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Abstract

Background: Atrioventricular discordant connection with
DORV is a rare congenital cardiac anomaly and associated
with various surgical procedures. We present a case of
DORV in which the establishment of a three-dimensional
(3D) printed model during perioperative period and the
complex surgical procedure was performed.

Case presentation: A 11-year-old girl, presented with a
double outlet right ventricle (DORV). Her atrioventricular
connection was discordant, her ventricular septal defect
was far from the two major arteries but more relatively
close to the aorta and an atrial switch (Senning operation)
plus intraventricular tunnel repair connecting the left
ventricle blood flow to aorta was successfully performed.
Complete atrioventricular block was the only
postoperative complication observed.

Discussion and Conclusion: DORV in the setting of
discordant atrioventricular connection is an extremely
rare disease. Operation on a relatively older patient is
scarce. In this case, we used 3D printed technique in this
operation, but postoperative complete atrioventricular
block occurred. It was hoped that we would have a long-
term follow-up for this patient, providing more valuable
clinical experience.
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Introduction
Atrioventricular discordant connection with double outlet

right ventricle (DORV) is an unusual congenital cardiac
anomaly, in which the right atrium connects to anatomic left
ventricle, left atrium connects to anatomic right ventricle, and
both great arteries arise completely from the anatomic right
ventricle [1]. In the early stage of normal embryonic
development, the bulbus cordis of the primitive heart tube
turns to the right loop, and the right ventricle is on the right
and left ventricle is on the left. And if the bulbus cordis of the
primitive heart tube turns to the left loop, and the right
ventricle is on the left and left ventricle is on the right, making
the atrioventricular connection inconsistent. According to
previous reports, the double-switch procedure is commonly
used in patients with double outlet right ventricle in the
setting of atrioventricular discordant connection [2]. This
present case was due to its extremely rare anatomical
malformation: the pulmonary artery was located to the left
side and posterior to the aorta, both great arteries were
completely from the morphological right ventricle. But the
ventricular septal defect was relatively close to the aorta. So,
we used atrium switch (Senning operation) plus
intraventricular repair by tunneling anatomic left ventricle
blood flow to aorta through ventricular septal defect. To the
best of knowledge, this type of case has not been reported in
literature. This article describes how we successfully
performed the operation step by step.

Case Presentation
A 11-year -old girl, weighing 25 kg. Physical examination: the

growth and development are slower than her peers; cyanosis
of the lips and obviously clubbed fingers were seen. Her
arterial oxygen saturation was 76%. The left margin of the
sternum had a 3/6 systolic murmur. Her cardiac
echocardiography showed: Situs solitus, ventricle was left-
handedness and discordant atrioventricular connection, the
ventricular septal defect which was noncommitted but
relatively close to the aorta. Cardiac catheterization showed
that the whole pulmonary resistance was 20.10 Wood before
oxygen inhalation and 4.72 Wood after oxygen inhalation.
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Because of the dangerous pulmonary resistance, we used oral
Bosentan and Tadalafil combined to relieve pulmonary arterial
pressure. And three months later, her cardiac catheterization
showed the pulmonary resistance was significantly decreased
to 9.20 Wood before oxygen inhalation and 2.93 Wood after
oxygen inhalation. We use computed tomography to
reconstruct the anatomical structure of the heart and
established a 3D printed model (Figures 1 and 2) [3], with
which we could accurately assure the complex malformation
anatomies in the heart of the patient and develop a precise
operation plan.

Figure 1 Anatomical structure of the heart (Front).

The operation was performed in a hypothermic
cardiopulmonary bypass, using a median sternotomy. The
ascending aorta and the superior and inferior vena cava were
cannulated. After occluding the aorta, the right atrium was cut,
the left-heart venting catheter was inserted through the atrial
septum incision.

It was found that, the pulmonary artery was located to the
left side and posterior to the aorta. The aorta and the
pulmonary artery lose their cross connection and were
arranged in parallel. Both great arteries were completely from
the morphological right ventricle. The aorta and the
pulmonary arteries were obviously thickened. Discordant
atrioventricular connection was observed: morphologic left
ventricle was to the right, the morphologic right ventricle was
lying to the left of the morphologic left ventricle, with the
blood in right-sided left ventricle passing through the
ventricular septal defect to left-sided right ventricle. The blood
of the two sides of the ventricles was mixed in anatomic right
ventricle. The left ventricle was located on the right side and
communicated with the right atrium through the mitral valve.

Figure 2 Anatomical structure of heart (Back).

The right ventricle lay on the left side and communicated
with the left atrium through the tricuspid valve. The direction
of blood flow was from the left-sided tricuspid valve to
pulmonary artery and aorta. The tricuspid annulus was larger
than normal one and with mild tricuspid regurgitation. The
biventricular development was balanced. The atrial septum
was continuous and complete, and the diameter of peri
membranous ventricular septal defect was about 1.50 cm ×
1.80 cm. The ventricular septal defect was far away from the
two great arteries and relatively close to the aorta. The aorta
and the pulmonary artery had their own conus respectively.
There was no stenosis under the aortic valve and the annulus,
and no arterial duct was found.

Proper resection of the partial hypertrophy of the right
ventricular outflow tract was performed. Because it was
restrictive to flow into a tunnel from the left ventricle, the
ventricular septal defect was enlarged carefully, and a
corresponding size 18 artificial vascular patch was placed. An
intraventricular tunnel conducting the left ventricle blood flow
to aorta was established using continuous and interrupted 5/0
prolene sutures. The reconstructed inner tunnel could pass the
18 #probe, keeping a small hole about 6 mm in diameter on
this pipe (Figures 3 and 4). DeVega annuloplasty was
accomplished by narrowing the anulus only in the lateral half
of the anterior leaflet and the base of the posterior leaflet
with the 4/0 prolene suture. After that, the Senning procedure
was completed (Figure 5).
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Figure 3 Ventricular septal defect.

Figure 4 Intraventricular tunnel.

After de-airing and removal of the aortic clamp, the heart
started to beat automatically, and the electrocardiograph
indicated an atrioventricular block; the ventricular rate is 65
times per minute, and then an epicardial atrioventricular
sequence temporary pacing wire was placed. The
intraoperative transesophageal echocardiography showed that
the connection of anatomy was normal, and the blood flow of
the artificial pipe between the left ventricle and the aorta was
unobstructed. The time of cardiopulmonary bypass was 205
minutes and the interruption time was 137 minutes.

Figure 5 Completed Senning procedure.

Peri-operative pulmonary hypertension is an independent
risk factor to influence prognosis. In the present case, the
targeted therapeutic drug Remodulin and oral Bosentan and
Tadalafil were used in combination to reduce pulmonary
hypertension after operation [4,5]. At six months after the
operation, the cardiac echocardiography showed that the
heart function was good, except the systolic pressure of
pulmonary artery was still high, and the ECG showed a
complete atrioventricular block. The heart rate is maintained
at 50 times per minutes. The patient reported no obvious
discomfort. Concerning the long-term prognosis of the patient,
we proposed to set up a pacemaker, which was not accepted
by the patient’s family due to poor economic situation.

Discussion and Conclusion
There are various surgical procedures for correcting double

outlet right ventricle with discordant atrioventricular
connections, including Fontan procedure, intraventricular
tunnel repair, the valved homograft conduit (such as Rastelli
operation), REV procedure, and a variety of double-switch
operations. Fontan procedure is suitable for palliative
treatment of a ventricular dysplasia and intraventricular tunnel
repair is more suitable for ventricular septal defect under the
aortic valve or beneath the pulmonary artery, although the
rationale of the intraventricular tunnel repair and the use of
the valved conduit is still controversial. Our patient had no
problem with the development of the main pulmonary artery,
and the ventricular distance was relatively close to the aorta,
and so we did not use the internationally popular double-
switch or REV operation procedure to widen the right ventricle
outflow tract.

In the literature reviewing the DORV with discordant
atrioventricular connection, Dr Shin 'Oka has performed
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Senning or Mustrad plus Rastelli operations on 52 patients 2. It
is reported that the right ventricle to pulmonary artery is
connected by using the pericardial and other conduits. Rastelli
procedure could significantly alleviate the stenosis of the right
ventricle outflow tract. They have reported that 18 patients
have superior ventricular tachycardia after operation because
of atrial switch. The cause of complete atrioventricular block
has been analyzed, suggesting that it is very easy to damage
the conduction bundle when it is upward to enlarge the
ventricular septal defect. Therefore, it's important to manage
ventricular septal defect during operation [6]. Prophylactic
epicardial pacing could reduce the incidence of complete
atrioventricular block [7]. It is suggested that intraoperative
electrophysiologic mapping should be used to reduce the
damage of conduction tract, which may cause air embolus and
has poor practicality [8]. The most effective way to prolong the
survival period for patients with postoperative complete
atrioventricular block is suggested to be implantation of an
epicardial pacemaker.

Of note, Debin Liu has reported a case of a DORV (S.D.L)
with sub-pulmonary ventricular septal defect [9]. They use
arterial switch operation plus baffle from the ventricular septal
defect to pulmonary artery. In our case, we didn't use arterial
switch operation, based on the following considerations: (1)
ventricular septal defect was close to the aorta and only a
small operation was needed to establish the unobstructed
relationship between the left ventricle and aorta; and (2) we
needed to make the mitral and tricuspid valves adapt to the
hemodynamic requirements of the systemic and pulmonary
circulation, respectively, to achieve anatomical correction.

The DORV in the setting of discordant atrioventricular
connection is an extremely rare disease. The report of
treatment for older patients is scarce. In the present case, we
used 3D printed technique in the operation. The postoperative
complete atrioventricular block remains a concern for us. We
will have a long-term follow-up on this patient and provide
more valuable experience for clinical practice in the future.
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