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ABSTRACT
Objective: Conotruncal heart defects represent 10%-15% of congenital heart diseases and mostly include tetralogy of Fallot, 
pulmonary atresia with ventricular septal defect, truncus arteriosus, and interrupted aortic arch.
Methods: This study aimed to investigate the prevalence of 22q11.2 deletion (Del22) with fluorescent in situ hybridization anal-
ysis among children followed with conotruncal heart defects. In 104 cases with conotruncal heart defects, the 22q11.2 region 
was screened for deletion through the fluorescent in situ hybridization analysis using a probe specific to this region.
Results: The fluorescent in situ hybridization analysis performed in patients with conotruncal heart defects showed that 
Del22 was present in 3 cases in Group I (70 pts) with isolated cardiopathy (4.3%), 2 cases in Group II (29 pts) with cardiopa-
thy + dysmorphism (6.9%), 2 cases in Group III (2 pts) with cardiopathy + immunodeficiency + dysmorphism (100%), and 1 case 
in Group IV (3 pts) with cardiopathy + immunodeficiency (33.3%) (P < .05). Eight (7.5%) of 104 patients with conotruncal heart 
defects were found to have Del22.
Conclusions: The results obtained from the present study are compatible with the literature. The clinical manifestation of 
Del22 is extremely variable. With additional abnormalities such as immunodeficiency and dysmorphic features, Del22 positivity 
was increasing statistically.
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INTRODUCTION
Conotruncal heart defects (CTHD) include various defects, such 
as tetralogy of Fallot (TOF), tricuspid atresia, double outlet right 
ventricle, and transposition of the great arteries. These defects 
represent 5%-10% of congenital heart diseases and are required 
to be corrected in the neonatal or childhood period since they 
often cause severe cyanosis. Congenital aortic arch malforma-
tions occur in approximately 80% of all patients with Del22, 
suggesting that Del22 is an important risk factor for aortic 
anomalies.1-3

Del22 is a chromosomal disorder that causes congenital defects. 
The most common clinical manifestations are cardiac defects, 
palate disorders, dysmorphic face, growth disorders, and immu-
nosuppression. The prognosis of Del22 is variable. The wide 
spectrum of the phenotypes of the syndrome has been previ-
ously divided into different sections (DiGeorge syndrome, velo-
cardiofacial syndrome, cardiofacial syndrome, etc.); however, 
they are known to be etiologically similar and called 22q11.2 
deletion or Del22 syndrome.1-5

METHODS
Patient Group
A total of 104 cases, who were followed in our hospital’s Pediatric 
Cardiology Outpatient Clinic for CTHD, were divided into 
4 groups according to the presence of dysmorphic features and 
immune system disorders.

Patients with CTHD were included in the study. Metaphase chro-
mosomes obtained from the peripheral blood of the patients 
were investigated by the fluorescent in situ hybridization (FISH) 
method using the Del22 probe. This study was approved by 
the Ethics Committee of the Gaziantep University with number 
341/2017.

Fluorescent In Situ Hybridization Analysis
For the FISH analysis, standard metaphase preparations of periph-
eral blood lymphocytes were used. Genomic DNA was extracted 
from peripheral blood following standard protocols. It is the 
2-Mb commonly deleted region called DiGeorge Critical Zone 
and is seen in 90% of patients.6-8 The critical region of a minimum 
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of 300-480 kb containing several genes, including TUPLE1, TBX1, 
SLC25A1, and CLTD, was described within the region. The Del22 
screening was performed via FISH method using TUPLE1 probe 
(Kreatech Diagnostics, Amsterdam, Netherlands) and P250-A1 
kit (MRC-Holland, Amsterdam, Netherlands) in accordance with 
the manufacturer’s instructions. The P250 kit consists of 30 differ-
ent probes targeting the 22q11 region and can be used to detect 
common and atypical types of deletion.

Measurements and Parameters
Patients diagnosed with CTHD by imaging methods and parents 
of the younger patients were informed about the subject of the 
study. A 2-cc blood sample was collected to analyze with the 
FISH method, technical details of which were given earlier.

Evaluation of the Data
Statistical analysis was performed using MedCalc version 19.6.4 
software. Demographic characteristics of the participants 
were expressed as frequency and percentage. The one-tailed 
chi-square test (χ2) was used for detecting Del22 prevalence 
between groups. A P value of <.05 was considered statistically 
significant.

RESULTS
A total of 104 patients, ages ranging from 10 days to 18 years, 
were included in the study. The mean age of the patients was 
6.3 ± 5.1 years (range 10 days-19 years). The diagnosis of CTHD 
was made by the pediatric cardiologist on the basis of echo-
cardiography, cardiac catheterization, and cardiac computed 
tomography or cardiac magnetic resonance results (Table 1). All 
cases included in the study were evaluated for Del22 using FISH 
method. Of the cases, 39 were female and 65 (62.5%) were male. 
The cases, whose peripheral blood samples were studied, were 
divided into 4 groups according to the cardiac findings, dys-
morphic features, and immune system disorders accompanying 
Del22. Group I, cases with congenital cardiopathy alone; group II, 
cases with cardiopathy + dysmorphic findings; group  III, cases 
with cardiopathy + dysmorphic findings + immunodeficiency; 
and group, cases with cardiopathy + immunodeficiency. The 
classification of patients according to the phenotypic findings is 
presented in Table 2.

As seen in Table 2, the largest group in the study was group I, the 
isolated cardiopathy group with 70 cases, which was followed 
by group II, cardiopathy + dysmorphism group with 29 cases, 
group  III, cardiopathy + dysmorphism + immunodeficiency group 
with 2 cases, and group IV, cardiopathy + immunodeficiency group 
with 3 cases. The FISH analysis performed showed that Del22 was 

present in 3 cases in group I, 2 cases in group II and III, 1 case in 
group IV. The ratio of male patients was higher in all groups.

The classification of patients undergoing Del22 analysis 
according to the type of cardiopathy and accompanying find-
ings and the rate of Del22 detection are given in Table 3. In 
the group consisting of 67.4% cases with cardiopathy alone, 
the most common cardiopathies were TOF. Del22 positivity 
with FISH analysis were 4.3%, 6.9%, 100%, and 33.3% in groups 
(P = .029, χ2).

The characteristics of 8 cases with Del22 are given in Table 4. Four 
(50%) of these 8 patients with cardiac defects had TOF, 1 (12.5%) 
had TOF + right aortic arch, 1 (12.5%) had perimembranous ven-
tricular septal defect, 1 (12.5%) had TOF + pulmonary atresia, and 
1 (12.5%) had major aortopulmonary collaterals. A total of 75% 
of patients with Del22 were found to have TOF. Four cases were 
accompanied by immunodeficiency and 3 were accompanied by 
dysmorphic findings.

DISCUSSION
Del22 is a chromosomal disorder that causes congenital defects. 
The most common clinical manifestations are cardiac defects, 
palate disorders, dysmorphic face, growth disorders, and 

Main Points

•	 Conotruncal heart disorders carry risk of increased 
22q11.2 deletion (Del22) frequency.

•	 Increased Del22 frequency is more prominent with 
increased multisystem involvement such as conotruncal 
heart defect, dysmorphic face, and immune disorders.

•	 22q11.2 deletion problem is not rare; therefore, it should be 
considered for every single patient.

Table 1.  Conotruncal Heart Disease Type and Number of 
Patients

Conotruncal Heart Diseases Number of Cases

Tetralogy of Fallot 85

  Isolated tetralogy of Fallot (55)

  With right aortic arch (17)

  With pulmonary atresia (13)

Double outlet right ventricle 6

Tricuspid atresia 3

Isolated perimembranous ventricular 
septal defect

3

Others* 8

*Taussig Bing anomaly, atrioventricular septal defect, dilated ascending 
aorta, right aortic arch, patent ductus arterious, ventricular septal defect, 
major aortopulmonary collateral arteries, hypoplastic left heart syndrome.

Table 2.  Classification of the Cases, Whose Del22 Analysis 
Was Performed, According to the Phenotypic Findings and 
Detection Rates of Del22

Total Number (Female/Male) *Del22 + Number

Group I 70 (67.4%) (28-42) 3 (4.3%)

Group II 29 (27.9%) (10-19) 2 (6.9%)

Group III 2 (1.9%) (0-2) 2 (100%)

Group IV 3 (2.8%) (1-2) 1 (33.3%)

Total 104 (39-65) 8 (7.5%)

Group I, cardiopathy alone; group II, cardiopathy + dysmorphic findings; 
group III, cardiopathy + dysmorphic findings + immunodeficiency; and 
group IV, cardiopathy + immunodeficiency.
*P = .0029, chi-squared test between groups.
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immunosuppression. The prognosis of Del22 is variable. Palatal 
abnormalities causing hypernasal speech, feeding, and swallow-
ing difficulties can be seen in more than 75% of the cases. Most 
patients are admitted to the hospital with mild dysmorphic facial 
and vertebral defects. Immunodeficiency is observed in the 
majority of cases due to thymic aplasia or hypoplasia increasing 
susceptibility to viral infections. Furthermore, these individuals 
are more likely to develop autoimmune diseases such as idio-
pathic thrombocytopenic purpura and juvenile idiopathic arthri-
tis. Neonatal hypocalcemia is seen in half of the patients. It often 
recovers spontaneously but can reappear in a certain period of 
life or after several conditions such as an infection, surgery, and 
pregnancy. Other clinical features include gastrointestinal disor-
ders, hearing loss, renal and dental defects, learning disorders, 
and psychiatric problems. The wide spectrum of the phenotypes 
of the syndrome has been previously divided into different 
sections (DiGeorge syndrome, velocardiofacial syndrome, car-
diofacial syndrome, Shprintzen syndrome, conotruncal cardiac 
anomaly, and CATCH 22); however, they are known to be etio-
logically similar and called 22q11.2 deletion syndrome or shortly 
Del22 at present.1-5

The FISH method is the most frequently used method to screen 
syndromes with common pathogenesis that occur due to loss 

of genetic material in the eleventh region of the long arm of 
chromosome 22.5 The loss of genetic material due to deletion 
and haploinsufficiency increases the variety of clinical findings 
and causes different phenotypes in generations in the same 
family.5-6 In 93% of the cases, the deletion emerges “de novo” or 
may be inherited in autosomal dominant manner in 6%-25% of 
the patients.5

Goldmuntz7 reported that the patients with Del22 had cardiac 
anomalies and most of these defects were CTHD or aortic arch 
anomalies. Among these, TOF and interruptic aortic arch are 
the most frequent ones, similar to our study. The prevalence of 
Del22 in children with CTHD was reported to be 30%.2 On this 
basis, Del22 examination is recommended in the routine clini-
cal practice in all rare conotruncal anomalies such as interruptic 
aortic arch and truncus arteriosus. The age of diagnosis of the 
syndrome varies from center to center.2,7

Alikaşifoğlu et al8 conducted a study involving 32 patients with 
clinical features of TOF, truncus arteriosus, outlet ventricular sep-
tal defect, transposition, pulmonary atresia, vascular anomalies, 
and facial dysmorphism and reported the rate of deletion as 
6.3%. In a study by Giray et al.,9 involving 36 patients with con-
genital heart defects, the rate of patients with Del22 was found 

Table 3.  Detection of Del22 According to the Type of Cardiopathy and Accompanying Findings in Patients for Whom Del22 
Analysis Was Performed

Group I Group II Group III Group IV

n Del22+ n Del22+ n Del22+ n Del22+

Tetralogy of Fallot 45 1 5 1 2 2 1

Tetralogy of Fallot with right aortic arch 10 1 7

Tetralogy of Fallot with pulmonary atresia 4 9 1 1

Double outlet right ventricle 3 3

Isolated perimembranous ventricle septal defect 2 1 1

Truncus arteriosus 3

Others* 5 1 3

Total 70 29 2 3

Group I, cardiopathy alone; group II, cardiopathy + dysmorphic findings; group III, congenital cardiopathy + dysmorphic findings + immunodeficiency; and 
group IV, cardiopathy + immunodeficiency.
*Taussig Bing anomaly, atrioventricular septal defect, dilated ascending aorta, right aortic arch, patent ductus arterious, ventricular septal defect, major 
aortopulmonary collateral arteries, hypoplastic left heart syndrome.

Table 4.  Findings of Eight Cases with Del22

Cardiopathy Dysmorphic Findings Immunodeficiency

1 Tetralogy of Fallot Hypertelorism Yes

2 Tetralogy of Fallot Hypertelorism, low-set ears, small mouth Yes

3 Tetralogy of Fallot No Yes

4 Tetralogy of Fallot No No

5 Tetralogy of Fallot with right aortic arch No No

6 Tetralogy of Fallot with pulmonary atresia Hypertelorism, small mouth No

7 Perimembranous ventricle septal defect No Yes

8 Major aortopulmonary collaterals No No
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to be 19.4% with the FISH method. This rate constitutes 14.2% of 
patients with isolated CTHD and 30.4% of all patients with CTHD.9

In a study by Halder et  al.10 in which 146 patients with con-
genital heart defects requiring surgical treatment were exam-
ined with FISH method for Del22 frequency, typical clinical 
features of Del22 were detected in 87 cases and 59 cases 
were observed to have isolated heart defects. The authors fur-
ther detected hemizygous Del22 in 9 (6.16%) of 146 patients 
whereas no Del22 was found in patients with isolated heart 
malformation.

Beauchesne et  al11 investigated the frequency of DiGeorge 
syndrome in 103 patients by FISH analysis and detected TOF in 
77 patients, pulmonary atresia in 23 patients, and truncus arteri-
osus in 3 patients. Six patients (5.8%) were found to have a Del22, 
similar to our results. 

The FISH technique has many advantages over classical cytoge-
netic techniques in detecting Del22. It is more precise than tradi-
tional karyotyping or using high-resolution banding techniques 
and requires less effort than karyotyping, DNA dosage analysis, 
or restriction fragment length polymorphism. The FISH tech-
nique has been further reported to be useful in prenatal diagno-
sis using amniotic fluid cells.12

The frequency of cardiac malformations in patients with 
DiGeorge syndrome ranges from 49% to 83%. The CTHDs are 
the most commonly seen heart diseases, suggesting that the 
incidence of TOF in these patients may be high. In the study 
by Fomin et al.13 the rate of TOF was found to be 50%. In the 
present study, 83 of the patients with CTHD had TOF. Del22 
should be investigated in all patients with heart malformations 
such as TOF, interruptic aortic arch, septal defects, and truncus 
arteriosus.

In our study, the results were found to be similar to the litera-
ture. An important point in our study is that with added abnor-
malities such as immunodeficiency and dysmorphic features 
(e.g., group  III), Del22 positivity was increasing. But in every 
groups had different rate Del22 patients. Such as some cardiac 
malformations for example the right-sided aortic arch, are not 
prominent cardiac anomalies and have no pronounced clinical 
symptoms. Therefore, diagnosis can only be made when genetic 
testing is performed.14

Population-based screening is required to determine the true 
incidence and prevalence of this syndrome. However, it may be 
highly expensive to screen a large population, and it is unlikely 
as it will be ethically questionable. Therefore, it would be more 
acceptable to screen certain risk groups. Tobias et al.15 suggested 
several guidelines to facilitate the early detection of Del22. 
Several criteria have been recommended by the International 
Primary Immunodeficiency Diseases Classification Committee to 
help diagnose DiGeorge syndrome. These criteria mainly refer to 
immune defects and include the most common clinical features 
such as immunodeficiency, hypoparathyroidism, CTHD, facial 
abnormalities, and 22q11.2.16 Increased awareness of Del22 

syndrome, diagnostic guidelines, and a long follow-up period 
are the most important factors in diagnosing the disease.

CONCLUSION
In conclusion, the clinical presentation of Del22 is highly vari-
able. It is obvious that the probability of being able to diagnose 
the disease increases if the test is administered to patients with 
at least one other symptom of the syndrome in addition to the 
conotruncal anomaly. However, this can prevent the diagnosis of 
some isolated cases.

Clinical follow-up of the patients positive for Del22 must be 
carried out through multidisciplinary teamwork.7,15 Risks such 
as hypocalcemia, immunity, vascular anomalies must be taken 
into consideration before surgical operations. Necessary 
changes in diet and vaccinations must be taken into consider-
ation. Treatment of infections should not be delayed since some 
patients are more likely to develop recurrent infections due to 
immunodeficiency. Furthermore, motor, behavior, and speech 
developmental processes must be followed closely. Improved 
life quality for the patients can be only possible with the success 
of well-organized teamwork.

Ethics Committee Approval: Ethical committee approval was received 
from the Ethics Committee of Gaziantep University (Decision No: 
341/2017).

Informed Consent: Written informed consent was obtained from all par-
ticipants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – S.Ö., O.B.; Design – S.Ö., O.B.; 
Supervision – G.N., O.B.; Funding – O.B.; Materials – O.B., S.Ö.; Data 
Collection and/or Processing – S.Ö, O.B., G.N.; Analysis and/or 
Interpretation – S.Ö., O.B.; Literature Review – O.B., S.Ö.; Writing – O.B., 
S.Ö.; Critical Review – O.B., S.Ö., G.N.

Declaration of Interests: The authors declare that they have no compet-
ing interest.

Funding: This research supported by Gaziantep University research 
funding.

REFERENCES
1.	 Derbent M, Yılmaz Z, Baltacı V, Saygılı A, Varan B, Tokel K. Chromo-

some 22q11.2 deletion and phenotypic features in 30 patients with 
conotruncal heart defects. Am J Med Genet A. 2003;116A(2):129-135. 
[CrossRef]

2.	 Goldmuntz E, Clark BJ, Mitchell LE, et al. Frequency of 22q11 dele-
tions in patients with conotruncal defects. J Am Coll Cardiol. 
1998;32(2):492-498. [CrossRef]

3.	 Marino B, Digilio MC, Toscano A, Giannotti A, Dallapiccola B. Con-
genital heart defects in patients with DiGeo​rge/v​eloca​rdiof​acial​ 
syndrome and del22q11. Genet Couns. 1999;10(1):25-33.

4.	 Scambler  PJ. The 22q11 deletion syndromes. Hum Mol Genet. 
2000;9(16):2421-2426. [CrossRef]

5.	 Thomas JA, Graham JM. Chromosome 22q11 deletion syndrome: an 
update and review for the primary pediatrician. Clin Pediatr (Phila). 
1997;36(5):253-266. [CrossRef]

6.	 Botto LD, May K, Fernhoff PM, et al. A population-based study of the 
22q11.2 deletion: phenotype, incidence, and contribution to major 

https://doi.org/10.1002/ajmg.a.10832
https://doi.org/10.1016/s0735-1097(98)00259-9
https://doi.org/10.1093/hmg/9.16.2421
https://doi.org/10.1177/000992289703600502


246

Özçelik et al. DEL22 Frequency in Children with Conotruncal Heart� Eur J Ther 2022;28(3):242-246

birth defects in the population. Pediatrics. 2003;112(1 Pt 1):101-107. 
[CrossRef]

7.	 Goldmuntz E. 22q11.2 deletion syndrome and congenital heart dis-
ease. Am J Med Genet C Semin Med Genet. 2020;184(1):64-72. 
[CrossRef]

8.	 Alikaşifoğlu M, Malkoç N, Ceviz N, Ozme S, Uludoğan S, Tunçbilek E. 
Microdeletion of 22q11 (CATCH 22) in children with conotruncal 
heart defect and extracardiac malformations. Turk J Pediatr. 
2000;42(3):215-218.

9.	 Giray O, Ulgenalp A, Bora E, et al. Congenital cardiac defects with 
22q11 deletion. Turk J Pediatr. 2003;45(3):217-220.

10.	 Halder  A, Jain  M, Chaudhary  I, Kabra  M. Prevalence of 22q11.2 
microdeletion in 146 patients with cardiac malformation in a refer-
ral hospital of North India. BMC Med Genet. 2010;11:101. [CrossRef]

11.	 Beauchesne  LM, Warnes  CA, Connolly  HM, et al. Prevalence and 
clinical manifestations of 22q11.2 microdeletion in adults with 
selected conotruncal anomalies. J Am Coll Cardiol. 2005;45(4):595-
598. [CrossRef]

12.	 Driscoll DA, Salvin J, Sellinger B, et al. Prevalence of 22q11 microde-
letions in DiGeorge and velocardiofacial syndromes: implications 
for genetic counselling and prenatal diagnosis. J Med Genet. 
1993;30(10):813-817. [CrossRef]

13.	 Fomin AB, Pastorino AC, Kim CA, Pereira CA, Carneiro-Sampaio M, 
Abe-Jacob  CM. DiGeorge syndrome: a not so rare disease. Clinics 
(Sao Paulo). 2010;65(9):865-869. [CrossRef]

14.	 Shprintzen RJ. Velo-cardio-facial syndrome: 30 years of study. Dev 
Disabil Res Rev. 2008;14(1):3-10. [CrossRef]

15.	 Tobias ES, Morrison N, Whiteford ML, Tolmie JL. Towards earlier diag-
nosis of 22q11 deletions. Arch Dis Child. 1999;81(6):513-514. 
[CrossRef]

16.	 Notarangelo L, Casanova JL, Conley ME, et al. Primary immunodefi-
ciency diseases: an update from the International Union of Immu-
nological Societies Primary Immunodeficiency Diseases 
Classification Committee meeting in Budapest, 2005. J Allergy Clin 
Immunol. 2006;117(4):883-896. [CrossRef]

https://doi.org/10.1542/peds.112.1.101
https://doi.org/10.1002/ajmg.c.31774
https://doi.org/10.1186/1471-2350-11-101
https://doi.org/10.1016/j.jacc.2004.10.056
https://doi.org/10.1136/jmg.30.10.813
https://doi.org/10.1590/s1807-59322010000900009
https://doi.org/10.1002/ddrr.2
https://doi.org/10.1136/adc.81.6.513
https://doi.org/10.1016/j.jaci.2005.12.1347

