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Introduction

In situ heart valve tissue engineering (HVTE)may
provide superior valve replacements compared to the
currently available valve protheses [1]. For in situ
HVTE to be successful, a better understanding of the
growth and remodeling (G&R) mechanisms is essential.
G&R in engineered tissues is hypothesized to have
similar mechano-regulated mechanisms as native G&R
[2] Due to limited experimental data on in situ tissue
engineered valves, we have investigated native G&R in
this study using computational models. Specifically, we
investigated if heart valve mechano-mediated G&R
alone can explain the adaptation of pulmonary
autografts after the Ross procedure. Since there is still
uncertainty on the specific mechanisms of
mechanically-regulated G&R, the potential
consequences of both stress- and stretch-based
mechanical homeostasis were evaluated.

Methods

To model heart valve G&R, a homogenized constrained
mixture  model [3] consisting of  elastin,
glycosaminoglycans (GAGs) and collagen was
developed. In this model, turnover and production of
collagen and GAGs were mediated by the stresses or
strains experienced by these constituents. Changes in
constituent mass due to deviations in either stress or
strain could then result in changes in tissue composition,
stiffness and/or volume. To simulate G&R after the
Ross-procedure, the homeostatic collagen and GAG
stretches (or stresses) were first determined by applying
the diastolic pulmonary pressure to the outflow surface.
Subsequently, this pressure was increased to its systemic
diastolic level after which G&R was simulated until
homeostasis was achieved.

Results

Both stretch- and stress homeostasis led to an increase
in tissue mass and a change in morphology in our model
(Fig 1a and b). This change is mainly characterized by a
dilation of the leaflets, which was more extreme for
stretch-homeostasis (Fig 1c and 1e). Despite this
dilation, the average leaflet thickness increased by 27
and 43% in stretch- and stress-homeostasis,

respectively. Upon achieving stress-homeostasis, the
leaflets contained more collagen and less GAGs
compared to achieving stretch-homeostasis (Fig 2d).

stress-homeostasis
b

stretch-homeostasis

a Normalized mass increase

1 23.5 47

Collagen
GAGs
I Elastin

d Composition

o

- () days
500 days

1000 days
= 2500 days
=

() days
500 days i

1000 days
w300 days '

vessel-wal center 0% 30% 100%

stress homeostasis

initial composition

irection —»

train homeostasis

=
7
5
Vi

essel-wall center
Figure 1: Valve morphology after G&R assuming
stretch-(a) or stress-(b) homeostasis. Evolution of the
midsection of a leaflet during stretch- (c) or stress-(e)
homeostasis and homeostatic tissue composition (d).

Discussion

Leaflet thickening agreed well with the literature [4,5,6]
for both stress- and strain homeostasis, and stress-
homeostasis resulted in an increased collagen content as
also observed in explants [4,5,6]. Altogether, this shows
that mechano-mediated G&R is able to describe the
adaptation of pulmonary autografts due to changes in
hemodynamic loading.
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