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ABSTRACT

We present a computational framework for simulating the electromechanical activation of thin car-
diac tissue layers. The proposed model aims at reproducing the propagation of the action potential
over a surface with the corresponding tissue contraction effects. To this end, two NURBS-based
Isogeometric Analysis (IGA) tools have been coupled with a staggered procedure.
The propagation of the action potential is described by a monodomain model, discretized in time
by a semi-implicit scheme and in space by an IGA method [1], whereas a simple phenomenolog-
ical model is implemented to provide the ionic current fluxes. Regarding the diffusion operator,
a curvilinear coordinates description is employed to achieve a straightforward implementation for
arbitrarily surfaces in the three-dimensional space. The effectiveness of this approach is verified
comparing the shape of the action potential and the conduction velocity on several propagation
tests with those observed in the literature.
The loading condition driving the tissue contraction is provided by means of the well-established
active strain approach [2]. The active strain, enforced with a multiplicative decomposition of the
deformation gradient tensor, is grafted into the Kirchhoff-Love shell elements [3]. A novel contribu-
tion is given by the fact that the active strain approach is tailored for a Lagrangian weak formulation
used in finite elasticity, where the internal virtual work is defined by the second Piola-Kirchhoff
stress tensor and the energetically conjugate Green-Lagrange strain tensor, differently from [2].
The useful tensor expressions are presented in a curvilinear framework for three-dimensional hy-
perelastic materials for sake of generality. In this scenario, the passive elastic response of the active
strain solver is investigated by numerical experiments and convergence analyses.
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