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stenosis. We describe a case of double outlet right ventricle with subaortic ventricular
septal defect and pulmonary stenosis treated successfully with cardiopulmonary bypass.
We consider the clinical history and angiocardiographic and surgical findings of this
rare anomaly.
We stress the difficulties of reconstruction of the outflow tract of the right ventricle,

because of the anomalous pathway of the right coronary artery, the posterior situation
of the pulmonary artery, and the abnormal anatomy present in the outflow tract of
the right ventricle.

Double outlet right ventricle (DORV) is a fairly
rare cardiac anomaly.
A number of papers concerning the anatomy,

clinical findings, and surgical approach to the
anomaly as well as descriptions of new anatomical
types have been published (Kirklin, Harp, and
McGoon, 1964; Hallermann et al., 1970; Gomes
et al., 1971; Lev et al., 1972; Garcia Sanchez et al.,
1973; Van Praagh et al., 1975).
One type presents with situs solitus, atrioven-

tricular concordance, and L-position of the aorta
associated with pulmonary stenosis and a sub-
aortic ventricular septal defect (VSD). To our
knowledge, this malformation has been success-
fully treated in three patients by Danielson et al.
(1972), Lincoln (1972), and Kirklin (quoted by
Van Praagh, 1975). We present an additional case
successfully treated in our hospital.

CASE REPORT

A 12-year-old girl, born of a normal pregnancy,
was investigated and diagnosed as having double
outlet right ventricle in another hospital. She was
cyanosed and a heart murmur was discovered at

the age of 3 months. She had never had cyanotic
spells or congestive heart failure. Lately she had
complained of dyspnoea and palpitations on minor
exertion.
On physical examination she was well de-

veloped. Generalized cyanosis was present, and
clubbing of the fingers was evident. The jugular
pulse was visible at 300, and the right ventricular
impulse was palpable. On auscultation of the
heart there was a systolic ejection murmur grade
IV/VI at the left sternal border with maximum
intensity over the pulmonary area. The second
heart sound was single and very loud. The blood
pressure was 120/75 mmHg. The heart rate was
80 per minute. There were no signs of congestive
heart failure. The haematocrit was 55% and peri-
pheral 02 saturation was 86%.
The ECG (Fig. 1) showed sinus rhythm. The

axis was 1500. Right ventricular hypertrophy and
possible left ventricular hypertrophy were present.
The chest radiograph (Fig. 2) taken on admis-

sion showed the apex of the heart pointing to the
left and the gastric air bubble under the left dome
of the diaphragm with a normal heart size and
decreased pulmonary vascularity.
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FIG. 1. Preoperative ECG: sinus rhythm 55/min, AP +60; AQRS -150. Normal
auricular activity and A-V conduction. Right ventricular hypertrophy.

to-right shunt 23% of the pulmonary flow and a

right-to-left shunt 42% of the systemic flow.

TABLE
CARDIAC CATHETERIZATION

Pressures 02 Saturation

SVC 71%
IVC _ 77% R-L shunt 23 %
RA 8 75% L-R shunt 42%
RV 124/8 79% QP/QS 0-7

0
PA not entered
LV 124/6 89,

0
Ao 124/80 86 ,'

FIG. 2. Preoperati ve PA chest radiograph. Normal
heart size with prominent right and left upper heart
borders and slight decrease in pulmonary vascularity.
Visceral situs solitus.

Cardiac catheterization was performed on 20
February 1975; the pressures and saturations are
shown in the Table. The pulmonary artery was
not entered. The calculated shunts showed a left-

SVC = superior vena cava; IVC = inferior vena cava; RA = right
atrium; RV = right ventricle; PA = pulmonary artery; LV = left
ventricle; Ao = aorta; RL = right-to-left shunt; LR = left-to-right
shunt; QR/QS = pulmonary to systemic flow ratio.

Selective angiograms were performed in the
right and left ventricles, showing (Fig. 3a, b) that
the aorta and pulmonary arteries arose from the
right ventricle. The aorta was (in L-position) to
the left of the pulmonary artery. The left ventri-
culogram (Fig. 4) showed a posterior left ventricle
and a large VSD in a subaortic position. There
was a mixed valvar and subvalvar pulmonary
stenosis and the course of the coronary arteries
was not well visualized.
The final diagnosis was double outlet right

ventricle with situs solitus, D-Loop, and L-position
of the aorta associated with a large subaortic VSD
and pulmonary stenosis.
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FIG. 3(a, b) PA and lateral right ventricular angiocardiograms show a simultaneous opacification of the
aorta and pulmonary arteries; the aorta is anterior and to the left of the pulmonary artery. Ao=aorta; PA=
pulmonary artery; RV=right ventricle.

Total correction was performed in February
1975 through a median sternotomy using cardio-
pulmonary bypass. General hypothermia to 240C
was employed with intermittent aortic cross-

clamping. The total bypass time was 150 minutes
with four periods of 21, 22, 22, and 8 minutes of
myocardial ischaemia.
The external appearance of the heart (Fig. 5)

showed the aorta to be situated to the left of the
pulmonary artery. The diameter ratio of the two
vessels was 3 to 1. There was a thrill over the
pulmonary artery; the right coronary artery
crossed the outflow tract of the right ventricle
near the origin on the pulmonary artery.
Through an oblique right ventriculotomy (Fig.

6) a VSD was seen high in the septum measuring
2X2-5 cm, with its posteroinferior margin next
to the anterior and septal leaflets of the tricuspid

valve. Marked hypertrophy of the septal and pari-
etal bands of the crista supraventricularis was
evident, and a bilateral conus was present. An
extensive infundibular resection was performed.
The VSD was closed with a patch of Teflon in
such a manner as to direct the blood from the
left ventricle to the aorta (Fig. 7). The pulmonary
artery was opened vertically to show a marked
valvar stenosis. An outflow patch was used to
widen the pulmonary valve ring and the origin of
the outflow tract of the right ventricle as far down
as the abnormal right coronary artery. The right
ventriculotomy was closed and the heart started
to beat spontaneously when the temperature
reached 300C. Pressures taken after coming off
bypass showed a right ventricular pressure of
70 mmHg and a left ventricular pressure of
90 mmHg.
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FIG. 4. Left ventricular angiocardiogram shows the
posterior situation of the left ventricle, a high VSD
with opacification of the right ventricle, and both
great arteries arising from the RV. Ao=aorta; VSD=
ventricular septal defect; RV=right ventricle; LW=
left ventricle.

FIG. 5. Intraoperative photograph shows the external appearance of the heart. The great
arteries arise side by side from the right ventricle. The pulmonary artery diameter is one-
third that of the aorta. The aorta is to the left of the pulmonary artery. The right coronary
artery crosses the RV outflow tract. Ao=aorta; PA =pulmonary artery; RV=right ventricle;
RCA =right coronary artery; SVC=superior vena cava.
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(b)
FIG. 6. Intraoperative photograph shows the anatomy of the right ventricle through the
ventriculotomy. There is a large subaortic VSD. It also shows the relation and size of the
pulmonary and aortic valves. Ao=aorta; PA-pulmonary artery; A V=aortic valve; PV=
pulmonary valve; TV=tricuspid valve; VSD=ventricular septal defect; RCA =right
coronary artery.
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(a)

(b)

FIG. 7. Intraoperative photograph shows the sub-
pulmonary muscle resection as well as the VSD
closed with a Teflon patch. TV=tricuspid valve; P=
Teflon patch; PV=pulmonary valve.

The pulmonary artery pressure was 40 mmHg.
In spite of this gradient the cannulae were re-

moved and the chest was closed after bleeding
points had been controlled.

The postoperative course was uneventful and
the patient was discharged from hospital 20 days
after operation taking digoxin; her general con-
dition was very much improved and her cyanosis
had disappeared.
At the present time, five months after the

operation, she continues to do well and is awaiting
cardiac catheterization to assess her haemody-
namic state.

DISCUSSION

Surgical correction of double outlet right ven-
tricle was described by McGoon (1961), Kirklin et
al. (1964), Gomes et al. (1971), and Pacifico, Kirk-
lin, and Bergeron (1973).
More complex forms of DORV have recently

been treated surgically with success (Patrick and
McGoon, 1968; Van Praagh et al., 1975; High-
tower et al., 1969; Danielson et al., 1972; Lincoln,
1972).
The case we present is similar to those des-

cribed by Danielson et al. (1972) and Lincoln
(1972) which were the first two cases treated with
the aid of cardiopulmonary bypass. Both authors
described an intraventricular tunnel to close the
VSD in such a manner as to direct the blood from
the left ventricle to the aorta. In Lincoln's case
an outflow patch was needed and was extended
beneath an abnormal right coronary artery.
More recently, Kirklin (quoted by Van Praagh,

1975) has treated another case in which he had to
reconstruct the outflow tract of the right ventricle
with an external conduit. To our knowledge, the
case that we present here is the fourth success-
fully treated. In our case a pulmonary gradient of
30 mmHg remained in spite of the patch used for
reconstruction of the outflow tract of the right
ventricle. In the case reported by Danielson et al.
(1972) a similar gradient remained without using
a patch across the outflow tract.

It is evident that the closure of the VSD to
redirect the flow to its normal pathway is not
difficult. The problem in dealing with the outflow
tract of the right ventricle arises. This is due to

the anomalous right coronary artery crossing the
outflow tract of the right ventricle and to the
degree of pulmonary hypoplasia. As Van Praagh
et al. (1975) have stated, if the pulmonary stenosis
is not severe, it might be possible to deal with it
by infundibular resection and pulmonary valvo-
tomy; sometimes a patch is needed. On the other
hand, in those cases where the right ventricular
hypoplasia is marked, a valved external conduit
should be used to relieve the obstruction.
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From the clinical point of view the symptoms
and signs were similar to those of Fallot's tetra-

logy; the definitive diagnosis is made by cardiac
catheterization and ventricular angiograms show-
ing the exact anatomy of the condition. We think
selective coronary arteriography may be helpful
to show the exact pathway of the right coronary

artery.
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