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Abstract 

The paper deals with the finite element macroscopic model of contracting myocard- 
ium. The constitutive model of the tissue is based on the theory of mixtures, involv- 
ing a simple model of intramyocardial blood perfusion. Anisotropy of the tissue is 
described in terms of preferential directions of the muscle and connective fibres. 
A simple Hill-type model of the muscle fibre contraction is employed. The local 
value of the activation parameter is defined through the four phases of the action 
potential wave; its propagation is simulated using the cellular automaton (CA). 
The approximated excitable medium, which comprises the conducting system, is 
partitioned into the normal, conducting and void cells. The coupling of the CA 
analysis with the FEM model of the heart mechanics is discussed. Introductory 
numerical examples are included, describing contraction of the dog heart. 

1 Introduction 

The aim of this paper is to present a computational model of the excitable myocar- 
dial tissue. Although this topic has become a subject of intensive research in recent 
decade, cf. [7, 1, 31, the existing models usually do not capture the complexity of 
the phenomena which feature modelling of the myocardium mechanics. For real- 
istic simulations of heart beats it is important to treat not only the 3D geometrical 
structure of the cardiac muscle fibres, but also a relevant model of the excitable 
medium. In our approach the latter is based on the cellular automaton (CA) which 
is employed to describe spatial propagation of the depolarization wave. The CA is 
coupled with FE model of the deformable ventricles. 
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