
Patient-Specific Multiphase Simulations of Atrial Fibrillation-Induced Thrombosis
in the Left Atrial Appendage

Anass Bouchnita1, Vitaly Volpert2,3, Nikolajus Kozulinas4, Aleksey Belyaev5, Grigory Panasenko4

1 Department of Mathematical Sciences, The University of Texas at El Paso, El Paso 79902, Texas, USA;
abouchnita@utep.edu
2 Institut Camille Jordan, UMR 5208 CNRS, University Lyon 1, 69622 Villeurbanne, France;
volpert@math.univ-lyon1.fr
3 Peoples Friendship University of Russia (RUDN University), 6 Miklukho-Maklaya St, Moscow,
117198, Russian Federation
4 Institute of Applied Mathematics, Vilnius University, Naugarduko Str., 24, Vilnius, 03225 Lithuania;
nikolajus.kozulinas@mif.vu.lt, grigory.panasenko@univ-st-etienne.fr
5 M.V. Lomonosov Moscow State University, Faculty of Physics, 119991 Moscow, Russia;
aleksey_belyaev@yahoo.com

Abstract

Thrombosis often forms in the left atrial appendage (LAA) of patients with atrial fibrillation. Factors like
the shape of the LAA, blood flow speed, and blood composition affect clot formation. In this study, we
introduce a new method to identify the main causes of clot formation in the LAA. We combine CT
imaging, computational fluid dynamics, and thrombosis modeling. Our simulations show that vortices
form at the LAA entrance and may move inside depending on the heart’s cycle. We find that the "cactus"
LAA shape has a higher risk of clots than the "chicken-wing" shape. Slow blood flow encourages clotting
and platelet activity, while faster flow boosts the effect of red blood cells. Higher hematocrit levels also
increase fibrin production, regardless of blood flow speed.
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