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Data-Driven Computational Modeling for Cardiovascular Mechanics

Cardiovascular diseases, such as heart failure, are one of the leading causes of death in the U.S.
and pose a severe burden to the healthcare system. Most current treatments for cardiovascular
diseases are based on rough estimates of outcomes from the results of clinical trials, which
might not apply to individual patients due to patient-specific variations. Data-driven
computational models of the cardiovascular system, developed from patient-specific clinical
data, can help refine the diagnosis and personalize the treatment. In this talk, I will present
recent advances in computational modeling that enable the simulation of a full four-chamber
cardiac model. We have developed tools to generate a patient-specific high-order four-
chamber cardiac mesh and use isogeometric analysis to simulate an entire cardiac cycle. The
second part of the talk will focus on novel machine-learning algorithms to optimize the design
of bioprosthetic heart valves. Machine-learning tools can significantly accelerate biomechanics
simulations, leading to the development of a high-fidelity surrogate model. This surrogate
model can then be used for optimizing the geometry of bioprosthetic valves, leading to
patient-specific valves with better fit and performance, reducing the need for premature valve
replacements. Finally, I will present some recent results in scientific machine learning in
solving parametric partial differential equations (PDEs). The tools and methods developed in
this research will help improve patient care and treatment outcomes, ultimately benefiting
society with improved healthcare.
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