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Commentary: It’s all about
perspective: 3-dimensional
visualization and surgical repair
planning for complex congenital
heart defects
3-D modeling helps surgeons plan for challenging
congenital repairs.

CENTRAL MESSAGE

Three-dimensional preproce-
dure planning helps surgeons
safely tackle challenging repairs
for complex congenital heart
disease.
Lauren E. Parker, BS,a Gregory M. Sturgeon, BS,a,b

Nicholas D. Andersen, MD,a,b and
Joseph W. Turek, MD, PhD, MBAa,b

No two congenital heart defects are the same, and surgi-
cal repair requires a carefully planned, individualized
approach. Advances in neonatal echocardiography have
enabled early detection and characterization of complex
defects, enabling safe delivery and timely intervention.
However, conventional imaging is often not robust
enough to fully understand spatial relationships in espe-
cially complex defects, and 3-dimensional (3D) visuali-
zation, whether via 3D printed models or virtual reality,
can be instrumental to surgical planning.

Oh and colleagues1 describe a patient with
VACTERL syndrome (vertebral defects, anal atresia,
cardiac defects, tracheoesophageal fistula, renal anoma-
lies, and limb abnormalities) and a unique collection
of congenital heart defects, including tetralogy of Fallot,
right aortic arch, isolated left subclavian from the patent
ductus arteriosus, aortopulmonary window, and
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hypoplastic right pulmonary artery. Surgical manage-
ment was further complicated by the patient’s extracar-
diac defects, which included extreme rotation of the
heart secondary to a hypoplastic right lung. A multidis-
ciplinary team considered the risks and benefits of par-
tial palliative repairs, including pulmonary artery
banding, tetralogy of Fallot repair, and arch repair,
versus complete repair. The authors used virtual heart
mapping via EchoPixel software (EchoPixel) to visu-
alize relationships between defects in a holographic
model, allowing for virtual procedure planning, concep-
tualization of different repair techniques, and anticipa-
tion of challenges or complications. Ultimately, they
decided to perform full repair targeting each defect in
a single operation. The team successfully completed pat-
ent ductus arteriosus ligation, aortopulmonary window
repair, relief of right ventricular obstruction via myec-
tomy, VSD closure, and reimplantation of the left sub-
clavian artery. The patient did well following surgical
repair.

The ability to manipulate 3D models of a patient’s
anatomy to precisely plan a surgical approach
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emphasizes the role surgical simulation can play in
congenital heart surgery, where the stakes are high and
the margin for error is low. At our institution, we
frequently create flexible 3D-printed models of our
most complex heart defects to aid in surgical planning.2,3

In fact, this approach also has had similar utility in our
institution in the less complex, but equally critical anat-
omy of the ductus arteriosus in planning preoperative
stent placement.4 Szugye and colleagues5 have described
their use of EchoPixel to determine HeartMate III place-
ment in a 15-year-old patient with Fontan circulation
with a successful outcome.

Given the vast number of unique defects and proced-
ures within the field of congenital heart surgery, it seems
natural that practice makes perfect. Further, given the
relationship between institutional case volume and out-
comes, patients with rare, complex defects rely on a sur-
geon’s operative experience and ability to adapt to new
challenges.6 When a complex patient comes along, the
use of cutting-edge visualization techniques to plan and
rehearse can make critical surgeries safer and more
efficient. The authors should be commended for their
use of EchoPixel technology to set their patient up for
a successful repair.
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