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KEY POINTS

� When concerned about an inborn error of metabolism, practitioners have to draw appro-
priate laboratory work before instituting therapies, such as glucose.

� After drawing the diagnostic studies, it is vital to shut down catabolism with the adminis-
tration of a continuous infusion of glucose.

� Most children with an inborn error of metabolism require subspecialty care at a dedicated
children’s hospital and may require emergent transfer.
INTRODUCTION

Inborn errors of metabolism (IEM) present a unique challenge to the emergency med-
icine physician. IEM represents a large number of individual illnesses each with their
own specific risks and treatments, they are individually rare, and mastery of the path-
ophysiology is complex and outside the normal approach of emergency medicine. The
importance of understanding some basic approaches and therapies, however, cannot
be overstated. Although individually rare, cumulatively they are fairly common, occur-
ring 1 in 784 to 2555 infants.1,2 Patients with IEM can present in extremis and failure of
the emergency medicine provider to consider the diagnosis and initiate therapy can
lead to death or permanent disability. With modern medical advancements, many of
these children can otherwise thrive, so it is incumbent on clinicians to have a basic un-
derstanding of these diseases.
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This article groups presentations and illnesses together in such a way that makes it
easier for providers to consider the possible diagnoses and initiate appropriate ther-
apies. The initial portion focuses on the undifferentiated patient: when to consider
IEM as a potential diagnosis, what laboratory studies are needed, and what general
therapies to consider. The second half concentrates on the patient with a known dis-
order and the various therapies and the rationale behind them. After reading this
article, emergency medicine providers should feel more comfortable diagnosing and
managing children with IEM.

THE UNDIAGNOSED PATIENT
When to Consider Inborn Errors of Metabolism

IEM should be considered with any sick neonate, children in extremis without clear
cause, and children with unexpected laboratory abnormalities. It is easy to assume
that, with advancements in neonatal screening, all children with IEM have a diagnosis
and treatment plan before presentation with life-threatening illness. This is not the
case.3 Additionally, one must keep in mind that although most metabolic crises pre-
sent in the neonatal period, there are diseases that present later in life after accumu-
lation of toxic compounds, and there are patients with partial defects leading to subtler
presentations later in childhood.

Clinical Manifestations

Neurologic
Regardless of IEM type, most patients present with primarily neurologic symptoms:
irritability/lethargy, vomiting, hypotonia, and sometimes seizures. These symptoms
can be secondary to elevated ammonia levels from urea cycle disorders, profound
metabolic acidosis from the organic acidemias, or hypoglycemia from fatty acid oxida-
tion disorders or carbohydrate metabolism disorders. It is unusual for an IEM to pre-
sent with a single neurologic symptom because all brain functions are affected by
metabolic derangements (eg, hypotonia from an aminoacidopathy is accompanied
by irritability and lethargy).4–6 Exceptions to this rule include some of the seizure dis-
orders, such as pyridoxine-dependent seizures.5 Infants with IEM can seem clinically
like infants with sepsis where altered mental status may be secondary to hypoperfu-
sion, hypoglycemia, and or acidosis. To further confound the issue, sepsis and IEM
can occur in the same patient. They key to differentiating these pathologies is in not
anchoring to a single diagnosis, watching response to therapies closely, and obtaining
thorough laboratory investigations.
Hyperammonemia as a cause of altered mental status deserves special mention.

The accumulation of ammonia affects neurotransmitter systems causing acute and
chronic neurologic damage. Acutely, the brain undergoes directly triggered cell death
and indirectly stimulated cerebral edema, which can present clinically as vomiting,
lethargy, seizures, or coma.7 Both hypothermia and hyperthermia can result making
this diagnosis worthy of consideration alongside sepsis in an irritable neonate with
temperature instability.
In addition to the wide array of ammonia-accumulating metabolic disorders that

cause acute neurologic decompensation, there are “milder” forms of these illnesses
that present with episodic psychiatric symptoms, learning disabilities, and stroke-
like episodes.7,8

Respiratory
Patients with IEM in metabolic crisis present with tachypnea for one of two reasons.
First, metabolic acidoses cause tachypnea. Infants have an immature renal buffering
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system reducing their ability to excrete acid; thus, respiratory compensation is an
essential mechanism for managing acidosis.9,10 The lack of physiologic reserve, how-
ever, makes this compensatory mechanism less effective especially as the infant be-
comes more ill. Second, hyperammonemia may cause a central hyperventilation and
tachypnea, although the resultant laboratory findings are more consistent with a pri-
mary respiratory alkalosis.9

Gastrointestinal
Vomiting is another common symptom of metabolic crisis and can be secondary to
neurologic stress or intolerance of nutrition as can happen in protein and carbohydrate
metabolism derangements. Hepatic disease is found in many of the IEM especially
those that involve glycogen metabolism and tyrosinemia.11 Keep in mind that primary
liver disease causes metabolic derangements that can mimic IEM including galactose
in the urine, hyperammonemia, and abnormal plasma and urine organic acids.12

Cardiac
Primary cardiac dysfunction is a less common presentation for metabolic crisis, but
there are a few facts to keep in mind. Fatty acid oxidation defects can cause a primary
arrhythmia or conduction abnormality and most cardiac dysrhythmias have been re-
ported at some point with IEM.13,14 More likely, however, practitioners see a global
cardiac dysfunction secondary to acidosis and metabolic stress. This is important
to keep in mind during fluid resuscitation that may cause problems if done
overaggressively.

Treating the Undifferentiated Patient

In the emergency department (ED), there are basic tenets of treatment that decrease
morbidity and mortality. The consideration that IEM is a possibility is the first step.
Thorough history taking is important; prenatal complications, such as HELLP, consan-
guinity, and other children who died during infancy, can all indicate IEM. After that, it is
important to

� Run diagnostic testing
� Shut down catabolism
� Administer supportive care
� Remove toxic metabolites
� Consider sepsis

Diagnostic Testing

To make an accurate diagnosis of an IEM, blood samples must be drawn before initi-
ating therapy; especially glucose, because administration quickly obfuscates labora-
tory findings. Although this may seem like a low priority in a sick or dying child,
consider that accurate diagnosis is imperative for preventing further metabolic catas-
trophes and, in the perimortem setting, diagnosis can help parents make appropriate
family planning decisions. The most common blood tests drawn are shown in Box 1.
Remember that some of the blood (3–5 mL) needs to be placed in a heparinized tube
and placed on ice immediately.
Far more important than memorizing descriptions of laboratory abnormalities is a

global understanding of what anomalies are seen and why they occur, and a general
comprehension of what needs to be addressed immediately (Fig. 1 for a general over-
view). After a child is stabilized, formal consultation with a metabolism expert will yield
more nuanced recommendations.
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Box 1

Common blood tests ordered when considering an IEM diagnosis. This requires 10 mL blood

(3–5 mL in heparinized tubes) and 10 mL urine

Venous blood gas

Blood sugar

Comprehensive metabolic panel

Clotting studies

Ammonia level (heparinized tube on ice)

Urinalysis

Plasma amino acids (heparinized tube on dry ice)

Urine organic acids, orotic acids, and amino acids (on ice)

Plasma-free and acylcarnitines (heparinized tube)

Urine-reducing substances (on ice)

MacNeill & Walker372

D

Blood glucose
For the purposes of this review, IEM is divided into two distinct groups: those that pre-
sent with hypoglycemic episodes and those that do not (Fig. 2) (note that this does not
affect the treatment of the undifferentiated patient where glucose administration is
warranted regardless of level). When an infant presents with profound hypoglycemia,
one should consider problems with processing glucose or fatty acids.3,13 Defects in
the ability to correctly metabolize amino acids rarely lead to severe hypoglycemia.

Blood gas with lactate level
The blood gas can be the first indication that there is an underlying IEM. Infants who
present ill from any cause likely have a mild metabolic acidosis but severe acidosis or
an anion gap should alert the physician that there might be an underlying IEM.
Elevated lactates can contribute to a gap acidosis and its contribution is calculated
with a simple correction (sodium - chloride - bicarbonate - lactate should equal
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Fig. 1. Breakdown of infant nutrition with examples of defects of metabolism.

ownloaded for Anonymous User (n/a) at Hacettepe Universitesi from ClinicalKey.com by Elsevier on April 04, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



Fig. 2. Flowchart for diagnosis of metabolic diseases from laboratory findings. CK, creatine
kinase; FAO, fatty acid oxidation; LFT, liver function tests.
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8–16 mEq/L).8 Gap acidoses from lactate are seen in pyruvate disorders, glycogen
storage disease (GSD) type 1, and disorders of gluconeogenesis. If a gap remains after
accounting for lactate, one should consider organic acidemias.
Clinicians should be on the lookout for respiratory alkalosis. This is highly unusual in

an infant not on a ventilator and suggests an exogenous drive for hyperpnea, which is
caused by toxic levels ammonia ions that directly stimulate the respiratory center.9

Urinalysis
In addition to screening for infection, providers should look carefully at ketones and
reducing substances. Infants maintain a low level of ketosis but this is usually not
measurable in the urine and the presence of ketones, although not specific, does point
to a significant metabolic derangement. Also concerning is the inappropriate absence
of ketones in the setting of hypoglycemia. When the blood sugar drops, fatty acids
should undergo breakdown to form acetoacetate and b-hydroxybutyrate that the in-
fant brain can use for fuel. The inability to form ketones despite marked hypoglycemia
is highly suggestive of a fatty acid oxidation defect.8

The other simple urine evaluation is for the presence of reducing substances, a test
that looks for the presence of other sugars in the urine that can reduce a cupric ion.15

In a young infant, they should raise the suspicion for galactosemia fructosuria, or
organic acidurias.8

Ammonia
Measuring an ammonia level is imperative in young infants who present with nonspe-
cific neurologic decline and should be done simultaneously with a septic evaluation.
An elevated ammonia level is not only indicative of IEM, it also requires immediate
reduction to prevent irreversible brain damage. Levels that should alert a practitioner
to a potential IEM are greater than 200 mmol/L; lower elevations are seen in healthy
neonates in times of stress.16 Children with urea cycle disorders can present with
levels greater than 2000 mmol/L.6 Differentiating between a urea cycle disorder and
an organic acidemia in a patient with an elevated ammonia level is done based on
the presence or absence of an anion gap metabolic acidosis. It is not the ammonia
level that dictates clinical outcome but the duration of elevation.7 Thus, stabilization,
administration of scavenger molecules, and rapid transfer to a facility that can perform
dialysis is life and brain saving.16
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Treatment

The treatment of IEM in the undifferentiated patient is simplified into three main cate-
gories: (1) providing energy while shutting down catabolism, (2) correcting electrolyte
and/or acid base imbalances, and (3) removing toxic metabolites. Table 1 provides
common drug dosages.

Shut down catabolism
Children with IEM require glucose administration for two functions: as an energy
source for cellular function, and to shut off catabolic processes. As such, a simple
bolus of glucose is insufficient and a normal glucose level in the blood should not
reassure the provider that exogenous glucose is unnecessary. In fact, infants may
need such a high quantity of glucose that insulin might be required to prevent hy-
perglycemia while avoiding cellular starvation. Additionally, it is imperative to
remember that infants are highly prone to hypoglycemia because of high glucose
use (almost twice that of an adult), an underdeveloped response to lower blood
sugars (including glycogenolysis and gluconeogenesis), and smaller glycogen
stores.17
Table 1
Common drugs used in the treatment of IEM

Drug Dose Effect Use

10% Dextrose 2–4 mL/kg Correct hypoglycemia
and shut down
catabolism

All

Insulin 0.05–0.1 U/kg/h Anabolic hormone;
correct
hyperglycemia from
exogenous glucose
replacement

All

Intralipid 3 g/kg/d IV Match calorie
requirement during
time of physiologic
stress

All

Sodium
bicarbonate

1–2 mEq/kg Correction of metabolic
acidosis

Organic acidemias

Carnitine 50–400 mg/kg IV
bolus

Replaces carnitine loss,
helps fatty acid
oxidation

Organic acidemia; FAO

Ammunol (sodium
benzoate/sodium
phenylacetate)

250 mg/kg IV over
1–2 h; then
250 mg/kg IV
over 24 h

Allows urinary excretion
of ammonia

Hyperammonemia >200

Arginine 200–600 mg/kg IV Scavenges ammonia UCD

Biotin 10 mg IV/PO Metabolize amino acids Organic acidemia

Thiamin 25–100 mg IV Amino acid metabolism MSUD

Vitamin K 1–2 mg IM infant;
5–10 mg IM child

Reverse coagulopathy
found in some
carbohydrate
disorders

Carbohydrate disorders

Abbreviations: FAO, fatty acid oxidation; IM, intramuscular; MSUD, maple syrup urine disease;
UCD, urea cycle disorder.
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Hypoglycemia, even mild, should be avoided in all infants who present to the ED
because it can cause irreversible neurologic damage.18 If the patient presents with hy-
poglycemia, the provider should take immediate action to correct it in the form of a
10% dextrose solution.19,20 After correction, glucose should be administered contin-
uously with D10 electrolyte solution at a maintenance rate.21 For some pathologies,
such as fatty acid oxidation deficiencies, a 15% dextrose–containing solution may
be necessary.
There are other tools one can use to promote anabolism. Insulin is an anabolic hor-

mone and its administration is helpful in preventing lipolysis, although glucose levels
must be closely monitored and glucose administration may need to be increased.21

Intralipid can also be administered because energy deficits need to be avoided at
all costs and, in stress states, caloric requirements are 20% higher than at baseline.22

Correct acidosis
Correcting acidosis in young infants must be considered carefully. Severe acidosis
can lead to cardiac dysfunction and cardiovascular collapse. In the setting of an
organic acidemia, the burden of acid in the blood is not going to correct with hydration
and cardiac effects are of significant concern. However, rapid and/or frequent boluses
of bicarbonate in a severely dehydrated child may cause massive fluid shifts, cerebral
edema, and even hemorrhage.22 If a patient seems to have compromised hemody-
namics in the setting of a profound acidosis that does not improve with fluid resusci-
tation, sodium bicarbonate is warranted.23 Acidosis refractory to resuscitative efforts
may require dialysis.

Remove toxic metabolites
There are two main subgroups of IEM that require emergent attention to the removal of
toxic metabolites: branched chain organic acidurias and urea cycle disorders. Hyper-
ammonemia should be treated with a combination of intravenous (IV) sodium benzo-
ate and IV sodium phenylacetate (Ammonul) and arginine hydrochloride. This drug
forms complexes that circumvent the urea cycle and allow for ammonia elimination
in the urine. If the ammonia level is greater than 500 mmol/L hemodialysis should
be initiated. Again, it is the duration of hyperammonemia, not the level, which causes
devastating neurologic damage.16

Carnitine
Carnitine is an important cofactor for many biochemical pathways and is part of the
mainstay of therapy for numerous IEM. In defects of fatty acid oxidation, carnitine halts
lipolysis and helps convert important toxic compounds into usable forms for the Kreb
cycle. Generally, this medication is safe to administer and is of benefit in various IEM’s.
Some of the fatty acid oxidation defects are secondary to issues with absorption or
function of carnitine, which is integral in the transport of fatty acids into the mitochon-
dria and their breakdown into acetyl coenzyme A (CoA; an important energy source
during times of catabolic stress).24 In organic acidemias, native carnitine binds to
excess organic acids and is excreted in the urine leading to a secondary carnitine defi-
ciency. To optimize the remainder of a patient’s metabolism, carnitine should be
administered.4

Infections
Sepsis should always be considered in the ill infant. Sepsis can mimic metabolic dis-
ease, it can provide the tipping point that leads to an emergent presentation in a child
with an inborn error of metabolism, and children with IEM are more susceptible to
infection (especially those with liver disease).12
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Remember that Escherichia coli are a concern in patients with galactosemia and an-
tibiotics should be emergently initiated to cover this potential infection.11
APPROACH TO SUSPECTED OR KNOWN DIAGNOSES
Disorders of Fat Metabolism

Fatty acid oxidation disorders
These disorders are caused by defects in the b-oxidation of fatty acids (medium chain,
long chain, or very long chain acyl CoA dehydrogenase) or abnormalities in carnitine
metabolism (eg, carnitine palmitoyltransferase deficiency). The hallmark of these dis-
orders is hypoketotic/nonketotic hypoglycemia with fasting andmost have similar pre-
sentations and treatment plans.

Presentation Metabolic crisis (hypoglycemia and acidosis) occurs in early infancy or
early childhood. Most symptoms are prompted by prolonged fasting or decreased
oral intake where there is normally reliance on fatty acids for energy. Patients present
primarily with cardiac and neurologic signs and symptoms. Neonates can present with
arrhythmias and conduction abnormalities and older infants commonly present with
cardiomyopathy with recurrent nonketotic hypoglycemia. Fatty acid oxidation disor-
ders also affect the central nervous system through lack of ketones (essential brain en-
ergy source during fasting) and accumulation of free fatty acids that cross the blood-
brain barrier and cause neurologic damage.13 Clinical features include hypothermia,
hypotonia, seizures, coma, lethargy, hepatomegaly, rhabdomyolysis, myopathy, dys-
morphic facies, and developmental delay (Table 2).25

Management

� Rapid recognition and correction of hypoglycemia (which also improves hyper-
ammonemia). Delays cans lead to sudden death or worsening cardiac
arrhythmias.25

� Carnitine: altered mental status may take a few hours to resolve even if glucose is
stable because toxic metabolites need time to be metabolized.

Disorders of Carbohydrate Metabolism

Glycogen storage diseases
There are 11 inherited disorders of glycogen metabolism that result in accumulation of
glycogen in various tissues depending on the affected enzyme. They are thought of in
Table 2
Laboratory findings in fatty acid oxidation disorders

CBC Normal

BMP Hypoglycemia, anion gap metabolic acidosis

Ammonia Elevated

Blood gas Metabolic acidosis

Lactic acid Elevated

UA NO ketones, myoglobinuria

AST/ALT Elevated

CK Elevated

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMP, basic meta-
bolic panel; CK, creatine kinase; UA, urinalysis.
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two groups: those that affect hepatic metabolism of glycogen causing hypoglycemic
events with build-up of glycogen, and those that effect glycogen breakdown in mus-
cles leading to muscle breakdown but euglycemia. This article focuses on the illnesses
where the liver is affected (GSD type 1 or von Gierke disease and GSD type III or Cori
disease) because these lead to presentations of acute metabolic crisis.

Etiology GSD type 1 (von Gierke disease) is the most common GSD where either
glucose-6-phosphatase or glucose-6-phosphate transporter is deficient resulting in
derangements of glycogenolysis and gluconeogenesis. GSD type III causes glycogen
accumulation in the liver and cardiac and skeletal muscle.

Presentation Despite three subtypes GSD type I–affected individuals present with
profound hypoglycemia after a short period of fasting. Other abnormalities include he-
patomegaly, nephromegaly, hyperlipidemia, and growth retardation.26,27 Impaired
myeloid function leading to neutropenia and macrophage dysfunction occurs in
some cases. Patients with GSD type III develop hypertrophic cardiomyopathy; howev-
er, heart failure is rare (Table 3).28

Management

� Recognition and rapid correction of hypoglycemia
� Sodium bicarbonate for extreme acidosis or extremis
� Long term, patients require cornstarch or continuous feedings to prevent hypo-
glycemic episode

� Monitor for liver disease
Galactosemia
Etiology Galactose-1-phosphate uridyltransferase is deficient, rendering affected in-
dividuals unable to metabolize lactose into its components: glucose and galactose.
Galactose and its intermediates accumulate, leading to osmotic effects in cells and
eventual liver and brain dysfunction.

Presentation Patients are normal at birth; however, with lactose ingestion, galactose
accumulates, causing vomiting, lethargy, and jaundice to develop around Day 5 to 10
of life. Poor weight gain, hepatomegaly, and marked encephalopathy ensue if un-
treated.26 Some infants develop cataracts. An infant with severe liver dysfunction
Table 3
Laboratory findings in glycogen storage diseases

GSD Type 1 GSD Type III

CBC Neutropenia Normal

BMP Hypoglycemia, NGMA Hypoglycemia, NGMA

Ammonia Normal Normal

Blood gas Metabolic acidosis Metabolic acidosis

Lactic acid Elevated Normal

UA Ketones, myoglobinuria Ketones

AST/ALT Normal Markedly elevated

Uric acid Markedly elevated Normal

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count; NGMA, nongap metabolic acidosis.
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and coagulopathy with elevated bilirubin should be strongly considered to have galac-
tosemia. Most countries have newborn testing but the United Kingdom and the
Netherlands do not (Table 4).26

Management

� Immediate discontinuation of all lactose-containing formulas or breastfeeding
� Rapid recognition and treatment of hypoglycemia
� Evaluate for E coli sepsis (blood, urine, and cerebrospinal fluid cultures) and start
antibiotics

� Monitor liver function

Hereditary fructose intolerance
Etiology Aldolase B is deficient resulting in accumulation of fructose-1 phosphate.
The liver is unable to perform gluconeogenesis and glycogenolysis resulting in severe
hypoglycemia after ingestion of fructose, sucrose, or sorbitol. These substances are
found mainly in apples, grapes, watermelon, asparagus, peas, zucchini, and honey.29

Presentation Infants and toddlers present once solid foods are introduced into the
diet with vomiting, poor oral intake, abnormal movements, seizures, and pallor.30

Continued fructose intake leads to severe liver dysfunction with hepatomegaly and
coagulopathy. Some patients do not present until school age because the hypoglyce-
mia associated with fructose ingestion may be masked due to ingestion of other
glucose-containing food items (Table 5).26

Management

� Address hypoglycemia
� Avoidance of fructose (also named levulose or invert sugar) and sorbitol, which
both are found in medications as additives

� Treat coagulopathy with intramuscular vitamin K administration
� Clotting factor replacement only if life-threatening hemorrhage is suspected

Fructose bisphosphatase deficiency
Etiology Fructose-1,6 bisphosphatase is absent/deficient. This enzyme is important
in gluconeogenesis. Glycolysis is not affected, so pyruvate, lactate, and acetyl CoA
build up in cells.
Table 4
Laboratory findings in galactosemia

CBC Normal

BMP Hypoglycemia, NGMA

Ammonia Normal

Blood gas Metabolic acidosis

Lactic acid Elevated

UA 1reducing substances, ketones

Bilirubin Elevated

AST/ALT Elevated in rhabdomyolysis

Blood culture Escherichia coli

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count; NGMA, nongap metabolic acidosis.
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Table 5
Laboratory findings in hereditary fructose intolerance

CBC Normal

BMP Hypoglycemia, NGMA

Ammonia Normal

Blood gas Metabolic acidosis

Lactic acid Markedly elevated

UA Elevated protein

Bilirubin Elevated

AST/ALT Elevated

Albumin Low

PT/PTT/INR Abnormal

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count; INR, international normalized ratio; NGMA, nongap metabolic acidosis; PT, pro-
thrombin time; PTT, partial thromboplastin time.
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Presentation Neonates present with life-threatening hypoglycemia with metabolic
acidosis precipitated by fasting. Apnea, hyperventilation, hypotonia, lethargy, tachy-
cardia, and tachypnea occur. If the disease progresses without treatment hepatomeg-
aly occurs with hypoglycemic episodes (Table 6).31

Management

� Address hypoglycemia and severemetabolic acidosis with IV glucose, fluids, and
sodium bicarbonate

� Treat coagulopathy with intramuscular vitamin K administration

Pyruvate disorders
Etiology Deficient pyruvate dehydrogenase or pyruvate carboxylase cause excess
pyruvate in multiple tissues. Both disorders lead to abnormal increase in lactate result-
ing in severe metabolic acidosis.8
Table 6
Laboratory findings in fructose-1,6 bisphosphatase deficiency

CBC Normal

BMP Hypoglycemia, anion gap metabolic acidosis

Ammonia Normal

Blood gas Metabolic acidosis

Lactic acid Markedly elevated

UA Ketones

Bilirubin Elevated

Uric acid Elevated

Albumin Low

PT/PTT/INR Abnormal

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count; INR, international normalized ratio; PT, prothrombin time; PTT, partial thrombo-
plastin time.
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Presentation Pyruvate dehydrogenase has X-linked inheritance so neonatal males are
mostly affected. Both disorders have hypotonia, seizures, lethargy, apnea, and en-
cephalopathy in the newborn period (Table 7).

Management

� Correct metabolic acidosis with IV glucose, IV fluids, and sodium bicarbonate
� Thiamin, a pyruvate dehydrogenase cofactor, should be administered at a dose
of 10 mg/kg/d

� Biotin, a cofactor for pyruvate carboxylase, should also be administered at a
dose of 5 to 20 mg/d22

Disorders of Protein Metabolism

For the undifferentiated infant, there is usually a period of normal growth until toxic me-
tabolites begin to accumulate, in hours to days. These infants commonly present with
a severe metabolic encephalopathy that mimics sepsis. Other signs and symptoms
include poor feeding, vomiting, irritability, abnormal movements (pedaling, boxing,
myoclonic jerks), abnormal tone, and abnormal posturing (opisthonus).11

Aminoacidopathy
Etiology Aminoacidopathies are a heterogeneous group of illness in which defects in
amino acid breakdown lead to accumulation of intact amino acids. Three of the most
common aminoacidopathies include phenylketonuria (PKU), where a deficiency in
phenylalanine hydroxylase leads to an accumulation of phenylalanine; maple syrup
urine disease (MSUD), where branched chain a-ketoacid dehydrogenase is deficient
resulting in accumulation of leucines and valine; and homocystinuria and tyrosinemia,
where fumarylacetoacetase deficiency causes toxic buildup of tyrosine.

Presentation The clinical presentations of these illnesses vary from slow progressive
neurotoxicity in the case of PKU, to rapid neurologic decline in the first weeks of life in
MSUD, to primarily liver failure signs in tyrosinemia. Children with PKU, if adequately
managed, have the opportunity to live full and productive lives, but if undetected or
poorly managed, develop irreversible neurologic sequelae, such as microcephaly,
developmental delay, intellectual disability, and/or seizures. PKU screening is per-
formed in all states in the United States, because of the opportunity to intervene
and drastically improve quality of life. Children with MSUD present more acutely
with signs of neurologic stress once protein feeds begin. These include poor feeding,
encephalopathy, and abnormal movements and can progress to coma and death.22
Table 7
Laboratory findings in pyruvate disorders

CBC Normal

BMP Anion gap metabolic acidosis, no hypoglycemia

Ammonia Normal

Blood gas Metabolic acidosis

Lactic acid Markedly elevated

UA Normal

ALT/AST Elevated ALT

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count.
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Homocystinuria does not present with acute metabolic crisis or global neurologic al-
terations, although it can have acute thrombotic events.3 Children with tyrosinemia
can present with neurologic symptoms and episodes of liver failure. Other derange-
ments include clotting disorders, ascites, bacterial peritonitis, gastrointestinal bleeds,
and renal tubular acidosis (Table 8).32

Management The management for the aminoacidopathies depends on the cause.
PKU rarely requires emergency management, although seizures and altered mental
status can require supportive care. For MSUD

� Halt protein intake
� Shut down catabolism with insulin, glucose, and lipid emulsion infusion
� Avoid hyponatremia; use isotonic fluids only during the resuscitation phase3

� Consider mannitol or hypertonic saline for signs of cerebral edema
� Some phenotypes respond to thiamine supplementation22

� If severe neurologic presentation, patient must be treated with emergent toxin
removal procedures (hemodialysis and/or exchange transfusion)

For tyrosinemia

� Stop all protein intake
� Start oral nitisinone 2-(2-nitro-4-(trifluoromethyl)benzoyl)cyclohexane-1,3-dione
(NTBC) at a dose of 0.5 mg/kg/dose every 12 hours in suspected cases because
this halts ongoing liver damage andmay prevent need for liver transplantation12,33

� Supportive care for liver failure

Organic acidurias (acidemias)
Etiology Organic acidurias are characterized by the inability to breakdown deami-
nated amino acids. This causes profound metabolic acidosis with an anion gap in
the cases of isovaleric aciduria, biotinidase deficiency, methylmalonic acidemia
(MMA), and propionic acidemia (PA), and primary neurologic crisis in the case glutaric
acidemia (GA). Although these disorders are screened for in newborn screening, there
Table 8
Laboratory findings in common aminoacidopathies

PKU MSUD Tyrosinemia 1

CBC Normal Normal Normal

BMP Normal AGMA NGMA

Ammonia Normal Elevated Normal

Blood gas Normal MA MA

Lactic acid Normal Elevated Elevated

UA Mousy odor Ketones, maple
syrup odor

Reducing substances sulfur
odor “sweaty feet”

Ketones Positive Positive Positive

AST/ALT
Bilirubin

Normal Normal Elevated

Symptoms Global neurologic
decline

Episodic acute
neurologic signs

Liver failure, renal tubular
acidosis � encephalopathy

Abbreviations: AGMA, anion gapmetabolic acidosis; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMP, basic metabolic panel; CBC, complete blood count; MA, metabolic acidosis;
NGMA, nongap metabolic acidosis; UA, urinalysis.
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are children who have false-negative tests and those that present in crisis before avail-
ability of newborn screening results.

Presentation The catabolic state is dangerous for children with organic acidemias.
Isovaleric aciduria, MMA, and PA present in crisis with neurologic deterioration asso-
ciated with anion gap metabolic acidosis. Neurologic symptoms in these three clas-
sical organic acidurias can range from hypotonia and abnormal movements (boxing
or paddling motions) to lethargy, seizures, and coma. Stroke can occur with MMA
and PA.3,34 Children with GA can present differently because crises are primarily
neurologic and do not carry the profound laboratory abnormalities that can clue pro-
viders into a diagnosis. For these patients, catabolic crises occur during times of phys-
iologic stress (gastroenteritis, febrile illnesses, vaccinations, surgeries) and can lead to
profound, irreversible neurologic damage. Patients present with dystonia, movement
disorders, hypotonia, and evidence of basal ganglia damage on imaging. Some pa-
tients come to medical attention because of subdural hemorrhage, caused by
widening of the subarachnoid space. Children with GA are vulnerable to crises until
age 6 (Table 9).35–38

Management

� Stop catabolism; IV glucose replacement and insulin
� Carnitine supplementation
� Alkalanization of urine with sodium bicarbonate
� Seizure treatment with phenobarbital or phenytoin (do not use valproate)
� Treat dystonia with benzodiazepines39

� Treat hyperammonemia with sodium benzoate/sodium phenylacetate and
arrange for emergent dialysis for levels greater than 500 mmol/L

� Consider vitamin B12 and biotin administration because these are indicated in
MMA

� Dialysis for refractory metabolic acidosis

Urea cycle disorders
Derangements in any of the six enzymes responsible for the degradation of nitroge-
nous waste leads to elevated ammonia. Affected individuals present within hours to
days after birth with vomiting, altered mental status, and encephalopathy that can
Table 9
Laboratory findings in organic acidurias

Glutaric Aciduria
Methylmalonic
Acidemia Propionic Acidemia

CBC Normal Pancytopenia

BMP AGMA AGMA AGMA

Ammonia Normal Elevated Elevated

Lactic acid Elevated Mildly elevated Mildly elevated

Uric acid Normal Elevated Elevated

Unique presenting
features

Subdural hemorrhage (can be
confused for nonaccidental
trauma)

Stroke Pancreatitis

Abbreviations: AGMA, anion gap metabolic acidosis; BMP, basic metabolic panel; CBC, complete
blood count.
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Table 10
Laboratory findings in ornithine transcarbamylase deficiency

CBC Thrombocytopenia

BMP Normal

Ammonia Markedly elevated

Blood gas Respiratory alkalosis

Lactic acid Normal

UA Normal

AST/ALT Elevated

PT/PTT/INR Abnormal

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count; INR, international normalized ratio; PT, prothrombin time; PTT, partial thrombo-
plastin time.

Inborn Errors of Metabolism in the ED 383
lead to coma. In the neonatal onset of disease, ammonia levels are usually at least
150 mmol/L and range from 500 to 2000 mmol/L. Prolonged fasting or excessive pro-
tein intake may precipitate a hyperammonemic crisis. In some forms, individuals pre-
sent later in life with recurrent bouts of gastric (vomiting, abdominal pain) and
neurologic (seizure, encephalopathy, behavior issues, psychiatric issues) symptoms.
The two main urea cycle disorders ED clinicians should be aware of are ornithine

transcarbamylase deficiency (OTC) and citrullinemia. Citrullinemia differs from OTC
in that most affected infants present with liver failure within the first 1 to 3 months of
life. ED management is the same for both.

Ornithine transcarbamylase deficiency
Presentation The classic infantile form of OTC presents early with poor feeding,

vomiting, tachypnea, lethargy, hypotonia, and apnea (Table 10).

Management

� Reduce catabolism with glucose and insulin22

� Treat hyperammonemia: sodium benzoate/sodium phenylacetate and arrange
for emergent dialysis for levels greater than 500 mmol/L38
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