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Abstract- Introduction: Velocardiofacial syndrome (VCFS) is a relatively common syndrome associated with a number of 
complications including cleft palate. Interstitial deletion in 22q11.2 region is known to associate with the VCFS. Objective: 
This study was designed to determine the prevalence of VCFS and identification of 22q11.2 deletion among patients with 
cleft palate. Materials and Methods: The subjects were identified among those who are currently under review in the 
Regional Cleft Centre & Maxillo-Facial Department, Teaching Hospital, Karapitiya, Galle. Subjects were interviewed 
individually by the researcher and data were recorded in a structured information sheet. Sample of blood (1-3ml) was used 
for the analysis of 22q11.2 deletion by semi-quantitative multiplex PCR. Results & Discussion: There were three hundred 
and twenty three (n=323) subjects with cleft palate. This included one hundred and eighty seven (n=187; 57.9%) females and 
one hundred and thirty six (n=136; 42.1%) males. There was a significant difference (p = 0.0148) in sex ratio of the study 
sample compared to the Sri Lankan population figures. The majority of subjects had cleft soft palate. Other clinical 
conditions were seen in 159 (49.21%) subjects. There were only two subjects with 22q11.2 deletion among the study 
population. A 13 year-old female with posterior cleft palate, learning difficulties, short stature and developmental delay had 
interstitial deletion in the 22q11.2 region. An 8 year old-male with submucus cleft palate, conotruncal heart defect, learning 
difficulty and developmental delay had the same interstitial deletion in the 22q11.2 region. Conclusion: Results of this study 
concluded that the cleft palate is more prevalent among females and also associated with number of other clinical conditions. 
Though there were associated syndromes with cleft palate, according to this study, routine genetic investigation and 
screening for VCFS cannot be justifiable among cleft palate subjects in the Sri Lankan Population. 
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I. INTRODUCTION 
 
The velocardiofacial syndrome (VCFS) is a common 
genetic disorder characterized by congenital cardiac 
defects, cleft palate, velopharyngeal insufficiency, 
distinct facial features, immunological disorders, 
learning disabilities and psychological alterations [1-
3]. This syndrome is caused by a deletion of 
chromosomal material from the 22q11.2 region that 
leads to a wide but variable spectrum of clinical 
effects [4]. 
22q11.2 deletion has been reported to be associated 
with more than 80 different congenital anomalies and 
malformations occurring in many combinations and 
with different degrees of severity [5]. This has 
resulted in 22q11.2 deletion getting different 
diagnostic labels including velocardiofacial 
syndrome, DiGeorge syndrome (DGS), Shprintzen 
syndrome, conotruncal anomaly face syndrome and 
CATCH−22 syndrome (Cardiac Abnormality, 
Abnormal facies, Thymic aplasia, Cleft palate, 
Hypocalcemia/Hypoparathyroidism)[5]. Although 
initially described as distinct dysmorphic syndromes, 
the identification of the underlying deletion has 

enabled the confirmation that they share a common 
etiology. The term velocardiofacial syndrome was 
used for the milder end of this deletion syndrome. 
These patients usually manifest palatal anomalies of 
varying degrees, distinct facial features that are subtle 
and learning disabilities [5]. 
The objective of this study is to determine the 
prevalence of VCFS and identification of 22q11.2 
deletion among patients with cleft palate. 
 
II. MATERIALS AND METHODS 
 
The subjects were identified among those who are 
currently under review in the Regional Cleft Centre & 
Maxillo-Facial Department, Teaching Hospital, 
Karapitiya, Galle. Most of those individuals had 
completed their surgical therapy for cleft palate while 
few were awaiting surgery. Subjects with cleft palate 
without cleft lip (i.e. isolated cleft palate) were 
selected for the study. All the subjects with isolated 
cleft palate registered at the clinic from the 1st of 
January 2001 to 31st of December 2016 were included 
in the study. Before the evaluation of subjects, 
informed consent was obtained. All the subjects who 
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consented to participate in the study were interviewed 
individually by the researcher and data were recorded 
in a structured information sheet. One to three 
milliliters (1-3ml) of venous blood were obtained 
from each subject. The blood sample was used for the 
analysis of 22q11.2 deletion by semi-quantitative 
multiplex PCR. PCR product quantification for 
dosage analysis was carried out in the exponential 
phase before it reaches a plateau [6-7]. To detect the 
deletion, dosage analysis using semi-quantitative 
multiplex PCR was performed using several sequence 
tag site (STS) markers D22S609 and SHGC35613 
within the deleted region. The cystic fibrosis 
transmembrane regulator gene (CFTR) was used as 
an internal control (sequence tag site markers in 
7q31.2 region) in the same reaction. In order to 
determine the optimum number of cycles, multiplex 
PCR was carried out using varying number of cycles 
(25, 30 and 35 cycles). The end products were 
quantified by using a gel documentation system [8]. 
All PCR products were photographed and the 
intensity of each band was analysed using 
densitometric software “ImajgeJ 1.46r” [9]. Dosages 
of specific markers of patients (P) were compared to 
that of a non-deleted control (N) and a positive 
control with a deletion (C). A ratio of 1N: 1P 
indicated the absence of a deletion while a ratio of 
2N:1P indicated a deletion. Ethical clearance for this 
research project was granted by the ethics review 
committee of the Faculty of Medicine, University of 
Kelaniya, Sri Lanka. 
 
RESULTS 
 
There were three hundred and twenty three (n=323) 
subjects with cleft palate. This included one hundred 
and eighty seven (n=187; 57.9%) females and one 
hundred and thirty six (n=136; 42.1%) males. There 
was a significant difference (p = 0.0148) in sex ratio 
of the study sample compared to the Sri Lankan 
population figures. 
The age of the study subjects ranged from two weeks 
to forty nine years. Fifty (n=50; 15.5%) were less 
than one year of age and one hundred and sixty eight 
(n=168; 52%) subjects were less than five years of 
age.   
There were two hundred and twenty seven (n=227; 
70.3%) subjects with cleft soft palate, seventy one 
(n=71; 22%) subjects with cleft hard palate, thirteen 
(n=13; 4%) subjects with bifid uvula and twelve 
(n=12; 3.71%) subjects with submucous cleft palate 
were present among the study population. 
Prevalence of clinical conditions other than the cleft 
palate among the study sample was evaluated. One 
hundred and fifty nine (n=;159; 49.21%) study 
subjects had other associated clinical manifestations, 
of which one hundred (n=100; 61%) were females. 
Developmental delay and dysmorphic features were 
the commonest identified clinical conditions. Cardiac 
anomalies, speech delay, hearing impairment, central 

nervous system abnormalities, epilepsy, genital, 
gastro intestinal and renal anomalies were the other 
associated problems found in subjects with cleft 
palate. There were 10 subjects with identified genetic 
syndromes other than VCFS among all cleft palate 
patients.  
All 323 subjects with cleft palate were investigated to 
identify prevalence of the 22q11.2 deletion associated 
with VCFS. There were only two subjects with 22q11 
deletion among the study population. A 13 year old 
female with posterior cleft palate, learning 
difficulties, short stature and developmental delay 
had interstitial deletion in the 22q11.2 region. An 8 
year old male with submucus cleft palate, conotruncal 
heart defect, learning difficulty and developmental 
delay had the same interstitial deletion in the 22q11.2 
region. All the other subjects with cleft palate showed 
no deletion in the 22q11.2 region.  
 
DISCUSSION 
 
Prevalence of cleft palate 
Cleft palate is one of the commonest malformations 
affecting the craniofacial region [10]. It is associated 
with cleft lip and various other clinical 
manifestations. The London dysmorphology database 
includes more than four hundred syndromes 
associated with cleft palate [10]. According to 
Tolarova and Cervenka, (1998) the birth prevalence 
of isolated cleft lip and palate was 0.77 per 1000 live 
births and isolated cleft palate was 0.31 per 1000 live 
births. The non-Hispanic white population had the 
highest prevalence of isolated cleft palates compared 
to Asians and black populations [11]. A study from 
the Central province in Sri Lanka using data from a 
tertiary care centre reported that the incidence of 
isolated cleft palate to be 0.19 per 1000 births [12]. 
Velocardiofacial syndrome 
Early detection of VCFS is important, as potential 
complications related to this syndrome can be treated 
prior to the cleft palate repair [4,7]. Most of the 
patients with VCFS associated with 22q11.2 deletion 
are diagnosed by clinical evaluation. The molecular 
investigations are essential to confirm the diagnosis 
of this syndrome. These investigations further 
facilitate the identification of atypical presentation of 
the syndrome. Data from Tobias et al., (1999) 
indicated that about 41% of cases presented after the 
2nd year of life and only 18% presented with the 
cardinal features such as conotruncal cardiac defects, 
velopharyngeal insufficiency, cleft palate or 
hypocalcaemia [4]. Atypical presentation of the 
condition in 23% of subjects included isolated cardiac 
anomalies with family history of congenital cardiac 
disorders, psychosis and learning disabilities [4]. 
Gender variation of cleft palate 
According to the Department of Census and Statistics 
in Sri Lanka the sex ratio in Sri Lanka is 0.96 [13]. 
There was a significant difference (p = 0.0148) in the 
sex ratio of the study sample and the national figures. 
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It shows that the cleft palate (without cleft lip) is 
more common in females than males in Sri Lanka. 
In a three year survey on the epidemiology of the 
cleft lip and palate in Thailand, Chuangsuwanich et 
al., (1998) examined and operated five hundred and 
ninety three (n=593) patients with cleft lip and palate 
and concluded that the isolated cleft palate was more 
common among female subjects. Cleft lip with or 
without cleft palate was more common among male 
subjects in Thailand [14].  
In China, Qiao-Juan et al., (2006) studied a group of 
seven thousand eight hundred and twelve (n=7812) 
subjects with cleft lip with or without cleft palate and 
isolated cleft palate during the period of 2000 to 2002 
who were operated by the Smile Train programme. In 
this study, clefts were classified into three categories: 
cleft lip (CL), isolated cleft palate (CPI), cleft lip and 
palate (CLP).  The overall male to female ratio (sex 
ratio) was 2.01. CLP and CL were more common in 
males than in females with sex ratios of 2.88 and 1.85 
respectively. Isolated cleft palate was more common 
in females than in males with sex ratio of 0.76 [15].  
Linda et al., (2002) evaluated subjects with cleft lip 
with or without cleft palate and isolated cleft palate in 
the perinatal data collection unit (PDCU), a mandated 
reporting system on births for the state of Victoria, 
Australia. There was a total of one million one 
hundred forty thousand and seven hundred and four 
(n=1,140,704) pregnancies in Victoria reported to the 
PDCU during the period of study. There were two 
thousand and twenty two (n=2022; 0.18%) subjects 
with orofacial clefts, of which, isolated cleft palate 
was more common in females than males (odds ratio 
= 0.73; 95% confidence interval = 0.6, 0.9) and cleft 
lip with or without cleft palate was more common in 
males than female subjects (odds ratio = 1.40; 95% 
confidence interval = 1.1, 1.7) [16]. 
Type of cleft palate and Associated clinical 
conditions 
In a case control study in Brazil, one hundred (n=100) 
children with cleft lip and palate and one hundred 
(n=100) age matched controls were assessed for age, 
skin color, gender, cleft palate classification, maternal 
and paternal age, birth order and inter-pregnancy 
interval and this study reported that, cleft of the soft 
palate was commoner (80%) than complete cleft 
palate in this population. In this study also showed 
higher prevalence of cleft soft palate [17]. 
The published data on associated clinical 
manifestations of cleft palate subjects varied 
significantly between studies. According to the 
available data, incidence of other associated 
anomalies ranged from 2 - 65% worldwide which 
also compatible with the results of the current study 
[15, 18-19]. 
Prevalence of VCFS and identification of 22q11.2 
deletion 
Identification of syndromic cleft palate cases are very 
important as it is helpful in the management and 
follow up of such patients and in genetic counseling. 

VCFS associated with 22q11.2 deletion is one of the 
key syndromes associated with cleft palate. 
Ruiter et al., (2003) investigated fifty eight (n=58) 
subjects with cleft palate in the Nijmegen cleft palate 
craniofacial center in the eastern region of the 
Netherlands for evidence of a 22q11.2 deletion. They 
identified only one (n=1) subject with cleft palate 
associated with a 22q11.2 deletion. This group 
concluded that there was no justification for routine 
screening of 22q11.2 deletion in all cleft patients 
[20].  
A research study involving prenatal diagnosis of the 
22q11.2 deletion syndrome was carried out by 
Driscoll, (2001). Inclusion criteria for prenatal testing 
for the 22q11.2 deletion included, a previous child 
with a 22q11.2 deletion or DiGeorge/velocardiofacial 
syndrome, an affected parent with a 22q11.2 deletion, 
and in-utero detection of a fetus with a conotruncal 
cardiac defect. All the cases were evaluated clinically 
at birth and thereafter. This study concluded that the 
22q11.2 deletion was not found to be a cause of 
nonsyndromic cleft palate. Hence, molecular testing 
for 22q11.2 microdeletion among cleft palate cases is 
not recommended in the absence of other clinical 
features of this deletion syndrome [21].  
Stoll et al., (2000) examined infants with orofacial 
clefts during the period from 1979 to 1996 using data 
from a registry of congenital anomalies in 
northeastern France. Out of two hundred and thirty 
eight thousand nine hundred and forty two 
(n=238,942) consecutive births, there were two 
hundred and one (n=201) subjects with cleft palate, of 
which only one (n=1) subject had 22q11 deletion 
syndrome [22]. 
In this present study there were only two subjects 
with 22q11.2 deletion associated with VCFS by semi-
quantitative multiplex PCR among cleft palate 
subjects in Sri Lanka.  

 
Table: 1 Recommendation for screening of 22q11.2 deletion 

among all cleft palate subjects in different studies 
Study Recommendation for 

screening of 22q11.2 deletion 
among cleft palate subjects 

Ruiter et al., 
(2003) 

Screening for 22q11.2 
deletion not recommended 

Driscoll, (2001) Screening for 22q11.2 
deletion not recommended 

Stoll et al., 
(2000) 

Screening for 22q11.2 
deletion not recommended 

Current study Screening for 22q11.2 
deletion not recommended 

 
CONCLUSION 
 
This study concluded that the cleft palate is more 
prevalent among females and also associated with 
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many more other clinical conditions. Though there 
were associated syndromes with cleft palate, the 
routine genetic investigation and screening for VCFS 
was not justifiable among cleft palate subjects in the 
Sri Lankan population. 
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