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ABSTRACT 

Bioprosthetic heart valve replacement is one of the most common interventions for valvular 
diseases. However, replacing both the Aortic and Mitral valves with bioprosthetic valves may 
cause undesirable changes to the cardiovascular hemodynamics, such as changing the blood 
flow mixing patterns. To access these changes, we built a 3D finite element cardiac model of a 
human heart using cubic-Hermite meshes coupled with a circulation model to obtain the 
deformation of all four chambers for a complete cardiac cycle. We used the moving walls of the 
chambers as boundary conditions to perform a fluid-structure interaction (FSI) simulation on the 
left cardiovascular system (including the left ventricle, atria, and the aorta). The valves were 
considered as a thin structure under tensile loading, and their material properties were described 
using a Fung-type material model. The FSI of the bioprosthetic heart valves implants were 
simulated using the immersogeometric method. The replacement of the Mitral valve with a 
symmetric BHV changes the hemodynamics dramatically in a ventricular geometry with no 
atrium. The simulation results show two openings for the Mitral valve, one major and one minor 
during the cardiac cycle due to atrial kick. The reproduction of these detailed hemodynamics 
and structural features of the cardiac cycle demonstrates the ability of our framework to 
replicate the in-vivo hemodynamics of the left cardiovascular system. 

 

REFERENCES 

[1] Jafari, Arian, Edward Pszczolkowski, and Adarsh Krishnamurthy. "A framework 
for biomechanics simulations using four-chamber cardiac models." Journal of 
biomechanics 91 (2019): 92-101. 

[2] Hsu, Ming-Chen, et al. "Dynamic and fluid–structure interaction simulations of 
bioprosthetic heart valves using parametric design with T-splines and Fung-type 
material models." Computational mechanics 55.6 (2015): 1211-1225. 


