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SUMMARY Six patients with anomalous origin of one pulmonary artery from the ascending aorta
were reviewed. Four had anomalous origin of the right pulmonary artery and two had anomalous
origin ofthe left pulmonary artery from the ascending aorta. Two ofthese six patients had tetralogy
of Fallot. Two patients died in the first month of life. No changes in the pulmonary vasculature
were seen at necropsy. Corrective surgery was attempted in two patients with associated tetralogy
of Fallot when they were two years old but both died. At necropsy there was severe pulmonary
vascular disease in the lung supplied by the anomalous pulmonary artery but no pulmonary
vascular hypertensive changes in the lung supplied by the pulmonary artery from the right
ventricle. Two recent patients underwent successful anastomosis of the anomalous pulmonary
artery to the main pulmonary artery at three months and one month and three weeks of age
respectively. Intraoperative lung biopsy in the latter patient showed early changes in both lungs.
Both echocardiography and cardiac catheterisation were used in the diagnoses. Systemic or

suprasystemic pressures were found in the pulmonary artery arising from the right ventricle as well
as the anomalous pulmonary artery in the three patients without tetralogy of Fallot.
Anomalous origin of a pulmonary artery from the ascending aorta is a distinct entity and differs

from other aorto-pulmonary arterial connections. Early surgical intervention is recommended in
all patients (including those patients with associated tetralogy of Fallot) because ofthe risk of rapid
development of irreversible pulmonary vascular disease.

Anomalous origin of one pulmonary artery from the
ascending aorta with the contralateral pulmonary
artery arising from the right ventricle is a rare
congenital cardiac abnormality. The lesion must be
distinguished from other arrangements in which the
origin of one pulmonary artery is atretic but the
arterial supply is derived either from a ductus
arteriosus (arterial duct) or via collaterals between
the systemic and pulmonary arteries.'2
We reviewed the detailed findings, including diag-

nostic data and surgical considerations, in six
patients with direct origin of one pulmonary artery
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from the ascending aorta. The morphology seen in
four hearts at necropsy and the histopathology ofthe
pulmonary vasculature at necropsy or lung biopsy
were also examined.

Patients and methods

STUDY PATIENTS
From January 1968 to July 1987, six patients (two
male, four female) with anomalous origin of one
pulmonary artery from the ascending aorta were seen
at the Children's Hospital of Pittsburgh. Four
patients presenting in the first two months oflife with
congestive cardiac failure had the right (three) or left
(one) pulmonary artery arising from the ascending
aorta. Diagnosis was made at necropsy in the earliest
case and by echocardiography or cardiac catheterisa-
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tion in the others. Two patients presented with
cyanosis and a murmur when they were six months
old. They had tetralogy of Fallot with a right aortic
arch and a right (one) or left (one) pulmonary artery
arising from the ascending aorta. In all patients
the other pulmonary artery arose from the right
ventricle.
One patient (case 1) (table) had Down's syndrome

with duodenal atresia and prematurity while another
(case 2) had clinical findings of the Di George
syndrome with absence of the thymus at necropsy.
The other patients had no extracardiac abnor-
malities.

DIAGNOSTIC STUDIES
Echocardiography was performed in the two most
recent patients before cardiac catheterisation and
again in the postoperative period. Five patients
underwent cardiac catheterisation. Diagnosis was
made at necropsy in the first patient of the series. In
all patients we measured the size of the pulmonary
arteries at the hilum, the distance of the anomalous
origin above the aortic valve, and the length of the
anomalous pulmonary artery from its origin with the
aorta to its branching point. These measurements
were taken from angiograms except in the patient not
undergoing cardiac catheterisation. In this patient
measurements were taken from the necropsy
specimen.

COURSE
Operation was not performed on the earliest two
patients in the series (cases 1 and 2) (table) although
diagnosis had been confirmed by cardiac catheterisa-
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tion in the second patient. Both died in the first
month. Two other patients (cases 3 and 4) with
tetralogy of Fallot underwent attempted surgical
correction at 25 and 26 months ofage but both died in
the early postoperative period. Necropsy specimens
of the heart and lung were available from these four
patients. The last two patients in the series, who were
diagnosed by echocardiography and angiography,
underwent successful operative repair at three
months and one month and three weeks of age. Open
biopsies were performed on both lungs at the time of
surgical repair in one patient (case 6).

Results

ECHOCARDIOGRAPHY
The parasternal long axis view (fig la) showed the
anomalous posterolateral origin of the pulmonary
artery from the ascending aorta a short distance
above the aortic valve. The ascending aorta and the
anomalous pulmonary artery were more extensively
visualised with the transducer in a more cephalad
position than that providing the usual long axis
parasternal view. The ascending vessel above the
pulmonary artery was shown to continue as the aortic
arch, confirming that the vessel was the aorta and not
the pulmonary artery. The size of the anomalous
pulmonary artery was normal. Its course could be
followed from suprasternal views by directing the
transducer towards the right or left lung. The
expected bifurcation of the pulmonary trunk could
not be seen from either the parasternal or supra-
sternal short axis views (fig lb). However, one patient
had a large left atrial appendage which simulated a

Table Data on six patients with anomalous origin of one pulmonary arteryfrom the ascending aorta

Haemodynamicfunction (mm Hg) Surgery (mnth) Lung histopathology

Patient Diagnosis RPA LPA AO Age Type Right Left Outcome

1 RPA-AO - - - Normal Normal Dead
DA (3 wk)
LAA

2 RPA-AO 90/50 105/55 90/50 Normal Normal Dead
DA (2 wk)
LAA

3 LPA-AO 12/4 110/60 26 TOF repair, Normal Severe vascular Dead
TOF LPA anastomosis changes (26 mnth)
RAA

4 RPA-AO 65/40 100/40 25 Conduit to RPA Severe vascular Normal Dead
TOF changes (25 mnth)
ALSA
RAA

5 LPA-AO 90/40 95/40 3 LPA anastomosis, - Alive
DA DA ligation
ALSA
RAA

6 RPA-AO - 95/40 75/- 1-8 RPA anastomosis, Early vascular Early vascular Alive
DA DA ligation changes changes
LAA

ALSA, anomalous left subclavian artery; DA, ductus arteriosus; LAA, left aortic arch; LPA, left pulmonary artery; AO, ascending aorta;
RAA, right aortic arch; RPA, right pulmonary artery; TOF, tetralogy of Fallot.
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Fig 1 Echocardiograms. (a) Parasternal long axis view of the right pulmonary artery (RPA) arisingposteriorlyfrom t)
ascending aorta (AO) (patient 6). (b) Suprasternal view of the left pulmonary artery (LPA) arisingfrom the main
pulmonary artery (MPA) (patient 6). LV, left ventricle; RV, right ventricle.

right pulmonary artery in parastemal views. The
postoperative connection of the anomalous pulmon-
ary artery to the pulmonary trunk was visualised in
parasternal short axis views. It arose from a proximal
surgically favourable position.

HAEMODYNAMIC FUNCTION
A low pressure in the pulmonary artery connected to
the right ventricle was confirmed in patient 3 with
tetralogy of Fallot (table). The left pulmonary artery
arising from the right ventricle in the other patient
(case 4) with tetralogy was not entered but the right
ventricular outflow tract was considerably obstruc-
ted. An unexplained moderate pressure difference
was found between the anomalous right pulmonary
artery and aorta in the absence of stenosis at the
origin of the anomalous pulmonary artery.

Pressures in the normally connected pulmonary
artery were systemic or suprasystemic in all three
patients (2, 5, and 6) in whom there was no right
ventricular outflow obstruction. The anomalous pul-
monary artery was not entered in two of these three
patients, but the pressure in the artery was likely to be
similar to that in the ascending aorta.

OPERATION
Both patients with tetralogy of Fallot underwent
attempted surgical repair at 25 and 26 months of age.
Under cardiopulmonary bypass and through a right
ventriculotomy, repair in the first patient included
resection of the subpulmonary infumdibulum,

closure of the ventricular septal defect, positioning a
pericardial transannular patch, and detachment of
the anomalous left pulmonary artery from the ascen-
ding aorta with direct anastomosis to the pulmonary
trunk. In the other patient, who had a severely
hypoplastic right ventricular outflow tract, a conduit
was placed between the right ventricle and the
detached anomalous right pulmonary artery, the
ventricular septal defect was closed, and the sub-
pulmonary infundibulum was resected. The hypo-
plastic left pulmonary artery was not incorporated
into the conduit. The aortic defect was sutured
directly. Both patients died soon after operation.
Pressures in the right ventricle were persistently high
and cardiac output poor.
The last two patients underwent successful

operative detachment of the anomalous pulmonary
artery from the ascending aorta with subsequent
direct anastomosis to the pulmonary trunk. Opera-
tion was completed without cardiopulmonary bypass
in one patient when the left pulmonary artery arose
from the aorta. Both patients had an uneventful
postoperative course.

MORPHOLOGY
The anomalous pulmonary artery originated from
the posterolateral aspect of the ascending aorta
between 5 and 20mm from the aortic valve (fig 2a and
b). In two patients the anomalous right pulmonary
artery arose from the posterior left aspect of the
ascending aorta and then passed behind the aorta to
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Fig 2 Necropsy specimen. (a) Anteroposterior view of the right pulmonary artery (RPA) arisingfrom the posterolateral
aspect of the ascending aorta (AO) (patient 1). (b) Left lateral view of the left pulmonary artery (LPA) and ductus
arteriosus (PDA) arisingfrom the main pulmonary artery (MPA) (patient 1).

reach the right lung. The anomalous pulmonary
artery, which was 4-11 mm in diameter at the hilum,
was similar in size to the normally connected contra-
lateral pulmonary artery in those patients without
tetralogy of Fallot. In patients with tetralogy of
Fallot there was a considerable disparity between the
size of the anomalous pulmonary artery and hypo-
plastic pulmonary artery connected to the right
ventricle. There was no stenosis at the origin of the
anomalous pulmonary artery and it supplied all
segments of the lung in all patients (fig 3a).
Three patients had a right aortic arch-both

patients with tetralogy of Fallot and one patient who
had an anomalous left pulmonary artery. An aberrant
left subclavian artery arising from the descending
aorta was found in two of the patients with a right
aortic arch (fig 3b).

Patients with tetralogy of Fallot showed a typical
intracardiac structure. There was a large malalign-
ment ventricular septal defect with severe infun-
dibular and pulmonary valvar stenosis (fig 4). The
pulmonary artery connected to the right ventricle
was hypoplastic, measuring from 30% to 60% of the

opposite anomalous pulmonary artery. No remnant
of a second pulmonary artery arising from the
pulmonary trunk was found.
The ductus arteriosus (arterial duct) was patent in

the four patients without tetralogy of Fallot. It
connected the aorta to the left pulmonary artery in
the usual fashion when the arch was left sided (three
patients). In the fourth patient, with a right aortic
arch and anomalous origin of the left pulmonary
artery, the duct passed from the aorta to the right
pulmonary artery.

LUNG HISTOPATHOLOGY
Examination of the lungs at necropsy in the two
infants (cases 1 and 2) who did not undergo operation
showed normal pulmonary vasculature in both lungs.
The infants died at 12 (case 1) and 23 (case 2) days of
age. Severe vascular changes were seen in the lungs
supplied by the anomalous pulmonary artery in both
patients who died after repair of tetralogy of Fallot at
25 and 26 months of age. Severe medial and intimal
proliferation with focal fibrinoid changes were found
in the medium and small sized arteries of the affected
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Fig 3 Left ventriculograms. (a) Right anterior oblique view of anomalous origin of the right pulmonary artery (RPA) from
the ascending aorta (AO) (patient 6). (b) Anteroposterior view of another patient with anomalous origin of the left
pulmonary artery (LPA) from the ascending aorta (AO), right aortic arch, and distal origin of the left subclavian artery
(arrows) (patient 5).

lung. However, no evidence of pulmonary vascular
disease was seen in the lung supplied from the right
ventricle, because it was protected by pulmonary
valvar and infundibular obstruction.

Biopsy, performed on both lungs of patient 6 who
underwent surgical repair at one month and three

Fig 4 Right ventriculogram. Anteroposterior view of
anomalous origin of the left pulmonary artery (LPA) from
the ascending aorta (AO). The right pulmonary artery
(RPA) arisesfrom a hypoplastic main pulmonary artery
(MPA) with subpulmonary stenosis (arrow) (patient 3).

weeks, showed only mild medial hypertrophy of the
muscular pulmonary arteries without intimal or
arteriolar changes. The appearances were similar in
both lungs.

Discussion

Anomalous 'origin of a- pulmonary artery from the
ascending aorta is a distinct and well-recognised
entity.'2 It is a different malformation from pulmon-
ary arteries that originate from the aorta via a ductus
arteriosus or are supplied through collaterals bet-
ween the systemic and pulmonary arteries.2 The
morphology of the anomalous pulmonary artery
from the ascending aorta is consistent. The artery
arises from the posterolateral wall of the ascending
aorta 5-30mm above the ventriculoarterial junction.3
It can also arise from the opposite posterior aspect of
the ascending aorta.4 The sizes of the anomalous
artery and contralateral pulmonary artery are similar
except when there is associated tetralogy of Fallot.
Most commonly the right pulmonary artery is
anomalously connected. 3 Anomalous origin of the
left pulmonary artery usually occurs with a right
aortic arch, although it has been described with a left
aortic arch in association with tetralogy of Fallot.45
Tetralogy of Fallot and arterial ducts are well recog-
nised associations. An anomalous left subclavian
artery with a right aortic arch is also seen.
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Diagnosis can be made by cross sectional echo-

cardiography,67 when a posterior vessel arising from
the ascending aorta and supplying the lung can be
visualised in parastemal and suprastemal views. The
finding can mimic an aortopulmonary window.
Therefore it is important to show that the normal
bifurcation of the pulmonary trunk is absent. Sub-
costal views may be helpful ifthe anomalous pulmon-
ary artery arises from the lateral aspect of the
ascending aorta,8 but more usually it has a posterior
origin. The anomalous pulmonary artery branches
normally to supply the lung. Echocardiography and
angiography are essential to show the abnormality
and associated lesions.
Haemodynamic measurements at catheterisation

showed systemic or suprasystemic pressures9 in the
pulmonary artery rising from the right ventricle
except when right ventricular outflow tract obstruc-
tion coexisted in tetralogy of Fallot. Pulmonary
vascular changes when seen at either necropsy or in
intraoperative lung biopsy specimens can be
correlated with delay in operative repair. Both
infants in our series who died within the first month
had normal pulmonary vasculature in both lungs.
Lung biopsy at 1 month 3 weeks in the infant with
suprasystemic pressures in the pulmonary artery that
arose from the right ventricle showed only mild
medial hypertrophy in the muscular arteries in both
lungs. However, both patients with tetralogy of
Fallot operated after two years of age had severe
unilateral pulmonary vascular changes in the lung
supplied by the anomalously connected artery. There
was no evidence for pulmonary vascular hyper-
tensive changes in the lungs directly supplied from
the right ventricle and protected from excessive
pulmonary blood flow by pulmonary and infun-
dibular obstruction. A crossover mechanism of a
circulating vasoconstrictor or neurogenic pulmonary
hypertension21O from the anomalously supplied lung
to the normally supplied lung was given as a possible
cause of pulmonary vascular changes in the unaffec-
ted lung. However, pulmonary blood flow must
clearly be a critical factor in the development of
pulmonary vascular disease because patients with
tetralogy of Fallot show unilateral changes. Some
studies found no significant differences between the
lungs on biopsy'01 while other studies showed more
advanced changes on the non-affected side.2 13 These
changes were attributed to the high flow of fully
oxygenated blood in the anomalously supplied lung.

Irrespective of the mechanisms, early surgical
intervention, preferably before 12 months of age, is
important to prevent the development of irreversible
pulmonary vascular disease.' '4 In patients in whom
the anomalous origin of the pulmonary artery is an
isolated finding, operative correction should be con-

sidered soon after diagnosis and preferably before six
months of age, because early changes of pulmonary
vascular disease can be identified in the first few
months of life. Correction may be possible with or
without cardiopulmonary bypass depending upon
which side the anomalous pulmonary artery rises and
the technical difficulties encountered during
operation.23 l Surgical risk is increased by associated
lesions such as tetralogy of Fallot, but successful
early surgical repair has been achieved.'6 The hypo-
plasia of the pulmonary artery connected to the right
ventricle will influence the timing of repair but
pulmonary vascular hypertensive changes will
progress in the anomalously supplied lung if opera-
tion is delayed.

It is important to make accurate diagnosis in early
infancy, particularly when patients have associated
cardiac lesions such as tetralogy of Fallot. This
dominating finding may obscure the important
associated anomalous origin ofone pulmonary artery
from the aorta. Anomalous origin of a pulmonary
artery from the ascending aorta is a distinct entity,
different from other aortopulmonary arterial connec-
tions. There is rarely stenosis in the anomalous
pulmonary artery and the lung with the anomalous
supply is at high risk of the early development of
pulmonary vascular hypertensive changes. Delay in
recognition of such a lesion may result in fatal
pulmonary vascular disease.
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