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Metabolic Pathway
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INBORN ERRORS OF METABOLISM
a genetic disease
also known as biochemical genetics

Gene-level Gene mutation

|

Protein-level Abnormal protein

L\

Transpor Other
Enzyme protein protein

|

Metabolic-level Abnormal metabolites
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Group 1 Group 2 Group 3
Lysosomal disorders Amino acid disorders Fatty acid oxidation
defects

Mucolipidoses Organic acidurias

. . Mitochondrial disorders
Peroxisomal disorders Urea cycle defects

Congenital lactic

Others Sugar intolerance

acidemias

Metal disorders Ketone body defects

Porphyri
erphyria Glycogen storage

disorders

Creatine metabolism

disorders
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Table 1 - Clinical pointers for suspicion of IEM

MY
Ne

No
M
A%
AA
AR

AR
Yy
Yy
e
Yo
Al

o Deterioration after a period of apparent normaly

o Parental consanguinity

o Family history of neonatal deaths

o Rapidly progressive encephalopathy and seizures of unexplained cause

o Severe metabolic acidosis

o Persistent vomiting

o Peculiar odor

o Acute fatty liver or HELLP ( hemolysis , elevated liver enzymes & low
platelet counts ) during pregnancy : seen in women carrying fetuses with
long- chain Y- -hydroxyacyl - coenzyme dehydrogenase deficiency (
LCHAD )




Table 2 - Clinical pointers towards specific IEM

Clinical finding Disorder

Coarse facies Lysosomal didorders

Cataract Galactosemia , Zellwegers syndrome

Retinitis pigmentosa Mitochondrial disorders

Cherry red spot Sphingolipidosis , Tay-Sachs disease

Hepatomegaly Storage disorders , Urea cycle defects

Renal enlargement Zellwegers syndrome , Glycogen storage disorder type I
Eczema , Alopecia Biotinidase deficiency

Abnormal kinky hair Menkes disease

Decreased pigmentation Phenylketonuria
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Table 3 - Patterns

of presentation

Presentation

Comment

Common condition

Encephalopathy with

metabolic acidosis

* Organic acidemias (propionic,
methylmalonic,isovaleric)

* Glutaric acidaemia type IT

* Result of toxic effects of
accumulating metabolites on
CNS

* Usually appear normal at
birth

* Incubation period(hours to
months)

* Sepsis like syndrome

Neurologic

deterioration (coma,

* Organic acidemias

* Urea cycle disorders

* Result of toxic effects of

accumulating metabolites on

lethargy) * Respiratory chain disorders CNS
* Usually appear normal at birth
* Incubation period(hours to
months)
* Sepsis like syndrome
Hypotonia * Hyperlacticacidemia * Only a few inborn errors of
* Respiratory chain disorders metabolism present with isolated
* urea cycle defects hypotonia in the neonatal period
* NKH
* Peroxisomal disorders
* Trifunctional enzyme deficiency
Hyperammonemia * Urea cycle disorders * Sepsis like syndrome

* Organic acidemias (propionic,
methylmalonic,isovaleric)
* Pyruvate carboxylase deficiency

(PCD)

* Transient
hyperammonemia due to
prematurity

* Ammonia level 21 0 0 0 umol/L




Metabolic acidosis

* With raised plasma lactate
o Pyruvate
dehydrogenase
deficiency
« Pyruvate carboxylase
deficiency
o Respiratory chain disorders
o Organic acidemias
* With normal plasma lactate

 Organic acidemias

* Sepsis like syndrome

o High anion gap > \1
e Neutropenia
o Thrombocytopenia
o Primary lactic acidosis
o Unrelated to protein intake
Lactate / pyruvate ratio
o <2 5Pyruvate dehydrogenase
deficiency(PDH)
gluconeogenesis
e > 2 5Pyruvate
carboxylase
deficiency
Respiratory chain
defect
Mitochondrial
myopathy

hydrops

GM) gangliosidosis

* MPS type VII, IV
Gaucher's disease

* Niemann- pick A & C
I-cell disease
Congenital disorders of
glycosylation ( CDG )
Lysosomal storage

disorders




Cataract

Galactosemia
Zellwegers® syndrome

Lowes' syndrome

Congenital

anomalies

Zellwegers' syndrome

Glutaric acidaemia type II

PDH deficiency

Hypotonia , epicantal folds,
brush field spots, simian
creases, large fontanelle,

renal cysts

*  Hypertelorism, low set ears,

high forehead, abdominal
wall defects, large kidneys
Like fetal alcohol syndrome,
facial dysmorphism, cleft

palate

Dysmorphic features

Peroxisomal disorders
PDH deficiency
Congenital disorders of
glycosylation ( CDG )
Lysosomal storage

disorders

Neonatal cholestasis

ol —Antitrypsin

deficiency
*  Niemann-Pick type C

Dislocated lens

Homocystinuria
Maple syrup urine

disease

Wy




Cardiac disease

*

Fatty acid oxidation
defects
Glycogen storage dsorder

type 11
Mitochondrial defects

Cardiomyopathy

Odor

Maple syrup urine
disease

Isovaleric academia

* Burnt sugar

* Sweaty feet odor

Hypoglycemia

*

Fatty acid oxidation
disorders

Glycogen storage
disorders
Fructose-),1-biphoaphatase
deficiency

Disorders of

gluconeogenesis

Hepatic

presentation

Galactosemia
Tyrosinaemia
Zellweger's syndrome
Fatty acid oxidation
disorders (MCAD)
Congenital disorders of

glcosylation - CDG 1b

Unconjugated
hyperbilirubinemia

Hepatic failure

VY



Table4 - Major Inborn Errors of Metabolism presenting in the neonate as an

acute encephalopathy

Disorders

Characteristic laboratory findings

Organic academia (MMA,
PA, IVA, ...)

Metabolic acidosis with in increased anion gap
Elevated plasma & urine ketones
Elevated plasma ammonia & lactate

Abnormal urine organic acid

Urea cycle defect

Variable respiratory alkalosis
Markedly Elevated plasma ammonia
Abnormal plasma amino acid

Elevated orotic acid in OTCD

Maple syrup urine disease

Metabolic acidosis with in increased anion gap
Elevated plasma & urine ketones
Abnormal plasma amino acid

Positive ferric chloride test

Nonketotic hyperglycinemia
(NKH)

No acid - base or electrolyte abnormalities
Normal ammonia

Abnormal plasma amino acid

Molybdenum co-factor

deficiency

No acid - base or electrolyte abnormalities
Normal ammonia & organic acid
Low serum uric acid

Elevated sulfites in urine

VY
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General investigation *

9 ol SPsm9y Dlge LBl 33 usiwsse3 9 u9,3es ) Full blood count .\

(W (0 033 (el SSglle sto

Infection screen (cultures ) e

Blood glucose

Electrolytes and Arterial blood gas

(90-105 pg/d L 81355 Olygs 38 =ub ludoe ) Plasma ammonia o

Arterial blood lactate

Pyruvate o«

Liver function tests e

Total & conjugated bilirubin

Clotting studies e

Amino acids (HPLC)

Acylcarnitines (including free & total carnitine) e
Uric acid  »

Ketone body

Table 5 - Inborn Errors of Metabolism associated with neonatal liver disease

Disorders Laboratory studies

Galactosemia Urine reducing substance ; RBC galactose- 1 -phosphate uridyl
transferase

Tyrosinemia Plasma quantitative amino acid ; urine succinylacetone

o.1— Antitrypsin

Quantitative serum ol— Antitrypsin ; protease inhibitor

deficiency typing
Neonatal Serum ferritin ; liver biopsy
hemochromatosis

Zellwege syndrome

Plasma very long chain fatty acids ; phytanic acid

Niemann - Pick

disease type C

Skin biopsy for fibroblast culture ; studies of cholesterol

esterification & accumulation

Glycogen storage
disease type IV (

brancher deficiency )

Liver biopsy for histology & biochemical analysis or skin biopsy

with assay or branching enzyme in cultured fibroblast

Ve




Urine
o Smell
o Urine ketones
o Reducing substance
o Galactose (if indication)
e Amino acids (HPLC)
o Orotic acid (if indication)
o Freeze 15 - 2 Oml urine for organic acid analysis
Imaging
o Cranial ultrasound
o Abdominal ultrasound
e Brain MRI
o Whole body scan
o Xray
e Skull
o  Long bones
e Vertebra
o  Hands

Others
o Ophthalmic examination
o Evokes
« EEG
« EMG/NCV
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Suspected metabolic disorders

Plasma ammonia

i

High

v

Blood PH & CO 2

Y

Normal

v

Blood PH & CO2

vy

Y

Normal

Normal Acidosis
No ketosis No ketosis
/
Urea cycle defect Fatty acid
oxidation
Y
Plasma citrulline defects

| >\ +++umol/L ”\“0—O~pmol/L| |Undetectable |

Y

PKU , NKH ,Galactosemia ,

Peroxisomal disorders ,
[ Aminoacidopathies , Sulphite

oxidase deficiency

Ketosis with or without lactic

acidosis

A

ASA Urinary ASA
deficiency

Urinary orotic
acid

citrullinemia

/\

Organic acidemias

Mitochondrial disorders

/\

ASAL deficiency| [THAN

OTC (CPS/ NAGS

1




ASA: Argininosuccinic acid, OTC: Ornithine transcarbamoylase, CPS:
Carbamoylphosphate synthetase I, NAGS:N-acetylglutamate synthetase, THAN:
Transient hyper ammonemia of newborn, ASAL: argininosuccinic acid lyase,

NKH: Nonketotic hyperglycinemia
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Neonatal hypoglycemia

N N . Galactosemia
Recurrent / Persisted Urine NGRS positive
hypoglycemia Hereditary fructose
intolerance
A 4
Critical sample ‘ High lactate GSD type 1
Urine ketone +/- Organic academia
Acidosis
—>
present \ Ketone present IEM
Lactate +/- GH or cortisol deficiency
No ketone & R PHHI
normal/low FFA '
Acidosis
absent
No ketone but elevated FAO defect
FFA

A\




Hypoglycemia

acylcarnitine profile

TKetones
TSerum lactate

Abnormal plasma

amino acids

Abnormal urine

organic acids

Urine non-glucose
reducing substances

YA




Metabolic acidosis

> il ™

T Lactate Normal lactate

Normal
Lactate/pyruvate T Lactate/pyruvate
ratio ratio
MNormal Abnormal urine
Hypoglycemia glucose arganic acids
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NEONATAL HYPERAMMONEMIA

Symptoms in first 24 h of life

/

~

Premature

I-‘ull-tcrm—|

THAN

INBORN ERRORS
OF METABOLISM
(i.e organic acidemia or
PC deficiency)

Symptoms after 24 h of age

Acidosis

ORGANIC
ACIDEMIAS

Absent itrulline

Urine orotic acid

N

Mo acidosis

UREA CYCLE DEFECTS

PLASMA AMINO ACIDS '

Citrulline moderately
elevated; ASA present

Citrulline markedly
elevated: no ASA

Argininosuccinic
aciduria

Low Elevated
CcPs oT1C
deficiency deficiency

Citrullinemia




Metabolic acidosis with increased

anion gap

L T

Normal lactate

v

Abnormal organic
acids

/

Elevated lactate

l

Normal organic
acids

Organic academia

Abnormal organic
acids

Dicarbocxylic
aciduria

FAO DEFECTS

MMA, PA
,multiple
carboxylase
deficiency , other

Normal or low

Elevated pyruvate

Normal L/P ratio

pyruvate

Elevated L/P ratio

v

/

Hypoglycemia

¥

Respiratory chain
defects, Pyruvate
carboxylase deficiency

‘ No hypoglycemia

Y

GSD type1.1,6 DP
deficiency. Pep
carboxylase deficiency

v

Pyruvate dehydrogenase
deficiency , Pyruvate
carboxylase deficiency




Table 6 - Categorization of neonatal IEM using metabolic screening tests

Diagnosis Increasedammonia | Increased Lactate | ketosis | Acidosis
Maple syrup urine disease - - + -
Organic aciduria +/- - +/- +
Lactic acidosis - + +/ - ¥
Urea cycle defects + - . -

Non-ketotic hyperglycinemia
Phenylketonuria
Galactosemia

Peroxisomal disorders fite

Specific ( second line ) investigation
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Jaundice
Galactosemia screen (3 juy (05 Ot Cowl (Sw 18] )3 0uiS Ll dlge Soley!
358 Ghke slows £3,)
o Serum ferritin
o Very long chain fatty acids in blood
« Ol —antitrypsin in blood
o 7 - dehydrocholesterol in blood
o Transferrine isoelectric focusing in blood
o Succinylacetone in urine

o Skin & liver biopsy

Yy




*  Encephalopathy
o Paired blood & CSF glycin
o CSF lactate
o Very long chain acids profile
o Urine for orotic acid
*  Hypoglycemia
o Plasma non- esterified fatty acids
. Bhydroxybutyrate
o RBC Galactosemia screen
o Acylcarnitines (including free & total carnitine)
o Cortisol
o Growth hormone

o Urine for organic acids

1Y 09,5
* GCMS ( Gas chromatography mass spectrometry )
o Organic acidemias
* Acylcarnitine ( by tandem mass spectrometry )
o Organic academia
o Urea cycle defect
o Aminoacidopathies
o Fatty acid oxidation defects
* High performance liquid chromatography ( HPLC ) in plasma and urine
o Organic academia
o Aminoacidopathies
* Lactate / Pyruvate Ratio
o Pyruvate metabolic defects

o Congenital lactic academia

vy




* Urinary Orotic acid
o Urea cycle defect
o Ornithine transcarbamylase (OTC) deficiency
* Enzyme assay
o GSYE laxdsn pall oylge 5o
o il 4idlu 5929 IEMs o)lge (0lé lp Cawl 3San
* MRS ( magnetic resonance spectroscopy )
. JbydSgie OVl 1 SLSY asb o peakiolisl
. Non - ketotic hyperglycemia : jewdS 4>U yo peak iol;sl
. MSUD : uwy) =l o peakivl;d)
* Plasma very long chain fatty acids
o Peroxisomal disorders
* CSF amino acids analysis
« NKH
o Serine biosynthesis disorders
* Mutation analysis
o Targeted mutation analysis
o Multi gene panels
*NGS
«  Whole exome sequencing
o Whole genome sequencing
o Functional ‘multi-omics’ data such as transcriptomics
(098 (o 0olatwl ¢ Lsb LA LLE Cud 90 &S =8lgn yo J2l)
o Testing for mitochondrial disease (whole genome sequencing that
« analyzes just the genes that code for proteins )
« parallel sequencing analysis
* Post- mortem Plasma (2 - 5 ml), urine (1 0 - 2 Oml) and CSF (1 ml) frozen
o Red cells: blood (5 ml) in lithium heparin o
o Blood (5 ml) in EDTA: for DNA analysis o
o Tissue biopsies (skin, liver, muscle)
e Post mortem examination

o Clinical photograph

Ye
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e nzyme assay
o ( MRS ( magnetic resonance spectroscopy
« Plasma very long chain acids
o Peroxisomal disorders
o CSF amino acids analysis
 Targeted mutation analysis
« Multi gene panels
« NGS
« Whole exome sequencing
o Whole genome sequencing
« Functional ‘multi-omics’ data such as transcriptomics
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o Testing for mitochondrial disease (whole genome sequencing that
analyzes just the genes that code for protein)

« parallel sequencing analysis
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