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ABSTRACT

والنفسية  العصبية  الاضطرابات   ، الصرع  مرض  لوصف  الأهداف: 
بحجم  الظاهري  النمط  وربط  الدماغ،  نمو  اضطرابات  ،و  والسلوكية 

المادة الوراثية المفقودة.

طفل   21( مريض   28 لـ  الطبية  السجلات  بتحليل  قمنا  المنهجية: 
متلازمة  لـ  مؤكد  وراثي  تشخيص  يحملون  الذين  بالغين(   7 و 
حذف.22q11.2DS تم تحليل البيانات السريرية التي تشمل  )الصرع، 
الفحص السريري العصبي، قياس معدل الذكاء، الاضطرابات النفسية 

والسلوكية، تصوير الدماغ، واختبارات الوراثة الخلوية(.

   22q11.2DSالنتائج: من بين 28 مريضًا يعانون من متلازمة حذف
%21.4( 6،( يعانون من نوبات صرع، 2 منهم يعانون من تشنجات 
ناتجة عن نقص الكالسيوم في الدم، 4 )%14.2(يعانون من اضطرابات 
نفسية، والتي تتضمن اضطراب فرط الحركة وتشتت الانتباه، واضطراب 
17 )%60.7( لديهم  المزاج، و  التوحد، والذهان، واضطرابات  طيف 
تأخر في النمو. كان لدى جميع مرضى الصرع تأخر في النمو. خضع 
ذهنية  إعاقة  بين  ما  تراوح  الذي  الذكاء،  معدل  لتقييم  مريض   12
متوسطة )7/12، %58( إلى معدل ذكاء متوسط )5/12, 41.6%(. 
من بين 16 مريضًا، كان لدى 6 )%37.5( تركيب دماغ طبيعي، في 
يتم  لم  الدماغ.  تركيبة  في  تشوهات  لديهم   )62.5%(  10 أن  حين 
العثور على ارتباط كبير بين حجم المادة الوراثية المفقودة وشدة النمط 

الظاهري.

22q11.2DS حذف  متلازمة  من  يعانون  الذين  المرضى  الخلاصة: 
العصبية  والاضطرابات  الصرع،  بنوبات  للإصابة  عالية  عرضة  لديهم 
الموقع  هذا  أن  يعني  هذا  الدماغ،  وتشوهات  السلوكية،  و  والنفسية 
مرض  وبحدوث  العصبي  الجهاز  بنمو  حاسم  بشكل  مرتبط  الجيني 

الصرع.

Objectives: To describe the epilepsy, neuropsychiatric 
manifestations, and neuroimaging findings in a group 
of patients with 22q11.2 DS, and to correlate the size 
of the deleted genetic material with the severity of the 
phenotype.

Methods: We retrospectively analyzed the medical 
records of 28 patients )21 pediatric patients and 7 
adults( with a genetically confirmed diagnosis of 
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22q11.2 DS. Clinical data )epilepsy, neurological 
exam, neuropsychological and developmental 
assessment, and psychiatric disorders(, 
neuroimaging, and cytogenetic tests were analyzed.

Results: Of the 28 patients with 22q11.2 DS, 6 
)21.4%( had epileptic seizures, 2 had symptomatic 
hypocalcemic seizures, 4 )14.2%( had a psychiatric 
disorder, which comprised of attention deficit 
hyperactivity disorder, autism spectrum disorder, 
psychosis, and mood disorder, and 17 )60.7%( had 
developmental delay. All patients with epilepsy had 
a developmental delay. Twelve patients underwent a 
neuropsychology assessment. Intellectual levels ranged 
from moderate intellectual disability )7/12, 58%( to 
average )5/12, 41.6%(. Of the 16 patients, 6 )37.5%( 
had a normal brain, while 10 )62.5%( had abnormal 
neuroimaging findings. No significant correlation was 
found between the size of the deleted genetic material 
and the severity of the phenotype.

Conclusion: 22q11.2DS patients are at high risk to 
develop epilepsy, neuropsychiatric manifestations, and 
structural brain abnormalities. This indicates that this 
defined genetic locus is crucial for the development 
of the nervous system, and patients with 22q11.2 DS 
have genetic susceptibility to develop epilepsy.
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22q11.2 deletion syndrome )22q11.2DS( has 
many names such as velocardiofacial syndrome 

and DiGeorge syndrome, which is the most common 
microdeletion syndrome.1 It is due to hemizygous 
microdeletions on chromosome 22q11.2, it occurs 
1 in 4000 live births, and 90% occur de novo. Most 
individuals with 22q11.2 DS lost about 3 Megabases 
)Mb( of DNA on chromosome 22 at position 
22q11.2 in each cell.2 Some affected individuals have 
smaller deleted genetic material in this region. The 
clinical picture has a markedly different expression 
and incomplete penetrance. Therefore, 22q11.2DS 
has symptoms affecting several systems in the body, 
including congenital heart anomalies, palatal anomalies, 
hypocalcemia due to hypoplasia of parathyroid glands, 
immunodeficiency due to hypoplastic thymus, facial 
dysmorphism, disorders of cognition and behavior, 
and psychiatric disorders.3 However, few studies 
have been conducted on the epilepsy, neurological, 
neuroimaging, and neuropsychiatric features of 
22q11.2 DS. 

This study aimed to examine the epilepsy, 
neurological, neuropsychiatric phenotypes, and 
neuroimaging findings in a series of individuals with 
22q11.2 DS and to correlate the genotype with the 
neurophenotype.

Methods. We retrospectively analyzed the medical 
records of 28 patients )21 pediatric patients and 7 adults( 
with a confirmed genetic diagnosis of 22q11.2 deletion 
syndrome at the medical genetic clinic, at Prince Sultan 
Military Medical City in Riyadh, Saudi Arabia, in the 
period from 01–2019 to 11–2019. The diagnosis of 
22q11.2 DS was ascertained using fluorescence in situ 
hybridization )FISH(, array comparative genomic 
hybridization )aCGH(, and whole-exome sequencing. 
Twenty-one of the )75%( patients had congenital heart 
disease, 16/28 )57.1%( had undergone surgery, and 
2/16 )12.5%( had post-surgical complications in the 
form of ventricular fibrillation, arrhythmia, and seizures.

The patients were evaluated as follows: A neurological 
examination including the head size, tone, and presence 
of neurological deficits: 

•	 The	presence	of	epilepsy,	epilepsy	classification,	
electroencephalography, and response to antiepileptic 
medications
•	 Neuropsychiatric	evaluation.	Patients	were	evaluated	

by a certified neuropsychologist for intelligence 
quotient )IQ( assessment using the Stanford Binet 
intelligence scale 5th edition. They were classified 
as having a mild, moderate, or severe intellectual 
disability. Patients with psychiatric illness were 
followed up by the psychiatry clinic

•	 Neuroimaging studies of the brain )computed 
tomography or magnetic resonance imaging( were 
reviewed by a certified pediatric neuroradiologist

•	 Cytogenetic	or	molecular	karyotyping	was	performed	
to define the size of the abrasion and copy number 
variation and to correlate the genotype with the 
phenotype
This research has been approved by the Institutional 

Review Board )IRB( of Prince Sultan Military Medical 
City, IRB project No.1162/2019.

Results. Epilepsy in 22q11.2 DS. Six of the 28 
)21.4%( patients had epilepsy, and 2 patients had 
symptomatic hypocalcemic seizures. The epilepsy was 
classified as focal in three patients and generalized in 
three patients (Table 1). Five patients had their first 
seizure during the neonatal or childhood period, and 
one patient had his first seizure when he was 19 years 
old. Five )83.3%( were classified as having genetic 
epilepsy, and 1 )16.67%( as having structural epilepsy. 
The patients with epilepsy were well controlled on 
monotherapy with antiepileptic medications. All 6 
patients with epilepsy had developmental delay, with 
intellectual functioning ranging from borderline 

Figure 1 - MRI )Patient 6 in Table 1( at age of 18 months with axial (a) 
and coronal (b) T2-weighted images, axial fluid-attenuated 
inversion recovery (c) and sagittal (d) T1-weighted images 
show supra and infratentorial atrophic changes with scattered 
white matter abnormalities in the periventricular and deep 
white matter, tiny lacunar infarct at right thalamus, cavum 
of the septum pellucidum, and global thinning of the corpus 
callosum
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intellectual ability to moderate intellectual disability. 
Two patients had a neuropsychiatric disorder, one had 
attention deficit hyperactivity disorder )ADHD(, and 
one had a psychosis with a mood disorder.

Neurological, neuropsychiatric manifestations, 
and intellectual functioning in 22q11.2 DS. 
Twenty out of the 28 patients were reviewed and 
examined neurologically. Of these, 17/20 )85%( were 
normocephalic, 3/20 )15%( were microcephalic, 
11/20 )55%( were normotonic, 7/20 )35%( were 
hypotonic, 1/20 )5%( were hemiplegic, 1/20 )5%( had 
quadriparesis, 3/20 )15%( had cerebellar dysfunction 
signs, and 2/20 )10%( had upper motor neuron lesion 
signs.

The most prevalent neuropsychiatric manifestation 
of 22q11.2 DS was a developmental delay in 17 of the 
28 )60.7 %( patients. Psychiatric disorders were found 
in 4/28 )14.2%( patients with psychosis )one patient(, 
ADHD )one patient(, and autism spectrum disorder )2 
patients( being prevalent.

Table 1 - Clinical features and EEG finding of 6 patients with 22q11.2 deletion syndrome with epilepsy.

Age/
sex

Age at 
onset of 
seizure

seizure 
type

EEG 
finding

Response 
to AED

Brain MRI 
findings

Delayed 
development

Intellectual 
disability

Psychiatric 
disorder

Deletion size

3 
yr/M

20 days Focal G. slow BA Well-
controlled 
on BZO

Multifocal T2 
HSI in WM, 

cerebral atrophy

+ NA)he 
died(

_ 2.5 Mb

22 
yr/M

19 years GTC G. slow BA Well-
controlled 
on LEV

Superior 
cerebellar vermis 

hypoplasia

+ + _ Fish: 46,XY.ish 
22q11.2)TUPLE1x1(

13 
yr/M

3 months GTC Normal Well-
controlled 
on PHB, 
currently 
off AED

Normal + Borderline 
intellectual 

ability

ADHD 4.9 Mb

20 
yr/M

8 years GTC Normal Well-
controlled 
on VPA

Pallidal and 
subcortical 
calcification

+ + Psychosis, 
mood 

disorder

2.5 Mb

5 
yr/M

5 years Focal Normal Well-
controlled 
on LEV

Normal + + _ 652 Kb

2.5 
yr/M

1 month Focal BIRD+ED 
over the 
central 
region

Well-
controlled 
on LEV

Scattered 
abnormalities in 
the deep WM, 

tiny lacunar 
infarct at right 

thalamus, 
CSP, thin CC, 

cerebral atrophy

+ + _ 2.5 Mb

M - Male, yr - Year, GTC - Generalized tonic-clonic, G - Generalized, BA - Background activity, BIRD - Brief ictal rhythmic discharge, ED - 
Epileptiform discharge, BZO - Benzodiazepine, LEV - Levetiracetam, VPA - Valproic acid, AED - Antiepileptic drug, HSI - High signal intensity, WM 

- White matter, CSP - Cavum septum pellucidum, CC - Corpus callosum, NA - Not applicable, ADHD - Attention deficit hyperactivity disorder

Twelve of the 28 patients were had an IQ assessment 
conducted by a certified neuropsychologist using the 
Stanford-Binet Intelligence Scale 5th edition. Three 
)25%( had an average intellectual ability, 2 )16.7%( 
had the borderline intellectual ability, 4 )33%( had a 
mild intellectual disability, and 3 )25%( had a moderate 
intellectual disability.

Brain imaging studies in 22q11.2 DS. Sixteen of the 
28 patients with 22q11.2 DS underwent neuroimaging. 
Of these, 10 )62.5%( patients had abnormal 
neuroimaging findings (Figure 1), and 6 )37.5%( 
patients had normal brain imaging. The abnormalities 
observed were: Thin corpus callosum )3 cases(, neuronal 
migration disorders )2 cases( (Figure 2), cerebellar 
vermis hypoplasia )one case(, ischemic insult in the 
cerebral white matter with atrophic changes )five cases(, 
pallidal calcification )one case(, the developmental 
venous anomaly of the cerebellum )one case(, and 
cavum septum pellucidum and cavum vergae )4 cases( 
(Figure 2).
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Figure 2 - Incidental finding in a patient with 22q11.2 DS of cavum septum pellucidum and vergae ,with focal abnormal cortical development  at the 
right inferior frontal gyrus with subcortical white matter signal abnormality extending to the lateral ventricle.

Genotype-neuro-phenotype correlation. Thirteen 
patients were diagnosed by FISH that showed a 
heterozygous deletion in the 22q11.2 region. A total of 
13 patients were diagnosed by aCGH. Eleven patients 
had a deletion size of 2.5 Mb, one patient had a deletion 
size of 4.9 Mb, and one patient had a deletion size of 
652 kb. Interestingly, two patients were diagnosed with 
whole-exome sequencing because no deletion could be 
detected by aCGH mutations in the TBX1 gene.

Discussion. 22q11.2DS is a common microdeletion 
syndrome caused by the deletion of about 3 Mb of DNA 
on chromosome 22 at position 22q11.2 in each cell with 
multisystem expression and an extremely heterogeneous 
phenotype. Epilepsy and neurologic or neuropsychiatric 
manifestations in 22q11DS are frequent.3

Epilepsy is a frequent neurological disorder in 
patients with 22q11.2DS.4 Patients with 22q.11DS are 
at high risk to have both provoked and unprovoked 
seizures. The previous studies have shown that the 
prevalence of epilepsy in 22q11.2 DS ranges from 
4.4% to 36.8%.6 In addition, approximately 24% are 
reported to have symptomatic seizures. Interestingly, 
epilepsy in 22q11 DS is more often associated with 
developmental delay and intellectual disability.10 The 
underlying mechanism by which 22q11.2 DS has 
a role in epileptogenesis is still largely not obvious, 
but multiple mechanisms have been suggested. First, 
mouse models of 22q11.2DS have demonstrated 
erratic synaptic plasticity that subsequently resulted 
in abnormal neuronal excitation-inhibition.6 Second, 
epilepsy in some patients is due to a structural brain 
lesion. Third, there are data suggesting that mutations 
in the Rab36 gene at position 22q11.2 may prevent 
neurotransmitter processing or release.12

Similar to the previous studies, developmental 
delay and intellectual disability are frequent findings 

in 22q11.2 DS. Specific deficits of the numerical 
and visuospatial performance are also common and 
are seen in 30–40% of 22q11.2DS patients. The 
neurodevelopmental and neuropsychiatric expression 
of 22q11DS is highly variable, both inter- and intra-
individually, and the expressions may differ over time.5,9 
Furthermore, variable psychiatric disorders are diagnosed 
in 10–20% of patients. The neurobehavioral disorders 
of 22q11.2 DS include cognitive dysfunction, such as 
autism spectrum disorder, psychosis, and schizophrenia.5 
A relationship between psychiatric manifestations in 
22q11.2DS with structural alterations of the brain, 
including a reduction in the gray matter volume of 
the superior temporal lobe, widened lateral fissures, 
and posterior fossa reduction has also been reported 
previously. Frequent and chronic reduced cerebral 
perfusion due congenital heart disease are proposed to 
affect the alteration of early neurodevelopment and the 
high occurrence of neuropsychiatric diseases.10

The findings of the present study also have revealed 
the diversity of the central nervous system abnormalities, 
which ranged from minimal changes in the white 
matter to cortical development malformations, as 
identified in 62.5% of the cases. The previous studies 
have shown that cavum septum pellucidum and 
white matter high signal intensities are remarkably 
more common in patients with 22q11.2 DS and may 
constitute biomarkers for psychosis.7,11 The chronic 
cerebral hypoperfusion caused by congenital heart 
disease might explain the relatively high incidence of 
the scattered white matter signal abnormalities noted in 
our series as well as in other studies. An increased rate 
of cavum septum pellucidum, white matter high signal 
intensities, and abnormal vasculature were found in 
22q11.2 deletion syndrome in comparison to a control 
group when analyzed using similar methods.11 A high 
rate of psychiatric disorders in patients with 22q11.2 DS 
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with either cavum septum pellucidum or white matter 
abnormalities also was observed. Other findings include 
decreased cerebral brain volume, thinning of the corpus 
callosum, reduction in the cerebellar vermis size, and 
incidental cortical developmental abnormalities.

There are several limitations to this study. The first 
one is due to its retrospective nature. Not all patient 
data were available. The second limitation is missing 
of a control group regarding the neuropsychological 
evaluation.

In conclusion, Patients with 22q11.2DS are at high 
risk to develop epilepsy, neuropsychiatric manifestations, 
and structural brain abnormalities. This indicates that 
this defined genetic locus is crucial for the development 
of the nervous system, and patients with 22q11.2 
DS have genetic susceptibility to develop epilepsy. 
Diagnostic evaluation and early directed intervention for 
these phenotypes are important for improving patient 
outcomes.
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