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AAortopulmonary window (APW) is a rare congeni-

tal heart disease, which results in abnormal com-

munication between the main pulmonary artery

(MPA) and the ascending aorta (AAo) in the

presence of two separate semilunar valves. The

estimated incidence is 0.13–0.15% in patients

with congenital heart diseases.1 It may occur as

an isolated lesion, although it is more com-

rmonly associated with other cardiovascular

anomalies, especially interrupted aortic arch

(IAA).2,3 Surgical repair is indicated at the time

of diagnosis, since pulmonary vascular occlusive
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disease would develop rapidly in the presence of

significant shunting at the arterial level and it is the

major cause of mortality in older patients under-

going surgical repair.3,4 Although surgical correc-

tion in early infancy can be safe and long-term

survival is generally good,5,6 some late sequelae are

still observed at follow-up, especially in patients

wwith other associated lesions.5 However, data on

short- and long-term results in infants are lim-

ited.4–6 The purpose of this study was to analyze

the clinical features, surgical outcomes and long-

term prognosis in patients with APW who under-

wwent surgical correction in early infancy.

Methods

DDefinitions
AAccording to the classification of Mori et al,7

AAPW is categorized into three types. Type I is a

proximal defect located just above the sinus of

VValsalva, with a well-formed superior rim but little

inferior rim separating the APW from the semilu-

nar valve. Type II is a distal defect located in the

uppermost portion of the AAo and overlying a

portion of the right pulmonary artery (RPA), with

a well-formed inferior rim but little superior rim.

TType III is a total defect involving the majority of

the AAo. Early postoperative periods were defined

as the periods when the patient was still hospital-

ized or within 30 days after surgery. Significant

hemodynamic residuals were assessed by echocar-

diography at follow-up and defined as lesions that

wwere related to the underlying structural defects

or surgical procedures, including residual APW,

a pressure gradient of supravalvular aortic8 or

pulmonary9 stenosis more than 40 mmHg, a pres-

sure gradient of stenosis at the IAA/coarctation of

the aorta (CoA) repair site more than 20 mmHg,10

and moderate to severe peripheral pulmonary 

artery hypoplasia or stenosis.9

PPatients and data collection
Between 1983 and 2004, there were 9414 pa-

tients with congenital heart disease, of whom 14

had APW. The incidence of APW estimated from

this study population was 0.15%. Only patients

yundergoing surgical repair of APW in early infancy

(at <4 months of age) were included. Pre- and

perioperative fdata were collected by review of

medical records. Postoperative and follow-up re-

sults were collected by review of medical records

rand direct telephone interviews with patients or

family members.

Results

Clinical features
A total of 10 patients (6 males, 4 females) who un-

yderwent surgical repair of APW in early infancy

were identified. None had chromosome anom-

alies or syndromic association. The mean gesta-

tional age was 38 weeks (range, 37–40 weeks).

Their demographic and clinical data are listed ac-

cording to age at operation in the Table (case 4 was

previously reported11 r). APW patients with IAA or

severe CoA were further grouped into group A (pa-

tients 1, 2, 4, 7, 9; n= 5), and those without into

group B (patients 3, 5, 6, 8, 10; n= 5). The median

age at operation was 52 days (range, 13 days–3.7

months). The median weight at operation was

3.5 kg (range, 2.4–4.5 kg). There were four patients

with type I APW, three with type II and three with

type III. There were no significant differences be-

tween groups A and B in mean gestational age, age

at operation, body weight at operation and the

type of APW. All patients had concomitant cardio-

vascular anomalies (Table), including seven with

patent ductus arteriosus (PDA), five with inter-

rupted (n= 4) or severely hypoplastic (n= c1) aortic

arch, four with ventricular septal defect with (n= 2)

or without (n= 2) infundibular stenosis, three with

atrial septal defect, three with right aortic arch, and

one with persistent left superior vena cava.

Echocardiography was used as the initial diag-

nostic tool in all patients (Figure). However, the

first echocardiographic examination failed to iden-

tify the presence of APW in three patients (one in

our hospital, two at other hospitals), although the

APW could be identified in all patients at the sec-

tond echocardiography. In addition, IAA was not
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Table. Characteristics of patients with aortopulmonary window (APW) listed according to age at operation

Age (d)/
APW Associated Early Late

Patient Sex BW (kg)/yr
type anomalies

Group* Surgical technique
outcomes outcomes†

of surgery

1 F 13/2.9/2002 III Severe CoA, A MPA flap for APW, Balloon Small residual
PDA pericardium for MPA dilatation of  APW, 

reconstruction, RPA supravalvular supravalvular
rerouting, PDA ligation, AS AS (17), RPA 
aortoplasty, ASD closure stenosis (35)

2 M 15/2.4/2004 III IAA type A, A MPA flap for APW, Balloon RPA hypoplasia
PDA pericardium for MPA dilatation of and stenosis

reconstruction, RPA supravalvular (20), 
rerouting, PDA ligation, AS and RPA supravalvular
aortoplasty, PFO closure stenosis AS (27.7)

3 M 17/2.5/2000 I VSD, infundibular B Double ligation for APW, — —
PS, ASD, R arch VSD patch repair,

infundibulectomy, ASD
closure

4 M 47/3.6/1998 II IAA type A, A MPA flap for APW, direct — Supravalvular
PDA suture for MPA defect AS (28)

closure, PDA division,
aortoplasty, PFO closure

5 M 51/4.0/1990 II PDA, R arch B Gore-Tex patch for APW, — —
PDA ligation, PFO closure

6 F 53/3.5/2001 I VSD, infundibular B Double ligation for APW, Died 30 days —
PS, ASD, R arch patch repair for after operation

perimembranous VSD
and direct suture for 
muscular VSD, infundi-
bulectomy, ASD closure

7 F 61/3.5/1995 III IAA type A, A Division and suture for — IAA repair site
PDA, ASD, APW, VSD patch repair, stenosis (12)
VSD, PLSVC PDA division, aortoplasty,

ASD closure
8 M 70/3.8/2000 I PDA B Division and suture for — —

APW, PDA ligation
9 F 79/3.0/2004 I IAA type A, A MPA flap for APW, Balloon IAA repair site

PDA pericardium for MPA dilatation stenosis (11.5)
reconstruction, PDA of IAA repair
ligation and division, site stenosis
aortoplasty, PFO closure

10 M 112/4.5/2002 II VSD B MPA flap for APW, — Supravalvular
pericardium for MPA PS (34)
reconstruction, VSD
patch repair

*Group A are patients with IAA/severe CoA and group B are patients without IAA/severe CoA; †numbers in parentheses refer to the pressure gradient of
the stenosis as assessed by echocardiography at the most recent follow-up. BW = body weight; CoA = coarctation of the aorta; PDA = patent ductus arte-
riosus; MPA = main pulmonary artery; RPA = right pulmonary artery; ASD = atrial septal defect, secundum type; AS = aortic stenosis; IAA = interrupted
aortic arch; PFO = patent foramen ovale; VSD = ventricular septal defect; PS = pulmonary stenosis; R arch = right aortic arch; PLSVC = persistent left su-
perior vena cava.



detected in one patient (but found at the second

echocardiography) and the type of IAA was mis-

interpreted in one patient at the first echocardiog-

raphy (confirmed at our hospital later). Ultrafast

chest computed tomography (CT) was performed

before operation in four patients (patients 1, 2,

8, 9). CT images clearly demonstrated the detailed

morphology of the APW and the aortic arch, and

these imaging findings were confirmed by the

operative findings. Eight patients underwent car-

diac catheterization before operation. Mean as-

cending aortic pressure was 86.0 ± 17.8 mmHg

(range, 60–110 mmHg) and mean MPA pressure

wwas 71.3 ± 19.1 mmHg (range, 50–95 mmHg).

Descending aortic pressure was lower or nearly

equal to MPA pressure in four group A patients

(62.5± 10.8 mmHg vs. 64.8± 12.0 mmHg).

Surgical management
AAll patients underwent one-stage repair of APW

and associated anomalies. Surgical techniques

vvaried due to the long study period, anatomical

vvariation and individual preference of the surgeons

(Table). An MPA flap was used for APW closure

in five patients (four using autologous peri-

cardium for MPA reconstruction and one using

direct suture for the closure of the MPA defect).

Division of the APW was performed in three pa-

tients, with separate primary closure (n = r2) or

Gore-Tex patch closure (n = 1) for the aortic and

pulmonary arterial defects. APW closure by dou-

ble ligation was performed in two patients. The

following procedures were performed simultane-

ously for the associated anomalies: PDA ligation;

closure of ventricular septal defect; closure of atrial

gseptal defect or patent foramen ovale; rerouting

of aberrant RPA; and repair of IAA or CoA.

yAll patients except patient 8 underwent surgery

with cardiopulmonary bypass. The total bypass

time was significantly longer in group A (mean,

179 minutes; range, 134–212 minutes) than in

group B patients (mean, 101 minutes; range,

67–135 minutes).

Early outcomes
There was one early postoperative death (10%).

Patient 6 developed severe biventricular failure

on the first postoperative day. The patient was

resuscitated and supported by extracorporeal

fmembrane oxygenation. However, he died of

gsepsis 30 days after operation. Among the surviving

rpatients, those in group A were extubated later
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C iFigure. Preoperative echocardiography in patient 9.
(A) Parasternal short-axis view shows the communication
between the main pulmonary artery (MPA) and the ascend-
ing aorta (AAo). (B) A large communication between the
MPA and AAo is clearly seen in the subcostal coronal view.
(C) Suprasternal long-axis view shows the interruption of the
distal aortic arch with large patent ductus arteriosus (PDA)
connecting to the descending aorta (DAo). LPA = left pul-
monary artery; RPA = right pulmonary artery.



(median, 10 days after operation; range, 6–29 days

after operation) than those in group B (median, 2.5

days; range, 1–9 days). Intensive care unit (ICU)

stay was longer in group A (median, 12 days; range,

7–34 days) than in group B patients (median, 5.5

days; range, 4–9 days). Patients in group A also had

a longer hospital stay (median, 43 days; range,

35–69 days) than patients in group B (median, 15

days; range, 7–22 days). Three aa group A patients

(patients 1, 2, 9) underwent cardiac catheteriza-

tion and balloon angioplasty for either residual

aortic or pulmonary artery stenosis during the

early postoperative period. In contrast, no group

B patient required reintervention during the same

period. Patient 1 underwent balloon dilatation of

supravalvular aortic stenosis 36 days after opera-

tion and the pressure gradient decreased from

36 mmHg preoperatively to 11 mmHg postopera-

tively. Patient 2 underwent balloon dilatation of

supravalvular aortic stenosis and RPA stenosisPP

(pressure gradient 17 mmHg and 33 mmHg, re-

spectively) 27 days after operation. The pressure

gradient of supravalvular aortic stenosis decreased

to 0 mmHg; however, RPA stenosis and hypopla-

sia remained unchanged. Patient 9 underwent bal-

loon dilatation of IAA repair site stenosis 64 days

after operation. The pressure gradient decreased

from 15 mmHg preoperatively to 0 mmHg post-

operatively. Patient 9 developed the major com-

plication of lung abscess during the postoperative

period and was treated with intravenous antibi-

otics for 6 weeks.

LLate outcomes
Follow-up ranged from 8 to 116 months (median,

34 months) in the survivors (n = 9). There were

no late deaths. All patients were functioning at

New York Heart Association class I and none re-

quired cardiac medications at the most recent

follow-up. Although no patient underwent rein-

tervention after hospital discharge, echocardiog-

raphy showed some residual lesions in six patients.

However, hemodynamically significant residuals

wwere noted in only two (22%) patients of group

AA (patients 1 and 2). Both of these patients had

type III APW and had undergone reintervention

in the early postoperative period. Patient 1 had

RPA stenosis and a small residual APW located 

fbetween the AAo and proximal RPA. The RPA of

patient 2, which had been dilated by balloon

catheter in the early postoperative period, re-

mained hypoplastic, and the RPA blood flow was

still diminished. Compared to type I or II APW,

type III APW was more closely associated with

late significant residual lesions, mainly at the

RPA (2/3 vs. 0/6) (Table).

Discussion

It is now widely recognized that APW should be

repaired as early as possible, even in the presence

of associated cardiovascular anomalies.3–6 This

study, based on 21 years of experience at a single

institution, demonstrated a low surgical mortal-

ity rate in patients with APW receiving one-stage

repair when they were younger than 4 months

of age. The presence of IAA or CoA was asso-

ciated with a more complicated postoperative

course and the necessity of early reintervention.

But only the type of APW, i.e. type III APW, pre-

dicted significant late residuals. This study illus-

gtrates the relatively high likelihood of missing

the diagnosis of APW or associated aortic anom-

alies at the first echocardiographic examination.

APW is rare. From the present study, based on

the 1983–2004 patient database, the incidence

tof APW among patients with congenital heart

rdisease was 0.15%. The incidence is even lower

fthan the incidence of two other rare forms of

congenital heart disease, right atrial isomerism

and persistent truncus arteriosus (2.1% and

0.47%, respectively).12 Such a trend has also

been reported in Western studies, in which the

estimated incidence was around 0.13–0.15% in

patients with congenital heart disease.1 Race-

related differences in the incidence of congenital

heart disease (mostly conotruncal defects) have

been reported in subpulmonary ventricular sep-

tal defect and type B aortic arch interruption.13

However, the incidence of APW noted in this se-

ries was similar to those from Western studies

fAortopulmonary window repair in early infancy
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and, therefore, there is probably no race-related

difference in this disease.

With recent advances, echocardiography has

become the principal diagnostic modality for

AAPW and associated cardiovascular anomalies.5,14

However, it is not uncommon that these struc-

tural anomalies are missed or misinterpreted at

the echocardiographic examination.15 The high

pulmonary pressure may result in a low-velocity

flow across the defect, making it difficult to de-

tect the APW solely by color Doppler mapping.

In addition, if the operator is not alert to the

high incidence of concomitant cardiovascular

anomalies and if thorough multiplanar imaging

is not performed, some major structural defects

may be missed, especially IAA and CoA. In this

series, 80% of patients had aortic arch anom-

alies, and 50% had IAA/severe CoA. These find-

ings might partly explain why complete accurate

diagnoses were made in only 50% of our patients

at the initial echocardiographic examination.

Nonetheless, further systematic echocardiogra-

phy by an experienced team could delineate the

details.

Ultrafast chest CT, another noninvasive diag-

nostic modality, has been applied in the morpho-

logic evaluation of various congenital heart

defects16,17 and sometimes has a better ability to

delineate the great arteries, pulmonary veins and

coronary arteries than echocardiography.16,18 Al-

though its value in the diagnosis of APW remains

unestablished, in our experience, ultrafast chest CT

images clearly delineated the location, size and

extent of the APW, as well as the exact morphology

of the aortic arch and the origin of the RPA. Such

information is very helpful for surgical planning.

A wide range of associated cardiovascular

anomalies have been reported in APW, including

vventricular and atrial septal defects, tetralogy of

Fallot, transposition of the great arteries, IAA/

severe CoA and coronary artery anomalies.2,3,5,19,20

In the largest review of the current literature,

Kutsche and Van Mierop2 reported that 52% of

patients with APW had associated cardiovascular

anomalies, with the majority being aortic arch

anomalies, including IAA/severe CoA (26/207,

13%) and right aortic  arch (18/207, 9%). In the

present series, all patients had concomitant car-

diovascular lesions. This exceptionally high

incidence of associated anomalies might be at-

 tributable to the patient selection criteria used

in this study, since most of our patients were re-

yferred from other hospitals during early infancy

due to surgical difficulty. Nonetheless, our results

are in agreement with findings of a high incidence

of IAA or CoA. Altered prenatal hemodynamics

resulting from the large communication at the

great arterial level and the consequent inade-

quate blood flow through the aortic isthmus

may be responsible for the close association be-

 tween APW and aortic arch anomalies. In this

rseries, although two patients had infundibular

tstenosis, no association with tetralogy of Fallot

was found.

Surgical closure of APW represents a contin-

uous evolution of techniques. Because simple

ligation or division of the APW, though less inva-

sive, carries a relatively high complication rate

y(recanalization, bleeding and pulmonary artery

narrowing),19 this technique is now mostly re-

served for patients with relatively small size type

I defects located at a safe distance from branch

pulmonary arteries and semilunar valves. Today,

most APW with relatively large size are repaired

by patch closure. Some surgeons advocate the

use of pulmonary artery flap to reconstruct the

AAo.21,22 This strategy has great advantages in

the use of viable tissue, which can prompt the

natural growth of aorta and preclude throm-

boembolic complications.22 fA similar trend of

transition in surgical techniques is apparent in

this series. In general, simple ligation or division

Wwas only applied in patients with type I APW

(patients 3, 6, 8), although patient 7, who had

ytype III APW, also had the defect closed directly

by division. One reason for choosing this tech-

nique in this patient was that the RPA originated

normally from the MPA. Another reason was

ythat the advantages of using pulmonary artery

 flap were not well accepted at that time (this

patient was operated on in 1995). Thus, simple

 division rather than a fabric patch was used.
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In this series, pulmonary artery flap was the most

frequently selected technique for APW closure

since 1998. Although pulmonary artery flap has

some theoretical advantages compared to other

fabric patches, three of five patients treated with

this technique developed mild AAo stenosis at

follow-up (patients 1, 2, 4). Patients 1 and 2 had

undergone cardiac catheterization for hemody-

namic evaluation and balloon dilatation of the

AAAo stenosis. Angiographic study showed that the

stenosis was directly related to the pulmonary ar-

tery flap in this patient, suggesting that late AAo

stenosis, although mostly mild, may be a common

complication of this technique.

The significantly longer cardiopulmonary by-

pass time, intubation time, ICU stay and hospital

stay in group A patients compared to group B pa-

tients is probably attributable to the complexity

of the underlying aortic arch anomalies, with the

presence of IAA/severe CoA. The associated

IAA/severe CoA also predicted early reinterven-

tion for APW and/or IAA/CoA repair site steno-

sis. There is no evidence, however, to suggest that

residual or recurrent arch stenosis is more com-

mon in patients with APW combined with IAA

than in those with IAA alone.23 In the recent

study by Erez et al,6 associated IAA predicted a

more complicated hospital stay as well as late 

sequelae. In this series, however, we found that

hemodynamically significant residuals at long-

term follow-up were more frequently observed

in patients with type III APW who had under-

gone early postoperative reintervention. Type III

AAPW has the largest defect at the aortopulmonary

septum among all APW types, and the RPA arises

abnormally from the AAo in this type of APW.

TThese anatomical factors may account for in-

creased surgical difficulty and, thus, significant

residuals after repair, including residual APW

and RPA stenosis, as found in this series. On the

other hand, although stenosis at the APW or IAA/

CoA repair site was frequently observed in group

AA patients, the severity was usually mild and

reintervention was not required.

In conclusion, surgical repair of APW and as-

sociated lesions in early infancy can generally

achieve a good outcome. Patients with concomi-

tant IAA/severe CoA are more likely to have a 

complicated postoperative course and may need

early reintervention. During long-term follow-up,

hemodynamically significant residuals are more

Wfrequently found in patients with type III APW

requiring early reintervention.
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