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Introduction

Double outlet right ventricle (DORV) is an abnormal
ventriculoarterial connection in which both great
arteries (GAs) are connected to the morphologic RV.
This congenital heart disease (CHD) is characterized by
extreme diversity regarding ventricular septal defect (VSD),
atrioventricular connection, ventricular morphology, and
GA relationship (1). The preferred method of treatment is
surgical by achieving a near-normal biventricular cardiac
circulation.

Traditionally, preoperative imaging consists of two-
dimensional (2D) transthoracic echocardiography (T'TE)
and transesophageal echocardiography (TOE). It is,
however, a 2D image and requires a mental reconstruction
of the three-dimensional (3D) heart anatomy. Computed
tomography (CT) is also routinely used for the assessment
of DORYV, though it provides us only with static images,
due to its significance in extracting raw data for the 3D
reconstruction of the whole heart (2). Cardiac magnetic
resonance (CMR), is gaining ground as an imaging
technique capable of providing clear images of the heart
and accurate measurements of intra-cardiac shunts and

ventricular volumes.

We describe a patient with a DORV in which all these

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

imaging techniques have been used in combination with

dedicated 3D printing software.

Case presentation

An 11-month-old patient with prenatal diagnosis of
DORV with normally related great arteries (GAs) status
post-pulmonary artery (PA) band at 16-days-of-life, was
evaluated for feasibility of biventricular repair. Postnatal
TTE demonstrated a large subaortic VSD, tricuspid chordal
attachments to the crest of the interventricular septum (IVS)
and a borderline right ventricle (RV) with a hypoplastic
inlet component (Figure I). Cross-sectional imaging via CT
and CMR confirmed (Figure 2) the diagnosis and allowed
for better visualization of the hypoplastic inlet portion of
the RV and the anatomic relationship of the VSD with the
GA. CMR volumetry revealed a left ventricle (LV):RV ratio
of approximately 2:1.

Cross-sectional imaging information combined by CT
and CMR were incorporated into a dedicated 3D image
processing software (Figures 3,4). Ventricular volumes
obtained and the extracted 3D model helped the surgical
team make an accurate plan for repair. All procedures
performed in this study were in accordance with the ethical
standards of the institutional and/or national research
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Figure 1 Transthoracic echo findings: (A) outlet septum between the two GAs coming off the RV in parallel orientation; (B) apical four-
chamber view; (C) parasternal long axis view demonstrating fibrous discontinuity of the mitral and aortic valve. GA, great artery; RV, right

ventricle.
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Figure 2 CMR findings: (A) complex large VSD; (B) distance between the aortic valve annulus and the crest of the ventricular septum,
distance between the pulmonary and tricuspid valves and parallel relationship between the GAs; (C) short axis view demonstrating the size
discrepancy between the RV and the LV. CMR, cardiac magnetic resonance; VSD, ventricular septal defect; GA, great artery; RV, right
ventricle; LV, left ventricle.
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Figure 3 CT imaging: (A) axial view; (B) 3D reconstruction. CT, computed tomography; 3D, three-dimensional.

Figure 4 Cross-sectional imaging information were incorporated into a dedicated: (A) 3D printing software; (B) extracted 3D model. 3D,

three-dimensional.
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Figure 5 Cross-sectional 3D model software image showing the

area of MB. MB, muscle bundles; 3D, three-dimensional.

committees and with the Helsinki Declaration (as revised
in 2013). Written informed consent was obtained from
the patient’s parents for publication of this case report and
accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

Decision was to proceed with a biventricular repair
as follows: first re-attach the anomalous tricuspid valve
cords to the right aspect of the IVS, then divide the
hypertrophic muscle bundles of the inlet portion and place
the surgical patch in a way that secured more volume to
the RV. Eventually, the repair was performed as planned
with the addition of PA plasty following debanding of the
PA. A 4 mm atrial septal communication was deliberately
left for potential decompression of the RV. Postoperative
course was uneventful and patient was discharged home on
postoperative day 10. The feedback for the surgeon was that
the 3D model was very accurate and helpful.

Discussion

In cases such as DORYV, it is of paramount importance for
the imaging to be as accurate as possible. Surgical outcome
is irrevocably connected to the preparation of the surgical
team with images as close to reality as possible (3).

3D imaging and printing of the whole heart seems
to be a new milestone for the surgery of DORV. This
was achieved by using data from CMR and CT and

reconstructing a 3D model, which provides information
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such as baffle size in relation to the GAs, muscle bundle
location and atrioventricular valve anatomy. More studies
are needed in this direction, though there are limitations
due to the comparatively low number of patients and the
extreme diversity of the disease (4).

These 3D data can be used by specialized software and
simulate the surgery in virtual reality, making it possible
to plan, trim, and edit the baffle patch as well as exporting
the result in 3D images and print. This allows us to study
the patient’s anatomy and plan for the optimal surgical
design (5).

CT showed us the great vessel anatomy and offered us
the raw data for the 3D printing. CMR allowed us to study
the hypoplastic RV morphology in order the biventricular
repair to be feasible. The arrangement of the arterial roots is
such that the distance between the tricuspid and pulmonary
valve measures (17 mm) almost equal to the diameter of
the aortic root (16 mm). When this criterion is satisfied,
it is usually possible to create the required unrestrictive
tunnel to the aortic root without causing any obstruction to
the residual connection between RV and pulmonary valve
according to the suggested literature (6). With the aid of 3D
printing and its software analysis confirmed the subaortic
type of the DORYV, thus making the septation plane optimal
by indicating the location of the cutting point of the muscle
bundles in the inlet portion of the RV, allowing for near-
optimal size of the RV (Figure 5).

The 3D measurements of the distance from the
aorta to the crest of the septum were different from
the 2D measurements. This clearly shows that the 3D
measurements were more accurate and it is a valuable tool
for patch planning in cases for DORV correction.

3D printing allowed the heart team to have access
to the anatomy of DORV and provided insights and a
multidisciplinary approach.

Lastly, specialized software for 3D reconstruction
helped the experienced surgeons to be prepared of the
patient’s specific anatomy, while for juniors it became an
irreplaceable tool for surgical training. Surgeons of varying
expertise are to be benefited from the use of such software,
though it can by no means replace live patient surgical
experience (7,8).

The automatic reconstruction and segmentation of
the hearts was conducted employing various open-source
libraries in Python. In addition, the VR environment was
developed via the Unity platform. Stratasys 3D Printer
Connex Objet 260 is a latest technology 3D printer with
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16 micro precision has been used for better anatomical
model accuracy and presentation, able to print in a variety
of colors. A latest technology software (Materialise Mimics
Software) has also been used for segmentation and digital
model preparation. 3D life uses resin and acrylonitrile
butadiene styrene (ABS)-based 3D models. Resin can be
created as a soft and hard material, according to the color
that the 3D model will have and the anatomic structures
that should be demonstrated. The darker the color, the
harder the material is (9).

Conclusions

Accurate 3D heart models derived from cross-sectional
imaging data combined with preoperative imaging can
assist in the surgical planning for DORV repair. Imaging
techniques, no matter how advanced, need proficient
doctors to comprehend them and apply them in practice.
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