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Cardiovascular diseases are the leading cause of death in the modern industrialized world. The
most dangerous cardiac arrhythmias are ventricular tachycardia and fibrillation, which increase
heart rate and, in severe case, result in chaotic heart muscle contraction leading to sudden cardiac
death. Despite intensive research efforts, the mechanisms involved in the origin and maintenance
of these arrhythmias remain unclear. Nowadays, mathematical modeling and computer
simulations have proved to be perfect instruments to integrate the quantitative data from research
and experiments with a qualitative understanding for safely testing different hypothesis without
any cardiac risk for the patient.

Computer modeling of cardiac electrophysiology became very important in understanding real
processes taking place in healthy and diseased hearts. The most well-known and widely used in
clinical and theoretical research set of physiological signals produced by electrical activity of the
heart is electrocardiogram (ECG). The ECG is a record of electric potentials generated by the
heart on the body surface because of propagation of activation and recovery waves through
cardiac muscle tissue.

For the modeling of the electrical processes in the heart, various heart models with different
levels of details have been proposed and utilized.

In our thesis, we present two different approaches to study cardiac arrhythmias: modeling with
three-dimensional heart model and heterogeneous oscillator model of cardiac conduction system.

This dissertation consists of the following chapters:

* Chapter 1 - Introduction

The chapter presents background and general information on the heart anatomy, physiology
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on organ and cellular levels.

* Chapter 2 - Computer simulation of atypical Brugada syndrome with whole heart model

a) Mathematical description of three-dimensional Wei-Harumi heart model, including
propagation of the excitation front, cardiac electric source, and calculation of body surface
electrocardiographic potentials are given.

b) Computer simulation of atypical Brugada syndrome

This chapter deals with the development and implementation of computer simulation model for

the investigation of sudden cardiac death disease due to specific ventricular arrhythmia

(fibrillation).

* Chapter 3 - Study of T wave morphology with combined biventricular and ion-channel models

a) The chapter presents combination of the heart model with our modified ion-channel model in
ventricular myocytes in order to incorporate M cells absent in the original Wei-Harumi model.

b) With the developed combined model, we investigated the role of M cells in genesis of T wave
by verifying different spatial action potential distributions.

* Chapter 4 - Computer simulation of cardiac conduction system with heterogeneous oscillator

model

a) In this chapter, we describe a model of cardiac electrical system consisting of a network of
heterogeneous oscillators described by nonlinear differential equations. We used modified van
der Pol equations for the cardiac pacemakers and FitzHugh-Nagumo-type equations for atrial
and ventricular muscles.

b) We present the investigation of diffusive voltage and current couplings between natural
pacemaker oscillators in the heterogeneous coupled oscillator model. We study the
synchronization behavior of the oscillator system for normal and fast cardiac sinus rhythms
and reproduce different mode-locked cases, which correspond to incomplete atrioventricular
blocks.

* Chapter 5 - Summary and future work
In this chapter the contents of this thesis is summarized, and some possible directions for
future research are proposed.
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