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Three-dimensional imaging and printed heart models have become increasingly valuable in the management of patients

with complex congenital heart disease. We successfully simulated a stenting procedure on a 3-dimensional printed model

of a patient with d-transposition of the great arteries status post-Mustard operation with caval baffle atresia and

stenosis. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2020;2:486–7) © 2020 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A 49-year-old woman with d-transposition of the great arteries, status post-Mustard operation at age
2 years, noted exercise intolerance. Computed tomography (CT) angiography and 3-dimensional
(3D) reconstructions revealed superior vena cava (SVC) limb atresia and inferior vena cava (IVC)

limb stenosis (Figure 1).
A 3D printed heart model was generated to facilitate pre-procedural interventional simulation. In the model,

after perforation of the SVC atresia, a wire rail was established between the SVC and IVC limbs of the systemic
venous baffle. A single 36-mm ev3 LD Max stent (Covidien, Plymouth, Minnesota) was implanted across both
stenotic caval lesions, simultaneously relieving the stenosis within each baffle limb, but “jailing” inflow to the
subpulmonic mitral valve through the open cells of the stent (Supplemental Figure 1). After crossing a side
strut, and establishing a wire course across the mitral valve, serial balloon angioplasty dilated and ultimately
fractured the jailing side-strut, thereby generating unobstructed mitral inflow (Video 1). The stent adequately
relieved SVC and IVC pathway obstruction, thereby validating feasibility of this proposed 2-stent, 3-lesion
strategy.

The procedure was successfully replicated in vivo in the cardiac catheterization laboratory, with post-intervention
rotational angiography demonstrating unobstructed flow through the SVC and IVC limbs to the subpulmonic left
ventricle (Video 2). The patient reported restoration of normal exercise capacity at 6-month follow-up.

DISCUSSION

Advances in cross-sectional imaging have improved pre-procedural planning in complex congenital heart
disease. 3D virtual and printed heart models accurately replicate patient anatomy, serve as an advanced vi-
suospatial planning tool, and facilitate procedural simulation (1,2). This case highlights the benefits of
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AB BR E V I A T I O N S

AND ACRONYM S

3D = 3-dimensional

CT = computed tomography

IVC = inferior vena cava

SVC = superior vena cava
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maximizing the obtained 2-dimensional CT data with both virtual and printed
models, the latter of which was used for successful procedural planning and
simulation.

ADDRESS FOR CORRESPONDENCE: Dr. Bryan H. Goldstein, Heart Institute, UPMC
Children’s Hospital of Pittsburgh, 5th Floor Faculty Pavilion, 4401 Penn Avenue,
Pittsburgh, Pennsylvania 15224. E-mail: bryan.goldstein@gmail.com.
FIGURE 1 CT Angiography and 3D Reconstructions Demonstrating SVC Limb Atresia and IVC Limb Stenosis

(A) 2D CT image in a parasagittal plane demonstrating the densely opacified and dilated SVC limb of the systemic venous baffle (yellow star),

which is atretic proximally. The IVC limb is stenotic (red diamond). Similar views were recreated with 3D volume-rendering reconstructions

using (B) endocast reconstruction with overlay on a fluoroscopic representation and (C) virtual dissection reconstruction techniques,

demonstrating not only the 3D relationship of the systemic venous to the pulmonary venous baffle (green circle), but also the relationship to

the mitral valve annulus (white dashed line). 2D ¼ 2-dimensional; 3D ¼ 3-dimensional; CT ¼ computed tomography; IVC ¼ inferior vena

cava; SVC ¼ superior vena cava.
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