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Abstract Introduction: Patients with absent pulmonary valve syndrome often present early with airway compression
from aneurysmal pulmonary arteries. This study reviews our experience in managing absent pulmonary valve
syndrome in later presenting children, and techniques used for managing airway compression.Methods: This study is
a retrospective chart review of all patients who underwent repair of absent pulmonary valve syndrome from 2000 to
2012 at our institution. The primary endpoints were post-operative bronchoscopic and clinical evidence of
persistent airway compression and need for reinterventions on the pulmonary arteries. Results: A total of 19 patients
were included during the study period. The mean age at repair was 4.1± 3.0 years (range 10 months–11 years).
In all, seven patients had pre-operative bronchoscopic evidence of airway compression, which was managed
by pulmonary artery reduction plasty in four patients and Lecompte manoeuvre in three patients. There were no
peri-operative deaths. In patients with pulmonary artery plasty, two had no post-operative airway compression, one
patient had improved compression, and one patient had unchanged compression. In patients managed with a
Lecompte manoeuvre, two patients had no or trivial airway compression and one had improved compression. There
were six late reinterventions or reoperations on the pulmonary arteries – two out of four in the pulmonary artery
plasty group and one out of three in the Lecompte group. Conclusions: Most late-presenting patients with absent
pulmonary valve syndrome do not have airway compression. Either pulmonary artery reduction plasty or the
Lecompte manoeuvre can relieve proximal airway compression, without a significantly different risk of pulmonary
artery reintervention between techniques.
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ABSENT PULMONARY VALVE SYNDROME IS A RARE

conotruncal variant, occurring in 3–6% of
patients with tetralogy of Fallot. It is characterised

by a ventricular septal defect that is usually located in the
outlet septum, absent or rudimentary pulmonary valve

leaflets with obstruction at the pulmonary valve ring
level, which is densely fibrotic, and an absence of the
arterial duct.1 The pulmonary arteries are massively
dilated and have abnormal branching patterns, often
causing severe tracheobronchial obstruction2,3 (see Fig 1).
The timing of presentation often reflects the degree of
airway compression, and appears bimodal, with severe
symptoms in some neonates and young infants, and later
presentation in older children.
Surgical repair of absent pulmonary valve syn-

drome usually includes pulmonary artery reduction
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plasty to relieve proximal obstruction of the main-
stem airways.1,4,5 The Lecompte manoeuvre has been
proposed to address airway obstruction, although
there are limited data available.6–8 There has been no
bronchoscopic evaluation of improvement in airway
obstruction following repair of absent pulmonary valve
syndrome associated with different surgical techniques
aimed at relieving obstruction by aneurysmal pulmo-
nary arteries. This study reviews our recent experience in
managing absent pulmonary valve syndrome in later
presenting children, and surgical techniques used for
managing airway compression.

Materials and methods

Study design
This study is a retrospective review of all patients who
underwent surgical repair of tetralogy of Fallot and
absent pulmonary valve syndrome from 2000 to
2012 at our institution. The study was approved by
the Institutional Internal Review Board, and indivi-
dual patient consent was waived.
The primary endpoints were post-operative

bronchoscopic and clinical evidence of persistent
airway compression, and need for reinterventions or
reoperations on the pulmonary arteries. All patients
were followed-up to death or until January, 2013.
A portion of the patients included were reported
previously in brief reports.8,9

Surgical technique
All patients who had pre-operative respiratory symptoms
underwent bronchoscopy before the initiation of
cardiopulmonary bypass, and after weaning from
cardiopulmonary bypass, to assess airway compression
by the pulmonary arteries. Imaging of the airways,
either through computed tomography or magnetic
resonance imaging, are not part of our routine protocol
for airway assessment in these patients, and was used to
assess associated anomalies as clinically indicated.

All operations were performed through a median
sternotomy with normothermic cardiopulmonary
bypass, established by aortic and bicaval cannulation.
The aortic cannulation and cross-clamp were placed
in the distal ascending aorta to allow subsequent
aortic transection, if necessary. Myocardial protection
consisted of hyperkalaemic crystalloid solution
administered into the aortic root. The atrial septal
defect was closed primarily through a right atriotomy.
A vertical infundibulotomy was then performed,
hypertrophied right ventricular muscle bundles were
resected, and the ventricular septal defect was closed
with a pericardial patch.
In patients with pre-operative bronchoscopic

evidence of airway compression, the left and right
pulmonary arteries and the first hilar branches were
dissected free and mobilised, and airway compression
was managed either by incising and reducing the
branch pulmonary arteries from hilum to hilum (see
Fig 2) or by transecting the aorta and resecting
a triangular segment of the aorta, then bringing
the pulmonary arteries anterior to the aorta in a
Lecompte manoeuvre before completing the aortic
anastomosis (see Fig 3). The management choice
between Lecompte or pulmonary artery plasty was at
the operating surgeon’s discretion. The right ven-
tricular outflow tract was reconstructed with a valved
conduit.

Statistical analysis
Statistical analyses were performed with SPSS
software (version 21, SPSS Inc., Chicago, Illinois,
United States of America). Data are presented as
mean± standard deviation or median (range) where
appropriate. Continuous variables were analysed
with the Student’s t-test for normally distributed
variables, or the related samples Wilcoxon’s signed
rank test for non-normally distributed variables,
and categorical variables using Fisher’s exact test.
Normality of continuous data was evaluated with the
Kolmogorov–Smirnov test.

Figure 1.
Cardiac magnetic resonance imaging of bronchial stenosis in absent pulmonary valve syndrome. (a) axial plane, (b) coronal plane, (c) sagittal
plane. LMB= left mainstem bronchus; LPA= left pulmonary artery; RPA= right pulmonary artery.
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Results

Demographics

A total of 19 patients were included during the study
period. Patient baseline characteristics are summarised
in Table 1. The mean age at repair was 4.1± 3.0 years
(range 10 months–11 years). As a tertiary referral centre

for humanitarian patients, only one 10-month-old
infant was included during the study period.
In all, six patients had associated anomalies: three

with discontinuous left pulmonary artery from major
aortopulmonary collaterals, one with a major aorto-
pulmonary collateral to the left pulmonary artery,
one with a right aortic arch, supracardiac totally

Figure 2.
Pulmonary artery reduction plasty. The pulmonary artery is transected at the annulus, extending across the fibrous ring into the right
ventricular infundibulum. Arterioplasty of the branch pulmonary arteries reduces their calibre, and a valved conduit is placed between the
right ventriculotomy and the pulmonary bifurcation. Reproduced with permission from Brown et al.2

Figure 3.
Lecompte manoeuvre in tetralogy of Fallot with absent pulmonary valve syndrome. The aorta is transected above at the sinotubular junction,
and a short tubular section of the aorta is resected, to bring the ascending aorta down and to the left. The pulmonary artery is transected above
the fibrous annulus, avoiding the left coronary artery, and passed anterior to the aorta, after mobilisation of the right pulmonary artery to
avoid compression of the right coronary. Reproduced with permission from Hraska.3

Table 1. Patient baseline characteristics.

Characteristic Value

Patients 19
Age at repair (years) 4.1± 3.0
Infants 1 (5.2%)

Associated anomalies
Discontinuous left pulmonary artery from major aortopulmonary collaterals 2 (10.5%)
Major aortopulmonary collateral to the left pulmonary artery 1 (5.2%)
Left pulmonary artery hypoplasia 1 (5.2%)
Right aortic arch 1 (5.2%)
Supracardiac totally anomalous pulmonary venous return, infradiaphragmatic major aortopulmonary collateral to the right lung 1 (5.2%)
Arterial duct 1 (5.2%)
DiGeorge syndrome 1 (5.2%)

Pre-operative respiratory symptoms 8 (42.1%)
Pre-operative bronchoscopic airway compression 7 (36.8%)
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anomalous pulmonary venous return, and infra-
diaphragmatic major aortopulmonary collateral to
the right lung, and one patient with DiGeorge
syndrome. In all, eight patients with respiratory
symptoms had pre-operative bronchoscopy, which
showed airway compression in seven patients.

Operative details and outcomes
Surgical management is detailed in Table 2. Airway
compression was addressed in all seven patients with
pre-operative bronchoscopic evidence of compression,
by pulmonary artery reduction plasty in four patients,
and Lecompte manoeuvre in three patients.
There were no peri-operative deaths. In all, three

patients presented complete heart block, requiring
permanent pacemaker implantation.

Post-operative airway compression
Among the four patients managed with pulmonary
artery reduction plasty, two patients had no residual
airway compression, one patient had improved com-
pression, and one patient had unchanged compression
on post-operative bronchoscopy. In patients managed
with a Lecompte manoeuvre, two patients had no or
trivial airway compression and one had improved
compression. All of the patients were discharged with-
out respiratory symptoms.

Follow-up
During a median follow-up of 6.2 years (range
14 months–13 years), there were no late deaths.
None of the patients presented recurrent respiratory
symptoms. There were six late reinterventions or
reoperations on the pulmonary arteries. There were
two patients who required surgical replacement of
their right ventricle to pulmonary artery conduit –
1 contegra, 1 homograft – one patient who required
balloon dilatation of the distal conduit anastomosis,

two patients who required right pulmonary artery
balloon dilatation and stenting, and one patient who
had a percutaneous pulmonary valve replacement with a
Melody® valve. The distribution of reinterventions and
reoperations was not significantly different if and how
airway compression was managed at repair: two out of
four in the pulmonary artery plasty group and one out of
three in the Lecompte group.
Finally, two patients have significant residual

haemodynamic lesions that are being treated con-
servatively: one patient presented moderate stenosis
at the right ventricular–pulmonary artery conduit
anastomosis (Labcor), which is being managed con-
servatively and one patient presentedmoderate stenosis at
the left pulmonary artery unifocalisation to a Gore-Tex
tube graft, which has not been reintervened on.

Discussion

Tetralogy of Fallot with absent pulmonary valve
syndrome is a rare congenital cardiac malformation,
comprising 3–6% of patients of the tetralogy complex.3

Chevers first described this syndrome in 1847,10 as the
association of a malalignment ventricular septal defect
and stenosis at the pulmonary artery annulus with or
without narrowing of the right ventricular infundibu-
lum, and two additional unique features, pulmonary
regurgitation secondary to absent or rudimentary
pulmonary valve leaflets and aneurysmal dilatation
of the pulmonary trunk and the main pulmonary
arterial branches. It is strongly associated with
DiGeorge syndrome, present in up to 25% of patients
with absent pulmonary valve syndrome.11

Clinical presentation reflects the degree of
respiratory distress secondary to airway obstruction
and infections and heart failure as a result of the left-
to-right shunt.3 There is a bimodal presentation. The
first group comprises neonates and infants with severe
respiratory distress, and the mortality in this patient
group remains considerable.2,3 Massively dilated
right and left pulmonary arteries up to the hilum
are amenable to surgical intervention. However,
abnormalities of arborisation and intrapulmonary
bronchial compression cannot be addressed during
surgery. This could partially explain the high rate of
failure with the treatment of the youngest, sympto-
matic group of patients. Repair in older patients is
deemed lower risk, although there is a lack of recent
data in this patient group. We report our experience
in managing patients with absent pulmonary valve
syndrome mostly at a relatively older age, from
toddlerhood to 10 years of age. Our patients had
more associated anomalies, such as non-confluent
pulmonary arteries and major aortopulmonary col-
laterals, which may explain the relatively high rate
of reoperation and reintervention on the conduits

Table 2. Operative techniques.

Characteristic Value

Right ventricular-to-pulmonary artery conduit 19 (100%)
Matrix P plus 4 (21.1%)
Contegra 8 (42.1%)
Homograft 6 (31.6%)
Labcor 1 (5.3%)

Conduit size 15.7± 1.8 mm
Associated procedures
Pulmonary artery reduction plasty 4 (21.1%)
Lecompte manoeuvre 3 (15.8%)
Branch pulmonary artery patch augmentation 1 (5.2%)
Pulmonary artery collateral unifocalisation 2 (10.5%)
Arterial duct ligation 1 (5.2%)
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and branch pulmonary arteries. Furthermore, our
institutional approach is to use valve conduits to
re-establish the right ventricular-to-pulmonary artery
continuity, associated with a significant burden of
conduit stenosis with time calcification. Although
many authors have advocated using valved conduits
in neonates because of the risk of pulmonary hyper-
tension, most favour using transannular patch to
delay reoperations as long as possible.
Significant controversy persists regarding the

management of patients with absent pulmonary valve
syndrome, and particularly how to manage airway
obstruction. A number of surgical techniques for
reduction of bronchial obstruction have been pro-
posed, with variable results. Palliative operations, as
summarised by Brown et al,2 included pulmonary
artery or aortopexy to the chest wall, transecting the
right pulmonary artery and reattaching it to the
pulmonary trunk in front of the aorta (pseudo-
Lecompte), creation of a classic Glenn shunt, reducing
the pulmonary artery size, lobectomies of collapsed
or emphysematous lungs, and pulmonary artery
ligation, and construction of a central shunt. Most
recent reports have focused on reducing the size of the
pulmonary arteries, by resecting a segment of anterior
pulmonary and branch pulmonary arterial wall
and closing the defect, usually over an appropriately
sized dilator, and closing the main pulmonary artery
with a transannular patch or a pulmonary valve
replacement, and adding posterior plication in
severely dilated pulmonary arteries.1,2,4,5,12 The
Lecompte manoeuvre has been proposed as an alter-
nate solution to airway compression, particularly in
neonates or young infants, as a means to pull the
dilated pulmonary arteries away from the airway and
relieve obstruction. Hraska et al6 first reported their
intermediate results in six young infants using this
technique, with post-operative computed tomo-
graphic scans showing no proximal airway compres-
sion. Nölke et al reported their experience in four
patients – three infants with tetralogy of Fallot,
absent pulmonary valve syndrome, and one 3.5-year-
old child with an intact ventricular septum – who
underwent repair including the Lecompte manoeuvre.
They reported no deaths and relief of airway obstruc-
tion in all patients at a mean follow-up of 2 years, with
the exception of one patient with pre-operative sub-
glottic stenosis requiring tracheostomy. The patients
we report herein are relatively older, and addressing
airway compression at this late stage could risk
unmasking tracheo-bronchomalacia. This complica-
tion has not been evident in our experience, although
this may be due to the fact that our patients had rela-
tively mild respiratory symptoms and presented later
for repair. Given the limited number of patients
included and the power of this study, these data are not

able to show superiority of either surgical techniques
for relieving airway obstruction, and we have indivi-
dualised the surgical technique to individual patient
anatomy. If the branch pulmonary arteries are very
large and mechanically compress the airways because
of their shear size, we prefer to use reduction
arterioplasty. If there is evidence of airway obstruction
with relatively normal-sized or slightly enlarged
branch pulmonary arteries, we suspect a component of
bronchomalacia or distal airway compression, and
prefer to use the Lecompte manoeuvre to pull the
pulmonary arteries away from the airways.
From a technical perspective, Hraska noted two

surgical pitfalls of this technique3: the azygos vein is
systematically ligated and divided, to improve
mobilisation of the right pulmonary artery; and the
right coronary artery is potentially at risk of com-
pression by the right pulmonary artery if it is insuf-
ficiently mobilised and “bow-stringed” to achieve a
direct connection of the pulmonary artery to the right
ventricular infundibulum. As we routinely use
valved conduits to reconstruct the right ventricular–
pulmonary artery continuity and possibly because of
our relatively older patient population, we have not
found it necessary to divide the azygos vein or
encountered right coronary artery compression.
There is significant controversy regarding the use

of valved conduits for patients with absent pulmon-
ary valve. Placing a conduit has the advantage of
avoiding the volume load on an already dilated right
ventricle after repair, and is particularly indicated in
patients with high pulmonary arterial pressure.
However, patients with absent pulmonary valve
syndrome have a relatively protected pulmonary
vascular bed because of the obstruction at the level of
the pulmonary annular ring, and rarely present pul-
monary hypertension. Furthermore, placing a valved
conduit that will calcify and become stenotic within a
few years, with the added risk of stenosis at the distal
anastomosis, runs the risk of more frequent reopera-
tions for conduit replacement compared with a
transannular patch. Interestingly, two of our patients
required branch pulmonary artery balloon dilatation
and stenting, which is somewhat surprising in the
setting of aneurysmal pulmonary arteries. Of these
patients, one had discontinuous pulmonary arteries,
with a left pulmonary artery arising from a major
aortopulmonary collateral, which had to be uni-
focalised at the time of absent pulmonary valve syn-
drome repair. This patient subsequently presented
with distal conduit and proximal left pulmonary
artery stenosis, which required balloon dilatation
and stenting. The other patient, who underwent
Lecompte manoeuvre for airway compression man-
agement, presented stenosis of the distal anastomosis of
his Contegra conduit, which encroached on the ostium
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of both branch pulmonary arteries. This required bal-
loon dilatation and stenting of the proximal branch
pulmonary arteries. A transannular patch places a
volume load on the right ventricle, which will later
require pulmonary valve replacement, although this
will usually occur later than with a valved conduit.
Unfortunately, there are no data within this patient
population to guide which is the better approach,
although most will agree that a symptomatic neonate
with absent pulmonary valve syndrome will be
far better served with a valved conduit. We favour
placing a valved conduit, as this allows for less
inotropic support and faster time to extubation in the
intensive care unit, and as several of our patients had
pulmonary arterial lesions that could lead to high
post-operative pulmonary arterial pressure – dis-
continuous pulmonary arteries and/or hypoplastic
branch pulmonary arteries.
This study has several limitations. It is a retro-

spective review of management of absent pulmonary
valve syndrome, and represents a 13-year period of
evolving experience with managing this disease, from
a single institution. As such, any inferences drawn
from these data are limited by confounding variables,
such as repair type, associated anomalies, and
peri-operative management. Our sample size also
limits our ability to perform extensive statistical
adjustments for these differences. Furthermore, the
choice of repair to relieve airway obstruction was at
the discretion of the operating surgeon, introducing
the risk of selection bias. Finally, airway evaluation
by bronchoscopy was performed solely in sympto-
matic patients. Some asymptomatic patients might
have had airway compression or anomalies. None-
theless, this study reports one of the largest number of
patients presenting later with absent pulmonary
valve syndrome.
In conclusion, a majority of late-presenting

patients with absent pulmonary valve syndrome do
not have symptoms or signs of airway compression.
When present, either pulmonary artery reduction
plasty or the Lecompte manoeuvre can relieve
proximal airway compression, without a significantly
different risk of pulmonary artery reintervention
between techniques.
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