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Abstract
Oesophageal atresia (OA) is a congenital
defect associated with additional malfor-
mations in 30-70% of the cases. In
particular, OA is a component of the
VACTERL association. Since some major
features of the VACTERL association,
including conotruncal heart defect, radial
aplasia, and anal atresia, have been found
in patients with microdeletion 22q11.2
(del(22q11.2)), we have screened for
del(22q11.2) by fluorescent in situ hy-
bridisation (FISH) in 15 syndromic pa-
tients with OA. Del(22q11.2) was detected
in one of them, presenting with OA,
tetralogy of Fallot, anal atresia, neonatal
hypocalcaemia, and subtle facial anoma-
lies resembling those of velocardiofacial
syndrome. The occurrence of
del(22q11.2) in our series of patients with
OA is low (1/15), but this chromosomal
anomaly should be included among
causative factors of malformation com-
plexes with OA. In addition, clinical vari-
ability of del(22q11.2) syndrome is
further corroborated with inclusion of OA
in the list of the findings associated with
the deletion.
(J Med Genet 1999;36:137–139)
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Microdeletion 22q11.2 (del(22q11.2)) is
known to be related to DiGeorge, velocardiofa-
cial, and conotruncal anomaly face
syndromes,1 2 but the spectrum of associated
anomalies is becoming wider.3

Oesophageal atresia (OA) is a congenital
defect which can occur as an isolated malfor-
mation or in association with additional
malformations in 30-70% of patients.4–12 Spe-
cifically, OA is a component of the VACTERL
association (V=vertebral defects, A=anorectal
defects, C=cardiac defects, TE=oesophageal
atresia with Tracheo-oEsophageal fistula,
R=renal anomalies, radius aplasia, rib anoma-
lies, L=limb defects), occurring in 20 to 67%
of patients with this multiple anomaly
association.13–15 Some major clinical features of
the VACTERL association have been found in
patients with del(22q11.2), including
conotruncal heart defect,15 radial aplasia,16

renal anomalies,17 and anal atresia.18 However,
OA has never been described in patients with
del(22q11.2). We have screened for
del(22q11.2) by fluorescent in situ hybridisa-
tion (FISH) in order to evaluate the preva-
lence of the deletion in syndromic patients
with OA.

Patients and methods
From January 1995 to September 1997, 15
patients with syndromic OA and normal
standard chromosomes were referred to the
Department of Medical Genetics of our
hospital for genetic evaluation. All patients
were clinically examined and checked for
additional malformations by two clinical
geneticists. There were eight males and seven
females. Their mean age was 2.1 years (age
range 0.1 to 10.8 years). Clinical features of
the patients included in the study are summa-
rised in table 1. OA type III (OA with distal
tracheo-oesophageal fistula) was found in 13
patients and OA type I (OA without tracheo-
oesophageal fistula) in two. Six patients had
multiple anomalies that fulfilled the criteria for
VACTERL association. Velocardiofacial syn-
drome was diagnosed in one case, CHARGE
(C=coloboma, H=heart defect, A=atresia
choanae, R=retarded growth, G=genital hypo-
plasia, E=ear anomalies) association in one,
and Goldenhar syndrome in another one. For
the remaining six patients, a diagnosis of a
recognisable genetic condition was not
reached.

FISH ANALYSIS

FISH analysis using the Sc11.1,19 Co23,20 and
D22S75 and D22S39 (control, ONCOR)
probes was performed in all patients.

Results
FISH analysis showed 22q11.2 hemizygosity
in one of the 15 (6.7%) patients analysed.
Del(22q11.2) was sporadic, as shown by nor-
mal FISH analysis in the unaVected parents.
The deleted patient was a female neonate with
OA associated with tetralogy of Fallot, anorec-
tal malformation (rectovestibular fistula), and
subtle facial anomalies resembling those of
velocardiofacial syndrome (table 1). In addi-
tion, hypocalcaemia was present in the first
days of life. At 7 months of age, weight was
5800 g (3rd centile), length 65 cm (10th cen-
tile), and head circumference 43 cm (10th
centile). A normal thymic shadow was de-
tected on chest x ray and echocardiographic
study. T lymphocyte numbers were slightly
below the normal range.

Discussion
OA is associated with a great variety of
congenital defects.4–12 In our previously re-
ported series of 107 patients observed between
1976 and 1986, associated anomalies were
present in 47% of cases.10

To our knowledge, the present case is the
first report of OA with del(22q11.2). The
association of OA, tetralogy of Fallot, and anal
atresia presented by our patient had first
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suggested the clinical diagnosis of VACTERL
association, but, subsequently, the coexistence
of conotruncal heart defect, neonatal hypocal-
caemia, T lymphocyte defect, and facial
anomalies prompted the clinical diagnosis of
velocardiofacial syndrome. We believe that
careful clinical examination for evident or even
subtle facial dysmorphism of velocardiofacial
or DiGeorge syndrome21 22 is essential in
patients with clinical features of VACTERL
association, expecially those with conotruncal
heart defect. Del(22q11.2) should be included
among causative factors of malformation com-
plexes with OA or other features of VACTERL
association. In fact, radial aplasia, renal anoma-
lies, and anal atresia are additional malforma-
tions found to be associated with del(22q11.2)
in some cases.16–18 Clinical variability of
del(22q11.2) is further supported by the
present report, and OA is added to the list of
clinical findings associated with the deletion.
Nevertheless, the occurrence of del(22q11.2)
in our series of patients with EA is low, and
accurate evaluation for specific anomalies of
velocardiofacial or DiGeorge syndromes can
select patients for FISH analysis.

1 Driscoll DA, Salvin J, Sellinger B, et al. Prevalence of 22q11
microdeletions in DiGeorge and velocardiofacial syn-
dromes: implications for genetic counselling and prenatal
diagnosis. J Med Genet 1993;30:813-17.

2 Burn J, Takao A, Wilson D, et al. Conotruncal anomaly face
syndrome is associated with a deletion within chromosome
22q11. J Med Genet 1993;30:822-4.

3 McDonald-McGinn DM, LaRossa D, Randall P, et al. The
spectrum of the chromosome 22q11.2 deletion. Am J Hum
Genet 1997;61(suppl):A106.

4 Waterston DJ, Bonham-Carter RE, Aberdeen E. Oesopha-
geal atresia: tracheo-oesophageal fistula: a study of survival
in 218 infants. Lancet 1962;1:819-22.

5 German JC, Mahour GH, Woolley MM. Esophageal atresia
and associated anomalies. J Pediatr Surg 1976;11:299-306.

6 Ashcraft KW, Holder TM. Esophageal atresia and tra-
cheoesophageal malformations. In: Holder TM, Ashcraft
KW, eds. Pediatric surgery. Philadelphia: Saunders, 1980:
266-83.

7 Hicks LM, Manfield PB. Esophageal atresia and tra-
cheooesophageal fistula: review of thirteen years’ experi-
ence. J Thorac Cardiovasc Surg 1981;81:358-63.

8 Louhimo I, Lindahl H. Esophageal atresia: primary results
of 500 consecutive treated patients. J Pediatr Surg 1983;18:
217-29.

9 Spitz L, Kiely E, Brereton RJ. Esophageal atresia: five year
experience with 148 cases. J Pediatr Surg 1987;22:103-8.

10 Rivosecchi M, Bagolan P, Matarazzo E, et al. Esophageal
atresia: critical review of 10 years’ experience. Pediatr Surg
1989;4:95-100.

11 Ein SH, Shandling B, Wesson D, Filler RM. Esophageal
atresia with distal tracheoesophageal fistula: associated
anomalies and prognosis in the 1980s. J Pediatr Surg 1989;
24:1055-9.

12 Chittmittrapap S, Spitz L, Kiely EM, Brereton RJ.
Oesophageal atresia and associated anomalies. Arch Dis
Child 1989;64:364-8.

13 Khoury MJ, Cordero JF, Greenberg F, Janes LM, Erickson
JD. A population study of the VACTERL association: evi-
dence for its etiologic heterogenicity. Pediatrics 1983;71:
815-20.

14 Weaver DD, Mapstone CL, Yu P. The VATER association.
Analysis of 46 patients. Am J Dis Child 1986;140:225-9.

15 Momma K, Kondo C, Matsuoka R, Takao A. Cardiac
anomalies associated with a chromosome 22q11 deletion in
patients with conotruncal anomaly face syndrome. Am J
Cardiol 1996;78:591-4.

16 Digilio MC, Giannotti A, Marino B, Guadagni AM, Orzal-
esi M, Dallapiccola B. Radial aplasia and chromosome
22q11 deletion. J Med Genet 1997;34:942-4.

17 Devriendt K, Swillen A, Fryns JP, Proesmans W, Gewillig
M. Renal and urological tract malformations caused by a
22q11 deletion. J Med Genet 1996;33:349.

18 Worthington S, Colley A, Fagan K, Dai K, Lipson AH. Anal
anomalies: an uncommon feature of velocardiofacial
(Shprintzen) syndrome? J Med Genet 1997;34:79-82.

19 Halford S, Lindsay E, Nayudu M, Caraj AH, Baldini A,
Scambler PJ. Low-copy-number repeat sequences flank the
DiGeorge-velo-cardio-facial syndrome loci at 22q11. Hum
Mol Genet 1993;2:191-6.

20 Pizzuti A, Novelli G, Ratti A, et al. UFD1L, a developmen-
tally expressed ubiquitination gene, is deleted in CATCH
22 syndrome. Hum Mol Genet 1997;6:259-65.

21 Amati A, Mari A, Digilio MC, et al. 22q11 deletions in iso-
lated and syndromic patients with tetralogy of Fallot. Hum
Genet 1995:95:479-82.

22 Digilio MC, Marino B, Giannotti A, Dallapiccola B. Chro-
mosome 22q11 microdeletion and isolated conotruncal
heart defects. Arch Dis Child 1997;76:79-80.

Table 1 Clinical and FISH findings in patients with syndromic oesophageal atresia

Case Sex Age (y)
Oesophageal atresia
(type) Facial anomalies Vertebral anomalies Cardiac defect

1 F 0.1 III Prominent nose, small mouth,
dysmorphic ears

− TF

2 M III − + Dextrocardia

3 M 0.1 III − − −
4 F 2.9 III Epicanthic folds, dysmorphic

ears
+ TF

5 M 0.1 III − − ASD, dextrocardia
6 F 0.1 III Dysmorphic ears, preauricular

pits
− −

7 M 1 III − − TF
8 M 0.2 I Downward slanted palpebral

fissures, dysmorphic ears
− TF

9 M 0.1 III Otodysplasia, preauricular pits − −

10 F 0.1 III − − −
11 M 0.4 III − − −
12 M 9.7 I Hypertelorism, small mouth,

everted ears
− ASD

13 F 1 III Epicanthic folds, flat nasal
bridge

− Congenitally
corrected TGA in
situs inversus

14 F 0.1 III − − −
15 F 10.8 III − − ASD

FISH = fluorescent in situ hybridisation, P = patient, Del22 = deletion 22q11, F = female, TF = tetralogy of Fallot, VCFS = velo-
cardiofacial syndrome, M = male, ASD= atrial septal defect, NV = not valuable, VSD = ventricular septal defect, MCA = multiple
congenital abnormalities, TGA = transposition of the great arteries
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Table 1 continued

Anal
atresia

Radial
anomalies

Renal/urinary
anomalies

Ocular
anomalies Cleft palate

Choanal
atresia

Hypo-
calcaemia

Low T
lymphocytes Diagnosis Del22

+ − − − − − + + VCFS +

− + Hypoplastic right
kidney

− − − − − VACTERL −

+ − Double urethra − − − − − VACTERL −
+ − − − − − + − VACTERL −

+ − − − − − − NV VACTERL −
+ − Pyelic ectasia − − − − NV VACTERL −

− + − − − − − − VACTERL −
− − − Left micro-

phthalmia,
coloboma

− − + − CHARGE −

− − − − + + NV NV Goldenhar
syndrome

−

− − − − − + − − MCA −
+ − − − − + NV NV MCA −
− − − − − − − − MCA −

− − − − − − − − MCA −

− − − − − + NV NV MCA −
− − − − − − − − MCA −
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