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Triple outlet right ventricle: a previously unknown cardiac
malformation
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Abstract We present the case of an infant with three distinct outflow tracts from the right ventricle. Three
outlets from the heart have been previously named the “Tritruncal Heart”. We review the two previously
reported cases of tritruncal hearts and describe the anatomy, diagnosis, surgical management, and outcome of our
case. Embryologic implications are also discussed.
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IT IS COMMONLY UNDERSTOOD THAT HEARTS HAVE

either a single or two separate arterial trunks.
Concordant ventriculoarterial connections are

defined as the aorta arising from the left ventricle
and pulmonary trunk arising from the right ventricle.
In 1982, Diaz-Gongora1 published a report describing
a heart with three separate arterial trunks. In the
pathologic description, the pulmonary trunk arose
from the right ventricle and connected to the left
pulmonary artery and arterial duct. The aorta arose
from the left ventricle posterior to the pulmonary trunk
and had a normal position and orientation. A third
arterial trunk – deemed the “intermediate trunk” –was
discovered anterior to the aorta and posterior to the
pulmonary trunk, arising directly from the left
ventricle between the two vessels. The intermediate
trunk connected to the right pulmonary artery. The
anterior wall of the intermediate trunk and the
posterior wall of the pulmonary trunk were in direct
connection but had completely separate lumens. The
origin of the intermediate trunk was anterior and

slightly to the left of the aortic valve and had a
rudimentary valve structure. No other cardiac
malformations were present. Pelletier et al2 published
a similar case of an infant diagnosed with three
arterial trunks. Imaging showed the pulmonary
trunk arising appropriately from the right ventricle.
The aorta arose normally from the left ventricle. A
third smaller arterial trunk originated from the left
ventricle anterior and slightly leftward of the aorta
connecting to the right pulmonary artery. Similarly,
the anterior wall of the third trunk and the posterior
wall of the pulmonary trunk were in continuity, but
the lumens were separate. They also described a
rudimentary semilunar valve.
In these reports, the occurrence of an intermediate

trunk was an isolated anomaly. We present the first
case of a “tritruncal” heart with all outlets arising
from the right ventricle, in combination with addi-
tional outflow tract derangements.

Report of case

Our patient was diagnosed prenatally with double-
outlet right ventricle, large malalignment ventricular
septal defect, and interrupted aortic arch type B.
Postnatal transthoracic echocardiogram confirmed
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the prenatal diagnosis, but pulmonary artery anatomy
could not be clearly delineated.
Cardiac catheterisation revealed three arterial trunks

arising from the right ventricle. The complete ana-
tomic diagnosis included the usual atrial arrangement,
concordant atrioventricular connections, ventricular
right-hand topology, and a tritruncal outlet with all
three outlets arising from the right ventricle – “triple
outlet right ventricle”. The aortic arch anatomy was
an interrupted left aortic arch type B. The systemic and
pulmonary venous anatomy was normal. An inter-
ventricular communication was present with posterior
deviation of the outlet septum crowding the subaortic
space. The right ventricle outlets include the pulmon-
ary trunk arising anteriorly, the aorta arising posterior
and rightward of the pulmonary trunk, and a third
“intermediate” trunk arising from the right ventricle.
The intermediate trunk was positioned between the
pulmonary trunk and aorta, posterior to, and slightly

rightward of the pulmonary trunk. It was located left-
ward and adjacent to but slightly anterior to the aorta.
The pulmonary valve connects to the pulmonary trunk,
left pulmonary artery, and arterial duct. The aortic
valve connects to the ascending aorta, right common
brachiocephalic artery, and left common carotid artery.
The intermediate trunk had a rudimentary valve from
the right ventricle that guards the entrance to an iso-
lated right pulmonary artery. The pulmonary trunk
and right pulmonary artery valve leaflets are in fibrous
continuity with one another. The anterior wall of the
intermediate trunk was directly adjacent to the pos-
terior wall of the pulmonary trunk, but they had
separate lumens. The outlet septum was below the
pulmonary trunk and the aortic valve (Figs 1, 2).
The patient underwent aortic arch repair, right

pulmonary artery unifocalisation, arterial duct ligation,
and pulmonary artery band on the fourth day of life. At
surgery, the right pulmonary artery was transected

Figure 1.
(a, b) Echocardiogram depicting the pulmonary trunk giving rise to the left pulmonary artery and discontinuity with the right pulmonary
artery. (c) Modified parasternal view showing the right ventricular outflow tract and pulmonary trunk with the right pulmonary artery
arising separately from the right ventricle with distinct valvar tissue. (d) Sweeping rightward and slightly anteriorly the aorta is then seen in
long axis with posterior deviation of the outlet septum crowding the subaortic space. *= right pulmonary artery; #= left pulmonary artery;
%= outlet septum; Ao= aorta; D= patent arterial duct; P= pulmonary trunk; RV= right ventricle.

Vol. 25, No. 3 Tingo et al: Triple outlet right ventricle 577

https://doi.org/10.1017/S104795111400050X Published online by Cambridge University Press

https://doi.org/10.1017/S104795111400050X


close to the aorta and probe placement showed a direct
communication into the right ventricle. The right
pulmonary artery was anastomosed to the distal pul-
monary trunk (end to side). Postoperative course was
complicated by supravalvar aortic stenosis and right
pulmonary artery stenosis requiring reoperation and
subsequent stent implantation. The patient died at
6 months of age secondary to infection.

Discussion

The two previously published cases discussed the
presence of an intermediate trunk as an isolated
anomaly. Our case is unique in that it is the first to
describe additional outflow tract derangements. The
segmental classification of the previously published
cases is a challenge. All three cases have concordant
atrioventricular connections; however, in the two
previously published cases, the ventriculoarterial

connections are neither concordant nor discordant,
given a concordant right ventricular to pulmonary
trunk connection but a “double-outlet left ventricle”.
With the difficulties in segmental classification, the
terminology tritruncal heart appropriately describes
these two cases. Unique to our case, all three outlets –
the pulmonary trunk, the aorta, and the intermediate
trunk – arise from the right ventricle making the
term triple outlet right ventricle a clear anatomic
description.
As identified in mouse models, development of the

ventricular outflow tracts involves the separation of an
intrapericardial arterial trunk into two distinct aortic
and pulmonary components. The outflow tract has a
subvalvar ventricular outflow region, the valve and
valve sinuses, and the distal outflow tract. Protruding
cushions form on opposing sides of the distal outflow
tract dividing the lumen into two parts and neural
crest cells then complete the “septation” into the aortic

Figure 2.
(a) Angiogram of the right pulmonary artery with the catheter in the right ventricle immediately below the rudimentary valve. (b) A catheter is
positioned retrograde from the aorta across the arterial duct into the pulmonary trunk. The left pulmonary artery is seen arising from the pulmonary
trunk with the patent arterial duct. (c, d) A right ventriculogram demonstrates three distinct great arteries arising from the right ventricle in
anterior and lateral views. The pulmonary trunk is superimposed and not well seen on the anterior view but is well seen on the lateral. *= right
pulmonary artery; #= left pulmonary artery; Ao= aorta; D= patent arterial duct; P= pulmonary trunk; RV= right ventricle.
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and pulmonary channels. Simultaneously, the caudal
extrapericardial sixth arch arteries are directed towards
the pulmonary component, whereas the cranial fourth
arch arteries are directed towards the aortic compo-
nent.3,4 With this understanding, one cannot fully
explain the formation of the tritruncal heart. It seems
unlikely that a “septation” of the intrapericardial out-
flow tracts into three distinct channels with three
distinct valves would occur. A more plausible expla-
nation may result from the malposition of the extra-
pericardial sixth arch arteries during the interaction
with the intrapericardial distal outflow tract. The
embryologic mechanism may be similar to another
rare anatomic anomaly, common arterial trunk with
“crossed pulmonary arteries”. The ostium of the left
pulmonary artery originates superior and rightward
of the right pulmonary artery, which arises inferiorly
and leftward. The right and left pulmonary arteries
cross as they follow their appropriate courses to their
respective lungs.5 Theories suggest that this occurs
secondary to faulty differential growth during the
partitioning of the outflow tract into the aortic and
pulmonary components, as well as an abnormal
rotation to the pulmonary component bringing the
right pulmonary artery inferiorly.6,7 Our case may
illustrate an extreme version of this entity where the
developing right pulmonary artery is left in com-
munication with the subvalvar outflow tract just as it
arises from the ventricular mass, but does not explain
a separate valve.
This is the first published case of a triple outlet

right ventricle and demonstrates the known rare
entity of a tritruncal heart in combination with
additional outflow tract and aortic arch derange-
ments. The identification and management of this
complex cardiac anatomy is fascinating for embryol-
ogists and clinicians alike. The tritruncal heart is
an unusual congenital anomaly that challenges our

understanding of outflow tract development and
raises new questions for future researchers.
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