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We present a computational model of the human heart that integrates, in a fully coupled
way, three dimensional descriptions of cardiac electrophysiology, active and passive mus-
cular mechanics and blood fluid dynamics. We model cardiac electrophysiology with the
monodomain equation. Muscular mechanics is described with hyperelasticity, using Guc-
cione’s constitutive law, and the active stress framework for muscular contraction. Blood
dynamics is modeled with ALE Navier-Stokes equations, incorporating valves with the
RIIS model. The external circulation is represented through a zero dimensional model.
We incorporate feedback between the model, most notably electromechanical feedback
and fluid-structure interaction (FSI), obtaining a multiphysics and multiscale model. We
discretize in time with a staggered scheme, treating implicitly the FSI coupling, for sta-
bility, and treating explicitly all other coupling terms, for efficiency and flexibility. This
approach allows to use different time discretizations for the different models, leveraging
both the multiscale and multiphysics nature of the problem. We discretize in space with
the finite element method. Simulations on a realistic model of a human left heart showcase
the ability of the model to reproduce the behavior of a healthy heart.
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