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Abstract

Heart valve diseases are the dysfunction of heart valves caused by
deterioration, infection, calcification, or congenital malformations. Patients with heart
valve diseases suffer from decreased exercise capacity, syncope, and dyspnea. It may
also cause other heart disease complications. Heart valve diseases are highly related to
age. With world population aging, the prevalence of heart valve diseases also
increases.

The main treatment of heart valve diseases is replacing native dysfunction
valves with prosthetic valves, and the one of the main choices is transcatheter aortic
valve replacement (TAVR). Compared with the traditional surgical valve replacement,
the intervention treatment inplants the prosthetic valve through a catheter, which
enables fast and simple surgical process, minimal wound and fast recovery. The
TAVR treatment was approved for usage in 2014, less than a decade ago. The
commercial models are still very limited compared to the booming demand. Thus, this
research aims to provide a more diverse design to transcatheter valves. With the
design, simulation and experiment of the transcatheter prosthetic valve, the relation
between design concept and clinical performance is studied, and the understanding
toward geometric features of TAVR valves is deepened. Instead of the bio-tissue
membranes most commercial products choose, this research focused on less studied
artificial membrane materials, in hope of increasing the durability of TAVR.

This research covers the complete design and simulation of TAVR, including
the stent and valve parts. For the stent, a parametric design model is built, and the
simulation effort focuses on the strain and radial force of the stent. For the valve part,
six original designs were proposed and studied along with 4 second-order-surface

valves. One of the new designs is turned into a parametric model, and the properties
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of valves are studied based on three main design parameters. All the valve simulations
are done based on the same process, with two different materials: ePTFE and
ePTFE+PET. Lastly, an experiment is constructed with a selected valve prototype.

The flow field experiment result is then compared with the simulation results.

Keyword: Finite element analysis, Nitinol, Transcatheter aortic valve replace, TAVR,

Prosthetic heart valve, Aortic valve disease.
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