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Abstract: Objective To study mechanical properties of polyethylene terephthalate ( PET)-based textile valves
woven with nickel-titanium ( NiTi) wires by finite element method, and combined with in vitro hemodynamic
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testing, to analyze the effect of wire quantity and woven position on hemodynamic performance of PET textile
valve. Methods The three-dimensional (3D) geometric models of PET valves without wires and models of
PET valves with wires by different numbers and distributions in radial direction were constructed using modeling
software. Material properties of PET valves and wires were given based on the literature and experimental data.
The transvalvular pressure difference curves of PET valves obtained from in vitro pulsatile flow experiments
were used as boundary conditions. Stress distributions of the valve during peak systole and diastole were
studied by finite element analysis software. Hydrodynamic performance of the valve with wires was evaluated by
in vitro pulsatile flow experiments. Results The finite element analysis results showed that the radially woven
NiTi wires could enhance support for the PET textile valve, and support force and area of the valve in belly
region of the valve leaflet with evenly distributed metal wires increased with the number of metal wires. The
situation of support force was similar for silk distributions on both sides of the belly. The weaving of wires
reduced stress concentration on the PET textile valve to a certain extent. The pulsatile flow experiment results
showed that the stability of opening and closing shapes, effective opening area ( EOA), regurgitation fraction
(RF) and transvalvular pressure differences for two kinds of the PET valves with woven wires were better than
those of the PET valves without wires. Conclusions Weaving metal wires in radial direction of the PET textile
valve can effectively reduce stress concentrations on the PET textile valve during the cardiac cycle, and reduce
tearing possibility of the valve leaflet. The woven metal wires can improve opening and closing stability of PET

textile valve in in vitro hydrodynamic test, increase EOA and reduce RF and transvalvular pressure difference of

the PET valve.

Key words: prosthetic heart valve; textile valve; finite element analysis; pulsatile flow testing
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Fig. 5 Stress distributions on the valve at the moment of complete opening and closing (a) Under complete opening of the

valve, (b) Under complete closing of the valve
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