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INBORN ERRORS OF METABOLISM - I

RECOGNIZING RED FLAGS IN INBORN
ERRORS OF METABOLISM - CLINICAL
PRESENTATION AND ALERTS

* Ramaswamy Ganesh

Abstract: Inborn errors of metabolism are a
heterogeneous group of rare genetic disorders that pose
a significant diagnostic challenge due to their
non-specific presentation, necessitating a high index of
suspicion from healthcare providers. Early recognition
of “red flags” is crucial for timely, life-saving
intervention. This manuscript discusses the common

Points to Remember

High index of suspicion in IEMs is crucial for
timely intervention

Red flags in IEMs are categorized into three main
areas - symptoms, signs and laboratory parameters.

The pattern of hypoglycemia with or without ketosis
is a critical differentiator.

Hyperammonemia is a medical emergency

Unusual body odours and age-specific neurological
symptoms are key clues

clinical and laboratory red flags seen in inborn errors of  References

metabolism.

Keywords: Inborn errors of metabolism, Children,
Hypoglycemia, Hyperammonemia.
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INBORN ERRORS OF METABOLISM - I

LABORATORY WORKUP IN SUSPECTED
IEM - A STEPWISE APPROACH
(BIOCHEMICAL TESTS, METABOLIC
PANEL, INTERPRETATION PITFALLS)

*Anil Jalan
**Ketki Kudalkar

Abstract: Inborn errors of metabolism are genetic
disorders that disrupt normal intermediary metabolism.
Early recognition and timely intervention are crucial to
prevent severe complications, including disability and
death. These conditions often present with variable and
non-specific clinical symptoms, making accurate
diagnosis challenging. Initial investigations such as blood
glucose, ammonia, lactate levels, electrolytes and ketones
may provide clues to the underlying metabolic
disturbance. The findings of these investigation can guide
the selection of more specific, advanced metabolic tests.
Diagnostic confirmation typically relies on specialized
investigations, including the analysis of acylcarnitines,
organic acids, amino acids and specific enzyme assays.
This article reviews both the foundational and advanced
diagnostic tools, highlighting key biochemical markers
used in the identification of Inborn errors of metabolism.

Keywords: Inborn errors of metabolism, Laboratory
investigations, Acyl carnitines, Organic acids,
Amino acids.

* Consultant Pediatric Metabolic Specialist
email: jalananil12@gmail.com

**  Biochemist,
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Points to Remember

e C(linical presentation in IEMs can be very helpful
in designing the tests in each case and always
sharing the clinical details, discussing the
possibilities with a metabolic expert can save time
and expenses.

e Sample collection should be done before starting
any intervention or transfusion. Also, it is important
that samples be collected at the right time in correct
containers after discussing with the metabolic
laboratory.

e Guidelines of proper handling, storage and
transport of samples to a metabolic laboratory must
be followed.

e Pre- and post- test counseling of parents is of utmost
importance
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INBORN ERRORS OF METABOLISM - I

GENETIC TESTING IN INBORN ERRORS
OF METABOLISM

*Sankar VH
**Vinitha AO

Abstract: Inherited metabolic disorders are a diverse
group of genetic disorders that result from disrupted
metabolic pathways in the body. Early identification of
these disorders is of foremost importance to provide
appropriate treatment in time to prevent progression of
the disease. Genetic testing panels which include,
targeted gene panels, whole exome sequencing and whole
genome sequencing help in identifying both pathogenic
or likely pathogenic variants, to make a precise molecular
diagnosis. A comprehensive combination of clinical and
preliminary biochemical evaluations and genetic testing
enhances diagnostic accuracy and guides specific
interventions. Further, confirming the genetic condition
facilitates family screening and genetic counselling.
This article highlights the impact of genetic testing on
making a definitive diagnosis and helps in managing
inherited metabolic disorders.

Keywords: Metabolic disorder, Genetic testing,
Whole exome sequencing, Whole genome sequencing,
Genetic counselling
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Points to Remember

e Inherited metabolic disorders are primarily
monogenic conditions, most of which follow an
autosomal recessive inheritance pattern.

e Genetic testing plays a crucial role in confirmation
of diagnosis, and helps in understanding the disease
progression as well as in guiding specific therapies.

e A solid understanding of the genetic mechanisms
is essential for selecting the appropriate tests in
individual conditions since, several tests are
available for diagnosis including Sanger
sequencing, next generation sequencing (gene
panels, WES, WGS) and MLPA.

o Variants identified in genetic testing are classified
into five categories: Pathogenic, likely pathogenic,
benign, likely benign and variant of unknown
significance. Accurate interpretation of these
results requires correlation with the patient’s
clinical phenotype and metabolic findings.

e Genetic counselling is essential before and after
testing. It helps in predicting recurrence risk and
facilitates family screening.
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INBORN ERRORS OF METABOLISM - I

RECOGNISING TREATABLE INBORN
ERRORS OF METABOLISM IN
CHILDREN WITH DEVELOPMENTAL
DELAY, AUTISM, EPILEPSY, MOVEMENT
DISORDER OR CEREBRAL PALSY
MIMICS

*Umamaheswari Balakrishnan
**Rabindran Chandran

Abstract: Inborn errors of metabolism may present with
neurological dysfunctions like developmental delay,
autism, epilepsy and movement disorders. Due to
overlapping clinical features and non-specific systemic
features, these conditions may be missed leading to
delayed diagnosis, treatment and poor outcomes.
Advances in expanded newborn screening methodology,
biochemical diagnostics and genomic sequencing help
in precise diagnosis of these treatable inborn errors of
metabolism. Many inborn errors of metabolism can be
treated with dietary modifications, cofactor
supplementation, enzyme replacement, organ
transplantation and  supportive measures.
Early appropriate treatment results in better
developmental outcomes. This review proposes a
practical diagnostic approach to identify metabolic red
flags and provides an evidence-based summary of
therapeutic strategies.

Keywords: Treatable inborn errors of metabolism,
Developmental delay, Autism, Epilepsy, Movement
disorders, Cerebral palsy mimic.
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Points to Remember

e Treatable inborn errors of metabolism often

masquerade as common neurodevelopmental
disorders, leading to missed diagnostic opportunities.

e Clinical red flags-such as developmental
regression, episodic encephalopathy, refractory
seizures or multisystem involvement-should prompt
metabolic evaluation.

e A tiered biochemical workup with genetic testing
provides a cost-effective strategy in most clinical
settings.

e Early treatments like dietary therapy, cofactor
supplementation and targeted metabolic treatments
can improve outcomes.

Note : Readers are requested to refer to standard text
books for abbreviation - expansion (of metabolic
disorders).
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INBORN ERRORS OF METABOLISM - I

GLYCOGEN STORAGE DISORDERS -
DIAGNOSTIC APPROACH,
MANAGEMENT AND RECENT
ADVANCES
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*Jagadeesh Menon
**Naresh Shanmugam

Abstract: Glycogen storage disorders are a group of
heterogeneous inherited enzymopathies affecting
glycogen metabolism, primarily in the liver and muscle.
The clinical spectrum ranges from severe neonatal
hypoglycemia to late-onset liver, muscle and cardiac
disease. Advances in molecular genetics, including
newborn screening, enable earlier and more precise
diagnosis and improved genotype-phenotype
correlations. Metabolic profiles (e.g. hypoglycemia with
ketosis, lactic acidosis) and genetic testing guide
diagnosis. Management has traditionally been primarily
dietary (frequent feeding, uncooked cornstarch), but
therapeutic options have now expanded considerably.
Enzyme replacement (e.g. acid alpha-glucosidase for
Pompe disease) and novel small-molecule or substrate-
based therapies improve disease control. Emerging gene
therapies and targeted agents (e.g. SGLT?2 inhibitors in
GSD-1b) are transforming care. Supportive care,
transplantation and emerging therapies ensure better
long-term outcomes in patients with glycogen storage
disorders.
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Points to Remember

e GSDs are a heterogeneous group of inherited
disorders affecting glycogen metabolism.
The organs involved primarily are liver and muscle,
however, the metabolic effect is seen in multiple
systems of the body.

e Hepatic forms cause fasting intolerance,
hypoglycemia, hepatomegaly and growth failure;
muscular forms cause exercise intolerance,
cramps, rhabdomyolysis; whereas multisystemic
forms (e.g., Pompe) carry cardiac and respiratory
morbidity.

e Advances in molecular genetics allow precise
genotype-phenotype correlation, serving as the gold
standard for the diagnosis of most GSDs. Biopsy is
less often needed.

e Core strategies for management include frequent
feeds, avoidance of fasting, dietetic modification
with consumption of uncooked cornstarch for
sustained glucose release, high-protein diets for
gluconeogenesis and complication targeted care.

e Therapeutic advances include enzyme replacement
therapy (ERT) for Pompe disease, novel
pharmacologic options like empagliflozin for
neutropenia in GSD-1b and experimental strategies
like recombinant adeno-associated viral vector
(rAAV)-mediated gene therapy, genome editing,
autophagy activators and glycogen synthase
inhibitors.

e Early diagnosis and metabolic control prevent
acute crises and long-term complications such as
hepatic adenomas/carcinoma, hepatic failure,
renal disease, myopathy and cardiomyopathy.
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INBORN ERRORS OF METABOLISM - I

NEUROIMAGING IN INBORN ERRORS OF
METABOLISM - DIAGNOSTIC PATTERN
AND CLINICAL IMPLICATIONS

*Gopinathan K
**Nikshita Jain
***Jyotsna

Abstract: Inborn errors of metabolism often produce
characteristic, symmetric brain injury patterns that can
be recognized on Magnetic Resonance Imaging and
Magnetic Resonance Spectroscopy. A systematic, pattern-
based approach-integrating patient age, clinical
evolution, and tissue predilection-enables early and
accurate diagnosis. Distinct imaging signatures such as
elevated N-acetylaspartate in Canavan disease or
restricted diffusion in Maple syrup urine disease directly
warrant urgent management and prognostication.
Advances in neuroimaging now guide gene and
transplant-based therapies, underscoring its pivotal role
in the early recognition and treatment of paediatric
neurometabolic disorders.

Keywords: Pediatric neuroimaging, Inborn errors of
metabolism, Magnetic resonance spectroscopy, Pattern
recognition.
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Points to Remember

e Selective vulnerability of brain structures helps to
record specific images which point towards specific
metabolic disorders.

e Typical MRI patterns can predict certain specific
white matter disorders.

e Patterns do not always confirm to specific disorders,
since at early stages / subclinical and burnt-out
stages of the disorders, patterns are not typical on
MRI.

o MR Spectroscopy is useful for the confirmation of
some of the metabolic disorders.

Bibliography

1. Liserre R, Pinelli L, Gasparotti R. MR spectroscopy in
pediatric neuroradiology. Transl Pediatr. 2021
Apr;10(4):1169-1200. doi: 10.21037/tp-20-445. PMID:
34012861; PMCID: PMC8107850. https://pubmed.ncbi.
nlm.nih.gov/34012861/

2. Gaillard F, Knipe H, Buemi F, et al. Canavan discase.
Radiopaedia.org. Accessed 24 Oct 2025. https://doi.org/
10.53347/rID-1045

Barkovich AJ, Raybaud C. Pediatric neuroimaging. 6th
ed. New York: Thieme; 2019. https://hsrc.himmelfarb.
gwu.edu/books/121

4. Wolf NI, Engelen M, van der Knaap MS. MRI pattern
recognition in white matter disease. Handb Clin Neurol.
2024;204:37-50. doi: 10.1016/B978-0-323-99209-
1.00019-3. PMID: 39322391. https://pubmed.ncbi.nlm.
nih.gov/39322391/

5. AidaN. IH-MR spectroscopy of the early developmental
brain, neonatal encephalopathies, and neurometabolic
disorders. Magn Reson Med Sci. 2022 Mar 1; 21(1):
9-28. doi: 10.2463/mrms.rev.2021-0055. Epub 2021
Aug 21. PMID: 34421092; PMCID: PMC9199977.
https://pubmed.ncbi.nlm.nih.gov/34421092/

Cite as: Gopinathan K, Nikshita Jain, Jyotsna, Neuroimaging in inborn errors of metabolism - Diagnostic pattern and
clinical implications, Indian J Pract Pediatr. 2025, 27(3):258-273.



Indian Journal of Practical Pediatrics

6.

10.

11.

12.

Cornelius LP, Kannan B, Saravanan V, Venkatesan EP.
Intramyelinic edema in maple syrup urine disease.
Ann Indian Acad Neurol. 2014 Apr; 17(2):211-3. doi:
10.4103/0972-2327.132638. PMID: 25024577; PMCID:
PMC4090852. https://pubmed.ncbi.nlm.nih.gov/
25024577/

La Piana R, Uggetti C, Roncarolo F, Vanderver A,
Olivieri I, Tonduti D, et al. Neuroradiologic patterns and
novel imaging findings in Aicardi-Goutiéres syndrome.
Neurology. 2016 Jan 5; 86(1):28-35. doi: 10.1212/
WNL.0000000000002228. Epub 2015 Nov 18. PMID:
26581299; PMCID: PMC4731289. https://
pubmed.ncbi.nlm.nih.gov/26581299/

Schiffmann R, van der Knaap MS. Invited article: an
MRI-based approach to the diagnosis of white matter
disorders. Neurology. 2009 Feb 24; 72(8):750-9. doi:
10.1212/01.wnl.0000343049.00540.c8. PMID:
19237705; PMCID: PMC2677542. https://pubmed.ncbi.
nlm.nih.gov/19237705/

Jha P, Elfeky M, Fortin F, et al. Leopard skin sign (white
matter). Radiopaedia.org. Accessed 24 Oct 2025. https:/
/doi.org/10.53347/rID-17588

Reis E, Coolen T, Lolli V. MRI findings in acute
hyperammonemic encephalopathy: three cases of
different etiologies. J Belg Soc Radiol. 2020 Jan
30;104(1):9. doi: 10.5334/jbsr.2017. PMID: 32025625;
PMCID: PMC6993592. https://pubmed.ncbi.nlm.nih.
gov/32025625/

Sehgal R, Sharma S, Sankhyan N, Kumar A, Gulati S.
Selective corticospinal tract involvement in late-onset
Krabbe disease. Neurology. 2011 Jul 19;77(3):¢20. doi:
10.1212/WNL.0b013e318225aaf5. PMID: 21768595.
https://pubmed.ncbi.nlm.nih.gov/21768595/

Twomey EL, Naughten ER, Donoghue VB, Ryan S.
Neuroimaging findings in glutaric aciduria type 1. Pediatr
Radiol. 2003 Dec;33(12):823-30. doi: 10.1007/s00247-
003-0956-z. Epub 2003 Oct 8. PMID: 14534757. https:/
/pubmed.ncbi.nlm.nih.gov/14534757/

13.

14.

15.

16.

17.

2025; 27(3):209

Loes DJ, Hite S, Moser H, Stillman AE, Shapiro E,
Lockman L, et al. Adrenoleukodystrophy: a scoring
method for brain MR observations. AJNR Am J
Neuroradiol. 1994 Oct;15(9):1761-6. PMID: 7847225;
PMCID: PMC8333737. https://pubmed.ncbi.nlm.nih.
gov/7847225/

Bonfante E, Koenig MK, Adejumo RB, Perinjelil V,
Riascos RF. The neuroimaging of Leigh syndrome: case
series and review of the literature. Pediatr Radiol. 2016
Apr;46(4):443-51. doi: 10.1007/300247-015-3523-5.
Epub 2016 Jan 6. PMID: 26739140. https://
pubmed.ncbi.nlm.nih.gov/26739140/

Kilicarslan R, Alkan A, Demirkol D, Toprak H,
Sharifov R. Maple syrup urine disease: diffusion-
weighted MRI findings during acute metabolic
encephalopathic crisis. Jpn J Radiol. 2012 Jul; 30(6):522-
5. doi: 10.1007/s11604-012-0079-2. Epub 2012 Apr 3.
PMID: 22476847. https://pubmed.ncbi.nlm.nih.gov/
22476847/

Kim JH, Lim MK, Jeon TY, Rha JH, Eo H, Yoo SY,
et al. Diffusion and perfusion characteristics of MELAS
(mitochondrial myopathy, encephalopathy, lactic acidosis
and stroke-like episode) in thirteen patients. Korean J
Radiol. 2011 Jan-Feb;12(1):15-24. doi: 10.3348/
kjr.2011.12.1.15. Epub 2011 Jan 3. Erratum in: Korean
J Radiol. 2011 Mar;12(2):268. PMID: 21228936;
PMCID: PMC3017880. https://pubmed.ncbi.nlm.nih.
gov/21228936/

Takanashi J, Barkovich AJ, et al. Nonketotic
hyperglycinemia: diffusion-weighted MRI pattern and
glycine peak at 3.55 ppm on MR spectroscopy. AJNR
Am J Neuroradiol. 2001 May; 22(5):872-7. doi: 10.3174/
ajnr.A1383. PMID: 11309371. https://pubmed.ncbi.nlm.
nih.gov/11309371/



Indian Journal of Practical Pediatrics

2025; 27(3):210

DRUG PROFILE

APPLICATION OF THERAPEUTIC
MONOCLONAL ANTIBODIES AND
FC FUSION PROTEINS IN PEDIATRICS

*Jeeson C Unni

Abstract: The experience with the use of monoclonal
antibodies and Fc fusion proteins in the pediatric age
group is limited. The objective of this article is to review
those factors impacting the clinical efficacy and safety
of monoclonal antibodies and Fc fusion proteins in
pediatric patients during drug development. Of the 68
monoclonal antibodies and Fc-fusion protein products,
20 products have approved indications in children.
The number of children studied was approximately
2% to 70% of the sample size of adult studies carried out
for the same indication. In general, pediatric dosing
regimens were often based on body weight and weight
tiered than the adult-dosing regimen. In conclusion, most
monoclonal antibody and Fc-fusion protein products use
weight-based dosing regimens for pediatric patients that
differ from adult dosing.

Keywords: Pediatric dosing, Drug development,
Fe-fusion proteins, Immunogenicity, Modelling and
simulation, Monoclonal antibodies.
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Points to Remember

e Fewer studies in children as compared to adults
mean that the last is not yet said regarding
recommendations on drug dosing, side effects and
safe use of mAb/Fc products in children.

o The use of mAb/Fc products in lower-middle-
income countries, including India, is low

e Pediatricians need to be aware of newer mAb/Fc
products licensed for use in pediatrics.
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GENERAL ARTICLE

RECENT UPDATES IN DELIVERY ROOM
PRACTICES

*Anitha M

Abstract: Neonatal resuscitation programme has
continuously been updated for our country, incorporating
guidelines from American Heart Association and the
European Resuscitation Council. Delayed cord clamping
is now recommended for stable term and preterm
newborns who do not require immediate resuscitation,
as it improves hemodynamic stability and survival.
It reduces the need for blood transfusions and also
reduces intra-ventricular hemorrhage in preterm infants.
Umbilical cord milking is an alternative option to delayed
cord clamping, only in situations where delayed cord
clamping cannot be performed (both term and preterm
infants). Umbilical cord milking is contraindicated in
preterm infants less than 28 weeks gestation.
A physiological approach to cord clamping involves
clamping when the respiration has started and lung
aeration and pulmonary blood flow are established.
This approach presents technical challenges for
resuscitating the neonates near the introitus or maternal
incision site, using specially designed trolleys currently
undergoing validation. T-piece resuscitators are the
recommended devices and supra-glottic airways may also
be considered as the primary interface to administer
positive pressure ventilation instead of a face mask for
newborn infants.

Keywords: Delayed cord clamping, Umbilical cord
milking, Positive pressure ventilation, T-piece
resuscitator, Supraglottic airway.
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Points to Remember

e Delayed Cord Clamping (DCC) for at least
120 seconds is the choice in vigorous neonates
(34-42 weeks) and gives the maximum benefit even
in preterm infants.

e Milking intact umblical cord may be beneficial in
34-28weeks non-vigorous neonates and also in
vigorous neonates when DCC is not possible.

o Umbilical cord milking is contraindicated in infants
less than 28 weeks.

e T-Piece resuscitator is the preferred device for
administering PPV at birth and self-inflating bags
should always be available for backup.

e Supra glottic airways are better than face masks
for PPV delivery and nasal interfaces are
comparable alternatives to face masks for
respiratory support in DR.
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NEO CAPSULE

GROWTH CHARTS

*Sindhu Sivanandan
**Lakshmi V

Abstract: Growth monitoring in preterm infants is
crucial to neonatal care, guiding nutritional decisions
and predicting long-term health. Traditional growth
references, such as the Fenton charts, reflect observed
populations but are limited by methodological variability.
Prescriptive  standards,  particularly  the
INTERGROWTH-21st project, provide an international
standard for optimal growth. The newborn size at birth
standard is used for comparing weight, length and head
circumference at birth, while the preterm postnatal
growth standards are used for monitoring the postnatal
growth trajectories of preterm infants up to six months
corrected age. Recent advances emphasize the use of
z-score changes and individualized growth trajectories
rather than cross-sectional percentiles to identify
extrauterine growth restriction (EUGR). Preferably
incorporating proportional indices and body composition
measures offer a more complete assessment of growth
rather than taking weight alone into consideration.

Keywords: Growth references, Prescriptive standards,
INTERGROWTH 21* project, Optimal growth.
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Points to Remember

Reference vs Standard growth charts - References
describe observed growth in specific populations;
standards prescribe how infants should grow under
optimal conditions.

Size at birth vs postnatal growth - Size at birth
charts classify infants at delivery, while postnatal
growth charts track growth trajectories; they should
not be used interchangeably.

Identifying extra-uterine growth restriction should
be based on longitudinal monitoring using z-score
rather than one-time assessment at discharge based
on weight falling below 10" centile.

Preterm infants have a period of postnatal
adaptation and growth at a trajectory that is-0.8
SD below fetal growth. Sicker preterm infants with
postnatal morbidities have greater deviation from
this trajectory. (Delta 7 score, growth velocity and
weight gain ratio have to be included).

INTERGROWTH-21st standards are the first
prescriptive postnatal growth standards for preterm
infants, endorsed by WHO and CDC. These curves
merge with WHO growth standards at 6 months
corrected age.

Beyond weight indicators - Comprehensive growth
monitoring should include length, head
circumference, proportional indices (BMI,
ponderal index, MUAC/HC ratio) and body
composition measures for a complete(fuller)
picture of growth and nutrition.
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CASE REPORT

INFANTILE SYSTEMIC HYALINOSIS
DUE TO HOMOZYGOUS DELETION
MUTATION (C.1074DELT) IN ANTHRAX
TOXIN RECEPTOR2
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Abstract: Infantile systemic hyalinosis is an autosomal
recessive disorder characterized by hyaline deposits in
the papillary dermis and other tissues leading to a
progressive and fatal clinical course. The diagnosis is
usually based on characteristic clinical findings,
followed by confirmation with molecular genetic testing.
We report two infants with inherited systemic hyalinosis,
one had the diagnosis confirmed by molecular genetic
testing identifying the homozygous c.1074delT mutation
in the ANTXR?2 gene, highlighting the importance of
genetic confirmation even in resource-limited settings.
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