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Remodeling of Tissue-Engineered Heart Valves 

during a One-Year Follow-Up Period in Sheep – 

A Computational-Experimental Analysis

Sandra Loerakker1, Bart Sanders1, Boris Schmitt2, 
Petra E. Dijkman3, Hendrik Spriestersbach2, Anita Driessen-Mol1, 
Emanuela S. Fioretta1, Marco Bartosch2, Laura Frese3, 
Simon P. Hoerstrup3, Felix Berger2, Frank P.T. Baaijens 
1Eindhoven University of Technology, Eindhoven, Netherlands; 
2Deutsches Herzzentrum Berlin, Berlin, Germany; 3University 
and University Hospital Zurich, Zurich, Switzerland

Objective: The functionality of tissue-engineered heart valves 
(TEHVs) often decreases over time due to leaflet retraction. Since 
mechanical factors play an important role in the remodeling pro-
cess of cardiovascular tissues, understanding the interplay between 
mechanics and remodeling is crucial for developing TEHVs with 
long-term functionality. Previously, we suggested a valve design 
that could prevent or minimize leaflet shortening after implanta-
tion. The goal of the present study was to investigate the in vivo 
remodeling process with this new design and understand and pre-
dict the (robustness of the) remodeling process using computa-
tional models. Methods: TEHVs with the new design were im-
planted in the pulmonary position of sheep (n = 3) for a period of 
a full year. Valve functionality was monitored every four weeks via 
cMRI, and tissue composition and organization after remodeling 
were investigated in the explants. Based on the initial geometry and 
material properties of the valves before implantation, a computa-
tional model was used to predict and understand (the robustness 
of) the in vivo remodeling process. This model included cell con-
tractility, cell-mediated collagen contraction, and strain-depen-
dent collagen remodeling. Results: For the first time, all TEHVs 
preserved their functionality throughout the complete implanta-
tion period. The collagen fibers appeared to remodel from an ini-
tially random distribution towards a circumferentially oriented 
collagen network. Furthermore, the contractility of the cells in the 
valve appeared to be low. Our computational model was able to 
quantitatively predict the remodeling response of the valves when 
cell contractility was assumed to be low. Variations in cell contrac-
tility and initial leaflet thickness in the model demonstrated that 
valve functionality after remodeling is most sensitive to cell con-
tractility, whereas the collagen architecture appeared to be quite 
insensitive to changes in cell contractility or leaflet thickness. Con-

clusions: Our combined computational-experimental efforts con-
firmed that TEHVs can maintain their functionality during a one-
year follow-up period when the initial valve design is chosen care-
fully. Computational models were essential in defining a rational 
design, and predicting the most important determinants in the re-
modeling process. We gratefully acknowledge the support of the 
EU ([FP7/2007–2013], grant agreement no. 242008), and the 
Netherlands CardioVascular Research Initiative (CVON2012-01).
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Chaim Sheba Medical Center, Tel Hashomer, Israel

Background: The Bicuspid aortic valve (BAV) is associated 
with valvular pathologies such as aortic regurgitation and aortic 
stenosis. A possible cause for these complications is related to a 
non-optimal geometry of the valve. The common configuration of 
BAV include one raphe with varying cusps angles. Surgical repair 
is often performed in BAVs with smaller non fused cusp (NFC) 
angle. The aim of this study is to provide a new Fluid-Structure 
Interaction (FSI) modeling approach of BAVs that can be used to 
investigate the influence of different geometrics parameters on its 
functionality. The effect on parameters such as effective orifice 
area (EOA), hemodynamic metrics and stresses magnitudes on the 
tissues are examined. Methods: Parametric FSI models of BAVs 
were generated, with four common BAV geometries. These in-
clude one raphe and different NFC angles from 120° to 180°. The 
material properties of the structure and the applied pressures of 
the left ventricle and ascending aorta corresponded to physiologic 
response values. A ‘dry’ (without fluid) structural finite element 
(FE) BAV models were performed and compared to the FSI cases. 
Echocardiography (Echo) data from patients with BAV was used 
to correlate with the present FE results. Results: The simulated 
BAVs have significant geometrical differences leading to different 
mechanical responses and behavior. Increased and eccentric lo-
cated effective orifice areas (EOAs) were found in the models hav-
ing decreased NFC angles, leading to asymmetric blood flow jet. 
The measured echo results support this predicted pattern. During 
diastole and systole, high stresses and shear stresses were found, 
respectively, in the models of NFC with decreased angle. Conclu-

sions: The predicted biomechanical behavior in the form of jet 
flow patterns (hemodynamics) and stresses can help assess the 
functionality and durability of BAVs. High stress regions on the 
leaflets explain the initiation of calcification, while asymmetric 
flow jet can be a major cause for eccentric aortic dilatation. This 
can explain early failure in BAVs with decreased NFC angle. The 
present computational modeling is a step forward towards patient 
specific simulation of future BAV repair.
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