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AORTOPULMONARY WINDOW IS A

communication between the ascending aorta
and the pulmonary trunk in the presence of 

2 separate arterial valves,1 and is distinct from the
common arterial trunk, which has a single arterial
valve.2–4 Such windows can occur in isolation, but
more frequently in association with other cardiac
defects.2,5–8 Clinical impact depends on the size of
the window, and on the presence of associated cardiac

defects. The risk factors and outcomes related to 
aortopulmonary window are suboptimally defined.
Studies addressing outcome have not assessed the
impact of associated lesions.5,6,9 We sought to review
the management and outcomes of a large series of
patients with an aortopulmonary window seen in a
single institution, and to determine trends and factors
impacting on mortality and morbidity.

Materials and methods

All patients known to have an aortopulmonary win-
dow were identified from the Cardiology Database 
at Hospital for Sick Children, Toronto, and data was
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obtained regarding demographics, associated lesions,
presentation, management and follow-up. Diagnoses
were verified by review of echocardiograms, cardiac
catheterisation data and angiography, operative notes,
and autopsy reports. If current follow-up data was not
available in the medical record, the responsible or
referring cardiologist was contacted, and the infor-
mation was obtained. The study was approved by 
the Institutional Research Ethics Board.

Data analysis
Data are described as frequencies, medians with
ranges, and means with standard deviations. Where
there is missing data, numbers of the available values
are given in parentheses. Trends in the occurrence of
associated lesions, management, and outcomes were
sought by dividing the patients into three groups
according to the date of birth, specifically from 1970
through 1979, 1980 through 1989, and 1990 through
1999. Mantel Haentzel chi-square tests and Kruskal-
Wallis analysis of variance were used to determine
significant trends. Kaplan-Meier estimate of time-
related survival from birth was determined, and asso-
ciated factors were explored in Cox’s proportionate
hazard modelling. All analyses were performed using
SAS statistical software Version 7 (SAS Institute, Inc.,
Cary, NC, USA).

Results

Characteristics of patients
We identified a total of 42 patients with a diagnosis
of aortopulmonary window. There were 23 females
and 19 males, with a median birth weight, derived
from data available in 37 patients, of 3.10 kg, with 
a range from 1.88 to 4.7 kg. All were 35 weeks or
more gestation at birth. The median age at presenta-
tion was 62 days, with a range from birth to 6.2 years.
Clinical features at presentation included tachypnea
in 88%, murmur in 78%, failure to thrive in 47%,
bounding pulses in 33%, cyanosis in 29%, and
shock in 25%, with 13% of patients having no
symptoms or signs.

The initial diagnosis was established by echo-
cardiography in 15 (36%) patients, cardiac catheterisa-
tion in 9 (21%), a combination of echocardiography
and cardiac catheterisation in 16 (38%) patients, and
at autopsy in 2 patients (5%), with more recent
patients being diagnosed with echocardiography
alone. Echocardiograms were performed in a total of
30 patients, including the 7 patients who were stud-
ied by M-mode echocardiography only before 1981.
From 1981 to 1989, cross-sectional echocardiography
correctly diagnosed the window in 6 of 9 patients
studied. The diagnosis was missed in 3 patients,

with an erroneous diagnosis of patent arterial duct in
1 patient, and a coronary-cameral fistula in another.
Echocardiography correctly diagnosed the window
in all patients seen from 1990 onwards.

The diagnosis was missed initially for 13 patients,
most of them early in the study. Of these, 3 patients
had surgery for other anomalies before the diagnosis
of aortopulmonary window was made upon further
investigation for persistent congestive heart failure.

Anatomy of aortopulmonary window
The size of the defect, judged from data in 32
patients, ranged from 2 to 30 mm, with a median
diameter of 10 mm. Small fistulous defects were seen
in 2 patients (5%). There were 5 defects that involved
the origin of the pulmonary arteries, including one
with associated aortic valvar atresia, one with sub-
aortic stenosis, and one with anomalous origin of the
right pulmonary artery from the ascending aorta.

Associated cardiac lesions
Associated cardiovascular lesions are described in
Table 1. The window occurred in isolation in 8
patients. A further 3 patients had an aortopulmonary
window in association with hemodynamically 
unimportant lesions. These included a persistent left
superior caval vein cava connecting to the coronary
sinus in 2 patients, one of whom also had a right 
aortic arch, with the remaining patient having an
aberrant right subclavian artery.

Non-cardiac abnormalities
Non-cardiac anomalies were present in 15 patients
(36%), and included musculoskeletal anomalies
(arthrogryposis in 2, scoliosis in 2, and 1 patient
each with cervical spine fusion, torticollis, congenital
dislocation of hip); anomalies of the central nervous
system (microcephaly in 2, and 1 patient each with
trigonocephaly, Dandy Walker variant, syringomyelia
of the cervical cord); renal anomalies (1 patient each
with crossed renal ectopia, bilateral hydronephrosis,
double ureter); pulmonary anomalies (1 patient each
with double right main bronchus, main stem
bronchial stenosis, tracheal stenosis), anomalies of
the hands and feet (bilateral simian crease in 2
patients, polydactyly/syndactyly in 1); and gastroin-
testinal anomalies (anal stenosis in 1), with 1 patient
having VACTERL association. None of the patients
had morphologic features of DiGeorge syndrome.
Chromosomal analysis was performed in 4 patients,
all of which were normal.

Management and outcomes
Initial medical management, assessed in 40 patients,
included an infusion of prostaglandin in 6 patients
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(15%), dopamine infusion in 4 (10%), digoxin ther-
apy in 20 (50%), and diuretics in 26 patients (65%).
Surgical management and outcomes are shown in
Figure 1.

Deaths before aortopulmonary window repair
A total of 6 patients (14%) died before intervention
for aortopulmonary window, including 1 patient
who had initial repair of other lesions, and 5 with no
procedures. Complex associated lesions producing
critical obstruction of the left heart were present in 5
of the 6 patients. Left-sided obstruction was present at
multiple levels in 1 patient, specifically pulmonary
venous stenosis, mitral valvar stenosis, tunnel-like
obstruction in the subaortic region with a ventricular
septal defect, and pulmonary valvar stenosis. Other
patients each had an interrupted aortic arch between
the left common carotid and left subclavian artery,
interrupted aortic arch at the isthmus with aortic
origin of the right pulmonary artery, aortic atresia
with an obstructed origin of the left coronary artery,
and aortic coarctation with a patent arterial duct.
Superior–inferior ventricular relation with a dilated
right ventricle and aneurysmal pulmonary arteries in
the setting of multiple non-cardiac anomalies were
present in the remaining patient who died.

Interventions
Of the 36 survivors, 35 patients had repair of 
aortopulmonary window, with loss of follow-up of 
1 patient before a reparative intervention. The median
age at closure of the window, assessed in 34 patients,
was 103 days, with a range from 2 days to 19.3 years,
with a median weight assessed in 32 of 6.0 kg, and 
a range from 2.0 to 20.6 kg. Repair was surgical in
34 patients, and 1 patient had transcatheter closure.
The duration of cardiopulmonary bypass time, with
data available from 27 patients, ranged from 13 to
181 min, with a median of 55 min. The surgical
approach, as judged from data from 33 patients, was
by a median sternotomy in 30 patients (90%), and 
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Table 1. Spectrum of associated cardiovascular anomalies.

% of all
Anomaly n patients

Anomalies of aortic arch 21 51
Interrupted aortic arch at isthmus 5 12
Interrupted aortic arch between left common 1 2
carotid and left subclavian artery

Aortic coarctation 4 10
Aortic isthmal hypoplasia 3 7
Aortic atresia 1 2
Right aortic arch 4 10
Double aortic arch 1 2
Anomalous origin of right subclavian artery 1 2
Left subclavian artery from pulmonary trunk 1 2

Ventricular septal defect 7 17
Atrial septal defect 15 36
Patent arterial duct 16 38
Anomaly of pulmonary outflow 8 19

Stenosis of pulmonary arteries 3 7
Tetralogy of Fallot (1 with non-confluent 2 5
pulmonary arteries)

Pulmonary valvar stenosis 1 2
Aortic origin of right pulmonary artery 1 2
Isolated left pulmonary artery from duct 1 2

Left ventricular outflow obstruction 4 10
Subaortic stenosis 3 7
Aortic valvar stenosis 1 2

Persistent left superior caval vein to 3 7
coronary sinus

Superior–inferior ventricular relationship 2 5
Coronary arterial anomaly 2 5

Right coronary artery from pulmonary trunk 1 2
Absent left coronary orifice 1 2

Mitral valvar and pulmonary venous stenosis 1 2

Repair of APW
and other lesions

n � 17
(2 early, 1 late death)

Unknown
n � 1

Death
without repair

n � 5

Repair of
other lesions

n � 5
(1 death)

n � 42

Closure of APW
only

n � 14

Subsequent
repair of APW

and other lesions
n � 2

Subsequent
repair of APW

n � 2

Figure 1.
Management and outcomes for 42 patients with an aortopulmonary window. APW: aortopulmonary window.
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a thoracotomy in 3 patients (10%). The approach to
closure, with data available from 30 patients, was
transpulmonary in 13 patients (43%), transaortic in 7
(24%), and by direct incision on the anterior aspect
of aortopulmonary window in 10 patients (33%). The
surgical technique, described in 34 patients, included
ligation or division of the aortopulmonary window
in 6 (18%), closure with a pulmonary arterial patch
in 1 patient, closure with a Dacron patch in 17
(50%), with a Gortex patch in 4 (12%), with an
autologous pericardial patch in 4 (12%), with a
Teflon patch in 1 (3%), using an aortic flap in 1 (3%),
and with a so-called Weslovski patch in the other
patient (3%).

Multistage repair of aortopulmonary window 
and associated lesions
Multistage repair was performed in 4 patients with
associated lesions, with an initial palliation or repair
of other associated cardiac lesions followed by later
repair of aortopulmonary window. This occurred in 3
patients because the aortopulmonary window was
initially missed. The initial intervention consisted of
banding of the pulmonary trunk in 1 patient, repair
of aortic coarctation in 2, and augmentation of the
aortic arch in 1 patient. All 4 patients were alive at
last follow-up.

Single stage repair of aortopulmonary window 
and associated lesions
Associated lesions were addressed surgically at the
time of repair of the aortopulmonary window in 19
patients. These included closure of an atrial septal
defect in 5 patients, ligation of a patent arterial in 5,
repair of interrupted aortic arch in 4, closure of ven-
tricular septal defect in 4, pulmonary arterioplasty
in 2, and 1 patient each with coarctation repair,
resection of a subaortic ridge, relocation of the right
pulmonary artery from the aorta to the pulmonary
trunk, translocation of an anomalous right coronary
artery from the pulmonary trunk to the aorta, deband-
ing, and repair of tetralogy of Fallot with connection
of left pulmonary artery originating from the distal
end of the arterial duct to the pulmonary trunk. A
patient with a large aortopulmonary window and no
associated lesions who had a delayed presentation at
6 years of age and pulmonary vascular disease under-
went bilateral lung transplantation with concomitant
repair of the aortopulmonary window.

Outcomes after repair
There were 2 early deaths. One patient who died
intraoperatively had an accidental tear at the site of
the aortopulmonary window with uncontrollable

bleeding, while the other patient died 2 h after repair
from pulmonary hypertension and pulmonary haem-
orrhage. Both patients had complex associated lesions,
which had been addressed concomitant with repair
of aortopulmonary window.

Post-operative complications occurred in 22 of 32
(67%) hospital survivors after surgical repair. These
included atelectasis in 13 patients, pulmonary
hypertensive crises in 5, renal failure in 3, arterial
hypertension in 3, cardiac arrest in 2, sepsis in 2, vocal
cord paralysis in 2, seizures in 2, and 1 patient each
with junctional ectopic tachycardia, heart block
requiring temporary pacing, pneumothorax, pneu-
monia, intraventricular haemorrhage, hemothorax,
hepatic dysfunction and necrotising enterocolitis.
Intravenous inotropic support was required for more
than 3 days in 6 patients, and mechanical ventilation
for more than 2 days in 10 patients. At the time of
discharge from hospital, 21 patients (66%) were
receiving anti-congestive medications.

Status during follow-up
Of the 32 patients who survived until discharge
from hospital, 4 patients were subsequently lost-
to-follow-up. The remaining 28 survivors were fol-
lowed to a median of 5.9 years, with a range from 3
months to 17.6 years. There was 1 late death, occur-
ring at reoperation for stenosis of a grafted aortic
arch graft in a patient with persistent pulmonary
hypertension 10 years after a concomitant repair of
interrupted aortic arch and aortopulmonary window.
Reinterventions were performed in 8 additional
patients. These included repair of aortic recoarctation
with concomitant surgical pulmonary arterioplasty in
3 patients, and 1 patient each having transcatheter
coil occlusion of a persistent leak after transcatheter
device treatment of an isolated aortopulmonary 
window, surgical resection of progressive subaortic
stenosis, surgical revision of the repair, surgical pul-
monary arterioplasty for pulmonary arterial stenosis
with suture closure of a residual leak across the
aortopulmonary window, and balloon pulmonary 
angioplasty for relief of pulmonary arterial stenosis.

All patients who had repair of isolated aorto-
pulmonary window were well clinically at latest follow-
up. Neurodevelopmental abnormalities were noted in
6 patients, all who had an aortopulmonary window in
association with complex cardiac lesions, with lan-
guage delay in 3, motor delay in 1, hydrocephalus in 1,
and seizure disorder and cerebral palsy in 1 patient.
Pulmonary hypertension, defined as pulmonary 
arterial pressure more than half of the systemic arterial
pressure, was present in 3 patients. All 3 patients had
an aortopulmonary window with associated complex
cardiac lesions, and had residual defects.
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Trends over time
Patients were grouped into cohorts based on the date
of birth, with 12 patients having been born from
1970 through 1979, 11 from 1980 through 1989,
and 19 in the last period from 1990 through 1999.
Trends for these cohorts are noted in Table 2.

Factors associated with survival
There were 9 deaths in total. Kaplan-Meier estimates
of overall survival from birth are shown in Figure 2.
Survival estimates were 81% at 3 months of age until
11.5 years, when 1 late death occurred, with survival
falling to 69% up to 21 years of age. Anatomic and
presentation factors were sought that may be associated

with time-related survival in Cox’s proportionate
hazard modelling. Shock (p � 0.02) and cyanosis
(p � 0.01) at the time of presentation, need for
prostaglandin prior to repair (p � 0.04), superior–
inferior ventricular relationship (p � 0.004), aortic
origin of right pulmonary artery (p � 0.04), inter-
rupted aortic arch at the isthmus (p � 0.05), inter-
rupted aortic arch between the left common carotid
and left subclavian artery (p � 0.02), and aortic
isthmal hypoplasia (p � 0.03) were found to be 
significant risk factors for mortality in univariate
analyses. The presence of any interruption of the aor-
tic arch, with a hazard ratio of 5.87 (95% confidence
interval 1.56–22.0; p � 0.009) was identified as an
independent risk factor for mortality. No other factor
was independently associated with survival. There
was no significant improvement in time-related risk
of death over the duration of the study.

Discussion

Aortopulmonary window is a rare lesion, with several
studies reporting a prevalence amongst patients with
congenital cardiac disease of 0.1–0.2%.2,10,11

Natural history
An aortopulmonary window presents the physiology
of a left-to-right shunt. Small defects with little
shunting may not manifest clinically, and may not
be detected without careful imaging. Patients with
large windows develop symptoms related to exces-
sive flow of blood to the lungs coincident with the
normal fall in pulmonary vascular resistance after
birth. Windows do not close spontaneously, nor
show diminution of size with time and growth.
Prevention of pulmonary vascular obstructive disease
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Table 2. Trends in characteristics, management and outcomes by consecutive birth cohorts.

Year of birth 

1970–1979 1980–1989 1990–1999 p value

n � 12 n � 11 n � 19
Median age at presentation (range) 3.7 months  0.6 month 2.4 months 0.61

(3 days, 2.3 years) (3 days, 5.4 years) (birth, 6.1 years)
Presence of other cardiovascular anomalies 8 (67%) 10 (91%) 16 (84%) 0.29
Death before repair 2 (17%) 2 (18%) 1 (5%) 0.31

n � 8 n � 9 n � 18
Median age at repair (range) 5.0 months 2.2 months  3.3 months 0.63

(1.3, 11.1 months) (27 days, 19.3 years) (3 days, 6.1 years)
Repair of other anomalies

At repair 2 (25%) 4 (44%) 13 (72%) 0.03
Early death after repair 0 1 (11%) 1 (6%) 0.67

Total deaths 4 (33%) 3 (27%) 2 (11%) 0.13
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Figure 2.
Kaplan-Meier estimates of time-related survival from birth for 42
patients with an aortopulmonary window. Solid line represents
Kaplan-Meier estimates with dashed lines enclosing the 95% confi-
dence interval. Numbers above X-axis represent number of patients
at risk.

1405-02.qxd  9/9/04  11:54 AM  Page 477

https://doi.org/10.1017/S1047951104005025 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951104005025


is the primary indication for closure.7,12–14 Pulmonary
vascular disease develops with the same rapidity as it
does in patients with unrestrictive ventricular septal
defect.15–17 Pinto et al.16 described Eisenmenger
physiology in one-third of patients in whom the
diagnosis was made after 15 years of age.

Impact and spectrum of associated lesions
The presence of associated cardiovascular lesions
modifies the acuity of clinical presentation as well as
the natural history, particularly if there is associated
critical obstruction of the left heart. Our series of 42
patients reflects the entire spectrum of presentation
and natural history attributable to an aortopulmonary
window, including cardiovascular collapse in the
newborn, congestive heart failure in the infant, and
pulmonary vascular obstructive disease in a late 
presenting 6-year-old patient.

The incidence of reported associated lesions varies
between 47 and 77%.2,5–8 The most common associ-
ated lesion is interruption of the aortic arch at the
isthmus, with occasional occurrence of interruption
between the left common carotid and left subclavian
arteries.18 Other types of left-sided obstruction have
also been reported.2,8,18–20 Other commonly reported
associated lesions include aortic origin of the right
pulmonary artery, tetralogy of Fallot, anomalous ori-
gin of the right coronary artery from the pulmonary
trunk, and a right aortic arch. Ventricular septal
defect, bicuspid aortic valve, tetralogy of Fallot with
pulmonary atresia, discordant ventriculoarterial 
connections, double aortic arch, and tricuspid atresia
have also been described.

The clinical impact of the associated lesions may
dominate the contribution of the aortopulmonary
window. All 9 deaths in our series occurred in patients
with severe associated lesions, including 4 of the 6
patients with interruption of the aortic arch. The
presence of severe associated lesions may also mask
the presence of the window. Of the 4 patients in our
series with aortic coarctation, 3 had an initial surgi-
cal repair of aortic coarctation with the diagnosis 
of aortopulmonary window made postoperatively,
contributing to the death of 1 patient.

Diagnosis
Although in the past diagnosis has been aided by
cardiac catheterisation, currently echocardiography
with Doppler and color flow mapping is the pri-
mary mode of diagnosis.15,21–26 Echocardiographic
demonstration of the window can be difficult as arte-
factual dropout of vessel wall is commonly seen in
the planes that demonstrate an aortopulmonary win-
dow.21 Careful assessment is necessary, particularly
in the presence of associated lesions.

Repair
Since the first operative closure by ligation of an aorto-
pulmonary window,27 the technique of surgical
repair has evolved.6 Currently a transaortic approach
is favoured by many operators over a transpulmonary
approach, using either single or double patches,
influenced by a higher prevalence of reintervention
for pulmonary arterial stenosis with the trans-
pulmonary approach.5,9 A variety of materials and
suture techniques have been used for closure by dif-
ferent operators without a clear influence on out-
comes.1,6,17,28–34 Windows have been repaired
without the use of cardiopulmonary bypass.35 Suitable
lesions have also been addressed by transcatheter 
closure.36–39

Outcomes
Several small studies have addressed the outcomes of
surgical intervention. McElhinney et al.5 studied the
outcomes for 24 infants �6 months of age. Half of
their patients had complex associated lesions.
Although there were no deaths or reintervention for
the 12 patients with an isolated aortopulmonary
window, 4 early and 1 late death occurred in the 12
patients with complex associated lesions. Most of the
survivors with complex lesions required reinterven-
tion for recurrence of obstruction within the aortic
arch. In contrast, Tkebuchava et al.6 reported sur-
vival estimates of 90% at 1 year and up to 10 years
for 13 patients, 11 of who underwent surgical repair.
There was one early and no late death, with 2
patients having reinterventions. The additional sur-
gical repair of major associated lesions in 10 of the 11
patients did not impact on outcomes. Hew et al.9

reported on 38 patients with aortopulmonary win-
dow who underwent repair at a median age of 5
weeks. Associated lesions were present in two-thirds
of the patients, including interruption of the aortic
arch in 7 patients, tetralogy of Fallot in 7, a func-
tionally univentricular heart in 3, coarctation of the
aorta in 3, and an anomalous origin of the coronary
artery in 1 patient. Survival estimates were 88% at
10 years, with freedom from reintervention of 70% at
10 years. By multivariable analysis, transpulmonary
approach to closure of the defect and the presence of
complex associated lesions were associated with a
greater likelihood of reintervention. In the absence of
major associated lesions, surgical mortality was pre-
dominantly due to preexisting pulmonary vascular
disease. As in our series, reintervention is likely to be
related either to associated lesions, such as left heart
obstruction or stenosis of the right or left pulmonary
arteries, and less likely to a residual window.5,6,9 Erez
et al.40 reported on 13 patients who underwent repair
of aortopulmonary window, 11 of whom had associated
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cardiac lesions. There was one postoperative death, no
reoperations or late deaths, and 2 patients required
interventional catheterisation procedures.

Management and outcome trends
Over the years, concurrent to improved cardiovascu-
lar surgical techniques, there has been a trend
towards single stage repair of associated lesions and
aortopulmonary window.5,12,28–30 While the long-
term survival after repair of aortopulmonary window
with or without association lesions appears good,
there remains an ongoing risk of death before repair
can be undertaken in those patients with associated
lesions. In our series, 6 of 42 patients (14%) died
before surgical intervention could be undertaken.
While there was only one death prior to repair in the
most recent decade, the trend did not reach statistical
significance. It is not yet known whether fetal recog-
nition of aortopulmonary window and its associated
lesions will further reduce this risk.41,42 We show a
trend toward better overall survival, which did not
achieve statistical significance.

Conclusion

The outcomes following repair of an aortopulmonary
window are excellent when the lesion occurs in isola-
tion and is diagnosed early on in life. Mortality in 
current times for this lesion stems from the high
prevalence of complex associated lesions, particularly
critical obstruction within the left heart, and death can
occur before repair can be performed. Patients with
complex associated lesions are at greatest risk of both
early and late death. There is a suggestion, however,
that overall survival may be improving concomitant
with a trend towards single stage repair for complex
lesions. Reintervention is sometimes indicated for
stenoses in both the pulmonary arteries and the aorta,
as well as related to the specific associated lesion.
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