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Numerical analysis of the ventricular fibrillation phenomena using
two-dimensional Tissue Model
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Abstract

Arrhythmia causes sudden cardiac death. In the past, there were medical limitations in finding the
cause of arrhythmia. As an alternative solution for research of arrhythmia, there have been studies to
find the causes of arrhythmia by producing a virtual heart model. Medically, arrhythmia has two main
causes: abnormal occurrence of action potential and abnormal conduction of action potential. Based on
these, the tachycardia, which is one of the arrhythmia, was manifested and the phenomenon of
ventricular fibrillation was numerically analyzed in this study. For this purpose, an electrophysiological
model of ventricular cells was implemented, which was subsequently applied to the reaction-diffusion
partial differential equation to interpret the macroscopic conduction phenomenon in two-dimensional
tissues. The ventricular fibrillation refers to a condition where several irregular waves occur in cardiac
tissue, whose generation mechanism is pathologically related to the cardiac tissue.
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Fig.1 Action potentials for a basic cycle length
of 1000 ms
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Fig.2 Dynamic restitution curves for a basic

cycle length of 1000 ms
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Fig.3 Splitting of the restitution curves indicate

the presence of 2 APDs for a single period

Table 1 Vma, dV/dt and APD for various Ina
dynamics

Vmax(mV)|dV/dt(mV/ms)|APD(ms)
standard 40.694 360.197 308.060
intermediate 36.422 355.283 308.540
LRd 49.840 376.338 306.860
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Fig.5 Snapshots of spiral wave dynamics for the
3 different model. Rows(top to bottom): row 1,
standard Ina dynamics; row 2, intermediate Ina
dynamics; row 3, LR Ina dynamics.
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