
2013 NIMS-KMRS PDE Conference on:
reaction diffusion equations for ecology
and related problems
KAIST (Korea Advanced Institute of Science
and Technology), Daejeon, Korea
October 22-25.

Alternans and Spiral Breakup in a Modified FitzHugh-Nagumo Model of
Cardiac Cell Dynamics

M. Osman Gani and Toshiyuki Ogawa

Graduate School of Advanced Mathematical Sciences
Meiji University

4-21-1 Nakano, Nakano-ku, Tokyo 164-8525, Japan
osmangani2@yahoo.com

In this talk, we introduce a new two-variable partial differential equations model of electrical wave propagation
of cardiac cells. We modify the FitzHugh-Nagumo equations [1, 2] without changing slow manifold instead
changing velocity of each branches of slow manifold. The nullclines of our model are shown in Figure 1(a). Both
nullclines intersect each other on the left branch of the u-nullcline only once at a point, which is called the rest
state of the excitable media. We investigate numerically the existence of traveling wave solutions of the proposed
model of reaction-diffusion system of equations. We study the instability of the periodic traveling wave solutions
in one-dimensional simulation. When the parameter b is gradually decreased, the traveling wave loses its stability
via a supercritical Andronov-Hopf bifurcation (see Fig. 1(b)). In two dimensions, the emergence of stable spiral
wave pattern is observe in the proposed model, which occurs when the heart is malfunctioning (i.e. ventricular
tachycardia). The oscillation of spiral pulse width i.e. alternans is observe in a specific parameter regime. In
addition, we show that unstructured spiral breakup running to complex spatio-temporal pattern occurs as a direct
consequence of this instability of traveling wave solution. This chaotic behavior of the medium is called ventricular
fibrillation. Moreover, we study the widths of the spiral pulses numerically in order to understand the underlying
mechanisms of the complex patterns.
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Figure 1: (a) The nullclines and (b) the bifurcation diagram of the proposed model.
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