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Introduction

Pulmonary atresia with ventricular septal
defect (PA-VSD) is a congenital cardiac de-
fect frequently associated with DiGeorge/ve-
locardiofacial syndrome and with deletion
of chromosome 22q11 (del22q11)1-5.

PA-VSD occurs in 10-26% of children
with del22q116-9; on the other hand, among
patients with PA-VSD the prevalence of
del22q11 ranges between 15 and 48%2-5.
The prevalence of del22q11 in patients with
PA-VSD is higher than that in children with
�classic� tetralogy of Fallot2,4,7. 

Considering the pattern of pulmonary
blood supply, among children with PA-VSD
two major groups of patients have been rec-
ognized: 1) children with a single ductus
arteriosus that usually presents confluent
and well formed pulmonary arteries (also
called tetralogy of Fallot with PA), and 2)

children with major aortopulmonary collat-
eral arteries frequently associated with dis-
continuity, hypoplasia or absence of the cen-
tral pulmonary arteries. Recent studies
proved that in children with PA-VSD and
del22q11 the pattern of pulmonary blood
supply provided by the major aortopul-
monary collateral arteries is prevalent3-5.

PA may also occur in a setting of con-
genital heart defects with complex ven-
triculoarterial alignment and/or intracardiac
anatomy (i.e. simple or corrected transposi-
tion of the great arteries, heterotaxia, double-
inlet left ventricle, tricuspid atresia, etc.)10.
However, there is no information in the lit-
erature about the prevalence of DiGeorge/
velocardiofacial syndrome and del22q11 in
patients with such associations.

The aim of this study was to determine
the prevalence of DiGeorge/velocardiofa-
cial syndrome with del22q11 in patients
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Background. Pulmonary atresia with ventricular septal defect (PA-VSD) is one of the most common
cardiac defects associated with DiGeorge syndrome. The pattern of the pulmonary circulation deter-
mines the complexity of this type of heart disease. The aim of this study was to establish the prevalence
of DiGeorge syndrome with deletion 22q11 in patients with simple and complex PA-VSD.

Methods. Since 1993 we have studied 128 consecutive patients affected by PA-VSD. In 90 of our pa-
tients the PA-VSD was considered “simple” (group I), because it was not associated with any other car-
diac defects. In the other 38 children the PA-VSD was considered “complex” (group II) owing to the
presence of heterotaxia, tricuspid atresia, a double-inlet left ventricle, transposition of the great arteries
and congenitally corrected transposition of the great arteries.

Results. In group I, 38 patients (42%) had genetic syndromes or major extracardiac anomalies; dele-
tion 22q11 was detected in 31% of cases. Major aortopulmonary collateral arteries were present in 50%
of group I patients and in 57% of those with deletion 22q11. In group II, 10 patients (26%) had ge-
netic syndromes or major extracardiac anomalies but none had deletion 22q11 (p < 0.005); in no case
was the presence of major aortopulmonary collateral arteries observed (p < 0.005).

Conclusions. PA-VSD is an anatomically and morphogenetically heterogeneous disease: in the set-
ting of DiGeorge syndrome or velocardiofacial syndrome, PA-VSD is associated with a peculiar car-
diac pattern and is due to deletion 22, whereas in case of nonsyndromic PA-VSD or when this disease
is associated with different syndromes or with other types of cardiac defects, it is due to other mor-
phogenetic mechanisms.
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with �simple� PA-VSD as compared to that in patients
with �complex� PA.

Methods

From July 1993 to May 2000 we studied 128 con-
secutive patients with PA-VSD (66 males and 62 fe-
males); the age at the first observation ranged from 1 day
to 3 years. The cardiac diagnosis was established by
echocardiography and selective angiography in each
patient paying particular attention to the intracardiac
anatomy and to the blood supply to the lungs3-5.

In 90 of our patients the intracardiac anatomy was
considered �simple� (group I) because these cases pre-
sented with situs solitus of the atria, d-loop of the ven-
tricles, normal atrioventricular valves, balanced ventri-
cles, a large perimembranous (malalignment) VSD and
aortic overriding with fibrous mitro-aortic continuity1-5.
This is the usual intracardiac anatomic pattern of PA-
VSD. 

In the other 38 children (group II) the intracardiac
anatomy was diagnosed as �complex�10 owing to the
presence of heterotaxia (8 cases), tricuspid atresia (4 cas-
es), a double-inlet left ventricle (2 cases), transposition
of the great arteries (18 cases), and congenitally corrected
transposition of the great arteries (6 cases). Major aor-
topulmonary collateral arteries were diagnosed when sys-
temic arteries originating from the aorta or from its
main branches and supplying the blood flow to the
lungs either directly or in association with the native pul-
monary arteries were detected3-5.

Phenotypic evaluation included facial dysmorphisms
and extracardiac anomalies in all patients. Standard

chromosome analysis of peripheral lymphocytes and flu-
orescent in situ hybridization with Sc11.1, co23, and
D22S75 and D22S39 (control ONCOR) probes were per-
formed in all 128 children. The prevalence of genetic
syndromes and of del22q11 as well as that of major aor-
topulmonary collateral arteries in children with a �sim-
ple� intracardiac anatomy were compared to those in
children with a �complex� intracardiac anatomy (Table
I). Statistical analysis was performed by the Fisher�s ex-
act test, and all p values ≤ 0.05 were considered signif-
icant. 

Results

In group I, 38 patients (42%) had genetic syndromes
or major extracardiac anomalies (Fig. 1) and del22q11
was detected in 28/90 cases (31%). In this group major
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Group I Group II
(n=90) (n=38)

Syndromic patients 38 (42%) 10 (26%)
Deletion 22q11 28 (31%) 0
CHARGE association 4 0
VACTERL association 3 2
Townes syndrome 1 0
Coffin-Siris syndrome 1 0
Cranio-cerebello-cardiac syndrome 1 0
Oro-facio-digital II syndrome 0 1
Major extracardiac anomalies 0 7

Table I. Genetic syndromes and extracardiac anomalies in patients
with pulmonary atresia with ventricular septal defect.

Figure 1. Pulmonary atresia with ventricular septal defect. CCTGA = congenitally corrected transposition of the great arteries; DILV = double-inlet
left ventricle; TF = tetralogy of Fallot; TGA = transposition of the great arteries.
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aortopulmonary collateral arteries occurred in 45 chil-
dren (50%) and in 16 of 28 patients presenting with
del22q11 (57%).

In group II, 10 patients (26%) had genetic syn-
dromes or major extracardiac anomalies (p = NS) but
none presented with del22q11 (p < 0.005). In no case was
the presence of major aortopulmonary collateral arter-
ies observed (p < 0.005)10. Overall, this pattern of pul-
monary blood supply was significantly more frequent
(16/28, 57%) among patients with del22q11 compared
to children with PA but without del22q11 (p = 0.01) (Fig.
1). There were no significant differences in terms of gen-
der or age between the two groups and between patients
with and without del22q11. There was complete corre-
spondence between genotype and phenotype: all pa-
tients with del22q11 had two or more classic phenotypic
signs of DiGeorge/velocardiofacial syndrome and none
of the nonsyndromic patients presented with del22q1111.

Investigation of the familial history revealed recur-
rent nonsyndromic congenital heart disease in one pedi-
gree, in which two sibs had �simple� PA-VSD without
del22q11. No additional familial congenital heart dis-
eases were found in pedigrees of patients with �simple�
or �complex� PA-VSD. Consanguinity was noted among
the parents of a patient with �simple� PA-VSD without
del22q11. Among patients with PA-VSD and del22q11,
the deletion segregated from the mother in 2 cases. The
affected mothers presented with mental retardation and
facial features characteristic of DiGeorge/velocardio-
facial syndrome but with no cardiac anomalies.

Discussion

Our study shows that the prevalence of del22q11 is
higher among patients with PA-VSD associated with a
�simple� intracardiac anatomy (p < 0.005). In these
children the pattern of pulmonary blood supply fre-
quently consists of major aortopulmonary collateral ar-
teries3-5 which, on the other hand, are very rare among
patients with PA and a �complex� intracardiac anatomy10.
Our data suggest that PA-VSD associated with del22q11
increases the risk of the presence of major aortopul-
monary collateral arteries (16/28, 57%) compared to PA
without del22q11 (29/100, 29%) (p = 0.01). Moreover,
the prevalence of del22q11 is significantly higher (16/45,
35%) among patients with PA and major aortopul-
monary collateral arteries than in patients with PA and
ductus arteriosus (12/83, 14%) (p = 0.01).

Probably these two groups of patients with PA should
be considered separate entities with different anatomic,
genetic and surgical implications11. However, considering
only patients with PA-VSD and a �simple� intracar-
diac anatomy, there is a similar prevalence of del22q11
in children with major aortopulmonary collateral arter-
ies (16/45) and in those with ductus arteriosus �tetral-
ogy of Fallot� type (12/45).

PA, similar to other conotruncal defects12-15, is an
anatomically and morphogenetically heterogeneous dis-
ease. In children with DiGeorge/velocardiofacial syn-
drome, PA is usually associated with a �simple� intra-
cardiac anatomy, frequently presents major aorto-
pulmonary collateral arteries and is caused by del22q11;
on the contrary PA in the setting of complex congeni-
tal heart disease is not associated with del22q11 and the
pulmonary blood supply is usually provided by a patent
ductus arteriosus. In the latter cases, PA is due to other
morphogenetic mechanisms probably related to the pat-
tern of intracardiac malformations. The heterogeneous
morphogenesis of PA is supported by the high number
and variety of associated genetic conditions, even dif-
ferent from DiGeorge/velocardiofacial syndrome, pre-
sent in all anatomic forms (Table I).

The intracardiac and extracardiac anatomic com-
plexity of the heart defects associated with PA contin-
ues to stimulate the search for new nomenclature and
classifications16-19. Patients with PA and major aor-
topulmonary arteries should be differentiated from those
with single ductus arteriosus and confluent pulmonary
arteries (tetralogy of Fallot with PA).

We suggest that the genetic aspects are useful for the
anatomic comprehension and categorization of these
cardiac defects. 
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