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Aortopulmonary window is an uncommon anomaly,
occurring in less than 1% of all persons with a congenital
heart disease. It consists of a communication between the
ascending aorta and the pulmonary trunk and/or the right
pulmonary artery. It has similar hemodynamic features to a
patent ductus arteriosus (PDA) or, even more so, to a com-
mon truncus arteriosus (CTA), the anatomical difference
from the latter being the presence of well-defined aortic and
pulmonary valve apparatus.

John Elliotson first described it in 1830 1 and Gross
performed the first successful surgery in 1948 2 .

Didactic classifications were done by Mori in 1978 3

and by Richardson, in 1979 4, with some variations between
the two. Mori’s classification, which is more used, is shown
in figure 1. Type I, or proximal: the communication is usually
rounded and located above the semilunar valves, between
the ascending aorta and the pulmonary trunk. Type II, or
distal: the defect, in a spiral curve, involves the pulmonary
bifurcation at the level of the right pulmonary artery (RPA).
In this type of defect, there can be hypoplasia or even aortic
arch interruption due to the significant deviated flow from
the aorta towards the RPA during fetal life. Type III is
characterized by total absence of the aortopulmonary sep-
tum resulting from the combination of proximal and distal
defects, simulating a CTA.

In a review of the literature 1,5-18, we found 296 published
cases of APW and we than decided to review our own data.

Methods

Eighteen patients were diagnosed as having APW in a
12-year period (from 1986 to 1998) at our institution. Age at
the time the diagnosis was made ranged from 13 days to 31
years, and the majority of patients (70.1%) were young
infants (mean age: 8 months). Thirteen (72.2%) were females.

Ten patients had isolated APW (GB, table I). Clinical
aspects, such as signs of heart failure and/or hypoxia, were
analyzed in order to establish the diagnosis together with
complementary tests (chest X-ray, electrocardiogram) and,
specially, the echocardiogram and the hemodynamic study.
Surgical and follow-up features have also been assessed.

Objective - Aortopulmonary window (APW) is an un-
common congenital malformation. Its clinical presentation
is dependent on the size of the defect and on the associated
lesions. We evaluated our experience with this anomaly and
compared it with 296 cases reported in the literature.

Methods -  Retrospective study of 18 patients diagno-
sed as having APW (age range from 13 days to 31 years, 13
(72.2%) females), divided into two groups: Group A (GA):
10 patients with isolated APW, and Group B (GB): 8
patients with associated lesions.

Results - Heart failure occurred in 14 patients, and
cyanosis in 3: 2 from GB (tetralogy of Fallot - TF, and double
outlet right ventricle - DORV), and one from GA with pulmo-
nary hypertension. In 5 patients from GA the diagnosis of mi-
tral regurgitation was made based on a systolic murmur
and LV hypertrophy on the EKG. In GB, clinical findings
were determined by the associated defect. Diagnosis was es-
tablished by echocardiography in 11 (61.2%) of the pa-
tients. In 3 patients, a wrong diagnosis of mitral regurgita-
tion was made, in 1 a patent ductus arteriosus was diagno-
sed and in 3 others, the diagnosis of APW was masked by
other important associated defects (2 cases of DORV and 1
case of TF). The diagnosis was made by catheterization in 3
(16.6%) patients, by surgery in 3 (16.6%) and by necropsy
in 1 (5.5%). Corrective surgery was performed in 14
(77.7%) patients, with one immediate death and good long-
term follow-up in the remaining patients.

Conclusion - APW can be confused with other defects.
Clinical findings, associated with an adequate echocardio-
gram can provide the information for the correct diagnosis.

Key words: aortopulmonary window, diagnosis, and
cardiac surgery
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Results

Clinical Aspects: Early and severe heart failure deve-
loped in 11 infants (mean age 35 days of life) and later on in
three patients, with a mean age of 8 years. Cardiogenic
shock, unresponsive to the use of prostaglandin, vasoac-
tive drugs and inotropics, occurred in a newborn presenting
with APW associated with aortic valve atresia and aortic
arch interruption. Cyanosis was present in three patients;
two of the three had associated defects (TF in one, DORV
with a ventricular septal defect in the other) and one had
high pulmonary vascular resistance. A characteristic
murmur for APW could not be detected in any of these
patients. Five patients in GA (50%) had signs suggestive
of mitral regurgitation and a soft systolic murmur was
detected in the left parasternal border of five patients (50%).
A protosystolic click could be heard in the high left paras-
ternal border of two of these patients. In GB patients,
auscultation was as expected for the associated defect (TF,
DORV, aortic coarctation - CoAo-, PDA, ventricular septal
defect -VSD-, subaortic stenosis).

Chest X-ray: Moderate-to-severe increase in heart
size, due to left atrial and ventricular enlargement, together
with increased pulmonary vessels were found in 8 (80%) of
GA patients. A distinct egg-shaped heart silhouette was
present. In GB patients, chest X-ray was as expected for the
associated defect (fig. 2).

Electrocardiogram: Biventricular hypertrophy was the
dominant finding, occurring in 11 patients, followed by left
ventricular hypertrophy in 6 patients, equally distributed in
both groups. Isolated right ventricular hypertrophy was
present in the patient presenting with high pulmonary
vascular resistance. Right bundle branch block, atrial
fibrillation, and left anterior hemiblock could be detected in
three patients, all of them having associated cardiac defects

Fig. 1 - Schematic drawing of the anatomical types of aortopulmonary window Type:
I- proximal defect; Type II- distal defect; Type III- complete defect (I + II). (Adapted
from Mori K et al3).

Fig. 2 - Chest X-rays comparing cardiac silhouette in isolated aortopulmonary
window (group A) and in the presence of associated defects (group B – double outlet
right ventricle).

ISOLATED APW

APW + DORVTable I - Aortopulmonary window isolated and associated with other
defects. Anatomical aspects

Nº %

Group A
Isolated APW 10 (55.6%)

Group B
Associated cardiac defects 8 (44.4%)

è VSD
è TF + pulmonary valve atresia
è Subaortic stenosis + anomalous origin

of the RCA from the PA
è Fixed subaortic stenosis (fibrous ring)
è DORV + subaortic VSD
è DORV + noncommitted VSD + supravalvular

mitral ring + anomalous origin of the left
subclavian artery from the LPA

è Aortic valve atresia + aortic arch interruption
+ muscular VSD in the outflow tract

è CoAo + PDA

APW- aortopulmonary window; VSD – ventricular septal defect; TF-
tretralogy of Fallot; DORV- double outlet of the right ventricle; RCA-
right coronary artery; PA- pulmonary artery; CoAo- coarctation of the
aorta; PDA- patent ductus arteriosus.
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(VSD, subaortic stenosis and aortic valve atresia with aortic
arch interruption, respectively).

Echocardiogram: The diagnosis of APW was made
with Dopplerechocardiography with color flow mapping in
10 patients, 6 from GA and 4 from GB. In one patient with a
fixed subaortic stenosis, the diagnosis was made by
preoperative transesophageal echocardiogram (table II).

The four cases in which the echocardiogram failed to
diagnose the APW were mistakenly diagnosed as mitral
regurgitation (three patients) and PDA (one patient).
APW was not detected in one patient with TF and in two
patients with DORV. Type I APW was diagnosed in nine
patients (fig. 3) and type II in 2 (fig. 4).

Hemodynamic Study: Seven patients underwent an
invasive hemodynamic study (3 in GA and 4 in GB) (fig. 5).
The diagnosis of APW was made in one infant who had
previously been diagnosed by echocardiogram as having a
PDA, and in two other patients (one with TF and one with a
noncommitted VSD). The echocardiographic diagnosis was
confirmed in two GB patients and in one GA patient.

A wrong diagnosis of CTA was made on angiography
in one newborn, who had been correctly diagnosed by
echocardiogram as having APW associated with aortic
valve atresia and aortic arch interruption.

Intraoperative Diagnosis: In three patients, the correct
diagnosis was made at surgery. The first patient had DORV
and an associated subaortic VSD (this patient hadn’t
undergone cardiac catheterization). Another infant was
sent to surgery with the diagnosis of congenital mitral
regurgitation. At surgery, this patient was found to have a
20-mm APW with a very dilated left atrium and severe mitral
regurgitation due to dilation of the mitral ring. The third
patient, a 13-year-old girl, had been diagnosed as having
rheumatic mitral disease and a subaortic stenosis. At
surgery, she was found to have a 22-mm APW associated
with an anomalous right coronary artery arising from the

right pulmonary artery. Mitral valve was anatomically nor-
mal (table III).

Necropsy: One infant, with the clinical diagnosis of
congenital mitral regurgitation, with heart failure and
associated bronchopneumonia, was found at necropsy to
have APW (table III).

Surgical findings: Fourteen patients underwent
surgery (six with isolated APW and eight with associated
defects) and one patient with associated defects died
intraoperatively.

A proximal communication (type I) was present in 12
patients (85.7%) of the 14 who underwent surgery, while in
two (14.3%), a communication between the ascending aorta
and the RPA (type II defect) was present. The size of the
defect ranged from 10 to 22 mm. Cardiopulmonary bypass
and hypothermia were used in all patients. Surgical approach
was through an aortotomy, with closure of the APW using a
bovine pericardium patch.

Table II - Echocardiography in the diagnosis of
aortopulmonary window

Transthoracic echocardiographic study

Correct diagnosis → 10 patients (55.5%)
Isolated defect (A) 6/10 (60%)
Associated defects (B) 5/8* (62.5%)

Incorrect diagnosis  (grupo A) →  3 (mitral regurgitation)
   4/10 (40%) →  1   (PCA)

APW not detected →  1 (TF)
              3/8 (37.5%) (Group B) →  2 (DORV)

* In one case from group B, the diagnosis was made by transesophageal
echocardiography. PDA- patent ductus arteriosus; APW- aortopul-
monary window; TF - tetralogy de Fallot; DORV- double outlet of the
right ventricle.

Fig. 3 - Suprasternal plane showing the longitudinal axis of the aortic arch: A) Two-dimensional image shows the proximal communication between the ascending aorta and the
pulmonary trunk (type I APW); B) bidirectional flow by color Doppler: red flow from the aorta to the pulmonary artery, blue flow in the opposite direction; C) Doppler diastolic
reversal flow from the ascending aorta to the pulmonary artery. AoA- ascending aorta; AP- pulmonary artery; JAOP- aortopulmonary window; VAo- aortic valve.
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Right after APW closure at surgery, there was a
sudden fall in the pulmonary pressure when the defect was
an isolated one. Plicature of the mitral ring was necessary in
two patients with isolated APW. In a patient with TF and
pulmonary valve atresia associated with APW, Rastelli’s
procedure was performed, with an extracardiac conduit
implantation between the right ventricle and the pulmonary
arteries, together with a ventricular septalplasty. In a patient
with DORV and a non-committed VSD, a tunnel from the left
ventricle (LV) to the pulmonary trunk was created after
enlargement of the existing VSD. Senning procedure,
resection of a mitral supravalvar membrane and re-implan-
tation of the left subclavian artery were also performed in

this patient. An LV-Aorta tunnel and a ventricular sep-
talplasty were performed in a patient with DORV and sub-
aortic VSD.

In the child who had anomalous origin of the right
coronary artery from the pulmonary artery, enlargement of
the APW was performed to allow for placement of the
bovine pericardium patch in a position to set the right coro-
nary artery connected to the aorta. A subaortic fibrous ring
was resected and a posterior annuloplasty of the mitral
valve was performed using a bovis pericardium patch.
Effective resection of the left ventricular outflow tract was
also performed in an adolescent with subaortic stenosis.

The newborn with APW, aortic valve atresia, interrup-
tion of the aortic arch and a muscular VSD in the LV outflow
tract was in renal failure and in anasarca when he was sent to
surgery and ended up dying intraoperatively, after banding
of the pulmonary artery, interposition of the left carotid
artery in the descending aorta and placement of a conduit
between the ascending and descending aorta.

In the infant with coarctation of the aorta and a PDA, it
was necessary to enlarge a hypoplastic aortic arch with a
bovine pericardium patch, section and suture of a large
PDA, measuring 6mm in diameter.

In the child with APW and a VSD, both defects were
closed with bovis pericardium patches.

Clinical and Surgical Evolution: Six patients with
isolated APW were discharged 8 days after surgery. The

Fig. 5 - Correlation between the echocardiogram and angiogram in a case of type II
aortopulmonary window. AP- pulmonary artery; AO- aorta; APE- left pulmonary
artery; APD- right pulmonary artery; Asc- ascending aorta; TP- pulmonary trunk;
JAOP- aortopulmonary window.

Fig. 4 - High parasternal short axis plane: A) two-dimensional image: the distal
communication between the ascending aorta and the right pulmonary artery and the
normal continuity between the pulmonary trunk and the left pulmonary artery are
visualized. B) Color flow mapping showing the delineation of the arterial
communication. AO- aorta; VP- pulmonary valve; JAOP- aortopulmonary window;
APD- right pulmonary artery; APE- left pulmonary artery.
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other seven, with associated defects, had a prolonged stay
at the hospital, being discharged on the average 20 days
after surgery. In the follow-up of these patients (ranging
from 3 months to 12 years), all of those with isolated APW
were found to be asymptomatic, while among those with
associated defects, one is in NYHA class II and five are in
NYHA class I (table IV).

The child who had undergone Rastelli’s procedure
developed obstruction of the valve conduit, and balloon
dilation was performed six years after the surgery (the
patient now is in NYHA class II). Five years after a Senning
procedure, one patient is now in NYHA class I. Twenty-
eight months after surgery, the child with DORV and a VSD
is asymptomatic.

The child with subaortic stenosis, severe mitral
regurgitation (caused by ring dilation of the mitral valve)
and anomalous RCA did well for 24 months, with reversion
of atrial fibrillation to sinus rhythm 60 days after surgery.
Another adolescent who had undergone subaortic fibrous
ring resection also did well, without significant gradient in
the LV outflow tract six years after surgery.

Infants who had undergone ventricular septalplasty,
istmoplasty and section of the arterial ductus are also
asymptomatic and have gained weight normally.

Discussion

Embryologically, APW is explained by incomplete
fusion or malformation of right or left conotruncal rings
between the 5th and 8th week of fetal life. A type I APW

Table III - Methods in the diagnosis

APW diagnostic methods N %

Echocardiogram 11 (61.2%)
Cardiac catheterization 3 (16.6%)
Cardiac surgery 3 (16.6%)
Necropsy 1 (5.6%)

occurs when the defect in the truncal septum is close to the
semilunar valves; when it is more distal, a type II defect
develops, while no development of the proximal and distal
truncal septum leads to type III APW 3. Development of the
coronary arteries also occurs during the septation of the
great vessels, which occasionally leads to an anomalous
position of the coronary arteries 19.

Type I APW is the most frequent (70%), especially when
the APW occurs as an isolated defect. Type II (25%) is
associated with other defects and type II is the rarest (5%) 20.

About 50% of cases of APW are associated with
other defects, and this makes its diagnosis more difficult.
According to the literature 21, the most frequently associa-
ted anomalies are: aortic arch interruption (15-20%), espe-
cially type A; PDA (11%); VSD (8%); right aortic arch (7%);
anomalies of the coronary arteries (8%); TF (5%); subaortic
stenosis (3%); bicuspid aortic valve (3%).

Sixty cases of aortic arch interruption had been repor-
ted up until 1997; 21 (35%) of them occurred in association
with a type II APW, 12 with a type I (20%), 5 with a type III
(8.3%) and, in the remaining 22 cases, APW was not
classified. The most common form of aortic arch interrup-
tion was type A (70%), followed by type B (15%). The inci-
dence of type C interruption is not known 22.

Among the 60 cases, 27 underwent surgery; 16 (59%)
died and 11 (41%) survived. Among the survivors, one had
undergone right pulmonary artery banding only and, in the
remaining 10, the aortic arch was totally reconstructed (four
with a Dacron conduit, three with an end-to-end anasto-
mose 23, two with the use of the left subclavian artery 24 and
one with a goro-tex conduit 22).

The association of a distal APW, a right pulmonary
artery originating from the aorta, intact ventricular septum,
PDA and CoAo or interruption of the aortic arch, was
reported by Berry et al 25 as a rare syndrome. Until recently,
14 cases have been reported in the literature; only six under-
went successful surgeries 26 and three of these underwent
only 1st stage correction in the neonate period 27 .

The association of APW, aortic arch interruption and
aortic valve atresia was reported only twice in the literature;
the first reported case 28 was diagnosed by necropsy and
the second 29 by echocardiography. Our patient in 1997 was
diagnosed by echocardiography at our institution. All
three patients were newborns, and all died due the severe
hemodynamic compromise.

Anomalous origin of the coronary arteries can occur
in 5 to 10% of the cases of APW  30,31. Pre-operative diagno-
sis is usually difficult due to the absence of clinical manifes-
tations of ischemia, since a high perfusion pressure secon-
dary to the APW leads to a good coronary artery flow. The
right coronary artery is the one most frequently involved (7
cases), followed by the left coronary artery (5 cases), single
ostium coronary artery (2 cases) and both coronary arteries
(1 case). These coronary artery anomalies can originate
both from the APW and from the pulmonary artery itself. In
the literature, an anomalous origin from the pulmonary
artery was the most common (10 of 15 cases). Among these
15 cases, the diagnosis was established in the pre-opera-

Table IV - Clinical and surgical aspects in the follow-up of patients with isolated
APW or in APW with associated defects, who did and did not undergo surgery.

Clinical evolution and Surgery (18 patients)

Group A Group B

Operated 6  (33.3%) 8 (44.4%)

Non-operated 4 (22.2%) 1 pre-operative death -------
1 death due to HPVR

2 lost to FU

Intra-operative ----- 1 - aortic valve atresia +
mortality interruption of the aortic arch

Late follow-up 6 - NYHA class I 6 - Classe funcional I
(3 months - 12 years) 1 - Classe funcional II
(Operated patients)

HPVR- high pulmonary vascular resistance; FU: follow-up.
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tive period in only two patients 32 this makes surgical
correction even more difficult, since cardiopulmonary
bypass is needed 33. In our study, the association of APW
and anomalous origin of the coronary artery from the
pulmonary artery occurred in one patient and was diagno-
sed during surgery.

The association of APW with TF is very rare and there
have been only about 15 cases published in the literature 34.
The effect of the pulmonary stenosis is disguised by the
left-to-right shunt at the level of the great vessels, with
reduction of the cyanosis and the development of high
pulmonary vascular resistance 35. In our series, the inci-
dence of this association was 5.5%. The association of
APW and transposition of the great arteries is even rarer,
and there are only three cases reported in the literature: the
first two patients died 36 and the third underwent successful
anatomical correction of the transposition and closure of the
APW on the 7 th day of life 37.

Geva et al described the first case of APW, tricuspid
valve atresia and pulmonary stenosis; pulmonary flow was
established in this patient by the placement of a 3-mm
fenestrated patch in the APW 38. The association of APW
and pulmonary valve atresia and a VSD was reported in
three other patients 5. The association of APW and extra-
cardiac anomalies has occurred occasionally in patients
with Vater sequence (0.02%) 39. Conversely, APW has not
been reported to occur in any specific syndrome.

The clinical diagnosis of APW, although difficult to
make, should be considered in any patient with congestive
heart failure and low weight gain 6. If there is associated
nonspecific mitral regurgitation, with normal mitral valve
thickness and no displasia, the possibility of this diagnosis
is even higher. This occurred in half of our patients with
isolated APW  6.

Since EKG and chest X-ray are nonspecific 6, the
echocardiogram is very important for diagnosing the APW,
and the diagnosis depends on suspecting this lesion, the
images obtained, and on the expertise of the echocardio-
grapher 40. Therefore, currently it is considered the gold
standard in the diagnosis of isolated APW. In the presence
of associated lesions, its accuracy decreases 41. APW
should always be considered when the left atrium is very
dilated or there is severe pulmonary hypertension 30.

The diagnosis by 2DE should be made by visualizing
the aortopulmonary septum in two or more different planes.
There should be thickening of the borders of the defect, so
that drop outs that can occur on the crossing of the ascen-
ding aorta and the pulmonary artery in parasternal long and
short axis views can be excluded 41.

In the parasternal short axis view, the defect can be
visualized between the aorta and the pulmonary artery.
When the defect is large, there is bidirectional shunt by
color Doppler and reverse flow in the pulmonary artery,
distal to the defect 7. Continuous flow by Doppler is seen
only in small APW (3-4mm), when there is no significant
elevation of the pulmonary artery pressure 41.

In a high parasternal plane the defect can be visuali-

zed. The detection of a diastolic reversal flow in the descen-
ding aorta and in the arch indicates there is left-to-right
shunt in diastole through the APW 8.

APW is difficult to diagnose in three situations: when
the right pulmonary artery arises from the aorta 42, and when
there is CTA or PDA. In the first situation, the right pulmo-
nary artery emerges isolated from the aorta 9 while in APW,
the right pulmonary artery is in continuity with the pulmo-
nary trunk. CTA and APW have similar clinical and hemo-
dynamic presentations, but there is a fundamental anato-
mical difference: in CTA there is just one semilunar valve, the
truncal valve, while in APW and PDA, both aortic and
pulmonary valvular apparatus are present 43. PDA is a well-
visualized structure by 2DE and, usually, there is conti-
nuous flow by Doppler and on color flow mapping 10.

Doppler and color flow mapping contribute greatly to
the diagnosis of APW by 2DE 8. After the advent of color
flow mapping, the sensitivity of the echocardiogram for
diagnosing the APW has increased, and the diagnostic
accuracy at our institution has been 76.5% for the last five
years. The necessity of performing an angiographic and
hemodynamic study is now restricted to very special situa-
tions. One should be careful in indicating it, because it can be
a high-risk procedure in the management of these patients 11.

After the first correction by Gross (ligation), several
techniques 12, with or without cardiopulmonary bypass,
with transaortic or transpulmonary patches, have been
described.

Matsuki et al 13 and Messmer 14 described the use of a
flap from the pulmonary artery to close the aortopulmonary
defect and the use of autologous pericardium to repair the
pulmonary artery. Di Bella et al reported a technique for
closing the APW with a flap from the pulmonary patch but
without using a patch to repair the pulmonary artery; this
vessel was repaired with the use of the aorta adventitia,
using the same suture. These authors described excellent
results with the latter technique, where only autologous
tissues with potential for normal growth, are used 15.

McElhinney et al 16 published a 23-year review, where
24 patients with APW underwent surgery before six
months of age. Associated anomalies were present in 50%
of the cases. In the 12 patients with isolated APW who
underwent surgery, there was no early or late death. In the
patients with associated defects, the results were less
favorable, with seven patients surviving in the long-term, all
(19-79.1%) in NYHA class I after 2 to 25 years of follow-up.
In this report 16, the necessity of performing an early sur-
gery is emphasized (all patients were less than six months
old at the time surgery was performed).

APW, on special occasions, can be occluded by an
interventionist hemodynamic procedure. The first report of
this type of occlusion was by Stamato et al 17, who used a
modified occlusion system consisting of two umbrellas; a
mild residual shunt remained in this patient. Tulloh and Rigby
17 described occlusion with the same system but without resi-
dual shunt in a six-month-old infant. Jureidini et al 44 described
successful closure of a 3.7-mm diameter APW in a 27-year-old
woman. Interventionist hemodynamic closure should be
performed in selected cases only; the defect should be well
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defined, it should be a type I defect (proximal), its dimension
should range from 3 to 4mm, and there should be no associated
anomaly of the origin of the coronary artery.

Because it is a rare congenital heart disease (<1%) and
does not have specific semiologic characteristics, APW
should be considered in the differential diagnosis of
children presenting with early heart failure, especially in the
presence of nonspecific mitral regurgitation. Since it is
associated with other defects in 50% of the cases, it should
be excluded in children with other congenital heart diseases.

Missing the diagnosis may lead to death due to heart
failure and pulmonary hypertension in a child who could un-
dergo a successful surgery and become normal 15. The good
postoperative evolution in these patients makes the diagnosis
and the indication for surgery mandatory in this situation.
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