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Abstract

of the model: the parameters of the model that describe the
electrical properties of the tissue.
These properties are dominated by the fact that cardiac
tissue is an anisotropic conductor. As cardiac myocytes
have an elongated shape and are stacked end-to-end to
form myocardial fibers, the electrical conductance along
the fiber is higher than across the fiber. Hence in almost all
of the bidomain approaches the electrical properties of cardiac tissue are summarized by means of tensor. Generally,
the electrical properties of the bidomain model are summarized by three different parameters: the conductivity
tensor for the intracellular space, the conductivity tensor
for the extracellular space, and the surface-to-volume ratio for the active membrane surface. Moreover, these three
parameters reflect the macroscopic tissue properties that
incorporate structural parameters such as the distribution
of gap-junctions within the tissue, and the distribution of
extracellular space.
However the influence of pathological conditions on
cardiac tissue is often described in terms of histology and
not in terms of bidomain parameters. Hence an additional
translation is needed to interpret the data. For example the
structural difference between the tissue of a neonate and
an adult is often described in terms of gap-junction distribution and myocyte shape differences [2].
However not every structural changes is described as
histology, other sources of information for instance include
the macroscopic electrical resistance, i.e. the electrical resistance measured between two distant electrodes. For example the collapse of the extracellular space at the onset of
acute ischemia is often characterized this way [3].
Despite the abundance of information on changes within
cardiac tissue due to different pathologies, the question
remains whether these macroscopic measurements of
electrical resistance in fact reflect the resistance observed by the currents injected into tissue by the membranes at a microscopic level, i.e. the resistance observed
between two distant electrodes and the one from within
the tissue at a microscopic level are not necessarily the
same. Furthermore, it is not apparent how the structural
information can be translated into effective conductivity tensors that reflect these changes in the bidomain

The bidomain model is based on effective parameters
to include the myocardial tissue properties into models of
propagation of depolarization. In this study we examine
whether these properties can be derived from histology by
generating a geometrical model of cardiac tissue and computing the effective conductivity. We tested this hypothesis
by generating a detailed model of cardiac tissue in which
we simulated the propagation of depolarization directly,
using the so-called microdomain approach. We compared
both the the conduction across and along the fiber of the
myocardium under both healthy and ischemic conditions.
Under healthy conditions both the microdomain and bidomain approximation resulted in conduction velocities that
were within 3% of each other. However under ischemic
conditions the conduction velocity across the fiber approximated 20%, indicating that the effective conductivity tensors under those conditions are not a good approximation.

1.

Introduction

As computer models of the heart are more frequently
used to scrutinize the complexities of cardiac disease, there
is an increased need for these models to describe both
healthy and pathological conditions. Hence, a good understanding of the assumptions underlying the model’s parameters is paramount in modifying these parameters to reflect
real pathologies. In this paper we explore the parameters
underlying the models for predicting the electrical activation sequence of cardiac tissue.
The most commonly used approach for simulating cardiac activation is the so-called bidomain model [1]. This
model assumes that there are two major components in
predicting the spread of action potentials: (1) an active
component in the form of the cell membrane, that injects
currents based on the state of the membrane into the second component of the model, (2) a passive electrical conductor, that diffuses and spreads the action potentials. As
there is a huge amount of information on how to incorporate disease state into the membrane dynamics of cardiac
myocytes, we focus in this paper on the second component
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3.

Results
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We computed the conduction velocity for two sets of
conditions: a model that reflects a healthy state of tissue
and a model that reflects an ischemic state of tissue.
Table 1 lists both the parameters that were used to generate both models, as well as the conduction velocities that
are predicted by the microdomain approach and the bidomain approach. The table lists as well the effective conductivities of intracellular and extracellular space that were
used in the bidomain approach. The values in the left column are the resistances and conduction velocities along the
fiber of the tissue and the ones on the right are the ones
across the fiber direction.
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Discussion and conclusions

The model for the healthy conditions shows that the predicted conduction velocities of the bidomain approximation and the microdomain approximation are within 3%
and show a good agreement. However under ischemic conductions the conduction velocity across the fiber show a
considerable difference of about 20%. Besides the correlation between the two approximation the values are also in
reasonable agreement with experimentally observed value
of 0.46±0.03 m/s reported by Cascio et al. [10]
Hence under healthy conditions the histological approach by building a geometrical model of tissue and computing the effective properties based on this model is a
good approximation for the bidomain. However under ischemic conditions with intracellular resistances becoming
larger due to the closure of gap junctions, the method of
approximating the bidomain tensors by computing the effective tensors is not the best approximation under those
conditions.
The other thing that the model shows is that despite the
effective intracellular conductivity being lower than normally used in simulations, the model results in conduction anisotropies that are not abnormally low. One of the
factors that is often not taken into account in this respect
is that the extracellular resistance is an important contributor to the resistance anisotropy. Whereas for the intracellular case the intracellular resistance is dominant, for
the extracellular case the resistance is in fact distributed
equally between both spaces. Hence the overall resistance
anisotropy is a combination of the intracellular and extracellular anisotropy.
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