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SUMMARY The morphology of the central pulmonary artery was studied by selective angiography
in 21 previously unoperated patients (aged 11 days-21 years, median 4 years) with pulmonary
atresia associated with various types of congenital heart disease. Angiographic findings were
confirmed at operation in 10 patients. There was juxtaductal obstruction of the left pulmonary
artery in two thirds of the patients with complete atresia in a quarter. Six of seven patients
without juxtaductal obstruction had pulmonary valve atresia, but all nine patients with juxta-
ductal stenosis had truncal atresia. No patient had stenosis of the right pulmonary artery.

Congenital pulmonary atresia often occurs in associ-
ation with tetralogy of Fallot, atrioventricular
discordance, ventriculoarterial discordance, uni-
ventricular heart, or with intact ventricular sep-
tum.! 2 Successful correction has been achieved by
techniques such as closed or open right ventricular
outflow tract reconstruction,>* the Rastelli pro-
cedure,® ¢ or the Fontan procedure.” ® The presence
of normal, or nearly normal, pulmonary arteries is
important for successful operation, and peripheral
pulmonary stenosis or atresia often make intra-
cardiac repair difficult.® !° Preoperative diagnosis of
peripheral pulmonary stenosis or atresia by con-
ventional diagnostic methods is not easy. Since 1981
we have used preformed catheters to enable us to
visualise the ductus arteriosus and adjacent central
pulmonary arteries in patients with pulmonary at-
resia.'! We now report the angiographic appearance
of the central pulmonary arteries in pulmonary
atresia and discuss the development qf juxtaductal
obstruction of the left pulmonary artery.

Patients and methods

Since the beginning of November 1981, we have
used selective angiography to investigate 77 patients
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with pulmonary atresia associated with various other
congenital anomalies in whom the central pul-
monary artery originally gave rise to right and left
pulmonary arteries. Twenty one patients who had
not been treated surgically form the present study
group. They range in age from 11 days to 21 years
(median 4 years). Eight are males and 13 are females
(Table). All were investigated by cross sectional
echocardiography and angiocardiography. The mor-
phology of the central pulmonary artery (pulmonary
trunk and main branches) was studied by biplane
cut-film or cine angiography. After ventricu-
lography or aortography, selective pulmonary angio-
graphy was performed by catheterisation of the
persistent ductus arteriosus, except in one patient
(case 6) in whom the ductus arteriosus was not
patent and in five patients under the age of 1 year
(cases 1, 2, 7, 8, and 16). In case 6 the entire central
pulmonary artery was visualised by pulmonary vein
wedge angiography. In the five infants the central
pulmonary artery was clearly visualised by aor-
tography. In six patients (cases 16-21) the proximal
left pulmonary artery was atretic and angiography
through the ductus arteriosus showed only the distal
left pulmonary artery. In three (cases 17, 18, and 20)
of these six patients a right pulmonary arteriogram
was obtained by injection of contrast medium into
the right pulmonary vein wedge position.

Two types of pulmonary atresia were identified
on angiograms. In pulmonary valve atresia the
pulmonary trunk was long and tubular and sinuses
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Table Angiographic data on 21 patients with pulmonary atresia

Case No Intracardiac anatomy Age Sex Type of pulmonary atresia PDA Juxtaductal ~ PA obstruction
proximal distal
1 VAD, VSD 11d M \ + - -
2 IVS 12d F \Y% + - -
3 lyr F \4 + - -
4 IvVS yr F \% + - -
5 AVD, VAD, VSD Tyr F \4 + - -
6 Fallot 8yr M \% - — -
7 AVSD 4mnth M T + S S
8 VAD, VSD 8mnth F T + S S
9 Fallot lyr F T + S S
10 VAD, VSD 2yr M T + S S
11 UVH 2yr M T + S S
12 Fallot 2yr M T + S S
13 Fallot 5yr F T + S S
14 Fallot 5yr F T + S S
15 Fallot 21 yr M - T + - -
16 Fallot 3 mnth F T + S S
17 AVD, VAD, VSD 4yr F U + A S
18 UVH 6 yr F U + A S
19 Fallot 9yr M U + A S
20 Fallot 10 yr F U + A S
21 Fallot 10 yr F U + A S

PDA, persistent ductus arteriosus; VAD, ventriculoarterial discordance; VSD, ventricular septal defect; IVS, intact ventricular septum;
UVH, univentricular heart; AVD, atrioventricular discordance; AVSD, atrioventricular septal defect; V, valvar; T, truncal; U, unknown;

PA, pulmonary artery; +, present;

of Valsalva were seen at its interior end. In truncal
atresia the pulmonary trunk was short and cone
shaped. These features were most clearly shown on
lateral angiograms. In six patients (cases 16—21) with
additional juxtaductal pulmonary atresia, the pul-
monary trunk could not be visualised. The ductus
arteriosus was left sided in 20 patients, including
two with the asplenia syndrome (cases 7 and 10).
The remaining patient (case 6) had a closed ductus
arteriosus.

We use the term juxtaductal obstruction to des-
cribe stenosis or atresia of the left pulmonary artery
at its junction with the ductus. The diagnosis of
postnatal development of juxtaductal atresia was
based on the angiographic demonstration, with the
catheter in the ductus, of a left pulmonary artery
continuous with the ductus, but at an angle to it,

PDA PDA
U hadadietal aductal ST\ airesia of ;T)‘\\
proximal LPA
n=6 n=9 n=5
Age:0,0178.2\(years)  Age:000)2.2, Age 469,10,
Ductus closure 55 (years) 10 (yea's)
—J— B Ciosed vessel
7 7 = Stenosis (<50%)
+ Atresia
n=1
Age 8 (years)
Fig.1 Central pulmonary artery patterns in the

development of pulmonary atresia associated with congenital
heart disease. Numbers of patients and their ages are given.

—, absent; S, stenotic; A, atretic.

absence of major aortopulmonary collateral artery
to the right lung, and demonstration of a right
pulmonary artery with normal branching pattern
by pulmonary vein wedge angiography. Stenosis of
the left pulmonary artery was defined as reduction of
the internal diameter to less than 509, of its largest
diameter. Atresia was diagnosed when no contrast
medium passed into the central pulmonary artery
despite adequate selective injection into the ductus.
In 10 of the 21 patients, the central pulmonary ar-
tery was explored at operation after angiographic

Fig.2 Central pulmonary artery visualised by pulmonary
vein wedge (PVW ) angiography in case 6. An end hole
catheter was positioned in the left pulmonary vein via a
patent foramen ovale. The ductus was closed. A hypoplastic
central pulmonary artery and pulmonary trunk (PT) were
visualised. Atresia of the pulmonary valve was diagnosed.
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Fig.3 (a) Selective angiography of the central pulmonary artery through a preformed ductus oatheter in a 2 year old girl
with tetralogy of Fallot, pulmonary atresia, persistent ductus arteriosus (PDA ), and previous left subclavian to pulmonary
artery anastomosis. (b) The pulmonary trunk was small with valve atresia. The left pulmonary artery was visualised only
faintly because of wash out from the surgically created shunt. Moderate juxtaductal stenosis was present.

study; the angiographic diagnosis was confirmed in
all.

Results

ANGIOGRAMS OF THE PULMONARY ARTERY

The pulmonary trunk was clearly visualised in 16
patients. There was pulmonary valve atresia in six
patients (43%) and truncal atresia in the remaining
10 patients.

The appearance of the central pulmonary artery
corresponded to one of four patterns (Fig.1) In
seven patients the pulmonary trunk gave rise to right
and left branches without stenosis. All these patients
except one (case 15) had pulmonary valve atresia. In
one (case 6) the ductus was closed, and pulmonary
vein wedge angiography showed that the entire
central pulmonary artery was hypoplastic (Fig. 2).

In the other 14 patients, there was juxtaductal ob-
struction of the left pulmonary artery. In nine of
these 14 patients the pulmonary trunk divided into
right and left pulmonary arteries, but there was a
cone shaped narrowing of the left pulmonary artery
in each case (Figs. 3, 4, and 5). These nine patients
all had truncal atresia. In the remaining five patients,
there was complete juxtaductal obstruction, and

selective injection of contrast medium into the
ductus demonstrated only the left pulmonary artery
(Fig.6). In three of these five patients, pulmonary
vein wedge angiography demonstrated normal
branching of the right pulmonary artery, though
proximal right pulmonary artery and pulmonary
trunk were not opacified so that the type of
pulmonary atresia could not be determined.

CORRELATION BETWEEN TYPES OF PULMONARY
ATRESIA AND JUXTADUCTAL OBSTRUCTION
Figure 7 shows the age of the patients, the type of
pulmonary atresia, and the presence or absence of
juxtaductal obstruction. None of the six patients
with valvar atresia had juxtaductal obstruction of the
left pulmonary artery. In contrast, all except one of
those with truncal atresia had juxtaductal obstruc-
tion in the left pulmonary artery. Juxtaductal ob-
struction was more severe proximal than distal to the
ductus and five of eight patients aged >3 years with
juxtaductal obstruction had atresia.

ANGIOGRAMS OF THE DUCTUS ARTERIOSUS

The ductus arteriosus was visualised clearly in 20
patients and was catheterised in 15 patients. In 18
patients the lung tubular ductus arose from the
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Fig.4 Selective angiograms of the central pulmonary artery through the ductus in a 13 year old girl with tetralogy of Fallot,
pulmonary atresia, persistent ductus arteriosus, and previous Waterston shunt. (a) The balloon catheter was positioned in the
persistent ductus arteriosus (PDA) via right atrium, right ventricle, and ascending aorta. (b) Juxtaductal stenosis and atresia
of the pulmonary trunk (PT) were clearly demonstrated. LPA, left pulmonary artery. The right pulmonary artery was not
well shown because of wash out from Waterston shunt. -

Fig.5 Selective angiogram of the central pulmonary artery Fig.6 Selective angiogram of the central pulmonary artery

through the persistent ductus arteriosus (PDA) in case 11, through the ductus in case 19. The cone shaped left

showing cone shaped stenotic ductus and juxtaductal 1 pul y artery (LPA) was visualised. The pul ry

of the left pull y artery. St is of the ductus caused artery was atretic proximal to the junction with the persistent
contrast material to be regurgitated into the aorta. ductus arteriosus (PDA). The angiographic balloon catheter

was inserted into the ductus through the right ventricle and
ascending aorta.
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Fig.7 Types of pulmonary atresia, ages, and juxtaductal
obstruction of the left pulmonary artery in patients with
pulmonary atresia and no previous operation. Juxtaductal
stenosts developed in infancy and early childhood when the
pulmonary trunk was atretic. In contrast, patients with
atresia of the pulmonary valve did not develop juxtaductal
obstruction.

inferior aspect of the aortic arch with an acute
angle between ductus and descending aorta (Fig. 5).
In the other two patients, with pulmonary atresia
and an intact ventricular septum, the ductus was
shorter, originated more caudally at the isthmus,
and made an obtuse angle with the descending aorta.
The ductus originating from the inferior aspect of
the aortic arch was widest at its aortic origin, was
tubular or cone shaped, and had localised stenosis at
its junction with the pulmonary artery (Figs. 4 and
5). A large ductus could be catheterised with a
balloon catheter (Figs. 4 and 6). A small ductus had
to be catheterised using a preformed ductus catheter
(Figs. 3 and 5).

Discussion

The development of juxtaductal obstruction of the
left pulmonary artery in patients with pulmonary at-
resia has been described before but not as a definite
entity.!2"!* Our angiographic observations pro-
vided not only a diagnosis but also information
about the development of juxtaductal obstruction.
Several possible mechanisms have been proposed
to explain the development of juxtaductal obstruc-
tion. It has been suggested that, as in the case of
coarctation of the aorta,'5 the shearing force of rapid
flow leads to development of a jet lesion at the
bifurcation of the artery. This mechanism may
explain the progression of juxtaductal obstruction
after infancy. We, however, have seen juxtaductal

obstruction in a 3 month old infant, and the early
appearance of this obstruction suggests that ductal
constriction may be a factor. Presbitero etal re-
ported evidence to support this hypothesis in one of
their patients.!> They suggested that as the ductus
arteriosus closed, ductal tissue extended into and
narrowed the left pulmonary artery.

In the nineteenth century it was suggested that
ductal tissue might be a cause of coarctation of the
aorta (Skodaic theory).!® ! More recently this Sko-
daic theory was invoked to account for angio-
graphically diagnosed juxtaductal stenosis in the left
pulmonary artery in tetralogy of Fallot in some
patients. 8 1°

An understanding of the development of juxta-
ductal obstruction in pulmonary atresia is relevant
to the management of congenital cardiac diseases as-
sociated with pulmonary atresia. The present study
showed the progressive nature of this lesion, es-
pecially proximal to the ductus, and its association
with truncal atresia. In patients with truncal atresia,
juxtaductal stenosis was already present in infancy—
the youngest such patient in this series was 3 months
old. After the age of 3 years complete juxtaductal
atresia increased in frequency, but the small number
of observations precluded quantitative statements
about its rate of progression. The present study
showed that juxtaductal obstruction developed at
both sides of the ductal junction with the left pul-
monary artery, but that it progressed more rapidly
proximal to the junction. The reason for this is
not clear. In contrast, we noticed that juxtaductal
obstruction progressed more rapidly distal to the
junction after left subclavian-pulmonary artery
anastomosis (unpublished data). We believe that
juxtaductal obstruction may progress more rapidly
where blood flow is more turbulent.

It is remarkable that in this study juxtaductal ob-
struction was an almost invariable finding in patients
with truncal atresia but did not occur in those with
valvar atresia. This difference is less clear cut in our
continuing study of peripheral pulmonary artery
stenosis in pulmonary atresia after palliative oper-
ation. There are several possible explanations of the
association of juxtaductal obstruction with truncal
atresia. There is evidence that pulmonary valve at-
resia, especially when associated with intact ventric-
ular septum, develops later in fetal life than truncal
atresia.2® This may in turn, lead to differences in
development of the juxtaductal portion of the
pulmonary artery. Specifically, the size of the
pulmonary artery or the distribution of the ductal
tissue in the left pulmonary artery may be different
in these two types of pulmonary atresia. This
remains to be studied.

A few comments are needed on the technique of
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selective angiography of the pulmonary artery in
patients with pulmonary atresia and a central pul-
monary artery. The origin and shape of the ductus
arteriosus in -pulmonary atresia are character-
istic.4 2 It arises from the inferior aspect of the aor-
tic arch and makes an acute angle with the
descending aorta. We have used three techniques for
catheterisation of this type of ductus. In a large high
flow ductus, a transvenous balloon catheter (Ber-
man) can be advanced through the right ventricle
and ascending aorta into the ductus. An angio-
graphic catheter may also be inserted through the
brachial artery. In 1981 we developed a third tech-
nique in which we used a preformed ductus cath-
eter.!! This catheter is inserted percutaneously from
the femoral artery and easily enters the ductus. We
have used it extensively in children aged >1 year,
and even a narrow ductus with an internal diameter
of 2mm can be entered.

We are indebted to Dr Leonard M.Linde, Clinical
Professor of Pediatric Cardiology, University of
Southern California School of Medicine, and Miss
Miyuki Kahn for their help.
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