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Modeling, Simulation and Theoretical Study on Mechanisms of Cardiac Arrhythmias

Song Zhen”

Department of Mathematics and Theories, Peng Cheng Laboratory , Shenzhen 518066

Abstract Cardiovascular disease is the leading cause of natural death worldwide. Cardiac arrhythmias have
long been a major form of cardiovascular mortality. With the accumulation of experimental and clinical
data, the theoretical application of nonlinear dynamics, the optimization of computer algorithms and the
improvement on computing power, high-performance computing simulations under physiological and
pathological conditions can be carried out by establishing a precise mathematical model of cardiac
electrophysiology at the physiological and biochemical level. It has become an effective technical means to
explore the mechanism of arrhythmia. This paper briefly introduces several typical mechanisms that cause
arrhythmias, reviews the development of cardiac electrophysiological modeling and simulation, and points
out the main challenges currently facing. These challenges include how to understand arrhythmia, a
complex multi-scale spatiotemporal behavior on excitable medium, more systematically and insightfully;
and how to use electrophysiological modeling and simulation to assist the development of specific
antiarrhythmic drugs as well as improve the cardiac safety assessment of general drugs. In response to the
above challenges, this paper proposes the following research topics: developing populations of multi-scale
cardiac electrophysiological mathematical models that are computationally feasible, screening virtual
antiarrhythmic drug targets based on drug-protein/ion channel interactions, establishing a general
simulation platform for the detection of drug cardiotoxicity. By deeply combining experimental and clinical
data to develop a high-performance multi-scale simulation platform of cardiac electrophysiology, it is

expected to further explore the research potential for multi-disciplinary development of cardiology.

Keywords cardiovascular disease; arrhythmia; multi-scale modeling; virtual drug target screening; virtual

drug cardiotoxicity detection
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