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Metabolic disorders
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Metabolic disorders

Inborn Errors of Metabolism are rare, but critical for recognition because of the
devastating consequences of delays in diagnosis.
When to suspect metabolic disorders?

Newborn Screening (NBS)
System

Symptom or Sign

Cardiac

Arrhythmias, cardiomyopathy, valve disease

Endocrine
Eye

Cataracts, gaze palsy, lens dislocation, retinopathy

Gastrointestinal
General

Figure 4.1
Different odors suggesting IEM

Adrenal failure, ambiguous genitalia, hypoglycemia, hypocalcemia,
hypo or hyperketosis

Abdominal pain, nausea or vomiting, hepatomegaly, liver failure and

Failure to thrive, dysmorphism, hypo or hyperhidrosis

Neurological

Ataxia, seizures, arthrogryposis, movement disorders, myelopathy,
myopathy, hypotonia, encephalopathy, leukodystrophy, intellectual
impairment, regression (loss of acquired skills), hydrocephalus,
autism, acroparaesthesia, white matter changes

Skeletal

Joint restriction, dysostosis multiplex, osteochondrosis, short or tall
stature

Tyrosinemia Type 1

Multiple carboxylase
deficiency (MCD)

Maple syrup urine
disease (MSUD)

Boiled cabbage

Cat’s urine

Maple syrup

Abnormal odors suggesting Inborn Error of Metabolism (IEM)

Mousy

Old fishy

Sulfur

Sweaty feet

Phenylketonuria

Trimethylaminuria
or dimethylglycine
dehydrogenase deficiency

Cystinuria
and tyrosinemia
Type 1

Isovaleric acidemia
or glutaric acidemia
Type II
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Pathophysiology
Accumulation
of amino acids
PAA: plasma amino acids

Amino
acidopathy

Amino Acid

Protein

Defect in making urea

Deamination

Glycogen

Ammonia

Organic Acid Metabolites
Organic
acidemia

Glycogen storage disease
Defective glycogen metabolism

Acetyl CoA
Pyruvate
dehydrogenase
MELAS
complex deficiency
Defective formation
of acetyl CoA

Galactosemia
Hereditary fructose
intolerance

Protein metabolism is relatively isolated
from carb or lipids, thus its presentations
of disease are a bit more straightforward
Neonates:
> 50...> 100

Kids/Adults:
>100...>150

Hyperammonemia
Cerebral edema, stimulates
central hyperventilation

Urea cycle
defect

Organic
acidemia

Amino
acidopathy

CO2

Mitochondrial defect

O2

Fatty acid oxidation defect

Lipids

Fructose

Krebs Cycle/TCA

Ketones

Free fatty acids

Glycerol

Galactose

Figure 4.2
Protein Metabolism

Accumulation of organic acids
UOA: urine organic acids

Pyruvate

Problem with
dietary carb

Urea

Urea Cycle

Organic Acid

Lactate

Glucose

Urea cycle disorder

ATP

Problem
with beta oxidation
ACP: acylcarnitine profile

Carb and lipid metabolism are intertwined, as they both
generate glucose. As a result, their disease presentations
are intertwined and not so "neat" as protein disorders

Anion Gap Metabolic Acidosis
AG> 12

Lactate
is made when aerobic
metabolism is defective

Ketones
are made when glucose
can't be made

Poor perfusion,
Mitochondrial defects,
Primary lactic acidoses

Organic acidemia,
Carb metabolism
disorder

Hypoglycemia

Central
hyperventilation

Cerebral
edema

- Ketones

+ Ketones

Respiratory alkalosis

Herniation

Fatty acid
oxidation disorder

Organic acidemia,
Carb metabolism disorder
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Urea Cycle defects

Autosomal recessive (majority)
• Clinical presentation:
symptom free period then emesis then lethargy then coma, symptoms after “high
protein” meal
• Key features:
› High ammonia
› Normal to mild low glucose
› Absence of ketonuria
• Treatment:
› Infuse glucose
› Treat high ammonia
› Infuse Arginine HCL

Disorders of amino acid metabolism

PKU
• Mutation in the PAH gene
• Pathophysiology:
accumulation of phenylalanine
• Clinical presentation:
fair skin, pale hair, blue eyes, eczema, psychomotor delay (starts at 4-6 months of
age), musty odor
• Diagnosis:
newborn screen
• Treatment:
low phenylalanine and high tyrosine diet (avoid aspartame-artiﬁcial
sweetener)
Homocystinuria
Gene mutations result in impaired homocysteine metabolism
• Clinical presentation:
intellectual disability, ectopia lentis, excessive height, long limbs, thromboembolism
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&

Marfan syndrome

Recessive

Autosomal

Dominant

Disability

Intellect

Normal

Dislocated downward
(ectopia lentis)

Ocular lens

Dislocated upward
(ectopia lentis)

Rigid

Joint

Hyperextensible

Normal

Aorta

Dilatation

Increased risk

Thromboembolism

normal

Homocystinuria

Figure 4.3
Homocystinuria and
Marfan syndrome

Difference between

downward
dislocation = low IQ

upward
dislocation = normal IQ

Galactosemia
Deﬁciency of galactose-1-phosphate uridyltransferase
Newborn screening test
• Clinical Presentation:
Vomiting, jaundice, lethargy, poor feeding, cataracts and sepsis
• Diagnosis:
GALT activity of ≤3% of normal is diagnostic for classic galactosemia
• Treatment:
Minimize dietary galactose
Sepsis: suspect EColi ---consider galactosemia in a child with a blood culture
positive for E Coli
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Mitochondrial Disorders
Rare disorders characterized by impaired energy production
• Subtypes:
MELAS, MERRF, CPEO, Leigh syndrome
• Pathophysiology:
Defects in mitochondrial DNA – impaired oxidative
phosphorylation
• Clinical presentation:
opthalmoplegia, ptosis, exertional muscle weakness
• Diagnosis:
genetic studies, muscle biopsy
Fatty Acid Oxidation disorders
• Examples:
MCAD, LCAD, VLCAD
• Etiology:
Defect in acyl-CoA dehydrogenase
• Clinical presentation:
› Hypoglycemia with coma
› Absence of urine ketones and reducing substances (normal serum AA’s)
› Hepatomegaly
• Diagnosis:
› Hypoglycemia, hypoketotic
› Serum acylcarnitine or ﬁbroblast enzyme assay
• Treatment:
› Avoid fasting
› Carnitine supplementation
› Frequent feeding
› IV glucose when ill
Organic acidemias
• Etiology
• Clinical presentation:
› Lethargy
› Feeding problems
› Dehydration
• Diagnosis:
› Metabolic acidosis with increased anion gap
› Ketotic hypoglycemia
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• Treatment:
› Dextrose containing IV ﬂuids
› Protein restriction
› IV carnitine supplementation
Maple syrup urine disease
• Etiology:
Deﬁciency of BCKD complex
• Clinical presentation:
› Lethargy
› Weak suck
› Irritability
› Maple syrup odor in sweat and odor
• Diagnosis:
› BCKAD enzyme assay or molecular conﬁrmation
• Treatment:
› Leu, Iso, Val restricted diet
› BCAA free formula
› Avoid fasting
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Suspicion for an Inborn
Error of Metabolism

Blood Gas
Respiratory alkalosis
or normal

Metabolic acidosis
with raised anion gap

Figure 4.4
Error of metabolism

Urea Cycle Disorder

Lactate

point of care, normal glucose,
normal lactate,
elevated ammonia,
no ketosis

Elevated

Mitochondrial Disorders or
Disorders of Pyruvate Metabolism
Hypoglycemia, ketosis, normal CPK

Normal

Urine Ketones

Absent

Present

Fatty Acid Oxidation Disorders

Organic Acidemias

Maple Syrup Urine Disease

Hypoketotic hypoglycemia,
abnormal LFTs, elevated CPK

Ketotic hypoglycemia,
neutropenia

Ketotic hypoglycemia,
elevated plasma leucine,
isoleucine, valine
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Basic Investigations in a Child
with Suspected Metabolic Disorder
Findings

< Basic Tests >

Disease

Hyperammonemia

Ammonia

Urea cycle defects

Respiratory alkalosis

Blood gas

Urea cycle defects

Low pH
Hypoglycemia
Neutropenia, anemia,
thrombocytopenia
High anion gap
Increased
Elevated transaminases,
coagulopathy

Blood gas defects
Blood glucose
Complete blood
count
Electrolytes
Lactate
Liver function tests

Mitochondrial
Galactosemia, MCAD*
Organic
Organic acidemias
Pyruvate metabolism, fatty
acid oxidation defects
Galactosemia,
tyrosinemia type 1

Increased

Pyruvate

Ketonuria

Urine ketones

Abnormal

Urine odor

Defects in amino acid
metabolism

Urine pH

Renal tubular acidosis

>5 with normal anion gap
with metabolic acidosis
Positive

Urine reducing
substances

Pyruvate metabolism
Organic acidemias, MSUD*

Galactosemia

*MSUD: Maple syrup urine disease

Respiratory alkalosis: consider urea cycle defect, hyperammonemic encephalopathy
Galactosemia: E coli sepsis
Sweaty feet: isovaleric acidemia, glutaric acidemia

