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CONGENITAL ABSENCE OF THE PULMONARY VALVE

is a rare cardiac malformation of unknown
genetic cause. As far as we know, it was first

described by Crampton in 1830,1 and again by Favell
in 1842.2 It is characterized by dysplasia or absence
of the leaflets of the pulmonary valve, with ample
regurgitant flow. The malformation is usually associ-
ated with tetralogy of Fallot, as first described by

Chevers.3 Congenital absence of the leaflets of the
pulmonary valve in the setting of an intact ventricu-
lar septum is less common.4 Characteristic features
of the so-called ‘absent pulmonary valve syndrome’
include right ventricular enlargement, infundibular
prominence, and aneurysmal dilation of the pul-
monary arteries.5–7 The infants most severely affected
present with the respiratory distress. Pulmonary com-
plications, such as obstructive emphysema and atelec-
tasis, are often fatal.8,9 Our review of the literature
revealed relatively few reported series, most of them
focused on the surgical outcome of the absence of the
valvar leaflets in the setting of tetralogy of Fallot.10,11
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The aim of our study, therefore, was to review our
experience with patients who had been diagnosed
with absent pulmonary valve syndrome, and to
describe their clinical presentation, associated anom-
alies, natural history, and outcome.

Methods

We undertook a review of our retrospective medical
records, searching our hospital database using the
diagnostic terms “tetralogy of Fallot” and “absent
pulmonary valve”, for children treated between
1983 and 2003. Having established the size of our
cohort, we evaluated their clinical reports, echocardio-
graph examinations, data from cardiac catheterization,
surgical reports and records of their follow-up in
outpatient clinics.

Results

Between March 1983 and May 2003, a total of 465
children were treated in our Institution with the
diagnosis of tetralogy of Fallot or absent pulmonary
valve syndrome. During this period, we diagnosed
18 children with the syndrome, 10 (56%) boys and
eight (44%) girls, ranging in age from 1 day to 
12 years, with a median age of 1 day. All were treated
and followed at the Soroka University Medical Center.
Of the patients, 17 (94%) were Bedouin in origin,
and one was Jewish. In 11 patients, the leaflets of the
pulmonary valve were diagnosed as absent in the 
setting of tetralogy of Fallot, while seven patients
had an intact ventricular septum. Associated cardiac
lesions were found in three patients in whom the
ventricular septum was intact. 

Family history and genetics
There was a family history of congenital heart dis-
ease in eight of the 11 (73%) patients with pheno-
typic features of tetralogy of Fallot (Table 1). The
same lesion had occurred in siblings of six (55%)
patients, tetralogy of Fallot in another (Case 4), and
ventricular septal defect in the final one (Case 8).
None of the patients with an intact ventricular septum
(Table 2) had a family history of congenital cardiac
disease.

Deletion of chromosome 22q11 was not detected
in the two patients with absent pulmonary valve
syndrome and tetralogy of Fallot in whom this
analysis was performed. Furthermore, none of our
patients had a clinical presentation of the syndrome
of deletion of 22q11.

Clinical presentation
The patients with ventricular septal defect and tetral-
ogy of Fallot were all diagnosed during the neonatal

period (Table 1). Of these patients, nine (82%) were
symptomatic at that age, with symptoms including
respiratory distress and variable cyanosis. Only two
patients (18%) were asymptomatic. These were
referred for evaluation of a heart murmur (Table 3).

Three patients with an intact ventricular septum
had been diagnosed during childhood (Table 2). Of
the other four patients with intact ventricular sep-
tum, diagnosed as neonates, two were symptomatic
with variable cardiorespiratory distress, one diagno-
sis was made during evaluation of a heart murmur
(Case 3), and one following an abnormal fetal scan
(Case 7; Table 4). 

Follow-up
Of the patients with a ventricular septal defect and
tetralogy of Fallot, one patient (Case 8) developed
severe respiratory distress after birth. He received

Table 1. Summary of 11 patients with absent pulmonary valve
syndrome and ventricular septal defect in the setting of tetralogy
of Fallot.

Age at 
diagnosis 

Case Gender Race Family history (days)

1 F B Yes (sibling – APVS TOF) 1
2 F B Yes (sibling – APVS TOF) 1
3 F B No 2
4 M B Yes (sibling-TOF) 1
5 F B Yes (non identical 1

twin – APVS TOF)
6 M B YES (non identical 3

twin-APVS TOF)
7 M B No 1
8 F B Yes (sibling-VSD) 1
9 F B Yes (sibling-APVS TOF) 2
10 M B Yes (sibling-APVS TOF) 1
11 M B No 1

Abbreviations: APVS: absent pulmonary valve syndrome; B: Bedouin;
TOF: tetralogy of Fallot; VSD: ventricular septal defect

Table 2. Summary of seven patients with absence of the leaflets 
of the pulmonary valve with an intact ventricular septum.

Family Associated Age at 
Case Gender Race history lesions diagnosis

1 M B No PAD 1 day
2 M B No PAD 1 day
3 F B No PAD, ASD 3 days
4 M B No No 12 years
5 F B No No 8 years
6 M B No No 12 years
7 F J No No 1 day

Abbreviations: ASD: atrial septal defect; B: Bedouin; J: Jewish; 
PAD: persistent patency of arterial duct
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endotracheally-assisted ventilation, died within sev-
eral hours. Mild-to-moderate respiratory symptoms
developed in eight patients, but these patients were
discharged from the hospital at the age of 3 to 
25 days, with median of 6 days. Only two patients
were asymptomatic at birth, but they developed
symptoms soon after (Table 3). During infancy, all
patients developed recurrent respiratory infections,
with respiratory distress and respiratory wheezing of
variable severity, and required recurrent hospitaliza-
tion. In one instance, the patient died before surgery
at the age of 1 month (Case 3). The four most severely
affected patients (Cases 1, 2, 4, 11) underwent open-
heart surgery at 1, 4, 3 and 3 months respectively. Of
the remainder, four patients underwent surgery at an
older age, between 4 and 7 years, and one patient is
still awaiting surgery (Table 3). 

In those with an intact ventricular septum, two
patients were symptomatic at birth. Of these, one
patient (Case 1) required immediate intubation and
ventilation, and died within an hour. The other was
sent for an urgent operation. Both had additional per-
sistent patency of the arterial duct. Another patient
with additional atrial septal defect and persistent
patency of the arterial duct suffered from recur-
rent respiratory infections. This patient underwent
surgery at the age of eight years. The remaining four

patients were asymptomatic at birth, and remained
asymptomatic (Table 4). All of them had mild-to-
moderate obstruction of the right ventricular out-
flow tract.

Surgery
In those with a ventricular septal defect and tetralogy
of Fallot, the operative procedure included closure of
the ventricular septal defect, repair of the outflow
tract either with a pericardial patch or insertion of
homograft, and plication of the pulmonary trunk and
its proximal branches. In those with an intact ven-
tricular septum, surgery was undertaken in only two
patients. Of these, the second patient underwent lig-
ation of the persistently patent arterial duct as an
urgent procedure at the age of one week, and the
other (Case 3) underwent ligation of the duct and clo-
sure of the atrial septal defect at eight years of age
(Table 4). Correction of the problems affecting the
right ventricular outflow tract was not attempted.

Outcome
In all, five patients died (28%). Of these, four had a
ventricular septal defect and tetralogy of Fallot
(36%), with two of these patients dying without

Table 3. Clinical summary of 11 patients with absent pulmonary valve syndrome and ventricular septal defect in the setting of tetralogy 
of Fallot.

Neonatal Days in Symptoms at Surgery Follow-up 
Case Symptoms neonatal unit follow-up Age Outcome (months)

1 Moderate 6 Severe 18 d Ex 5
2 Moderate 3 Moderate 4 m Good 18
3 Moderate 4 Severe No Ex 1
4 Moderate 9 Moderate 3 m Ex 3
5 No 3 Mild 4 y Good 168
6 No 3 Mild 4 y Good 168
7 Mild 8 Mild No Good 27
8 Severe 1 Ex No 0.03
9 Moderate 7 Mild 7 y Good 0.3
10 Moderate 7 Mild 6 y Good 72
11 Moderate 25 Moderate 3 m Good 96

Abbreviations: d: day; m: month; y: year

Table 4. Clinical summary of seven patients with absence of the leaflets of the pulmonary valve with an intact ventricular septum.

Neonatal Days in Symptoms at Surgery Follow-up 
Case symptoms neonatal unit follow-up age Outcome (months)

1 Severe 1 Ex No 0.03
2 Moderate 14 Moderate 1 week Good 192
3 Mild 4 Mild 8 years Good 204
4 No 2 No No Good 96
5 No 2 No No Good 36
6 No 2 No No Good 24
7 No 2 No No Good 2
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undergoing surgery, and two dying post-operatively
due to respiratory failure and sepsis (Table 3). In
those with an intact ventricular septum, one patient
died (14%) (Table 4) at the age of 1 h.

Discussion

In most of the cases of so-called absence of the
leaflets of the pulmonary valve reported in the liter-
ature, there are associated cardiac anomalies. Tetralogy
of Fallot is the most common associated lesion.3,4 Other
associated anomalies include persistent patency of
the arterial duct, atrial septal defect, right ventricu-
lar hypoplasia, double outlet right ventricle, tricus-
pid atresia and others.9,12–16

In our group, 11 patients (61%) had an associated
ventricular septal defect, all considered to be in the
setting of tetralogy of Fallot, four patients (22%)
had no associated cardiac anomaly, and three patients
(17%) had persistent patency of the arterial duct
with intact ventricular septum, one of them with an
additional atrial septal defect.

Although the entity of so-called ‘absent pulmonary
valve syndrome’ with ventricular septal defect is
widely accepted as part of the spectrum of tetralogy
of Fallot, the patients do differ in respect to the mor-
phology of the right ventricular outflow, physiology,
the nature of the intrapulmonary vasculature, and
the involvement of the tracheo-bronchial tree. The
pathologic abnormalities in tetralogy of Fallot include
a rotated and anteriorly deviated infundibular, or
outlet, septum of variable size.6,7 The leaflets of the
pulmonary valve are always present, albeit at times
variably deformed, hypoplastic, or even atretic. The
branches of the pulmonary trunk are variably hypo-
plastic. The intrapulmonary circulation is normal,
and there is no vascular encroachment on the tracheo-
bronchial tree. The hemodynamic presentation is
that of a right-to-left shunt. In the so-called “absent
pulmonary valve syndrome” with ventricular septal
defect and tetralogy of Fallot, the pathological fea-
tures are totally different. The infundibulum is
wider than normal, virtually featureless, and of at
least normal length (Fig. 1). There is only rudimen-
tary formation of the pulmonary valvar tissue, or
even no tissue at all. Furthermore, there is not always
a marked change in caliber at the point where the
infundibulum becomes the pulmonary arterial tree, and
the pulmonary arteries become aneurysmal (Fig. 2).
There is usually severe pulmonary regurgitation
(Fig. 3). These same pathologic features exist in the
“absent pulmonary valve syndrome” with an intact
ventricular septum (Fig. 4). 

Absent pulmonary valve syndrome with ventricu-
lar septal defect in the setting of tetralogy of Fallot
typically features a combination of problems associated

with left-to-right shunting and airway obstruc-
tion.8,9,17 In the newborn period, many of these
patients are cyanotic, independent of their respira-
tory function. This is most likely due to relatively
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Figure 1.
A right ventriculogram, profiled in the antero-posterior view, showing a
wide right ventricular outflow tract and huge pulmonary arteries in a
four-year-old patient with absent pulmonary valve syndrome and a ven-
tricular septal defect. RV: right ventricle; PA: pulmonary arteries.

Figure 2.
A parasternal short axis echocardiogram in a five-year-old patient
with absent pulmonary valve syndrome and ventricular septal defect,
showing the wide right ventricular outflow tract and enormous dila-
tion of the pulmonary trunk and its proximal branches, which is
especially appreciated when the size of these vessels is compared with
that of the aorta. AO: aorta; MPA: pulmonary trunk; RPA: right
pulmonary artery; LPA: left pulmonary artery.
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high pulmonary vascular resistance in the presence of
an incompetent pulmonary outflow tract and a ven-
tricular septal defect. Characteristically, the cyanosis
abates concomitant with the fall in pulmonary vascu-
lar resistance.8,9 The intracardiac shunting frequently
becomes a net left-to-right shunt, and patients there-
fore have increased pulmonary blood flow. The

increased flow to the lungs, in addition to the native
dilation of the pulmonary arteries, may cause signif-
icant respiratory difficulties. The dilated pulmonary
arteries compress the large airways, creating a ball-like
effect. This effect may be compounded by enlarge-
ment of the left atrium, which further compresses
the airways, particularly the main stem of the left
bronchus. Intrinsic abnormalities of the bronchioles
themselves may cause further obstruction. The
pathology of the pulmonary tree is the major cause of
the clinical symptoms. Rabinovitch et al.,17 in a post-
mortem study of three severely affected infants,
showed that, in addition to the massively dilated
central pulmonary arteries compressing the main
bronchuses, there was a bizarre pattern of branching
of the pulmonary arteries that impaired alveolar multi-
plication and compressed the smaller intrapul-
monary bronchuses. Emmanouilides et al.18 mentioned
that histological findings similar to those seen in
Marfan’s Syndrome have been described in several
cases. Agenesis of the arterial duct was frequently
found in fetuses and neonates with absent pulmonary
valve in the setting of a ventricular septal defect and
tetralogy of Fallot. The etiology of this association is
rarely addressed. Some reports speculated on the
mechanism of dilated pulmonary arteries as a con-
sequence of agenesis of the arterial duct during fetal
life.18,19 A recent study on the prenatal role of the
arterial duct, however, suggests that persistent
patency of the arterial duct in this setting is lethal,
and the observation that tetralogy of Fallot and
absent leaflets of the pulmonary valve do not coexist

(a) (b)

Figure 3.
A parasternal short axis echocardiogram with Doppler color flow mapping showing systolic (a) and diastolic (b) flow at the ventriculo-
pulmonary junction in a newborn with “absent pulmonary valve syndrome” and mild pulmonary stenosis but severe regurgitation. 
MPA: pulmonary trunk.

Figure 4.
A right ventriculogram in the lateral position, showing a wide 
right ventricular outflow and aneurysmal pulmonary arteries, in a
10-year-old patient with absent pulmonary valve syndrome with an
intact ventricular septum. RV: right ventricle; PA: pulmonary
arteries.
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with persistent patency of the arterial duct may
reflect early gestational selection.20

Diagnosis of the absent pulmonary valve syndrome
in association with a ventricular septal defect and
tetralogy of Fallot is usually made during infancy,8,9 in
contrast with patients having absence of the leaflets
of the pulmonary valve with an intact ventricular
septum, who are not usually diagnosed until child-
hood. Only isolated cases have been reported where
cardiorespiratory distress developed during the neona-
tal period, leading to early diagnosis.13–16,21

All of our patients with a ventricular septal defect
were diagnosed in infancy, with four-fifths of them
exhibiting symptoms early in life. This group is
characterized by a stormy clinical presentation, severe
respiratory symptoms, and high morbidity and mor-
tality. Medical treatment often failed to control the
symptoms, and corrective surgery yielded varying
degrees of success. A minority of patients in this group
consisted of infants with mild respiratory symptoms.
Growth and development were usually normal, and
repair could be performed on an elective basis with
low risk. 

In our group with an intact ventricular septum,
seven-tenths were asymptomatic and diagnosed late
in childhood. The three patients with associated per-
sistent patency of the arterial duct developed symp-
toms and underwent surgery. In the patients with
the syndrome associated only with persistent patency
of the arterial duct, the cardiorespiratory distress is
related to the presence of increased right ventricu-
lar stroke volume due to pulmonary regurgitation,
together with the large left-to-right shunt through
the persistent arterial duct, resulting in pulmonary
dilation and congestion, a phenomenon Rabinovitch
et al.17 also observed in one of their patients with defi-
cient ventricular septation. 

Limited information is available regarding the
genetics of the absent pulmonary valve syndrome.
Patients with tetralogy of Fallot are frequently diag-
nosed with the 22q11 deletion syndrome.22 Sporadic
cases of absent leaflets of the pulmonary valve have been
reported in the literature in association with other
chromosomal anomalies.12 Podzimkova et al.21 spec-
ulated that absent pulmonary valve syndrome as seen
with tetralogy of Fallot, and absent leaflets of the
pulmonary valve with intact ventricular septum, are
entities with different etiologies. The first may have
a true anomaly involving the outflow tracts, and may
be associated with chromosome 22q11 deletion, and
the second could be explained by a primary defect in
the development of the leaflets of the pulmonary
valve, with hemodynamic changes leading to dilation
of pulmonary arteries.

We agree with the suggestion that the syndrome
as seen with ventricular septal defect and tetralogy of

Fallot differs from absence of the leaflets of the pul-
monary valve with an intact ventricular septum, and
that the entities represent two diseases, probably with
two different etiologies. The variant with ventricular
septal defect is characterized by a strong family his-
tory of congenital heart disease. Clinical presentation
is usually dramatic, during early infancy, with high
morbidity and variable prognosis. In contrast, the
patients with an intact ventricular septum represent
a different clinical group. In this group, there is no
family history, the diagnosis is made later in life, and
most patients are asymptomatic. Those who are symp-
tomatic are the ones with additional persistent patency
of the arterial duct or an atrial septal defect in the oval
fossa, the added malformations probably being respon-
sible for the intermediate pattern of symptoms.
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