
Winlaw and Ayer Commentary
See Article page 135.
Commentary: Three-dimensional
printing for preoperative
planning—Beyond illustrating
the obvious
3D dataset of double-outlet right ventricle, demon-
strating 2 important ventricular septal defects.

CENTRAL MESSAGE

3D printing of complex anatomy
may improve patient outcome
by optimizing surgical planning
when imaging, cardiology, and
surgical inputs are combined.
David S. Winlaw, MBBS, MD, FRACS,a,b,c and
Julian G. Ayer, MBBS, PhDb,c,d

The often-stated benefits of 3-dimensional (3D)-printed re-
productions of patient morphology in structural heart dis-
ease include (1) facilitation of surgical planning, (2)
education of the broader team to better appreciate complex
anatomy and its impact on physiology, and (3) enhancement
of traditional teaching to correlate 3D structure with 2-
dimensional echocardiographic images. The group respon-
sible for this manuscript1 have pioneered much of this work,
incorporating ‘‘softer’’ materials and development of oper-
able models to allow rehearsal of common procedures.2

Pattern recognition is a major element of what accumu-
lated experience affords a surgeon. This is the ability to
correlate preoperative imaging with the intraoperative
appearance seen in previous cases. For example, the anat-
omy of a ventricular septal defect (VSD) is understood
and anticipated by surgeons as part of a morphologic
constellation, such as the subpulmonary VSD in Taussig–
Bing anatomy. In unusual anatomy, rare pathology, or early
years of surgical practice, pattern recognition may not be
sufficient or optimal preparation for complex surgery. Expe-
rienced cardiologists perform their own correlation between
preoperative imaging and early clinical outcomes but some-
times don’t have a good sense of what the surgeon will
From aPediatric Cardiothoracic Surgery, bHeart Centre for Children, dPediatric Car-

diology, The Children’s Hospital at Westmead, Sydney; and cThe University of

Sydney, Sydney, Australia.

Disclosures: The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to disclose conflicts of interest and

to decline handling or reviewing manuscripts for which they may have a conflict of

interest. The editors and reviewers of this article have no conflicts of interest.

Received for publication Dec 30, 2019; revisions received Dec 30, 2019; accepted for

publication Jan 2, 2020; available ahead of print Feb 20, 2020.

Address for reprints: David S. Winlaw, MBBS, MD, FRACS, Children’s Hospital

Medical Centre, Suite 19, Hainsworth St, Westmead 2145, Australia (E-mail:

david.winlaw@sydney.edu.au).

JTCVS Techniques 2020;2:141-2

2666-2507

Copyright� 2020 TheAuthors. Published by Elsevier Inc. on behalf of The American

Association for Thoracic Surgery. This is an open access article under the CCBY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.xjtc.2020.01.024
actually see. The most useful models then, will be those
developed by a team of imaging, cardiology, and surgical
experts collectively seeking to answer the main clinical
question at hand.
In this study,1 the combination of left superior vena

cava to the left atrium and a coronary sinus atrial septal
defect is the clinical problem. For such patients with un-
common morphology, the strengths and weaknesses of
available technical approaches need to be evaluated, since
technical imperfection will have important long-term con-
sequences likely to result in reintervention. The models
were constructed to address the specific questions of
intra-atrial baffling versus extracardiac approaches.
Although experienced surgeons would likely default to
enlargement of the atrial septal defect and intra-atrial
baffling, with the extracardiac approaches as a backup
plan, the model-based analytic approach nicely demon-
strates the step-by-step evaluation of the various ap-
proaches that could be employed to address more
complicated pathology.
Early application of 3D models in assessment of route-

ability of the left ventricular outflow through a VSD to
the aorta has been encouraging.3 This is of particular impor-
tance in identification of patients in whom a 2-ventricle cir-
culation can be achieved, where it is not immediately
obvious that this is possible. However, preoperative defini-
tion of multiple muscular VSDs and questions involving
valve-related anatomy remain problematic.4 This occurs
mostly as a result of technical limitations in the speed of
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FIGURE 1. 3D dataset of double-outlet right ventricle, demonstrating 2

important ventricular septal defects. PA, Pulmonary artery; VSD, ventricu-

lar septal defect; LV, left ventricle.
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acquisition and quality of the initial cross-sectional imaging
rather than the process of segmentation that then describes
the printed model. Evaluation of actual benefit to patient
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care is in its early stages5 and manipulation of the 3D data-
set in PDF format may obviate the need for physical print-
ing in some cases (see the Figure 1).

What then is the future for 3D modeling in complex
structural heart disease? Understanding the key question,
high-quality image acquisition, and segmentation guided
by clinical experts will enhance the yield of this promising
approach. A good model cannot be ‘‘ordered,’’ it is
evolved—collaboration inherent in this approach has
many additional benefits in the creation and maintenance
of a high-functioning team.
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