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Introduction
The tricuspid valve, as one of our four heart valves, has the vital role of directing blood

flow through the heart. Its basic function is that of a check valve. However, in contrast to a
check valve, the tricuspid valve’s leaflets (tissue flaps) are suspended by fibrous strings, so
called chordae tendineae. Only an optimally orchestrated interaction between the leaflets
and chordae allows for proper valve closure and prevention of leakage. In an astounding
86% of us the tricuspid valve shows some degree of leakage and in another 1.6 million of
us it is severely compromised[1]. Unfortunately, the valve most commonly dysfunctional is
also the most complex valve and therefore the hardest to repair. In contrast to the other
three valves, the tricuspid valve has an inconsistent anatomy that makes predicting the
effects of changes (during disease or repair) difficult. Illustratively, to date, the literature
is still divided on how many leaflets the tricuspid valve actually has[2]. Similarly, there
is no consistent chordae structure with chordae inserting into the right ventricular endo-
cardium seemingly without a discernable pattern. Every day surgeons and cardiologists
make life-or-death decisions trying to predict how changes to the valve may affect function.
To date, they learn the effect of their actions through years of hands-on experience and
proctored training. Our goal was to develop a prototype learning tool that may accelerate
surgical training by incorporating all complexities of a human tricuspid valve and providing
in-depth didactic insight into the effects of repair and device implantation on valve function.

Accomplishment
Task 1: Anatomic Study. Our original goal had three subtasks. First, we set out to use

an organ preservation system for detailed anatomic studies of a healthy and diseased beating
human heart. We worked with our collaborators at Spectrum Health, MI who conducted all
beating heart experiments to collect a rich set of data on in-situ valve dynamics combining
echocardiography with sonomicrometry. Upon conclusion of their study portion, they sent
the tissues to University of Texas at Austin, where we diligently digitized the geometry and
mechanical properties of all valve components. Based on these combined data, we build the
first, subject-specific, high-fidelity model of the human tricuspid valve. Thus, we accom-
plished our first task, see Figure 1.

Task 2: High-Fidelity Finite Element Model. Our second task was to transform our
high-fidelity anatomic model of the human tricuspid valve into a finite element model. To
this end, we discretized all valve geometries such as valve leaflets and chordae using struc-
tural finite elements. Next, we applied Dirichlet and Neumann boundary conditions to the
valve that were based on in-situ measurements, such as transvalvular pressure and annular
motion. Finally, we simulated the dynamic valve closure problem using the explicit finite



element method where we accounted for leaflet self-contact. We also accomplished this sec-
ond task, see Figure 1.

Figure 1: Overview over the results of Tasks 1 and 2. The successful creation of a high-fidelity finite
element model based on beating heart anatomic studies of the human tricuspid valve.

Task 3: Surrogate Modeling. Our last task was to use our validated finite element model
to train a machine-learning based surrogate model that would accelerate our valve simula-
tions. Unfortunately, we have not achieved our third task because of delays in Tasks 1 and
2. However, we were able to use our data and accomplishments from Tasks 1 and 2 to at-
tract funding from the National Institutes of Health to hire a post-doctoral fellow (starting
date July 1st) to continue this work and accomplish our Task 3. We anticipate that we will
conclude the proposed work during Year 2022.
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4. Sugerman GP, Rausch MK. Teaching material testing and characterization with an
open, accessible, and affordable mechanical test device. Biomedical Engineering Edu-
cation, 2021.

5. Sugerman GP, Chockshi A, Rausch MK. Preparing and mounting of whole blood clot
for mechanical testing. Current Protocols, 2021.

6. Rausch MK, Sugerman GP, Kakaletsis S, Dordtivanlioglu B. Hyper-viscoelastic dam-
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D, Rausch MK, Timek TA. Tricuspid leaflet kinematics after annular size reduction
in ovine functional tricuspid regurgitation. Journal of Thoracic and Cardiovascular
Surgery, 2021.

12. Sugerman GP, Kakaletsis S, Thakkar P, Chockshi A, Parekh S, Rausch MK. Mechanics
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Visualization Tools for the Tricuspid Valve from Existing Data.”

2. Collaborative Standard Grant (NSF, Role: PI, 1/2022-12/2024) “Inferring the Micro-
Mechanics of Embedded Fiber Networks by Leveraging Limited Imaging Data.”

3. Long Range Grant (ONR, Role: PI, 1/2022-12/2022) “Casualty Safe Ride Standards:
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4. CAREER Award (NSF, Role: PI, 3/2021-3/2026) “Toward a Fundamental Under-
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Fiber-Scale Multiphysics Experiments and Models.”


