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about five hours after the completion of the operation. Cardiac massage was unsuccessful. All vascular
closures and anastomoses were intact but the left pleural space contained about 1000 ml. of blood and there
was a large hematoma in the left chest wall. The intrathoracic bleeding had apparently come from a
lacerated intercostal artery. Permission for necropsy was refused.

Pathological Report on the Biopsies of the Right and Left Lungs. The broncho-alveolar and interstitial
structure of the lung was equally well formed in both subpleural biopsy fragments and there was no alteration
in the structure or distribution of capillaries in either biopsy. In the right lung small muscular arteries
and some arterioles showed moderate concentric fibromuscular medial thickening and marked eccentric
fibroelastic intimal thickening. Elastic laminz were multiplied and markedly frayed. These changes
especially involved bronchiolar vessels and were slight in arterioles near respiratory bronchioles and in
subpleural vessels (Fig. 5A). Arteries and arterioles in the left lung showed only equivocal endothelial
and muscular thickening (Fig. 5B).

F1G. 5.—(A) Biopsy of the right middle lobe. x 32. (B) Biopsy of the lingula. x 32.

DISCUSSION

Embryology. The developmental anomaly responsible for aortic origin of a main branch of
the pulmonary artery is not clearly established. In the human embryo at about 5 mm., the truncus
ridges grow to fuse in the midline and divide the truncus arteriosus into the aorta and pulmonary
artery. The sixth aortic arches, the precursors of the two main branches of the pulmonary artery,
arise from the dorsal aspect of the truncus arteriosus, close to the mid-sagittal plane.

The abnormality may be a consequence of asymmetric origin of one of the sixth aortic arches
from the truncus arteriosus (Fig. 6A) or an asymmetric anlage of one of the truncus ridges (Fig. 6B).
The former theory appears probable in our case. Asymmetry of the aortico-pulmonary septum
is likely to be associated with an over-riding aorta and hypoplasia of the pulmonary artery, with
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B

Fi1G. 6.—(A) Schematic representation of assymetric origin of right sixth aortic arch. (B) Schematic representation
of assymetric origin of right truncus ridge. A=/future left pulmonary artery; B=future right pulmonary artery;
C=right truncus ridge; D=Ileft truncus ridge; E=future main pulmonary artery; F=future aorta.

the additional possibility of a ventricular septal defect. These anomalies were not thought to be
present.

Atresia of the proximal connection of the right sixth aortic arch and persistence of its distal
connection to the dorsal aorta might explain anomalous origin of the right pulmonary artery.
Under these circumstances the anomalous vessel might be expected to arise from the right sub-
clavian artery. Several instances of this have been recorded (Findlay and Maier, 1951).

Review of Similar Cases. The cases we have selected (Table I) conform to one of the categories
suggested by Findlay and Maier. In each there was a single anomalous artery to one lung which
originated from the aorta proximal to the origin of the left subclavian artery. In addition, however,
in every instance the normal ipsilateral pulmonary artery was absent. We believe that their
classification should be modified to give recognition to this further abnormality. The vascular
anomaly is potentially correctable. But these cases pose a problem which is not present where
there is a dual circulation to the lung—that of determining whether the peripheral vascular con-
nections are consistent with gas exchange.

In none of the eight cases was there any characteristic physical finding. A feature of interest
in ours was a slight reduction in the size of the hemithorax on the side of the anomalous artery.
This has been reported in patients with absence of a main branch of the pulmonary artery (Madoff
et al., 1952; Flynn et al., 1954).

Cyanosis was recorded in four cases; but was only present from birth in one where the transverse
aortic arch was absent and the descending aorta received its blood supply from the ductus arteriosus.
Cyanosis was reported terminally in the other three, two of whom appear to have died of pneumonia.

Life expectancy appears to be poor for six of the eight cases died within the first few months
of life. There was, however, pathological evidence of pneumonia in three: the use of antibiotics may
improve the prognosis, but pneumonia developing in the only functioning lung must have grave
consequences.

A congenital cardiovascular anomaly was known to be present in all but one case. Findlay
and Maier observed that there were significant associated cardiovascular anomalies in 75 per cent
of cases where the origin of the anomalous pulmonary vessel from the systemic arterial system was
above the level of the lung roots, but in only 16 per cent of those where the abnormal pulmonary
vessel arose below this level.

The most common additional anomaly was a patent ductus arteriosus. Including our own
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TABLE I
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CASES OF AORTIC ORIGIN OF ONE PULMONARY ARTERY WITH ABSENCE OF
NORMAL IPSILATERAL PULMONARY ARTERY
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Age | Necropsy findings
Author | and Clinical | Physical signs
sex history | Anomalous vessel, Associated
origin and diameter anomalies Lungs
Fraentzel, | 25 yr.| Progressive | Kyphoscoliosis, | Rt. P.A. from aorta | Aortico-pulmonary | Collapse of basal
1868 F dyspncea cyanosis, close to start of septal defect segments of
and large heart. arch. rt. lower lobe
! cedema Murmurs— 2 finger breadths
! for6mo. @ apical P.S.M.,
| | i It. para-
| sternal S.M.
| and D.M.
Thomas, !3 mo. | Cough and | Dyspneeic and Lt. P.A. from trans- | Rt. aortic arch; ab- | Broncho-
1941 F fever for cyanosed. verse aortic arch, sent ductus; ab- pneumonia
3 days Loud S. and to left of left in- sent pulm. valve;
D.M. nominate. V.S.D.; poten-
Size not recorded tially P.F.O.
Bopp, 7 mo. | Dyspneic | Markedly en- Rt. P.A. from as- P.D.A.; vessels from | Lt.: congestion
1949 F from larged heart. cending aorta. transverse aorta, and cedema
birth Loud S.M. 0-6 cm. proximal to distal, Rt.: Increased
over all rt. carotid, It. car- peri-arterial
valve areas otid, It. subcl., rt. connective
subcl.; vascular tissue
‘ ring
Sikl, '4 mo Cough and | Riles through- | Rt. P.A. from as- None Lt.: Pneumonic
1952 M fever, 6 out left lung. cending aorta. consolidation
. days, Loud apical 0-5 cm. Rt.: Structure
. murmur S.M. normal, patchy
' since consolidation
birth
Sikl, Still- Lt. P.A. from as- V.S.D.; overriding Lobar anatomy
1952 born, cending aorta. aorta; rt. aortic normal. Lungs
full 0-3 cm. arch; reversal of atelectatic
" term main cranial
Sex i branches; bi-
not | } f cuspid pulm. valve;
re- : absent ductus
corded
Jew and |53 hr.| Cyanosis Systolic murmur | Rt. P.A. from as- P.F.O.; V.S.D.; ab- | Not reported
Gross, M from cending aorta. sent transverse
1952 birth 3-5cm. aortic arch;
P.D.A.
Maier, 4 mo. | Cyanosis Large heart, Rt. P.A. from as- P.F.O.; It. common | Pneumonia and
1954 F and S.M., rales at cending aorta. carotid from irregular
dyspncea bases 2-7 cm. innominate hemorrhagic
artery areas, both
lungs
White, ’ Alive | Hemoptysis | Heart not en- X-rays.
1950 | aet. 8 years, larged, pul- Prominent P.A. and hilar shadows. Area of increased
132 yr. especially monic second | density in It. peripheral lung field.
' F after ex- sound ac- i Operative findings.
i ertion. | centuated. i Lt. P.A. from aortic arch. Lt. upper lobe resected. Hamor-
l Murmur . Loud apical . rhage into lung substance, apparently from rupture of an
| since age P.S.M. ! atheromatous branch of the anomalous vessel.
i ! 3 years [
2B
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case, this lesion was present in three of the six cases with anomalous right pulmonary artery,
possibly a significant association. One of the remaining cases with a right-sided lesion had an
aortico-pulmonary septal defect. The ductus was absent in two of the three cases where the
anomaly was on the left.

Diagnosis. Hemoptysis occurring after exertion may be significant. The conventional
radiogram of the chest is likely to be normal, although there was slight elevation of the right root
shadow in our case. At present it would appear that angiocardiography provides the only means
of detecting this rare anomaly. Cardiac catheterization and bronchospirometry supplied confir-
matory evidence and permitted study of the disturbed physiology.

Physiology. We considered that the limited gas exchange observed on the right side, when our
patient breathed 100 per cent oxygen, was consistent with a normal alveolar capillary relationship.
Moreover, he did not become cyanosed after the anomalous artery was anastomosed to the
pulmonary circulation. This probably indicated that the right lung began to contribute to oxygen
uptake and was not functioning as a veno-arterial shunt. Differential diffusion studies were not
performed, but might have enabled us to assess better the functional potential of the right lung.

SUMMARY

Aortic origin of the right pulmonary artery was diagnosed by angiocardiography in a patient
with patent ductus arteriosus. Confirmatory procedures were performed and surgical correction
attempted.

The reported cases are reviewed and a modification of the method of classification suggested.
The high incidence of associated patent ductus arteriosus is noted.

We are indebted to Dr. M. M. Newman for the surgical aspects of the case, to Dr. V. Bleisch for the pathological
report, and to Dr. G. Talbert of the Department of Embryology

Drs. Garrett, Shibuya, and Pereyma assisted us with the translation of references. The patient was referred to
us by Dr. Fontanetta of Greenpoint Hospital.
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