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Figure 1. Numerical prediction of coronary artery occlusion. A) Still frames of the balloon angioplasty virtual reproduction up to 22 mm of
balloon diameter (Moving image 2). B) Angiographic inspection of LCA patency (Moving image 1). C) Time course of the percentage
variation in LCA dimensions, during virtual balloon inflation. D) Geometrical rearrangement of the LCA configuration on a single cross-
section. E) Balloon angioplasty, during diagnostic cardiac catheterisation, confirming LCA compression (Moving image 3). @ indicates the

diameter of the inflated balloon. A: aortic cross-sectional area; Ao: aorta; D,,, - maximum LCA diameter, d - minimum LCA diameter;

MAX
LCA: left coronary artery
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A 40-year-old man, with a previous Ross procedure, presented
with severe stenosis of a pulmonary homograft and was con-
sidered for transcatheter pulmonary valve implantation (TPVI).
Three-dimensional (3D) anatomical reconstruction from preoper-
ative computer tomography (CT) revealed a left coronary artery
(LCA) in close proximity (3.3 mm) to the oval-shaped homo-
graft (Figure 1A), while angiographic inspection confirmed coro-
nary patency (Figure 1B, Moving image 1). To investigate the risk
of LCA compression, a life-threatening TPVI complication, we
exploited a CT-based patient-tailored finite element (FE) analysis!
(Figure 1A). This approach can reproduce balloon angioplasty
virtually (Moving image 2), with a 22 mm diameter balloon in
the right ventricle outflow tract (RVOT). When the balloon was
inflated to 15 mm in diameter (Figure 1C), there was no impact
sy and minimum (d_ ) diameters (Figure 1D)
of the LCA cross-section. Conversely, further balloon inflation,

on maximum (D

up to 22 mm in diameter, resulted in direct interaction of the
homograft with the LCA, creating an elliptical cross-section due
to a 16% increase in D,,,, and a concomitant 22% reduction of
d ., (Figure 1D); a 10% reduction of LCA lumen cross-sectional
area (A) was noted. The numerical FE prediction proved to be
consistent with intraprocedural fluoroscopy (Figure 1E): homo-
graft angioplasty and simultaneous LCA angiography showed that
coronary occlusion arose when the balloon diameter increased
above 17-18 mm (Moving image 3). Hence, FE analysis effec-
tively predicted the potential risk of coronary occlusion revealed
by cardiac diagnostic catheterisation. However, given the unpre-
dictable heterogeneity of the tissue and its degree of degenera-
tion, the FE approach can only approximate the actual mechanical
response of the homograft to balloon dilation. Despite this limi-
tation, FE analysis provides a complementary strategy to in vivo

measurements to assess TPVI feasibility.
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Supplementary data

Moving image 1. Angiography of the left coronary artery showing
vessel patency.

Moving image 2. Finite element reproduction of the homograft
balloon angioplasty and prediction of the direct interaction of the
homograft with the left coronary artery during balloon inflation.
Moving image 3. Homograft balloon angioplasty test during car-
diac catheterisation revealing left coronary artery occlusion at the
fully expanded, i.e., 22 mm diameter, balloon configuration.
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