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OBJECTIVE

- Definition of developmental delay

- Clinical approach to developmental delay (history , physical examination , assessment, investigation)

- Causes of developmental delay

- Genetic etiology of developmental delay

- Chromosomal abnormalities, microdeletion, microduplication syndrome, monogenic disorder, 

imprinting disorder 

- Other consideration: developmental regression, autism spectrum disorder, isolated motor delay

- Management of global developmental delay
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Developmental delay
- Incidence in preschool children (<5 years old) : 3% for GLOBAL developmental delay 

Global developmental delay (GDD) -defined as a delay in two or more developmental domains of 
gross/fine motor, speech/language, cognition, social/personal and activities of daily living, affecting 
children under the age of 5 years.

mild (functional age<33% below chronological age)

moderate (functional age 34%–66% of chronological age)

severe (functional age>66% of chronological age)

- A significant delay is defined as performance that is 2 SD below the mean on age-appropriate 
standardised norm-referenced testing 

Heterogeneous underlying causes



Global delay- causes

Bélanger, S. A., & Caron, J. (2018). Evaluation of the child with global developmental delay and intellectual 
disability. Paediatrics & child health, 23(6), 403–419.



2/4/2024



Clinical approach- History 
Antenatal history

-Maternal history e.g. recurrent miscarriage suggestive of chromosomal balanced translocation 
carrier predisposed to an offspring with unbalanced chromosomal abnormalies

-Previous stillbirth / early death (genetic disorder, IEM disorder)

-Consanguinity

-Potential teratogens , e.g. antiepileptics, alcohol, psychiatric drug

- Antenatal infection (TORCH infection)

Perinatal history 

- such as asphyxia, prematurity, HIE



Postnatal history

- General medical history (e.g. seizure)

- Social history ,e.g. neglect

- Developmental history (gross motor, fine motor, verbal expression, verbal comprehension, 
cognitive, social behavioural)

- Hearing (conductive , sensorineural hearing loss)

- Vision (anterior segment, coloboma, glaucoma, retinopathy, optic atropy, maculopathy etc)

- Features of autism 

- Family history of developmental delay / neurodevelopmental disorder
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Clinical approach- History 



Clinical Approach- P/E
- Growth parameter (microcephaly, macrocephaly, Failure to thrive, overgrowth, short stature, 
obese)

- General observation (poor eye contact, repetitive behavior , hand wringing)

- Dysmorphism , neurocutaneous stigmata , skin bruises

- CNS exam (e.g. hypotonia, gait )

- CVS exam (e.g. heart murmur)

- Abdominal exam (e.g: hepatosplenomegaly)

- Skeletal abnormalities (e.g. vertebral anomalies, bradydactyly, clinodactyly, kyphoscoliosis)



Investigation 

Mithyantha R, Kneen R, McCann E, et al. Current evidence-based recommendations on investigating children with 
global developmental delay. Archives of Disease in Childhood 2017;102:1071-1076.



Investigation
-Blood for CBC, LFT , CK, TFT, bone profile, blood gas, glucose , lactate,  homocysteinuria, 
acylcarnitine profile

-Urine for OA, GAG

-Genetic test: microarray, Fragile X (first line) , WES (consider WGS, methylation study based on 
clinical suspicion)

-Brain imaging: MRI brain (can be considered , esp in the presence of micro/macrocephaly,
epilepsy), EEG (if suspected seizure)
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Am J Hum Genet. 2010
May 14;86(5):749-64

Genetics in
Medicine
volume 21, pages2
413–2421(2019)



Why early diagnosis is important?
• Timely initiation of causal treatment or supportive

management

• Prevention of complications

• Improved prognostication

• Accurate genetic counselling regarding recurrence risk and prenatal/preimplantation genetic 
diagnosis

• Better access to services in the community

• Resolution of a diagnostic odyssey
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Treatable causes
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http://www.treatable-id.org/



Genetic testing- diagnostic yield
- FRAXA (1-5%)

- microarray (15-20%) 

- WES (30-40%)

- WGS (30-57%)

Depends on 

- Clinical phenotype (severity , associated 
syndromal features, dysmorphism, presence of 
other morbidities like epilepsy etc)

- Sample (Singleton vs Trio)

-Miller DT et al. Consensus statement: chromosomal microarray is a first-tier clinical diagnostic test for individuals with developmental disabilities or congenital anomalies. AmJ Hum Genet. 
2010;86:749–764
-van Slobbe et al. Reanalysis of whole-exome sequencing (WES) data of children with neurodevelopmental disorders in a standard patient care context. Eur J Pediatr 183, 345–355 (2024). 
-Clark MM, Stark Z, Farnaes L, et al. Meta-analysis of the diagnostic and clinical utility of genome and exome sequencing and chromosomal microarray in children with suspected genetic diseases. NPJ 
Genom Med 2018; 3: 16
-Lee et al., Diagnostic yield and treatment impact of whole-genome sequencing in paediatric neurological disorders. Dev Med Child Neurol, 63: 934-938 (2021)



Limitation of genetic tests
Cytogenetics

- Karyotype

- FISH

- Microarray

Molecular

- Sanger sequencing

- NGS panel

- WES

- WGS

- New technology : Long read sequencing, 
optical mapping
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Karyotype

Chromosomes are limited by resolution and 
resolution varies by the tissue type and 
preparation Resolution is ~4-5 Mb*** for high 
resolution blood

The resolution also depends on the type of 
abnormality and the region of the genome
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Microarray
to detect copy number change in genome wide approach

ADVANTAGE

- Resolution much higher than

FISH/chromosomes

- Can assess the entire genome at once

- Useful to identify markers, rings,

“chromatin of unknown origin” and other

ambiguous cytogenetic findings

LIMITATIONS

- Copy number analysis only-no information on 
location of gained material or complex 
rearrangements 

- Cannot detect balanced structural 
rearrangements 

- Gene and exon level coverage is dependent 
on genome architecture and repetitive 
sequences 

- Can pick up mosaicism down to (~15%)
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NGS panel
Collection of genes related to a common phenotype or pathway

ADVANTAGE

- Cost efficient for disorders with multiple 
genes of interest

- Deeper sequencing in panels vs exome

-Can detect mosaicism

- Targeted sequencing→ specific genes or 
gene regions are selectively amplified 
using

gene panels meaning genes of interest will 
be covered >99%

LIMITATIONS

- Library must be kept up to date with recently 
identified genes or variants locations 

- NGS can call copy number changes if multi-exon 
changes. Single exon losses are difficult if 
heterozygous and duplications are even more 
difficult

- if concerned about CNV → send additional copy 
number test such as MLPA or CMA

- Panels with the same name may have very 
different gene content at different labs
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Whole Exome Sequencing
ADVANTAGE

- For phenotype with significant genetic 
heterogeneity , and differential diagnosis are 
VERY BROAD

- Covers most genes related to Mendelian 
disease→ replaces need for multiple separate 
panels

LIMITATIONS

• Cannot cover every gene at >99%

• Complex regions will not be covered

• Difficult to call CNVs confidently -usually 
limited to homozygous or multiple exon 
deletions 

• possibility of VUS
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2-3% of the genome
• Majority of exons (not all), +/- 5-20 
intronic
• Average coverage ~100-200X
(>95% 20X coverage)
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Whole Genome Sequencing
ADVANTAGE

- When differential is VERY BROAD

-Covers the entire genome 

- Heavily reliant on bioinformatics pipelines to 
extract AOH, CNV, SNV data , trinucleotide 
repeat disorder, mitochondrial genome

LIMITATIONS

- Not ideal to detect low level mosaicism (SNVs 
or CNVs)

-Generate more VUSs
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Genetic disorders 
and GDD
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Chromosomal disorder
- Chromosomal aneuploidy

- Trisomy 21, 13, 18

- Unbalanced chromosomal 
rearrangement

- Marker chromosome/ ring 
chromosome 



Down syndrome (Trisomy 21)
• Incidence 1/800

• Generalized hypotonia

• Microcephaly, brachycephaly

• Small and round ears, upslanting palpebral

fissures, epicanthal folds, midface hypoplasia,

tongue protrusion

• Intellectual Disability: IQ average is 40-60

• Broad and short neck, redundant skin

• Brachydactyly, single transverse palmar

creases, 5th finger clinodactyly

• Sandal gap deformity

• Recurrence risk 1% for free trisomy 21
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Down syndrome (Trisomy 21)
- 40-50 % Congenital heart defect

(AV canal)

- Gastrointestinal anomalies:

duodenal atresia, Hirschprung

disease, celiac disease

- Hematologic: AML =>

megakaryoblastic leukemia

- Hypothyroidism

- Increase incidence of Alzheimer

disease
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Down Syndrome- Genetic etiologies
Majority Trisomy 21 (95%) due to non-disjunction

Recurrence risk : 1% ( maternal age dependent)

2-4% due to Robertsonian translocation

Remainin Mosaic Trisomy 21
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Parental study showed tat 
45,XX,rob(15;21)(q10q10) - Carrier DS 
translocation

Recurrence risk 13;21, 14;21 or

15;21 (for carrier parents)

- Mother 5-7%

- Father 0%

For 21;21 translocation

- 100%
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Trisomy 18
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Microcephaly
• Microphthalmia
• Low set and malformed ears
• Micrognathia
• Small mouth
• Triangular face

-Clenching hand
-Severe intellectual disability
• CNS anomalies, hypertonia, seizures



Trisomy 13
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Cleft lip and palate
Microphthalmia
Abnormal ears
seizures
Holoprosencephaly
Severe developmental delay



Chromosomal 
rearrangement

Parental balanced 
translocation carrier, inversion 
carrier

-predispose to recurrent 
miscarriage
-Viable affected offspring 
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Microdeletion/ microduplication syndrome

Some commonly reported  microdeletion syndromes asso with developmental delay

22q11.2 microdeletion/DiGeorge syndrome 

22q13 microdeletion/Phelan-McDermid syndrome 

7q11.23 deletion/Williams-Beuren syndrome 

15q11.2 (BP1-BP2) deletion 

16p11.2 deletion syndrome 

16p13.11 microduplication 

22q11.2 microduplication 

The 15q11-q13 deletion/Prader-Willi syndrome/Angelman syndrome (OMIM# 176270/105830; 
n = 9) variant size ranged from 4.9 to 5.69 Mb.
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22q11.2 deletion syndrome
Velocardiofacial Syndrome/DiGeorge Syndrome

Submicroscopic deletions at 22q11.2 detected by

molecular techniques (classic: 3Mb)

• Heart disease (conotruncal) : tetralogy of Fallot, interrupted aortic

arch type B, truncus arteriosus, ventricular septal and

atrial septal defects (TBX1 gene)

• Cleft palate (overt or submucous), velo-pharyngeal

incompetence (VPI), bifid uvula.

• Hypocalcemia (parathyroid hypoplasia)

• Cellular immunodeficiency (thymus related)

• Mild intellectual disability
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Dysmorphic features: hypoplastic alae nasi
Bulbous nose, low set ear



22q11.2 deletion syndrome
- Learning problems, mild Intellectual Disability (IQ ~ 80)

- Psychiatric illnesses (>40 %): schizophrenia, bipolar disorder

- Renal abnormalities (>30%)
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William Beuren syndrome 
7q11.23 deletion 
-Mild intellectual disability

with IQ’s up to 80

-Typical behaviors:

overfriendliness, attention

deficit disorder

- Hypercalcemia (15%)

- constipation, and muscle cramps

-Renal anomalies, nephrocalcinosis
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-Periorbital fullness
-Long philtrum
-Thick lip, wide mouth
-Happy disposition
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15q11q13 microduplication syndrome

Variable & non‐specific clinical features

• Non‐specific dysmorphic features 

• Microcephaly

• Motor delay, hypotonia, unsteady gait

• Absent speech

• Global delay, MR

• Autistic features

• Hyperactive, aggressive, self‐mutilation, short attention span

• Seizure
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Supernumerary marker 
chromosomes (SMC)
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Severity depends on 
• Extent of the duplicated region 

-Small SMC(15) (no euchromatin) 

-Familial or de novo 

-Not associated with abnormal phenotype 

• Dosage of PWS/AS region 

- 4 copies in inv dic(15) 

- 3 copies in heterozygous tandem duplication 

• Parent of origin effect 

- All maternally derived 

- No paternal large SMC(15)s– lethal or selection against during spermatogenesis

2/4/2024



Single gene disorders
-More than 1000 genes are linked to developmental disorder

-Fragile X syndrome is the most common monogenic defect associated with GDD/ID, being 
responsible for about 5% of the cases of intellectual disability 

Moeschler JB, Shevell M Committee on Genetics. Comprehensive evaluation of the child with intellectual disability or global and developmental delays. Pediatrics. 2014;134(3):e903–918
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Genes linked to GDD
Genes implicated in metabolic pathways (organic acid metabolism - ALDH5A1, L2HGDH genes; 
polysaccharide metabolism – NAGLU, SGSH genes; purine metabolism - ADSL gene; protein 
glycosylation- PMM1 gene; monocarboxylate transporter - SLC16A2 gene; creatine transporter -
SLC6A8 gene) 

Genes implicated in neurogenesis (mitotic spindle regulation in neuroblast – ASPM, CDK5RAP2, 
CENPJ genes; DNA repair and mitotic arrest in neuroblast - MCPH1 gene) 

Genes implicated in neuronal migration (protein glycosylation - POMGNT1, POMT1, POMT2, 
FKTN, FKRP, LARGE genes; microtubule subunits - TUBA1A, TUBB2B genes; microtubule 
regulation – DCX gene; microtubule associated proteins - PAFAH1B1; transcription factors 
implicated in neuronal migration - ARX) 

Genes implicated in presynaptic function (adhesion between pre and postsynaptic membranes -
NRXN1, CDH15 genes; vesicle traffic - RAB3GAP1, STXBP1, GDI1, RAB39B genes; exocytosis 
inhibition - IL1RAPL1, CASK genes) 
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Miclea D et al., Genetic testing in patients with global developmental delay / intellectual disabilities. A review. 
Clujul Med. 2015;88(3):288-92. doi: 10.15386/cjmed-461. Epub 2015 Jul 1. PMID: 26609258



Genes linked to GDD
Genes implicated in postsynaptic density organization (adhesion between pre and postsynaptic membranes -
CNTNAP2, NLGN3, NLGN4 genes; neurotransmitter receptor interaction with membrane proteins - SHANK2, 
SHANK3 genes; subunits of NMDA receptor - GRIN2A, GRIN2B genes) 

Genes implicated in the regulation of postsynaptic proteins (ubiquitin ligase of UPS proteolysis - UBE3A, UBE2A, 
UBR1; HUWE1, CUL4B genes; transport of mRNA from the nucleus to the cytoplasm - FMR1 gene) 

Genes implicated in cytoskeletal dynamics of dendritic cells (activation in Rho-GTPase pathway - MEGAP, OCRL1, 
OPHN1, FGD1, ARHGEF6, ARHGEF9 genes; regulation of actin polymerization and vesicles endocytosis- LIMK1, 
AP1S2, IQSEC2 genes; Rho-GTPase and cytoskeleton interaction - PAK3 gene) 

Genes implicated in intracellular signalization (Ras-MAPK-ERK pathway - SOS1, RAF1, BRAF, SHOC2, HRAS, KRAS, 
PTPN11, SPRED1, MAP2K1, MAP2K2, NF1, DYRK1A, RPS6KA3 genes; PI3K-AKTmTOR pathway - TSC1, TSC2, PTEN 
genes) 

Genes implicated in epigenetic regulation of transcription (histone deacetylase - HDAC4 gene; histone acetyl-
transferase – CREBBP, EP300 genes; histone methyltransferase – NSD1, EHMT1, MLL2 genes; histone demethylase 
- KDM5C gene; subunits of Mediator complex (transcription pre-initiation) MED12, MED17 and MED23 genes; 
transcription factors - TCF4, RAI1, ZNF711, ZNF41, ZNF674, ZNF81, PHF6, PHF8 genes; DNA replication - SETBP1 
gene; DNA methyltransferase - DNMT3B gene; repression of transcription factors – BCOR, MECP2 genes; 
chromatin modification – ATRX, BRWD3 genes) 
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Fragile X syndrome
Long face

Prominent forehead and Jaw

Large ears

Mild to profound intellectual disability; autistic-like w/hand-
flapping; repetitive, explosive, stuttering, stammering speech; 
seizures

Macroorchidism-post-pubertal

Mild connective tissue dysplasia-joint laxity

Other: macrocephaly, prognathism, pale blue irises, mitral 
prolapse
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CGG repeat expansion
caused by CGG expansion of 5’ UTR in the FMR1 gene

- 5-44 repeats normal (29-31 average)

- 45-54 gray zone or borderline:14% of these individuals may become unstable and expand.

- 55-200 repeats: premutation alleles: not associated with FXS but risk for POI, FXTAS

- >200 full-mutation alleles associated with aberrant hypermethylationof the FMR1 gene promoter
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Risk of expansion to full mutation
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Molecular testing 
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Cornelia de Lange syndrome
Å NIPBL (5p13.2)

Cohesin loading

• SMC1A (Xp11.22)

Core cohesin subunit

• SMC3 (10q25.2)

Core cohesin subunit

Å RAD21 (8q24.11)

Core cohesin subunit

Å HDAC8 (Xq13.1)

Cohesin recycling

• BRD4 (19p13.12)

BET family of nuclear proteins

Co‐precipitate with NIPBL
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Rett syndrome
Progressive neurodevelopmental disorder primarily affecting girls

Apparently normal psychomotor development during the first six to 18 
months of life

Followed by a short period of developmental stagnation, then rapid 
regression in language and motor skills then long-term stability.

Loss of purposeful hand movements

Acquired microcephalyשׂ

Dystonia, spasticity, seizuresשׂ

:Typically sporadic (99%)שׂ

~1:10,000

MECP2 pathogenic variant
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Rett syndrome
MECP2 variant in a male is presumed to most often be lethal; phenotypes in rare surviving males are

primarily:

Severe neonatal encephalopathyשׂ

Manic-depressive psychosisשׂ

Pyramidal signs Parkinsonian, and macro-orchidismשׂ (PPM-X syndrome) => affected males 
usually have

severe intellectual disability, a resting tremor, and

slowness of movements and ataxia, but no seizures or microcephaly.

Rett Males: sex chromosome mosaics 46,XY with 47,XXYשׂ

Males with 46,XY = neonatalencephalopathyשׂ
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Neuronal migration defects
clinically heterogeneous with brain malformations, microcephaly, developmental delay and 
epilepsy being the main clinical features
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Tubulinopathies
-genes encoding
different isotypes
of α tubulin
TUBA1A or TUBA8)
β tubulin ( TUBB2A,
TUBB2B TUBB3 T
UBB TUBB5 ]), and
γ tubulin ( TUBG1)

Polymicrogyria
e.g. muscle eye brain disease

FLNA related periventricular 
nodular heterotopia (PVNH)

Lissencephaly
LIS1 pathogenic 
variants
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Buchsbaum, Isabel Y and Silvia Cappello. “Neuronal migration in the CNS during development 
and disease: insights from in vivo and in vitro models.” Development 146 (2019): n. pag.
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Buchsbaum, Isabel Y and Silvia Cappello. “Neuronal migration in the CNS during development 
and disease: insights from in vivo and in vitro models.” Development 146 (2019): n. pag.
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IEM disorder
Individually rare, Collective incidence: 1/500
• Amino acid

• Acylcarnitine

• Organic acids

• Urea cycle

• Metals

• Glucose

• Lysosome

• Vitamins

• Mitochondria

• neurotransmitter

• Creatine

• Cholesterol

• Bile acids

• Homocysteine

• Pyrimidine

• Purine

• Peroxisome

• Fatty aldehydes
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Most are covered 
in newborn 
metabolic 
screening 
programme



IEM
single gene defects resulting in defective function of particular enzymes that are essential for 
conversion of substrates into products
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IEM disorders cause inadequate essential metabolites or 
accumulation of toxic intermediary metabolites for the body



Examples of IEM disorders

Amino acid disorders Phenylketonuria, Maple syrup urine disease,
Citrullinemia type 1, Argininosuccinic aciduria,
Homocystinuria

Organic acid disorder Propionic acidemia, Isovaleric acidemia , Glutaric
acidemia type 1 , Methylmalonic aciduria , 
Betaketothiolase deficiency, Multiple carboxylase
deficiency

Fatty acid oxidative disorder Carnitine uptake defect, Medium-chain acyl-CoA
dehydrogenase deficiency, Very long-chain acyl-CoA
dehydrogenase deficiency, Carnitine Acylcarnitine
translocase deficiency, Carnitine 
palmitoyltransferase I
/II deficiency
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Storage diseases Lysozymal storage disease
Glycogen storage disease

Disorder of purine and pyrimidine biosynthesis Adenylosuccinase deficiency
HPRT1 related disorders

Disorder of cholesterol and bile acid metabolism Smith Lemli Opitz syndrome

Neurometabolic and neurotransmitter disorders GABA transaminase deficiency
Aromatic L-amino acid decarboxylase deficiency
Creatine Deficiency Syndromes (GAMT deficiency)
X linked creatine transporter (CRTR)(SLC6A8 ) 
deficiency
Glucose transporter defect (GLUT1)

Examples of IEM disorders



Phenylketonuria
Genetic deficiency of phenylalanine hydroxylase

PAH converts phenylalanine to tyrosine expressed in liver

•Autosomal recessive

•Most common amino acid disorder

•Prevalence of PKU shows considerable geographic variation

•Estimated to be 1/10,000 live births in Europe with higher rate in some

countries (Ireland, Italy). Prevalence is particularly high in Turkey: 1/4,000 live

births. PKU is far rarer in Finnish, African and Japanese populations.
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PKU
•Normal at birth

•Developmental delay

•Irritability, vomiting, rash, musty odor

•Lighter pigmentation (hair and skin)

•Poor growth, seizures, microcephaly

•Severe to profound intellectual disability
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•Confirmation by serum phenylalanine level
•Treatment is DIETARY, starts if phe > 6mg/dl
–low phenylalanine (low protein, 200 g of natural
protein/day)
–Special formula
–Sapropterin
–Pegvaliase
•Monitor phenylalanine/tyrosine levels
•Monitor development



Lysozymal storage disease-classification
1) Mucopolysaccharidoses- Failure to degrade glycosaminoglycans

MPSI, II, III, IV, VI, VII, IX

2) Sphingolipidoses- Failure to degrade glycosphingolipids

Fabry disease, Gaucher disease, Krabbe disease, Niemann Pick disease, Metachromatic 
leukodystrophy, GM1/2 gangliosidosis

3) Oligosaccharidoses (Galactosidosis, Fucosidosis, Mannosidosis)

4) Mucolipidosis

Mucolipidosis Type I ( Sialiodosis), Mucolipidosis Type II (I Cell disease), Mucolipidosis Type III 
(Pseudo Hurler), Mucolipidosis Type IV ( Sialolipidosis)
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Type of MPS
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Some common phenotypes in MPS

Coarse facial features, Macrocephaly, prominent eye, swollen gum 

Developmental delay

Corneal clouding or related ocular abnormalities 

Umbilical / inguinal hernias 

Short stature 

Organs dysfunction (such as valvular heart disease, OSA)

Joint or skeletal deformities 

Visceromegaly(especially liver and spleen) 

Muscle weakness or lack of control (ataxia, seizures, etc.) 

Neurologic failure/ decline or loss of gained development
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Treatment for MPS

Available treatment options for some MPS include:

1.Supportive treatment (multidisciplinary)

2.Hematopoietic stem cell transplant (HSCT)

3.Enzyme Replacement Therapy (ERT)
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Imprinting disorder
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Prader Willi Syndrome
almond-shaped eyes

a thin upper lip and a downturned mouth.

unusually fair hair, skin and eyes

small hands and feet

Hypotonia

Poor feeding , failure to thrive

Obesity

Developmental delay

Behavioural problem likes autism
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Cassidy, S., Schwartz, S., Miller, J. et al. Prader-Willi syndrome. Genet Med 14, 10–26 (2012).



Angelman syndrome
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Photo from MedlinePlus



Diagram from gene review
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Butler, M. G., & Duis, J. (2020). Chromosome 15 Imprinting Disorders: Genetic Laboratory 
Methodology and Approaches. Frontiers in pediatrics, 8, 154.



Special consideration
Developmental regression 

Autism spectrum disorder

Isolated Gross motor delay 
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Developmental regression
- Loss of previously acquired developmental milestones

- other signs, such as behavioural changes, epilepsy

- Age of onset and mode of presentation

- gender: females: Rett , male: X linked conditions such as XL adrenoleukodystrophy (X-ALD) and 
Pelizaeus-Merzbacher disease (PMD)

-Ethnic groups: e.g. Tay-Sachs in the Ashkenazi jewish

-Fluctuation with intercurrent illness may indicate an underlying metabolic disturbance, such as 
mitochondrial disorders, MSUD etc

- Refractory epilepsy

- Coarse facial features  

- eye problems (deepset eye in Cockayne syndrome,. Conjunctival telangiectasia in AT, KF ring in 
Wilson disease, supranuclear gaze palsy in Niemann Pick C)
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Some diagnoses to consider
- Autism 

- Rett syndrome

- Metabolic and storage disease

Neuronal ceroid lipofuscinoses , Sanfilippo syndrome (MPS III)

- Neurological 

Landau Kleffner syndrome, leukodystrophy (X-Linked adrenoleukodystrophy)

-Mitochondrial disease
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Management and treatment
-Physiotherapy

-Occupational therapy

-Speech therapy

-Developmental paediatrician

-Clinical geneticist

-Paediatric neurologist

-Surgical Team

-Dietician (IEM, ketogenic diet)

-Preschool training and support

-Patient support group

-Clinical psychologist



Gene therapy
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Example 
Angelman syndrome
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Conclusion
- Global developmental delay can be caused by genetic and non-genetic etiologies

- Genetically heterogeneous

- Clinical approach with latest clinical guidelines and recommendation

- Early diagnosis is beneficial in disease management and reproductive aspects

- Understand the categories of genetic disorders leading to GDD

- Understand the advantages and limitation of different genetic tests , can help in disease 
diagnosis

- Gene therapy is an evolving aspects , with currently about >100 FDA approved drugs for rare 
disease
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Thank you


