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CENTRAL MESSAGE

Accelerating technology for 3-
dimensional (3D) rendered
hearts will allow for inspection of
a 3D heart before any complex
congenital heart operation. The
benefits of this preoperative
planning tool are self-evident.
Nicholas D. Andersen, MD,
Gregory M. Sturgeon, RDCS, MSE,
Piers C. A. Barker, MD, and
Joseph W. Turek, MD, PhD

In the current issue of JTCVS Techniques, Contreras and
colleagues1 from Toronto report the case of a 7-month-old
child with complex transposition of the great arteries, ven-
tricular septal defect (VSD), pulmonary stenosis, and single
coronary artery who was evaluated for biventricular repair
using echocardiography, magnetic resonance imaging
(MRI), and a 3-dimensional (3D) printed heart. In the writ-
ten report and the accompanying expert video presentation
by Dr Barron, the authors demonstrate how the 3D printed
model served as a useful adjunct for planning the surgical
repair, which entailed a Yasui operation (Damus–Kaye–
Stansel/Rastelli) with VSD enlargement. The echocardio-
graphic result and clinical course were similarly excellent,
and the child was discharged home after 4 days.

Although a critic may argue that the 3D heart model was
superfluous, and that the key information needed to plan the
operation could have been retrieved entirely from the echo-
cardiogram and MRI, it borders on the self-evident that
careful examination of a physical 3D reconstruction of the
heart before surgery improves decision making as well as
intraoperative execution and error reduction.2-5 Simply
put, if the goal of the preoperative imaging evaluation is
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to create a noninvasive depiction of the physical structure
of the heart, then the generation of a 3D model represents
the ultimate fulfillment of this goal. Secondary benefits
include use of the model as a teaching aid for surgeons,
cardiologists, and imagers alike; surgical simulation; and
creation of a shared understanding of the anatomic
constraints of the operation between surgeons and
cardiologists.6

In real-world practice, however, creation of a 3D heart
model is currently a cumbersome and time-consuming
task that is poorly reimbursed (if at all). At our program,
we are fortunate to have an imaging technician who special-
izes in creating 3D heart models. The time required for one
model can include up to 10 hours for segmentation and pre-
processing, 6 to 24 hours for printing, and 2 to 4 hours for
postprocessing. Currently, none of this investment in
specialized technician time, printing supplies, or printers
is directly reimbursed, making the effort a cost sink for
the program. Despite these barriers, however, we have
found the models to be so incredibly helpful that we are
now requesting 3D model generation before most complex
operations, and particularly for understanding intraventric-
ular baffle pathways (Figure 1, left), akin to the case report
presentation. However, manipulation of a digital surface
model in a 3D PDF file on a computer screen is often suffi-
cient to understand the physical relationships of extracar-
diac structures, such as in patients with heterotaxy and
complex systemic and pulmonary venous anomalies
(Figure 1, right). Both of these segmentation-derived
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FIGURE 1. Examples of printed (left) and virtual (right) 3D rendered hearts.
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techniques are superior to standard volumetric rendering
techniques, which although capable of displaying the
contrast-enhanced blood pool, fail to demonstrate intracar-
diac spatial relationships. Selective use of virtual 3D
models in lieu of a printed heart allows for time and cost
savings related to the printing process. In the last calendar
year, our program performed approximately 350 index heart
operations in children and produced 19 3D printed hearts
and another 30 virtual 3D renderings before surgical or
catheter-based intervention.

Although currently there are barriers to the generation
of advanced 3D rendered hearts, we expect that these bar-
riers will be quickly overcome, and that the technology
will become a routine part of the preoperative assessment
for most complex congenital heart operations. For the
technology to accelerate, automation of the segmentation
process with use of artificial intelligence, stereoscopic
display, and “hollow” volume rendering could greatly
reduce the time and labor investment required to create a
model. Further advances in printing technology and phys-
ical materials will allow for the depiction of leaflet and
chordal structures that currently are difficult to depict.
Additional experience using 3D echo datasets as the back-
bone of the model will allow for model generation without
the need for axial imaging in every case. Finally, for the
technology to proliferate and truly become accepted as
the standard of care before surgery, medical reimburse-
ment will need to cover the costs associated with model
generation. The important challenge will be to rigorously
study the impact of 3D models on surgical outcomes, to
prove that there is a benefit to patient care that justifies
these costs.3,4
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