
J A C C : C A S E R E P O R T S V O L . 1 , N O . 4 , 2 0 1 9

ª 2 0 1 9 T H E A U T H O R S . P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E A M E R I C A N

C O L L E G E O F C A R D I O L O G Y F OU N D A T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
CONGENITAL MINI-FOCUS ISSUE

IMAGING VIGNETTE: CLINICAL VIGNETTE
Patient-Specific 3-Dimensional Printing
of Tetralogy of Fallot With Major
Aortopulmonary Collaterals

Ahmed Elmaghraby, MS,a Abdel Naser Ghareep, MD,b,c Maryam Alkuwari, MD,b Ziyad M. Hijazi, MD, MPH,d

Alessandro Salustri, MD, PHDa
ABSTRACT
ISS

Fro

Qa

ha

Inf

Ma
A 3-dimensional printed model derived from a computed tomography dataset was obtained in a patient with tetralogy

of Fallot and major aortopulmonary collaterals. The virtual and solid 3-dimensional heart models provided intuitive

representation of such complex and highly individual pathologies and allowed comprehensive spatial conceptualization

of the cardiac structures. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2019;1:535–7)
© 2019 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 36-year-old male patient came to our noninvasive laboratory for a pre-employment visit. He had a
history of congenital heart disease with a surgical procedure in early infancy in his home country;
however, no details were available. At physical examination, he was cyanotic with clubbing; a medial

sternotomy scar was present, and the auscultation revealed a harsh 3/6 pansystolic murmur at the left sternal
edge. His oxygen saturation in room air was 83%. An electrocardiogram showed sinus rhythm and marked right
ventricular hypertrophy. A chest x-ray revealed cardiomegaly with bilateral prominent vascular markings. His
hemoglobin was 16.8 g/dl, and his hematocrit was 48.2%.
SEE PAGE 538
A transthoracic echocardiogram showed a right-sided aortic arch and a large ventricular septal defect (VSD)
with an over-riding aorta. The main pulmonary artery was hypoplastic, and there was right ventricular hy-
pertrophy. Contrast cardiac computed tomography was performed (Video 1, Supplemental Figure 1), which
provided data for subsequent 3-dimensional (3D) printing in end diastole (Materialise Inc., Leuven, Belgium)
(Video 2). The virtual model and 3D solid printouts confirmed and visualized the over-riding aorta and the
hypoplastic right ventricular outflow tract (Figures 1A and 1B). The large VSD was seen in real anatomy, and its
size and relationships with the adjacent structures were easily appreciated (Figures 1C and 1D). A central shunt
was identified connecting the ascending aorta to the hypoplastic main pulmonary artery, and the course of the
left and right pulmonary arteries was clearly appreciated using interactive views (Figures 1E and 1F). Major
aortopulmonary collateral arteries (MAPCAs) were visible, and 3D reconstruction was able to identify the
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origin from the descending aorta and to render their spatial relationship with the pulmonary arteries
(Figures 1G and 1H). The patient refused other investigations, including angiographic study, and
eventually returned to his home country.

The cardinal features of tetralogy of Fallot (pulmonary infundibular stenosis, an interventricular
communication, biventricular connection of the aorta, and right ventricular hypertrophy) can be
associated with a wide spectrum of associated anomalies, including pulmonary atresia, atrioventric-
ular septal defect, abnormal branching of the coronary arteries, a right aortic arch, and persistence of
left superior vena cava (1). Pulmonary atresia, VSD, and MAPCAs are rare variants of tetralogy of Fallot
in which surgical management is tailored to the anatomy of each individual patient and depends on the
presence and caliber of true pulmonary arteries and the anatomy of the MAPCAs. Therefore, pre-operative
imaging should be focused on variants that have implications for operative repair.

Three-dimensional printing has the potential to convey the anatomic arrangement and to provide a
comprehensive spatial conceptualization of the cardiac structures of such complex and highly individual pa-
thologies (2). In the present case, solid printouts of the personalized 3D heart model were able to provide
accurate anatomic representation of the pathologic structures, including pulmonary atresia, MAPCAs, and the
right aortic arch. Although randomized data and recommendations on the use of 3D printing in congenital
heart disease are still lacking, significant advantages in pre-operative and pre-procedural planning may be
anticipated (3).

ADDRESS FOR CORRESPONDENCE: Dr. Alessandro Salustri, Department of Noninvasive Cardiology, Heart
Hospital, Hamad Medical Corporation, PO Box 3050 Doha, Qatar. E-mail: asalustri@hamad.qa.
Printouts and Virtual Heart Models

nsional (3D) printed heart model and (B) the virtual 3D reconstruction model. The model is cut at the midventricular level with a

e heart, which allows optimal visualization of the over-riding aorta (asterisks). The hypoplastic right ventricular outflow tract (RVOT) is

tial view from the left clearly reveals the ventricular septal defect (VSD) and its relationship with the mitral orifice. (E and F) A solid

heart model, anterior view. A central shunt (asterisk) connects the ascending aorta (AAo) with the hypoplastic pulmonary artery

ery (RPA) and left pulmonary artery (LPA) are also hypoplastic, and their course can be followed (displayed in blue) in the virtual

displayed in red. (G and H) The 3D virtual model with different off-axis cut planes. Several major aortopulmonary collateral arteries

ar appreciation of their origin from the descending aorta. See Videos 1 and 2. Dao ¼ descending aorta; IVS ¼ interventricular septum;

l orifice; RV ¼ right ventricle; Tric ¼ tricuspid orifice.
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APPENDIX For a supplemental figure and
videos, please see the online version of this paper.
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