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Global developmental delay (GDD), intellectual
disability (ID), and autism spectrum d isorders (ASD)
are neuro-developmental disorders that are frequently
seen in pediatric neurology practice. Genetic or
chromosomal disorders are the most common etiology
in patients presenting with neuro-developmental
disorders. If a specific diagnosis cannot be made after
systemic clinical evaluation, chromosomal microarray
(CMA) is the first-line test with the highest diagnostic
value. CMA can detect copy number variations (CNV)
smaller than 1Mb. Pathogenic CNV was found on
average 7.8% in patients with developmental delays
and 10.6% in children with syndromic features (1)

INTRODUCTİON

In this study we aimed to define the clinical 
characteristics of children with neurodevelopmental 
delay and pathogenic copy number variations (CNV) in 
chromosomal microarray. Pathogenicity of CNVs were
identified according to Miller et al. (2), and American
College of Medical Genetics guidelines (3). Segregation
analysis could not be performed on all patients due to
loss of follow-up, lack of family consent or financial
reasons.

OBJECTIVES

Children aged 0-18 years, who were evaluated for 
neurodevelopmental delay, from August 2017 to March 
2021, in pediatric genetics and pediatric neurology 
outpatient clinic at a tertiary hospital, and had 
pathogenic CNVs were retrospectively analyzed. 

MATERIALS&METHODS

Twenty-six children were included, 15 (57.7%) of them
were girls. Mean age at diagnosis was 47.640.5 months
(age range: 4-133 months) (Table 1). Most of the
children (n=19, 73%) were diagnosed with well defined
OMIM microdeletion/microduplication syndromes
(table 2). Of CNV’s 21 (80.8%) were deletions, 5
(19.2%) were duplications. Fifteen (57.7%) of them
had GDD, 7 (31.8%) had ID and 5 (19.2%) had ASD.
History of a preterm birth and birth weigh t small for
gestational age were present in 4 and 5 children
respectively. Neuroimaging was compatible with
hypoxic ischemic injury in 2 children (patient 8 and 13)
and hypoglycemic sequel in 1 patient (patient 17). One
patient with mosaic tetrasomy 12p (patient 21), had a
large deletion (11 Mb), prenatal genetic tests on
chorionic villus samples, including karyotype and
CMA analysis (with a lower resolution) and whole
exome sequence analysis were found to be normal.

Facial dysmorphism was present in 20 (76.9%),
hypotonicity in 14 (53.8%), epilepsy in 9 (34.6%),
microcephaly in 7 (26.9%), macrocepahly in 2 (7.7%),
hearing impairment in 2 (7.7%), v isual impairment in 3
(11.5%) children.

RESULTS

CONCLUSIONS

Chromosomal microarray analysis is a useful tool in patients with unexplained
neurodevelopmental delay. Even in children with brain injury secondary to perinatal asphyxia
and neonatal hypoglycemia, microarray analysis should be requested in cases of concomitant
dysmorphism and/or multisystem involvement. Enabling an accurate etiologic diagnosis in
patients with neurodevelopmental delay is important for better clinical management, follow-up
for possible complications, genetic counselling after segregation analysis for sub-sequent
pregnancies and avoiding unnecessary tests.
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Clinical	characteristics	of	children	with	neurodevelopmental	delay	and	pathogenic	copy	
number	variations	who	underwent	microarray	analysis	

Table	 1:	Clinical	 f indings	of	children	with	pathogenic	copy	
number	variations
Clinical	 f indings Frequency/total	 number	

of 	patients	evaluated	 (%)
History	 of	preterm	birth 4/26	(15.4)
Birth	weight

AGA 20/26	(76.9)
SGA 5/26	(19.2)
LGA 1/26	(3.8)

Parental	consanguinity	 8/26	(30.8)
Positive	first	degree	family	
history

3/26	(11.5)

Global	 developmental	delay 15/26	(57.7)
Mild 8
Moderate	to	severe 7

Intellectual	 disability 7	(26.9)
Mild 5
Moderate	to	severe 2

Autism	 spectrum	disorder 5		(19.2)
Head	 circumference

Microcephaly 7/26	(26.9)
Macrocephaly 2/26	(7.7)

Tonus	
Hypotonicity 14/26	(53.8)
Hypertonicity 2/26	(7.7)

Facial	 dysmorphism 20/26	(76.9)
Hearing	 impairment 2/26		(7.7)
Visual	 impairment 3/26	(11.5)
Epilepsy	 (seizure	control	is	
defined	in	8	patients)

9/26	(34.6)

Seizure	control	with	
monotherapy

6/8

Seizure	control	with	
two	anti-seizure	drugs

1/8

Drug-resistant	epilepsy 1/8
EEG	 findings 6/14	(42.9)

Focal	 anomaly	 3
Generalized	anomaly	 3

Abnormal	 cranial	 MRI 6/20	(30)
Accompanying	 major	
anomaly

6/20	(30)

Table	 2:	Summary	 of	phenotype	and	cytogenetic	data	of	patients
Patient	 no/
gender/age

Clinical	features 	 Copy	number	 variations Size	 Inheritance	 Associated	gene	or	chromosome	
locus ,	references

1 /F/8 y5m	 Mild 	 ID,	ep i lep sy,	p reterm	 SGA arr	 3 q2 7 .1 q2 9 (1 8 4 ,3 2 6 ,52 8 -
1 9 2 ,8 6 3 ,2 3 7 )x1

8 .5 	Mb unknown DEC IPHER :	 2 9 2 1 2 3 ,	2 7 5 7 2 2 ,	2 76 5 3 4,	
2 8 1 7 9 0

2 /M/5 y5m ASD,	ep i lep sy,	 d ysmo rph ism arr	 1 6 p1 2 .2 (2 1 ,6 0 1 ,7 1 4 -21 ,9 6 3,662)x1 	 3 6 2 	K b unknown Ch romosome	 1 6 p1 2 .2 -p1 1 .2 	d eletion 	
synd rome	 (OM IM#	 6 1 3 6 0 4 )

3 /F/1 0 y3m ASD,	mi ld 	 ID arr	 7 p2 2 .3 (1 ,1 3 2 ,9 7 1 -2 ,3 43 ,8 5 3)x1 1 .2 	Mb unknown ISCA:	n ssv1 4 0 8 2 2 1 3 	
4 /F/2 y8m ASD,	macro cephaly arr7 p2 2 .2 p2 2 .1 (4 ,1 8 6 ,2 7 7 -

6 ,6 0 1 ,7 5 1 )x3
2 .4 	Mb 	 de	novo 7 p2 2 .1 	dup l ication 	synd rome

(PM ID:	2 7 8 6 6 0 4 8 )	 (1 4 )
5 /M/1 0 y3m Ep i lep sy,	 mi ld 	 ID,	macro cephaly arr2 2 q1 1 .2 1 (2 0 ,7 1 6 ,8 7 6 -

2 1 ,9 2 7 ,6 4 6 )x1
1 .2 	MB unknown 2 2 q1 1 .2 	d eletion 	synd rome	 (DiGeo rge	

synd rome)	 (OM IM#	 1 8 8 4 0 0 )

6 /M/7 y4m Severe	 ID,	h ypo ton ia,	d ysmo rph ism,	 co rpu s	
cal lo sum	 d ysgenesis, 	 h i rsu tism,	 feed in g	

p rob lems

arr6 q2 5 .3 (1 5 5 ,7 5 1 ,8 1 3 -
1 5 7 ,3 9 8 ,1 7 5 )x1

1 .6 	Mb unknown AR ID1 B 	gene,	 Co ffin 	Si ri s	 synd rome
(OM IM#	 1 3 5 9 0 0 )	

7 /F/9m GDD,	h ypo ton ia,	d ysmo rph ism,	
h ypomyel in ation ,	 co rpu s	 cal lo sum	 d ysgenesis

arr4 q3 4 .1 (1 7 3 ,8 5 4 ,4 5 1 -
1 7 5 ,0 2 6 ,7 5 7 )x1

1 .2 	Mb de	novo DEC IPHER :	 2 6 7 7 8 3
ISCA:	n ssv5 7 8 0 0 0 	

8 /F/6m GDD,	d ysmo rph ism,	 p reterm	 SGA,	 h earin g	
lo ss, 	micro cephaly, 	 h yperton ia,	 p eriven tricu lar	

leu komalacia

arr1 8 p1 1 .3 2 p1 1 .2 1 (1 3 6 ,2 2 6 -
1 4 ,9 7 8 ,1 2 7 )	x4

1 4 .8 	Mb de	novo Tetrasomy	 1 8 	p ,	 i so ch romosome	 1 8 p 	
synd rome	 (OM IM#	 6 1 4 2 9 0 )

9 /F/1 3m GDD,	h ypo ton ia,	d ysmo rph ism,	 arr1 8 q1 2 .2 q2 1 .1 (3 4 ,5 0 4 ,5 0 6 -
4 6 ,5 3 2 ,0 8 8 )X 1

1 2 	Mb de	novo Ch romosome	 1 8 q 	d eletion 	synd rome
(OM IM#	 6 0 1 8 0 8 )

1 0 /F/3 y1 1m GDD,	h ypo ton ia,	 term	 SGA,	b i lateral 	
anoph talmia,	 d ysmo rph ism,	 extremity	

anomal ies

1 -arr3 p2 6 .3 (6 1 ,8 9 1 -2 ,0 7 0 ,8 4 6 )	x1 	
2 -arr4 q3 5 .1 q3 5 .2 (1 8 5 ,7 2 1 ,3 6 9 -

1 9 0 ,9 5 7 ,4 7 3 )	x1
3 -arr1 3 q3 1 .3 q3 4 (9 2 ,7 3 2 ,3 3 5 -
1 1 5 ,1 0 7 ,7 3 3 )x3 *

1 -2 	Mb
2 -5 .2 	Mb

3 -2 2 .4Mb

1 -patern al 	
(2Mb )

2 -de	novo
3 - de	novo

3 *	PM ID:	2 5 3 3 7 0 7 3 	 (1 5 )

1 1 /M/4m GDD,	p reterm	 SGA,	h yperton ici ty, 	
micro cephaly, 	 d up l icated 	 co l lectin g	 system	 in 	

kidneys

1 . arr2 1 q2 2 (4 5 ,9 7 3 ,8 7 7 -
4 8 ,0 9 7 ,3 7 2 )x3

2 . arr2 2 q1 3 .2 q1 3 .3 3 	 (4 2 ,5 9 2 ,2 3 8-
5 1 ,1 9 7 ,8 3 8 )x1 *

1 -2 	Mb
2 - 8 .6 	Mb

unknown 	 2 *Ch romosome	 2 2 q1 3 .3 	d eletion 	
synd rome	 (P helan 	McDermid 	 synd rome)	

(OM IM#	 6 0 6 2 3 2 )

1 2 /F/	 1 1 y1m mild 	 ID,	d ysmo rph ism,	 sen so rin eu ral 	 h earin g	
lo ss

arr2 2 q1 1 .2 1 (2 0 ,7 4 2 ,4 4 9 -
2 1 ,8 0 4 ,8 8 6 )x3

1 .1 	Mb unknown Ch romosome	 2 2 q1 1 .2 	microdup l ication 	
synd rome	

(OM IM#	 6 0 8 3 6 3 )
1 3 /F/2 y1m GDD,	h ypo ton ia,	micro cephaly, 	 ep i lep sy,	

d ysmo rph ism,	 tracheo stomised ,	

card iomyopath y,	 strab ismus,	 p eriven tricu lar	
leu komalacia

arr1 p3 6 .3 3 p .3 6 .3 2 (8 4 9 ,4 6 6 -
5 ,0 2 1 ,2 0 0 )

4 6 ,X X ,d el (1 )(p 3 6 .3 )

4 .2Mb de	novo 1 p3 6 	d el 	 synd rome	
(OM IM#	 6 0 7 8 7 2 )	

1 4 /M/2 0m GDD,	h ypo ton i , 	micro cephaly, 	 d ysmo rph ism arr1 5 q1 1 .2 q1 3 .1 (2 3 ,2 9 1 ,1 5 8 -
2 8 ,8 2 8 ,1 6 8 )X 1

5 .5Mb unknown Angelman 	 synd rome	 (OM IM#	 1 0 5 8 3 0 )

1 5 /F/9 	 m GDD,	h ypo ton ia,	d ysmo rph ism,	
h yperp igmen tation 	 along	 B lasch ko ' s	 l in es,	

o p tic	atrophy

arr1 2 p1 3 .3 3 p1 1 .2 2 (1 9 1 6 1 9 -
2 8 7 5 6 1 0 7 )x2 -4

2 8 .5Mb unknown Mozaic	 tetrasomy	 1 2 p 	synd rome	
(P al l i ster-K i l l ian 	 synd rome)

(OM IM#	 6 0 1 8 0 3 )
1 6 /M/2 y4m GDD,	h ypo ton ia,	 term	 LGA arr1 5 q1 3 .2 q1 3 .3 (3 1 ,0 7 3 ,6 6 8 -

3 2 ,9 1 4 ,2 3 9 )x1
1 .8 	Mb de	novo 1 5 q1 3 .3 	d eletion 	synd rome	

(OM IM#	 6 1 2 0 0 1 )
1 7 /M/6 y1 0m Severe	 ID,	 refracto ry	 ep i lep sy,	 h ypo ton ia,	

micro cephaly, 	 vi su al 	 impairmen t,	

d ysmo rph ism.	 C l in ical 	 fin d in gs	and 	MRI	are	
compatib le	 with 	n eonatal 	 h ypoglycemic	
sequel

arr1 p3 6 .3 3 (8 4 9 ,4 6 6 -1 ,9 9 2 ,7 4 8 )x1 1 .1 	Mb de	novo 1 p3 6 	d eletion 	synd rome
(OM IM#	 6 0 7 8 7 2 )

1 8 /M/7m GDD,	h ypo ton ia,	d ysmo rph ism arr1 6 p1 1 .2 (2 9 ,5 6 7 ,2 9 5 -3 0 ,2 2 6 ,93 0)x1 6 6 0 Kb unknown Ch romosome	 1 6 p1 1 .2 	d eletion 	
synd rome- 5 9 3 	K b 	 (OM IM#	6 1 1 9 1 3 )

1 9 /M/4 y GDD,	ep i lep sy arr1 6 p1 1 .2 (2 9 6 3 4 2 1 2 _3 0 1 9 9 8 0 5 )x1 5 6 6 Kb de	novo Ch romosome	 1 6 p1 1 .2 	d eletion 	
synd rome-5 9 3 	 K b 	 (OM IM#	 6 1 1 9 1 3 )

2 0 /F/1 4m GDD,	ep i lep sy,	 h ypo ton ia arr1 6 p1 1 .2 (2 9 6 3 4 2 1 2 -3 0 1 9 9 8 0 5)x1 5 6 5 Kb 	 un known Ch romosome	 1 6 p1 1 .2 	d eletion 	
synd rome-5 9 3 	 K b 	 (OM IM#	 6 1 1 9 1 3 )

2 1 /F/1 3m GDD,	micro cephaly, 	 h ypo ton ia,	ep i lep sy,	
d ysmo rph ism,	 term	 SGA,	Eb stein 	 anomaly

arr1 p3 6 .3 3 p3 6 .2 2 (8 2 1 5 4 _1 1 6 0 3 0 6)1x
1

1 1 .5Mb unknown 1 p3 6 	deletion 	synd rome
(OM IM#	 6 0 7 8 7 2 )

2 2 /F/5 y9m GDD,	h ypo ton ia,	d ysmo rph ism arr9 p2 4 .3 p2 2 .3 (2 0 3 ,8 6 1 -
1 4 ,8 3 1 ,0 0 3 )x1

1 4 .6Mb unknown Ch romosome	 9 p 	d eletion 	synd rome
(OM IM#	 1 5 8 1 7 0 )

2 3 /M/3 y9m ASD arr1 6 p1 2 .2 (2 1 ,6 2 0 ,6 2 5 -2 1 ,7 4 0 ,27 4)x1 1 2 0 Kb unknown Ch romosome	 1 6 p1 1 .2 	d eletion 	
synd rome-5 9 3 	 KB

(OM IM#	 6 1 1 9 1 3 )
2 4 /F/1 9m ASD,	d ysmo rph ism arr1 7 q2 4 .2 (6 5 ,7 3 8 ,3 3 1 -6 6 ,3 4 4 ,70 3)x1 6 0 6 Kb maternal 	

(2 9 4 Kb )
BP TF	 gene	 (no t	affected 	 in 	mo ther)	
PM ID:	2 2 1 6 6 9 4 1 	 (1 6 )

2 5 /M/6 y8m Mild 	 ID,	d ysmo rph ism,	 ep i lep sy,	
macro cephaly, 	 p rematu ri ty

arr1 5 q1 3 .2 q1 3 .3 (3 0 ,9 4 0 ,3 9 8 -
3 2 ,9 2 2 ,9 4 7 )x1

2Mb unknown 1 5 q1 3 .3 	d eletion 	synd rome	
(OM IM#	 6 1 2 0 0 1 )

2 6 /F/3 y GDD,	h ypo ton ia,	micro cephaly, 	 ep i lep sy,	
d ysmo rph ism,	

1 -arr1 q2 1 .2 (1 4 7 3 9 1 6 1 4 -
1 4 7 8 2 6 6 5 8 )x3

2 -arr1 7 p1 3 .1 (7 0 8 2 6 8 7 _7 2 7 7 9 0 7 )x1 *

1 -4 3 5 	K b
2 - 1 9 5 Kb

1 - maternal 	
(1 0 2 	K b )

2 - de	novo

2 *Ch romosome	 1 7 p1 3 .1 	d eletion 	
synd rome

(OM IM#	 6 1 3 7 7 6 )	


