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Definition:

® Metabolic disorders result from the absence
or abnormality of an enzyme or its cofacftor.

@ It leads to either accumulation or deficiency of
a specific metabolite.




What is a Metabolic Disease?

» Garrod’s Hypothesis
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Perinatal history :

® Perinatal history for many common IEM, is
usually normal .

© Impaired metabolism in the fetus is generally
well-compensated for by the mother.




Perinatal history:cont

But:

Low maternal serum estriol :
Smith-Lemli-Opitz syndrome .
Isolated steroid sulfatase deficiency .

Multiple sulfatase deficiency.

Decreased fetal movement :
Smith-Lemli-Opitz syndrome.

GSD type IV .

Lysosomal sftorage diseases.

Peroxisomal disorders (Zellweger syndrome).




Perinatal history:cont

HELLP syndrome ,fatty liver of pregnancy :

® long-chain Yr-hydroxyacly-CoA dehydrogenase
deficiency

Prolonged labor:

© Steroid sulfatase deficiency .

Non-immune hydrops:

® Numerous IEM.




Past medical history:

Recurrent vomiting.

Hospitalization for lethargy or dehydration.

Recurrent hypoglycemia.

Metabolic decompensation out of proportion to duration
or severity of acufte illness.

Personal or family history of thrombofic events
(homocystinuria).







History & Physical exam:

© May be:

Normal.

Nonspecific findings.

Clues to specific disorders




History &Ph.exam:

Episodic abdominal pain :
© Fabry disease .
© hepatic porphyrias .

Photophobia ,corneal scarring:
© cystinosis .
© tyrosinemia type /I .

Muscle cramping :
Fatty acid oxidation defectfts.
Muscle glycogenoses.
GSD.
Myoadenylate deaminase deficiency .

Developmental delay.

Lethargy in the morning.




History & Ph.exam:

Poor feeding.
Frequent vomiting.
Poor growth/failure to thrive.

Protein or carbohydrate aversion.

Diarrhea: (carbohydrate intolerance or mitochondrial
disorders).




O Can Swock Photo - csp062313



Family history:

Consanguinity .
Similarly affected individuals .

Early childhood deaths due to:

Neurologic

cardiac, and/or hepatic dysfunction.

sepsis

unexplained deaths In siblings or maternal male relatives.




Age at presentation :

® The first metabolic decompensation can occur
every time from ' fo 7+ years of age even in
neonatal period.




Triggers:

Certain sugars :

Disorders of carbohydrate infolerance
(galactosemia, hereditary fructose intolerance).

Proftein :
urea cycle defects
organic acidemias
amino acid disorders
hyperinsulinism with hyperammonemia.




Triggers:

Carbohydrate :

Pyruvate dehydrogenase deficiency.

Mitochondrial respiratory chain disorders.
Hyperinsulinism.

Complementary food's (infant cereals, fruit juice, and
pureed fruits, vegetables, or meats) :

Disorders of carbohydrate metabolism.
Urea cycle defects.
Organic acidemias.




Triggers:

Infection, fever, fasting, or catabolism :
Amino acid disorders.
Organic acidemias.
Fatty acid oxidation disorders.
Urea cycle defects.

Disorders of gluconeogenesis and glycogenolysis.

Anesthesia or surgery :

Thromboembolic events (homocystinuria).
Disorders triggered by fasting.

Certain drugs :

Porphyria .
G7PD deficiency.




-—vammro'/y Evhiluation



Laboratory evaluation:

Testing should be performed:

® At the time of presentation.
®© Before treatment.

» Laboratory values may be normal when the patient is
well.




© Consider other conditions in the
differential diagnosis (sepsis, cardiac
disease) .




Diagnosis:

Detection of abnormal metabolites in:
® plasma
® Urine
® CSF

Assay of enzyme activity in :
Skin .
RBC.
WBC.
skeletal muscle.
Liver
and/or chromosome or DNA analysis .




Initial evaluation :

CBC/diff

Bs

Amoniac

Electrolytes

BUN/Cr

uric acid

LFT

Bilirubin

PT

Urine(color, odor, dipstick, kefones)
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LDH, aldolase, CPK, and urine myoglobin (in case of
myopathy).




Further evaluations:

® Quantitative plasma amino acids
® Acylcarnitine profile

® Lactafte

® Qualitative urine organic acids

These tests should only be performed as
indicated by the clinical presentation and initial
laboratory evaluation.




Approch in patients with suspected metabolic disorder:
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Approch in patients with organic acidemia:

Common features

Refusal to feed
Vomiting
Acidosis

Dehydration
Neutropenia

Hypoglycemia

1

No ketosis or mild ketosis

-
5 l

No skin manifestations Skin manifestations

1. 3-Hydroxy-3-methylglutanc
’ aciduria
Multiple carboxylase 2. Acyl CoA dehydrogenase
deficiency’ deficiencies
3. HMG CoA synthetase
deficency

Characteristic odor

Figure 79-6 Clinical approach to Infants with organic acidemia
1. Methyimalonic acidemial | 1. MSUD* Asterisks indicate disorders in which patents have a

2 Propionic acidemia 2. lsovalenic acidemia’ characteristic odor (see text and T
able 79-2). MSUD, maple
3 Ketolhiolase deficiency syrup urine disease.




Approch in suspected LSD patients:

Presentation:
Coarse facial features,

organomegaly, skeletal dysplasia,
severe skin changes, or NIHF

v

Take detailed family
history for tamikal
diseases, consanguinity,
recurrent fetal loss

¥

Screen urine for

Elevatad < GAGs Low index of
oligosaccharides and/or suspicion
olgosacchandes

I High index of
suspicion

El ted GAG
o F

Mucolipidosis 1, I-cell disease Consider:

(ML2), GM1 or GM2 . Fabry, Farber, Gaucher,
gangliosidoses, Krabbe, Niemann-Pick,
slalidosis, galaciostalidosis, i Schindier, Wolman, or

ISSD, or Pompe prosaposin deficiency

Electrophoresis for +
GAG analysis Enzyme analysis No enzyme
3 of leukocytes or —3» defect
ultured fibroblasts’ detected
lymphoblasts

Enzyme defect Test different tissue,

detected esp. in Pompe,
+ stalidosis

Figure 80-17 Algorithm of the clinical evaluation recommended
Mutation analysis of for an infant with a suspected lysosomal storage disease. GAGS,
relevent genes; o glycosaminoglycans; NIHF, nonimmune hydrops fetalis. (From
consultation for .
future pregnancies Staretz-Chacham 0, Lang TC, LaMarca ME e1 al: Lysosomal storage
disorders in the newbarn, Pe




Approch in patients with hyperammonemia:

Obtain
blood pH and HCO4

I
P 1

Acidosis No acidosis

|

Obtain Obtain
organic acids plasma amino acids

L )

Specific amino No specific amino
acid elevation acid elevation

Obtain
urine orotic acid
|
1 :
High Normal or low

|

Obtain
plasma citrulline
]

! |

Low Normal or elevated
¢ } !

Organic | | Citrullinemia | | Argininemia | |Argininosuccinic| | HHH O1C CPS deficiency Transient
acidemias acidemia | [syndrome | [ deficiency | | or NAG synthetase| | hyperammonemia
deficiency of the newborn

Figure 79-13 Clinical approach to a newbomn infant with symptomatic hyperammonemia. CPS, carbamyl phosphate synthetase; HHH syndrome,
hyperammonemia-hyperomithinemia-homocitrullinemia; NAG, N-acetylglutamate; OTC, ornithine transcarbamylase.







Important aspects in Lab data:

IEM may involve any or all of the cell lines.

Provide a clue fo sepsis .

Organic acidemias (Metabolic acidosis with increased AG ).
Respiraftory alkalosis(UCD as a result of hyperammonemia).




Important aspects in Lab data:

Blood sample should be obtained from an artery or
vein without using a fourniquet, placed on ice for
transport fo the laboratory, and analyzed immediately.

Ammonia (2'7+ micromol/L [Y/-microgram/mL] in the
newborn, and=z A+ micromol/L ['/¥ microgram/mL] in
older infants and children) is neurofoxic.




Important aspects in Lab data:

Necessary fo calculate the anion gap.
Detect hyponatremia and hyperkalemia.

low (defects of purine metabolism or molybdenum cofactor
deficiency )

Increased (Lesch-Nyhan disease or GSD).

Presence or absence of kefones (etiology of hypoglycemia)
Urine pH (determining the cause of metabolic acidosis)




Important aspects in Lab data:

Decreased urine SG (vomiting )

glucosuria

proteinuria.

Leukocyte esterase or nitrites ( UT/ as a trigger factor)

Reducing substances and negative glucose in

dipstick (a clue to galactosemia,carbohydrate intolarence
disorder).

Absence of reducing substances in the urine does not
exclude these disorders.

Renal tubular dysfunction occurs in a number of IEM.




Important aspects in Lab data:

® False-positive tests for urine reducing
substances :

® Penicillins

®© Salicylates

© Ascorbic acid

® Drugs excreted as glucuronides.




Specialized tests :

Plasma amino acids:

Is used fto confirm the diagnosis of:

Urea cycle disorders.
Disorders of amino acid metabolism .

Is typically performed by , dlthough
can be used.

Mild elevations of above normal usually
are significant




Specialized tests :

Is performed by (GC/MS).
Qualitative assay is adequate

Should be measured in arterial blood .

Tourniquet pressure and/or hemolysis may increase lactate level
erroneously .

Transported on ice .

For accurate measurement of pyruvate, the sample must be
collected in perchlorate (or a similar media) to inactivate enzymes

that degrade pyruvate




Specialized tests :

Mitochondrial disorders.

Glycogen storage diseases.
Disorders of gluconeogenesis.
Disorders of pyruvate metabolism.

The ratio of lactate to pyruvate :normal value '::\ to
Yory |

Mitochondrial disorders .
Pyruvate carboxylase deficiency.




Specialized tests :

Normal or low lactate-to-pyruvate ratio :
© GSD
®  pyruvate dehydrogenase deficiency.

Elevated lactic acid may be present in:

Disorders of amino acid metabolism.
Organic acidemias.
Fatty acid oxidation disorders.

Lacltate-to-pyruvate ratio someftimes is normal in mitochondrial
disorders.




Specialized tests :

Is performed by MS/MS.

Is measured in a plasma sample or a filter-paper
bloodspot.

Diagnosis of fatty acid oxidation disorders.

May detect organic acidemias.




Other specialized tests:

Eye examination (by ophthalmolist).
Echo( presence of cardiomyopathy).
Skin, skeletal muscle, or liver biopsy .

LP ( glucose, protein, lactate, pyruvate, glycine, serine,
alanine, organic acids, pterins neurofransmitters) .

Serum kefones and/or free fatty acids
(hypoglycemia.)




Other specialized tests:

Quantitative plasma carnitine levels :
Fatty acid oxidation disorders .

Urine sulfocysteine :
sulfite oxidase and molybdenum cofactor deficiencies.

Urine purine analysis :
Disorders of purine metabolism.




Other specialized tests:

Urine polyol analysis :

© Disorders of polyol metabolism.

Plasma and urine creatine and guanidinoaceftate :

® Abnormalities of creatine metabolism (gquanidinoacetate
methyltransferase deficiency).

Urinary glycosaminoglycans, oligosaccharides:

© Lysosomal storage disorders







Acute or progressive intoxication or encephalopathy :

Accumulation of foxic compounds proximal to the
metabolic block.

Symptom free-interval .

Clinical signs of acute or chronic intoxication .
Progressive or recurrent metabolic disturbances.
Amino acid disorders.

organic acidemias.

urea cycle disorders.

Disorders of carbohydrate infolerance (eg,
galactosemia, hereditary fructose intolerance).




Disorders with energy deficiency :

Deficiency in energy production or uftilization in
the liver, myocardium, skeletal muscle, or brain.

Signs or sympfoms due to accumulation of
foxic compounds.

Disorders of glycogenolysis /gluconeogenesis.
Fatty acid oxidation defects.

Disorders of kefogenesis.

Mitochondrial disorders.







Critical illness :

© [EM may present with acute metabolic
decompensation in individuals of any age.

© Most episodes are associated with one or more of the
followings:

Hypoglycemia+-ketosis
Hyperammonemia
Acid-base disorder
Lactic acidosis
seizure




Hypoglycemia .

Fatty acid oxidation disorders.
GSD.

Gluconeogenic disorders.
Fructose intolerance.

Amino acid disorders.

organic acidemias.

Mitochondrial disorders .




ketosis:

ketosis
® GSD.
® Organic acidemia.
® MSUD.

Ketosis or inappropriately in:

® Fatty acid oxidation disorders.

® Disorders of ketogenesis ( HMG-CoA lyase and r-
ketothiolase deficiency) .




Hyperammonemia:

Urea cycle defects.

Organic acidemias.

Fatty acid oxidation defects.
Liver dysfunction.

Mitochondrial disorders .




Metabolic acidosis:

Organic acidemias

MSUD

GSD

Disorders of gluconeogenesis
Fatty acid oxidation disorders
Disorders of pyruvate metabolism
Disorders of fructose metabolism
Mitochondrial disorders
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Lactic acidosis :

Abnormal oxidative metabolism.

Disorders of oxidative phosphoryl/ation.
GSD.

Disorders of gluconeogenesis.
Disorders of pyruvate metabolism.

Lactate to pyruvate ratio: (normal value ) +:) to
Yoo )




Lactic acidosis :

High:

Mitochondrial disorders.
Pyruvate carboxylase deficiency.

Normal or low :
GSD and pyruvate dehydrogenase deficiency.

Lactate-to-pyruvate ratio sometimes is normal in mitochondrial
disorders.

Elevated lactic acid may be present in disorders of amino acid
metabolism, organic acidemias, and fatty acid oxidation disorders .




Seizure:

® Metabolic disorders are rare causes of
seizures In children.

© Many IEM are associated with seizure.




?

{ations

J

S
G
o




Developmental Delay:

Disorders of urea cycle and amino acid metabolism
Organic acidemias

Disorders of creatine meltabolism

Peroxisomal disorders

Lysosomal sforage disorders

Mitochondlrial disorders

Disorders of oxidative phosphorylation.

® [EM account for only of cases of
developmental delay.




Hepatomegaly:

Hepatomegaly . (with or without splenomegaly ):

GSD.

Lysosomal storage diseases (Gaucher, Niemann-Pick).
Galactosemia.

Peroxisomal disorders.

Tyrosinemia.

Bile acid disorders.

Congenital disorders of protein glycosylation .




Specific presentations in metabolic disorders:

Isolated hepatosplenomegaly :

Lactate, TG, uric acid, and creatine kinase(GSD).

urine mucopolysaccharides and oligosaccharides ( lysosomal
storage disorders.)

Galactfose-'-phosphate (galacfosemia).

urine galactitol ( galactosemia) .

Serum very long-chain fatty( peroxisomal disorders).
Quantitative plasma amino acid (tyrosinemia) .

Liver biopsy.




Specific presentations in metabolic disorders:

Isolated hepatosplenomegaly :

If the diagnosis is not established after the primary evaluation:

®  Enzyme assays (eg, Gaucher, Niemann-Pick, or sialidosis).
® wrine bile acid analysis (disorders of bile acid metabolism).
® Transferrin isoelectric focusing(CDG).




Specific presentations in metabolic disorders:

®© GSD type Il .

® Mucopolysaccharidoses




Specific presentations in metabolic disorders:

0 Fatty acid oxidation disorders.

2 Organic acidemias.
0 Mitochondrial disorders (eg, disorders of oxidalive
phosphorylation)




Specific presentations in metabolic disorders:

The initial evaluation in cardiomyopathy includes:

/
0’0

Plasma acylcarnitine profile.

Quantitative plasma carnitine levels.

Qualitative urine organic acid analysis.

Serum lactate and pyruvate levels.

Skeletal muscle biopsy ( mitochondrial enzyme stains).

@, / R/
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Skeletal Myopathy:

/s seen in:
Lysosomal sforage disease.

Nonlysosomal glycogen sforage diseases.

Disorders of fatty acid oxidation.

Mitochondrial disorders.




Post-mortem evaluations:

® Collect relevant blood, urine, and tissue specimens before or
shortly after death ( within one to two hours ).

Plasma , and
are not accurate when post-mortem specimens are

analyzed .

Several blood spofts (¥ fo 7) on a newborn screening card or
filter paper for acylcarnitine analysis or other studies.

Plasma (r to 9 mL) in lithium heparin tube, separated and
frozen at -V °C.




Post-mortem evaluations:

Whole blood ¢ to '+ mL in EDTA tube for DNA analysis; the
sample should be refrigerated, not frozen.

Urine (4 to '+ mL, or more if possible) frozen in ') fo " mL
aliquots in plain sterile containers.

CSF (" to 9 mL, in one mL aliquots) frozen and sfored at -V - °C.

Organic acid analysis may be performed on vitreous humor if
urine is not available (collected by intraocular puncture at
autopsy, frozen at -7+°C or -V+°C) .




Post mortom evaluation:

Postmortem needle biopsy of the liver.
Photographs of dysmorphic features.

Radiographic studies (neurologic, cardiac, or
skeletal abnormalities).

Skin biopsy .

Samples of muscle.
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