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Introduction
Tissue engineering is a promising technology to create living valve

substitutes that can grow and remodel over time. The actual growth

and remodeling processes still need to be understood and optimized

to prevent adverse results such as leaflet retraction (Fig. 1) [1].

Fig. 1: Remodeling of tissue-engineered heart valves (TEHVs) can lead to leaflet

retraction and thereby compromised valve functionality.

Effects of valve design
Computational analyses

Numerical predictions of the deformation profile of tissue-engineered

heart valves (TEHVs) have indicated that the traditional valve

geometry (Fig. 2, left) should be adapted towards a more curved

design (Fig. 2, right), in order to prevent radial compression that

contributes to leaflet retraction [2].

Fig. 2: Changes in valve design have a large impact on the deformation of TEHVs.

Translation of the model predictions

The improved geometry for TEHVs has been incorporated into the

design of inserts that enforce this geometry in TEHVs during the

culture protocol (Fig. 3) [3].

Fig. 3: Inserts to be used during the bioreactor culture phase to enforce a certain

geometry in TEHVs.
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Effects of cell contractility and blood pressure
Computational model of tissue remodeling

To understand the underlying mechanisms of leaflet retraction and to

predict under which circumstances there is a high risk for its

development, a model has been developed that predicts remodeling

of the cells and collagen fibers in the tissue (Fig. 4) [4].

Fig. 4: Features incorporated in the computational model of tissue remodeling.

Leaflet retraction vs. cell contractility and blood pressure

Predictions of remodeling as a function of the intrinsic cell

contractility (100% = cells used during in vitro culture) and blood

pressure have indicated that retraction is not likely to develop under

aortic pressure conditions (Fig. 5, bottom). For pulmonary pressure

conditions, however, a significant reduction (90 %) in cell contractility

is required to prevent retraction (Fig. 5, top), which could be

achieved via in situ tissue engineering (attracts less contractile cells).

Fig. 5: Predictions of tissue remodeling under different circumstances.

Pre-clinical results
Results from pre-clinical studies in sheep (6 months follow-up,

implantation in the pulmonary position, in situ approach) have shown

that leaflet retraction can indeed be prevented (Fig. 6, right) using

the new valve design in combination with a drastic reduction in cell

contractility (low levels of αSMA, Fig.6, left).

Fig. 6: Pre-clinical results: low cell contractility (left) and no leaflet retraction (right).
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