
Introduction
Absent Pulmonary Valve Syndrome (APVS) is a rare variant
andmakes up about 3-6% of patients of Tetralogy of Fallot
(ToF).1 Apart from the hallmark features of ToF, these
patients have an absent/rudimentary pulmonary valve,
leading to pulmonary regurgitation during foetal life,
causing aneurysmal dilatation of pulmonary vessels,
compressing the trachea or the main stem bronchi, and
leading to tracheomalacia and bronchomalacia. Patients
present in early infancy with respiratory symptoms, but
some reach adulthood undetected. The debate continues
whether to operate early, insert pulmonary valve or
operate when respiratory symptoms develop.

The current study was planned to review the
management and outcomes of surgical interventions.

Patients and Methods
The retrospective chart review and prospective follow up
was conducted at Congenital Cardiac Services, Aga Khan
University Hospital, Karachi, Pakistan, and comprised data
of patients with ToF and APVS between April 2007 and
June 2012. Data was analysed together with follow-up
echocardiography. Institutional policy did not require
ethical review committee's approval for retrospective
analyses. Demographics, pre-operative echocardiogram
and computed tomography (CT) angiogram findings
together with operative data, complications and post-
operative echocardiographic analysis were recorded on a
pre-designed proforma. Data was analysed using SPSS 17
and was expressed as median and minimum-maximum
ranges where appropriate.

All operations had been performed via a median
sternotomy. Cardiopulmonary bypass (CPB) was
established with aortic and bi-caval cannulation and
moderate hypothermia of 28°C. Aortic cross-clamping
was applied and myocardial preservation was maintained
with intermittent ante-grade cold blood cardioplegia for
intra-cardiac repair.
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Complete repair was performed in all patients.
Enlargement of the Right Ventricular OutflowTract (RVOT)
was done by resecting the hypertrophied muscle bundles
through a trans-annular patch and infundibular incision
that was made to serve as a site of the Right Ventricle (RV)
to Pulmonary Artery(PA) conduit and relief of RVOT
obstruction (RVOTO). PA reduction arterioplasty was
performed in patients by excising elliptical strips of the
anterior PA wall.

The Ventricular Septal Defect (VSD) was closed with a
patch of Dacron through a right atriotomy.

Following closure of the VSD, the left heart was de-aired
and the aortic cross-clamp was released. The RV to PA
reconstruction was performed with an empty beating
heart to minimise myocardial ischaemia time.

RV to PA continuity was restored with a Contegra valved
conduit, bioprosthetic valve, monocusp or trans-annular
patch. The atriotomy was closed during re-warming. A
Patent Foramen Ovale (PFO) was always left behind to
vent the RV and prevent RV dysfunction.

Post-operative echocardiography was performed in all
patients at the time of discharge, measuring trans-
pulmonary pressure gradients and RV ejection fraction
(EF).

Follow-up data was obtained in June 2012, corresponding
to a midterm follow-up of 17 months (range: 2.5-50
months). Echocardiography was performed to evaluate
their RVOT gradient, valve integrity and RV function.

Results
Of the 204 patients, 6 (3%) had undergone surgical
correction for ToF with APVS. All 6(100%) patients
underwent complete repair. Median age for surgery was
8.5 years (range: 0.5-29 years) (Table-1). Out of the 6
patients, 5(83.3%) presented with complaints of recurrent
respiratory tract infections. The three older patients (age
>12 years) had shortness of breath and cough which
worsened with exertion or while lying flat. One (16.6%)
infant had DiGeorge syndrome.

All patients were undernourished with the median body
mass index (BMI) of the older 3(50%) patients being
14.55kg/m2 (range: 11.88-17.52), and the weight and
height of the 3(50%) infants were below the fifth
percentile.

Pre-operative echocardiograms showed findings
consistent with ToF with APVS (Table-2). Five (83.3%)
patients had large VSD. The remaining patient (No. 5) had
his VSD closure during a previous surgery 15 years ago at

another hospital. All had severe RVOTO and moderate to
severe pulmonary regurgitation. Atrial Septal Defect
(ASD) was noted in 1(16.6%) patient (No. 1), and 1(16.6%)
had Patent Ductus Arteriosus (PDA) (No.5). All 5 (83.3%) of
these patients had significantly large Main Pulmonary
Arteries (MPAs) and Branch Pulmonary Arteries (BPAs).
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Table-1: Summary of variables.

Median (min-max)

Pre-operative variables
Male : Female 4:2
Age (years) 8.5 (0.5-29)
Weight (kg) 21.25 (5.4-51.5)
Height (cm) 102.75 (64-173)
Operative variables
Pre-operative O2 saturation (%) 93 (82-100)
Post-operative O2 saturation (%) 98.5 (95-100)
Cross clamp time (min) 125 (95-170)
Cardiopulmonary bypass time (min) 160 (131-240)
Post-operative variables
Days on ventilation 3 (1- 11)
Follow-up (in months) 17(2.5-50)
Complication rate (%) 67%

Figure-1: Computed tomography scan showing enlarged MPA, RPA and LPA
compressing the tracheobronchial tree. Also, the right lung showing chronic atelectasis.

LB: Left Main Stem Bronchus. LPA: Left Pulmonary Artery. MPA: Main Pulmonary Artery.
RB: Right Main Stem Bronchus. RPA: Right Pulmonary Artery.



CT angiogram confirmed the findings on
echocardiogram. They also showed compression of the
trachea and main stem bronchi by the dilated pulmonary
arteries (Figures-1 and 2).

Only 1(16.6%) patient had been previously operated for

closure of VSD, while 5(83.3%) were undergoing surgery
for the first time. The median by pass time was 160
minutes (range: 131-240 minutes) and cross-clamp time
was 125 minutes (range: 95-170 minutes). RV to PA
continuity was restored with a Contegra valved conduit in
1(16.6%), bioprosthetic valve in 2(33.3%), monocusp in
2(33.3%) or trans-annular patch (TAP) in 1(16.6%) (Table-
3) (Figures-3 and 4).
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Table-2: Pre-operative Echocardiogram findings.

Age at surgery (years) VSD in mm RVOT gradient in mmHg Pulmonary Regurgitation MPA diameter (*) BPA diameter (+)

Case 1 0.5 7.00 60.00 Severe 11.00 (9) 11.00 (5.5)
Case 2 5 15.00 60.00 Moderate 17.00 (13) 13.00 (9)
Case 3 12 17.00 90.00 Moderate 32.00 (15) 13.00 (12.5)
Case 4 24 20.00 70.00 Moderate 56.00 (16) 38.00 (13)
Case 5 29 N/A 30.00 Severe 64.00 (18) 30.00 (14)
Case 6 0.5 8.00 57.00 Severe 15.00 (9) 12.00 (6)

BPA: Branch Pulmonary Artery. MPA: Mean Pulmonary Artery. RVOT: Right ventricular outflow tract. VSD: Ventricular septal defect.
* predicted MPA calculated using Body Surface Area (2). +predicted BPA

Figure-2: Computed tomography angiogram showing aneurysmal pulmonary artery
and infundibular stenosis and dilatation.

IS: Infundibular Stenosis. PA: Pulmonary Artery. RV: Right Ventricle.
Figure-3: Pulmonary artery cut open showing stenosis with absence of pulmonary
valve.

Arrow showing pulmonary artery stenosis. RV: Right Ventricle.



Median time on ventilation was 3 days (range: 1-11 days)
and all patients were discharged within a week's time
after being shifted to the ward (Table-4). The younger
patients were ventilated for longer compared to the older
ones. However, the latter group suffered from more post-
operative complications i.e. cardiac tamponade and
pleural effusion. Case 3 required re-exploration, while
Case 5 had the pleural and pericardial collections drained
via tube thoracostomy. The reason for the high
mediastinal drain output and collection was secondary to
post-operative coagulopathy. Since then we have
incorporated the use of whole blood and the effect on
post-operative bleeding has reduced remarkably.

At follow-up, valve regurgitation was severe in 2(33.3%)
patients who had free pulmonary regurgitation. This was
secondary to the monocusp valve getting stuck to the
under-surface of the TAP. RV function ranged from good
to mild dysfunction in the given follow-up time period in
all the patients.

Discussion
TOF-APVS is characterised by aneurysmal dilatation of the
PAs and atresia or rudimentary development of the
pulmonary valve with a hypoplastic annulus. Airway
morbidity is what differentiates APVS from other
variations of the Fallot's anatomical spectrum.2
Tracheobronchial compression by dilated PAs in neonates
and infants is the cause of respiratory symptoms.3
Approximately half of ToF with APVS patients present in
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Table-3: Operative findings.

Age at surgery (years) Valve TAP RV myomectomy VSD closure Reduction pulmonary arterioplasty

Case 1 0.5 None Yes Yes Yes Yes
Case 2 5 Contegra No Yes Yes No
Case 3 12 Monocusp Yes Yes Yes No
Case 4 24 Bioprosthetic 21mm Yes Yes Yes No
Case 5 29 Bioprosthetic 23mm No No No Yes
Case 6 0.5 Monocusp No No Yes Yes

RV: Right Ventricle. TAP: Trans-annular Patch. VSD: Ventricular Septal Defect.

Table-4: Post-operative complications and follow-up findings.

Days ventilated Complications Follow up time in months Follow-up RVOT Follow-up Valvular
gradient (mmHg) regurgitation

Case 1 4 sepsis and pneumonia 26 80 Moderate
Case 2 4 None 50 20 Mild
Case 3 1 Pleural + cardiac effusion (tube thoracostomy and drainage) 38 16 Severe
Case 4 2 None 2.5 30 Mild
Case 5 1 Cardiac tamponade (pericardial window ) 8.0 18 Mild
Case 6 11 Sepsis 3.0 20 Severe

RVOT: Right ventricular outflow tract.

Figure-4: Intra-operative picture of a bioprosthetic valve insertion.

Arrow showing 21mm bioprosthetic valve. RV: Right Ventricle.



infancy with respiratory symptoms.4

Patients of ToF with APVS can be sub-divided into two
distinct groups depending on age and symptoms; those
who present with respiratory symptoms in early infancy,
and those who do not. The latter group is clinically
comparable to standard ToF patients.1,4 In our series,
despite two distinct age groups, all patients showed
respiratory symptoms rather than ToF symptoms. The
older group (>12 years), had milder symptoms compared
to the younger patients.

Although there is no concrete consensus on the timing of
surgery, early primary repair should always be considered.
In infants with life-threatening airway obstruction surgery
is necessitated due to poor prognosis with medical
treatment.5 However, the two main questions regarding
repair are whether a prosthetic pulmonary valve should
be inserted and secondly whether to perform pulmonary
reduction arterioplasty along with the classical ToF repair.

Insertion of pulmonary valve remains a controversial
subject. In one study, monocusp valve did not prevent
significant pulmonary incompetence at late follow-up.
Moreover, complications such as calcification and stenosis
of the prosthetic valvemay require future reoperations for
pulmonary valve replacement.5 For this reason some
authors suggest delaying surgery in older asymptomatic
children.6

The presence and severity of respiratory distress are the
deciding factors in pulmonary reduction arterioplasty. In
patients with respiratory compromise, a pulmonary
reduction arterioplasty is performed which may be
combined with a Le'compte manoeuvre.4 Sometimes
despite repair of primary lesion, these patients continue
to have a complicated course because of irreversible
changes in the airways (bronchomalacia or
tracheomalacia) secondary to prolonged extrinsic
vascular compression during peri-natal development.4,5,7

As dictated by their respiratory symptoms, three of the six
patients underwent pulmonary reduction arterioplasty.
Out of these, the two younger patients had no valve
inserted, while the older one had a bioprsothetic valve
(Case 5) and showed satisfactory post-operative results. A
prosthetic valve was not inserted in the younger patients
as it would have been too large for the small pulmonary
arteries, which may have led to compression of left
circumflex artery running posteriorly and compromising
the blood supply to the myocardium.

In the remaining three patients a classic ToF repair was
done. Case 3 had ToF repair with a monocusp, and this
patient developed free pulmonary regurgitation two

years after surgery. The other two valves used were the
Contegra (valved conduit) and the bioprosthetic valve.
Younger age at operation is associated with improved late
survival although most children will require RVOT re-
operation after outgrowing the conduit.8 There is also a
significant incidence of conduit-related complications,
particularly with the smaller conduits.9 In our case,
Contegra showed a favourable outcome in the five-year
follow-up time with only mild regurgitation and gradient
of 15mmHg.

On follow-up, majority of the patients remained free of
long-term complications and re-intervention.

The high RVOT gradient of 80mmHg (Case 1) was an
unexpected outcome, but pulmonary stenosis may have
developed because of incomplete infundibular resection
trying to prevent free pulmonary regurgitation in the
post-operative period. The parents were counselled about
the need of re-operation in order to relieve the high RVOT
gradient, but the patient was unfortunately lost to follow-
up, a situation not unheard of in a third world country.

There is little data regarding the long-term prognosis after
repair of ToF with APVS. We believe that the current
clinical strategy dictating the use of a pulmonary
reduction arterioplasty in patients with respiratory
compromise, restoration of pulmonary valve competence
along with post-operative ventilator management results
in an effective outcome. Due to the small number in our
series, however, we cannot comment about long-term
consequences.

Conclusion
ToF with APVS is a rare syndrome. Historically, early
surgery has been preferred, but the hallmark of repair
depends upon relieving airway compression, establishing
valve competency and achieving integrity of the
pulmonary circulation. Infants may require a more
aggressive post-operative ventilatory support and future
RVOT reoperations compared to older children.
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