the neonatal period, and the early
onset of sepsis may alter the presentation of the disorder.5,7

Although many states have newborn screening programs for
galactosemia, clinical manifestations of the disorder may appear
before the results of screening studies are available, and it is
therefore critical that physicians remain alert to this possibility.

Abnormal Odor. Abnormal body or urinary odor is an
important, but often overlooked, clue to the diagnosis of several
of the inborn errors of metabolism and may be the most specific
clinical finding in these patients.9,14,47 In the acutely ill infant
with an abnormal odor, isovaleric acidemia, glutaric acidemia
type II, and maple syrup urine disease are the most likely enti-
ties to be encountered. In MSUD, the urine has a distinctive
sweet odor, said to be reminiscent of maple syrup or burnt
sugar. The odor associated with isovaleric acidemia and glutaric
acidemia type II is pungent and unpleasant and similar to that of
sweaty feet.

Emergency Treatment of the Infant With an Acute Meta-
bolic Encephalopathy. When an inborn error of metabolism,
such as an organic acidemia or urea cycle defect, is suspected in
a critically ill infant, immediate treatment should be initiated,
even if a definitive diagnosis may not yet be established. Within
48-72 hours, the results of amino acid and organic acid analysis
should be available, allowing diagnostic confirmation in most
cases. Appropriate and aggressive treatment before the confir-

mation of a diagnosis may be life-saving and may avert or
reduce the neurologic sequelae of some of these disorders.

The key to emergency treatment of the critically ill child is
to reverse the catabolic metabolic state to an anabolic state by
administering dextrose-electrolyte intravenous solutions while
supporting and monitoring the airway, breathing, and circula-
tion.2,5 Since infection can mimic or accompany an IEM, obtain
appropriate cultures and begin broad spectrum antibiotics.

An immediate treatment goal is the removal of accumulating
metabolites such as organic acid intermediates or ammonia. At
the first suspicion of a disorder associated with protein intoler-
ance, protein intake should be discontinued immediately. In criti-
cally ill infants with hyperammonemia, arrangements should be
made for hemodialysis. Although peritoneal dialysis, continuous
arteriovenous hemoperfusion, and exchange transfusion all have
been used in the past to lower plasma ammonia levels, all are
substantially less effective than hemodialysis.35 In infants who
are comatose or ventilator-dependent, or who exhibit evidence of
cerebral edema, dialysis should be instituted immediately without
waiting to determine whether there is a response to dietary
manipulation, medication, or other less aggressive therapy. 

If acidosis exists, intravenous bicarbonate should be adminis-
tered liberally.4 Calculations of bicarbonate requirements appro-
priate for the treatment of other conditions are rarely adequate in
these disorders because of ongoing production of organic acids
or lactate. The acid-base status should be monitored frequently,
with therapy adjusted accordingly. Dialysis should be consid-
ered for severely acidotic neonates with organic acidemias,
regardless of whether hyperammonemia is present.4

In patients suspected of having a urea cycle defect because
of significant hyperammonemia without acidosis, an infusion of
6 mL/kg of 10% arginine HCL (0.6 g/kg) can be given intra-
venously over 90 minutes.23 In patients with citrullinemia and
argininosuccinic aciduria, this often results in a precipitous drop
in the plasma ammonia level. An intravenous arginine prepara-
tion is available commercially and should be readily accessible
to any hospital pharmacy.

If an organic acidemia is suspected, vitamin B12 (1 mg)
should be given intramuscularly in case the patient turns out to
have a B12-responsive form of methylmalonic acidemia.4 Biotin
(10 mg) should be given orally or by nasogastric tube, because
some patients with multiple carboxylase deficiency are biotin-
responsive.

Samples to Obtain From a Dying Child with a Suspected
Inborn Error of Metabolism. If death appears imminent in a
child suspected of having an IEM, it is important to obtain the
appropriate samples for postmortem analysis.2,8,48 This is critical
for resolution of the cause of death and is essential for subse-
quent genetic counseling and prenatal diagnosis. The following
samples should be collected and stored: urine, frozen; plasma,
separated from whole blood and frozen; and a small snip of skin
obtained using sterile technique and stored at room temperature
or 37°C in tissue culture medium, if available, or sterile
saline.7,48 If an autopsy is performed, a sample of unfixed liver
tissue should be obtained as soon as possible after death and
frozen at -20°C for subsequent biochemical studies.7 Additional
tissue should be preserved for electron microscopy. If consent
for autopsy is denied, consent for a postmortem needle biopsy of
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the liver can be requested. The liver tissue should be frozen in
total or in part if histologic studies appear to be indicated.
Whether before death or as soon as possible after death, the case
should be reviewed with a metabolic specialist and plans made
for the transport of samples to the appropriate laboratory.

Conclusion
Advances in diagnosis and treatment have improved the

prognosis for many infants with IEM. Early clinical diagnosis is
essential in ensuring that affected infants will receive the bene-
fits of these advances. It is hoped that the information presented
will assist the physician in the recognition and initial evaluation
and stabilization of infants who may have an IEM. Finally, we
offer these key summary points:

•   A plasma ammonia level should be obtained for any child
with unexplained encephalopathy.

•   The presence of urine ketones in the neonatal period is
suggestive of an organic acidemia.

•   Metabolic acidosis with hyperammonemia and ketotic
hypoglycemia suggests an organic acidopathy.

•   The triad of encephalopathy, respiratory alkalosis and
hyperammonemia characterize urea cycle disorders.

•   Nonketotic hypoglycemia is suggestive of a defect in fatty
acid oxidation.
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Physician CME Questions

1. Which one of the following statements is true regarding IEM?
A. They are a homogeneous group of disorders.
B. They are mainly autosomal dominant diseases.
C. Some may be diagnosed by newborn blood screening.
D. There is no effective treatment for any of these diseases.

2. Which is the least likely clinical manifestation of an IEM?
A. Acidosis
B. Diarrhea
C. Seizures
D. Recurrent, episodic vomiting

3. What is the most effective way in the clinical setting to turn off fat
and protein mobilization during the catabolic state?
A. Intravenous amino acid
B. Intravenous glucose
C. Intravenous lipid
D. Intravenous ATP

4. Patients who have urea cycle defects are unable to convert ammonia
to urea. All of the following are commonly seen except:
A. hyperammonemia.
B. low blood urea nitrogen.
C. profound anion gap metabolic acidosis.
D. respiratory alkalosis.

5. In genetic disorders that result in an inability to metabolize fat effi-
ciently, such as the medium-chain acyl dehydrogenase deficiency,
all of the following clinical consequences are expected except:
A. early morning seizures.
B. ketosis.
C. manifestation of disease when infants start to sleep through the

night.
D. manifestation of disease during intercurrent viral illness and

periods of poor oral intake.

6. Which of the following biochemical alterations is unlikely to be
helpful in the differential diagnosis of the various IEM?
A. Hyperammonemia
B. Hypoglycemia
C. Hypokalemia
D. Metabolic acidemia

7. Which initial laboratory test would be least important in a child sus-
pected of having an IEM presenting with an acute life-threatening
event?
A. Blood gases
B. Serum glucose
C. Arterial ammonia
D. Serum electrolytes
E. Serum amylase

8. In the group of inborn errors called mitochondrial disorders, there is
a genetic defect that makes it impossible for NADH to be used effi-
ciently to make ATP. What is a common biochemical finding?
A. Hyperphosphatemia
B. Hypophosphatemia
C. Lactic acidemia
D. Hyperpyruvatemia

9. Which of the following may be signs of hypoglycemia?
A. Irritability
B. Hypotonia
C. Altered mental status
D. All of the above

10. For which of the following children should a plasma ammonia level
be obtained?
A. A “jittery” baby
B. A child with progressive lethargy
C. A new diabetic
D. An infant with a fever

In Future Issues: Pediatric Sedation

CME Objectives
The CME objectives for Pediatric Emergency Medicine Reports are to

help physicians:
a.) Quickly recognize or increase index of suspicion for specific 

conditions;
b.) Understand the epidemiology, etiology, pathophysiology, and 

clinical features of the entity discussed;
c.) Be educated about how to correctly perform necessary diagnostic

tests;
d.) Take a meaningful patient history that will reveal the most 

important details about the particular medical problem discussed;
e.) Apply state-of-the-art therapeutic techniques (including the 

implications of pharmaceutical therapy discussed) to patients with the
particular medical problems discussed;

f.) Understand the differential diagnosis of the entity discussed;
g.) Understand both likely and rare complications that may occur; and
h.) Provide patients with any necessary discharge instructions. 



Used successfully to eradicate smallpox in 1980

Should a bioterrorist strike with smallpox, the
Centers for Disease Control and Prevention’s

(CDC’s) recently released response plan calls 
for investigators to rapidly immunize a “ring”
around the first cases. The ring concept calls for
isolation of confirmed and suspected smallpox
cases followed by contact tracing, vaccination,
and close surveillance of contacts. 

“Ring vaccination — sometimes called search
and containment —- is identifying individuals
with confirmed smallpox and then identifying
and locating those people who came in contact
with that person, and vaccinating those people in
outward rings of contact,” says Harold Margolis,
MD, CDC senior adviser for smallpox prepared-
ness. “This produces a buffer of immune individ-
uals and was shown to prevent smallpox and to
ultimately eradicate this disease.”

Indeed, the ring approach was used to suc-
cessfully eradicate smallpox from the world in
1980. The only officially acknowledged stocks of
live virus remaining are in the United States and
Russia, but bioterrorism experts have long feared
that smallpox may have fallen into other hands. 

But the ring concept was effective when the
demographics of smallpox were very different,
when few were infected and the vast majority of
people were already immune. The CDC plan
acknowledges as much, noting that several cur-
rent factors could contribute to a more rapid
spread of smallpox than was routinely seen
before this disease was eradicated.

These factors include virtually nonexistent

immunity to smallpox, increased mobility of the
population, and delayed recognition of smallpox
by health personnel who are unfamiliar with the
disease, the plan states. Concerning the latter —
similar to the fine line between initial symptoms
of anthrax and influenza — one of the most con-
founding differential diagnoses for smallpox is
chickenpox. (See related story, p. 3.)

Preemptive strike 

While the ring strategy is a classic public
health approach, some favor a more aggressive
preemptive action in this new age of bioterror-
ism: Immunize response teams of health care
workers throughout the nation.

“I would be in favor of a plan to prospectively
immunize not only the strike force at the federal
level, but [also] a cadre of people in each state,”
says William Schaffner, MD, chairman of pre -
ventive medicine at Vanderbilt University in
Nashville. 

Having groups of health care workers immu-
nized in advance could also be critical if the
“ring” is difficult to perceive, he notes.

“We think of it conceptually as a ring, but
clearly people are not all in one geographic
area,” he says. “The people who may or may not
have contact with this first case will be scattered
all over the community. They went shopping
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Ring of Fire: CDC plan to immunize around 
first smallpox cases has the devil in the details 
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there, had a church group here, and then they
played bridge. The first thing we will be looking
for is information from public health authorities
about who is within the ring and who is outside
the ring. If that is not articulated with great clar-
ity everybody is going to be in deep trouble.”

The CDC is certainly aware of such issues
and concerns, and discussions are still ongoing
within the agency about preemptively immu-
nizing some health care workers. “We have to
weigh the risks and benefits of vaccination for
any group, and that would include health care
workers. We are kind of working through those
issues right now,” Lisa Rotz, MD, medical epi-
demiologist in the CDC bioterrorism response
program, tells Bioterrorism Watch.

The overriding factor in holding back immu-
nization of health care workers is the hazards and
side effects of the vaccine.

“In 1972 we actually discontinued routine vac-
cination [in the United States] because the risks of
adverse events from the vaccine outweighed the
risk of any one person coming down with small-
pox, even though it was still occurring in other
parts of the world,” Rotz says. “I think that still
holds true here. We are dealing with a vaccine
that presents problems in and of itself.”

Indeed, death occurs in about one per million
primary vaccinations, usually as a result of pro-
gressive vaccinia, post-vaccinal encephalitis, or
severe eczema vaccinatum. Other adverse events
include inadvertent inoculation from the vacci-
nated site (e.g., to the eyes). 

CDC will bring vaccine within ‘hours’ 

In addition, the CDC has immunized approxi-
mately 100 of its personnel, who could be dis-
patched immediately to a stricken area and begin
investigating and administering vaccine.

“We have people trained to respond to smallpox
who can go rapidly to an area to evaluate a case,
and then help the local and state officials begin
implementing control measures,” Rotz says. “That
would include helping them implement surveil-
lance, making sure we have identified people who
need to be vaccinated right away and to start set-
ting that up. We would get things started there
until they get their own response up and running.”

But instead of immunizing health care workers
in advance, the CDC plan is to administer the vac-
cine after a case occurs. The CDC could deliver
personnel and vaccine within “hours” to any area
in the country, Rotz says. Moreover, the vaccine

can be effective up to four days after infection sets
in, and may prevent death in the patient. 

Among the top priority for immunizations after
smallpox is reported are “those involved in the
direct medical care, public health evaluation, or
transportation of confirmed or suspected smallpox
patients,” the CDC plan states. (See story on pri-
ority immunization groups, p. 3.) In addition,
smallpox patients would be placed under airborne
precautions similar to that used for tuberculosis
patients, who are placed in negative pressure
rooms (vented outside) and treated by workers
with respirators.

Another important factor in favor of the CDC
approach is that smallpox is not communicable in
its incubation period, says D.A. Henderson, MD,
director of the office of public health prepared-
ness at the Department of Health and Human
Services in Washington, DC. 

“You have an incubation period of 10 to 12
days when the individual feels perfectly well and
is not able to transmit infection,” he says. “Then
he gets a fever for a couple of days and then the
rash. It’s only when the rash begins that the indi-
vidual transmits the disease. So, in fact, [those
are] the people we’re really concerned about iso-
lating so that they don’t transmit the disease. But
just because somebody’s infected does not mean
that they’re going to transmit infection during
that incubation period. They won’t do that.”

Into the thousands very quickly 

Still, while emphasizing that the CDC plan is a
good starting point, Schaffner argues that it would
make sense — and allay subsequent chaos — to
immunize groups of health care workers before an
event occurs. 

“The immediate [CDC] public health strike
team is like being out on the beach and walking
in up to your ankles, but the next step you take
gets you into water over your head,” he says.
“Because if you start thinking about [immunizing
health care workers], you’re talking about emer-
gency personnel, ambulance drivers, infectious
disease doctors, [and] nurses in hospitals who
would be designated to care for such patients. It
could get into the many thousands very quickly.”

In addition, with the exception of the recently
trained CDC personnel, few clinicians in the coun-
try know how to administer the smallpox vaccine
using the “little pitchfork” bifurcated needle.

“That is one potential benefit of vaccinating a
group of first responders around the country,”
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Schaffner says. “You train these people how to
administer the vaccine and all of sudden you
have a bunch of trained people out there that
we haven’t had before. I think that would be a
substantial additional benefit.”  ■

Health workers, contacts
priority for vaccination
Others include lab personnel and waste disposal 

According to the Centers for Disease Control
and Prevention (CDC), the following groups

should be a high priority for smallpox vaccination
should a bioterrorism release of the pathogen occur: 

1. Face-to-face close contacts (less than or
equal to 6.5 feet or 3 meters), or household con-
tacts to smallpox patients after the onset of the
smallpox patient’s fever. Although individuals
with smallpox are not infectious until the onset
of rash, vaccinating contacts from the time of
the onset of fever helps provide a buffer and
assures that contacts who may have been
exposed at the early onset of rash, when the
rash may have been faint and unrecognized,
have been vaccinated.

2. People exposed to the initial release of the
virus (if the release was discovered during the
first generation of cases and vaccination may still
provide benefit).

3. Household members (without contraindica-
tions to vaccination) of contacts to smallpox
patients’ (to protect household contacts should
smallpox case contacts develop disease while
under fever surveillance at home).

Household members of contacts who have con-
traindications to vaccination should be housed 
eparately from the other vaccinated household
members until the vaccination site scab has sepa-
rated (approximately two weeks) to prevent inad-
vertent transmission of vaccinia virus. They should
also be housed separately from the contact until the
incubation period for smallpox has passed and the
contact is released from surveillance.

4. People involved in the direct medical care,
public health evaluation, or transportation of
confirmed or suspected smallpox patients (this
includes personnel whose public health activi-
ties involve direct patient contact such as case
interviewing).

5. Laboratory personnel involved in the collec-
tion and/or processing of clinical specimens from
suspected or confirmed smallpox patients.

6. Other people who have a high likelihood of
exposure to infectious materials (e.g., personnel
responsible for hospital waste disposal and dis-
infection). 

7. Personnel involved in contact tracing and
vaccination, or quarantine/isolation or enforce-
ment, or law-enforcement interviews of sus -
pected smallpox patients.

8. People permitted to enter any facilities desig-
nated for the evaluation, treatment, or isolation of
confirmed or suspected smallpox patients. (Only
essential personnel should be allowed to enter such
facilities.) Only personnel without contraindica-
tions to vaccination should be chosen for activities
that would require vaccination for their protection.
Personnel with contraindications should not per-
form duties that would place them at risk for
smallpox exposure and should otherwise only be
vaccinated if an exposure already has occurred.

9. People present in a facility or conveyance
with a smallpox case if fine-particle aerosol
transmission was likely during the time the case
was present (e.g. hemorrhagic smallpox case
and/or case with active coughing). Evaluation
of the potential risk for aerosol transmission
and initiation of vaccination for non-direct con-
tacts will be done by CDC, state, and local pub-
lic health personnel. The decision to offer
vaccination to non-direct contacts of smallpox
cases will be made jointly by federal and the
state health officials.  ■

Smallpox or chickenpox?
How to make the diagnosis
Rash progression, location, will be different 

Smallpox or chickenpox? That clinical question
has been long confined to the academic dustbin

in the United States, where the last case of small-
pox (variola) was diagnosed in 1949 in Texas.

Smallpox has been vanquished yet is still
feared; chickenpox (varicella) remains a fairly
common pediatric infection. Continuing use of
the varicella vaccine (recommended for use in the
United States in 1996) should continue to reduce
cases of chickenpox in the years to come. With
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bioterrorism a reality and a whole generation of
medical students having never seen a case of
smallpox, the Centers for Disease Control and
Prevention (CDC) is again emphasizing the clas-
sic distinctions between the two poxes. 

Though similar at onset, the two rash diseases
take distinctly different progressions that provide
more than a few telltale signs, says Lisa Rotz,
MD, medical epidemiologist in the CDC bioter-
rorism response program. (See chart, above.)

“The incubation period for both diseases spans
similar time periods, but we do see a longer incu-
bation period in the development of chickenpox
as opposed to smallpox,” she says.

Usually symptoms such as high fever, malaise,
and backache will proceed development of rash
in smallpox cases. On the contrary, fever associ-
ated with chickenpox generally appears in con-
junction with the first signs of rash. 

“You will also see a different distribution of
lesions of the rash between the two diseases,”
Rotz says. “In general, smallpox lesions are much
more numerous on the face and extremities.”

In contrast, chickenpox lesions are more
numerous on the trunk, and occur in clots or
clusters. Moreover, as rash progresses in small-
pox, the lesions in a particular area of the body
progress along the same lines and appear similar. 

“Whereas in varicella in any one area of the
body you may see lesions in different levels of pro-
gression,” she says. “You might see a vesicle next to
a scab. Also the rash of varicella progresses much
more quickly and resolves more quickly than the
rash of smallpox. So the overall illness has a much
shorter course for chickenpox vs. smallpox.”

As opposed to chickenpox, smallpox also will
reveal itself through lesions on the soles and
palms of those infected. Despite the disease

names, chickenpox lesions are usually smaller
than those created by smallpox.

“It is difficult to distinguish early on between
the two diseases, but they quickly diverge in their
rash progression,” Rotz says. “By day five a child
with smallpox is showing increasing numbers of
lesions still occurring on the face, while the child
with chickenpox has about the same number of
lesions on the face as appeared on day three. By
day seven the rash is still progressing in the
patient with smallpox but seems to be resolving
in the child with chickenpox.”

Though smallpox patient isolation measures
are understandably more stringent, the patient
isolation guidelines for the two diseases are
actually very similar. The CDC recommends
contact isolation for both (until scabs are gone)
and airborne isolation measures for patients
infected with either chickenpox or smallpox.
Contact precautions include wearing gloves and
a gown to enter the patient’s room; removing
gloves and washing hands with an antimicrobial
soap prior to leaving room; dedicating noncriti-
cal care items to individual patients; and taking
extra care to clean the patient environment.

Airborne precautions call for placing the patient
in a private room that has monitored negative air
pressure in relation to the surrounding areas; six 
to 12 air changes per hour; and discharge of air 
outdoors or monitored high-efficiency filtration of
room air before the air is circulated to other areas in
the hospital. Keep the room door closed and the
patient in the room, the CDC advises. Health care
workers immune to chickenpox need not wear 
respiratory protection, but the CDC is calling for
workers to wear N95 respirators — typically used
for tuberculosis patients — when caring for small-
pox patients.  ■
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Smallpox vs. Chickenpox
Variola Varicella

Incubation 7-17 days 14-21 days
Fever prodrome 2-4 days minimal/none
Distribution face/extremities trunk/clusters
Progression synchronous synchronous
Scab formation 10-14 d p* rash 4-7 d p* rash
Scab separation 14-28 d p* rash <14 d p* rash
Lesions soles/palms yes no

* d p = days after rash onset

Source: Centers for Disease Control and Prevention, Atlanta.




