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Abstract

The influence of ischemic and infarcted tissue on
the body-surface potential was investigated. A cellular
automaton was employed for modeling the heart’s
specialized conduction system, junction points, action
potentials, and fiber orientation. The cellular automaton
generated a transmembrane potential distribution providing
the source distribution for the electrocardiographic forward
problem.  The body-surface potential was calculated
with a bidomain-based forward model of a patient’s
volume conductor.  Several scenarios were simulated
including anterior and posterior myocardial infarction. The
simulations demonstrated the influence on the body-surface
potential displaying ST elevations and depressions as well
as changes in polarity depending on the location of the
ischemic region and electrode position.

1. Introduction

The modeling of ischemic and/or infarcted tissues and
its influence on the body-surface ECG are of potential
interest in many fields of cardiac electrophysiology.
Electrocardiographic ST-segment changes during acute
myocardial ischemia have been measured and studied
by Hordcek [1] in order to clarify the relationship
of ST-segment elevations and depressions in various
electrocardiographic leads. It was shown that a
judicious choice of leads could improve and simplify
the electrocardiographic criteria for recognizing acute
myocardial infarction and for the infarct-related artery
and the specific site of occlusion. The importance of
anisotropy in modeling ST-segment shift was demonstrated
by Johnston and Kilpatrick [2]. In addition, they also
investigated the effect of conductivity values on ST segment
shift in subendocardial ischemia [3]. In this work we
present a model enabling the investigation of the influence
of ischemic and/or infarcted tissue on the body-surface
ECG depending on parameters like conductivity and
anisotropy. The model comprises a heart model of the
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ventricle and a volume conductor model [4]. The heart
model is based on a mesh generated with at least 25000
tetrahedron elements, and implements features like fiber
architecture, specialized conduction system, conduction
velocity, and refractory period. This cellular automaton
generates a transmembrane potential distribution of the
ventricle which provides the source distribution for the
forward problem in order to calculate the body-surface
potential.

2. The model

The model simulating the influence of ischemic and/or
infarcted tissue on the body-surface potential comprises a
model of the ventricle and the volume conductor. The
former is used to generate a transmembrane potential
distribution while the latter is needed to solve the
electrocardiographic forward problem. Both models are
described in the following two sections.

2.1. Heart model

The heart model was segmented from a patient’s MRI
short-axis scan and is based on a mesh with 25000
tetrahedron elements at least. The heart model considers
electrophysiologically relevant structures including fiber
architecture and specialized conduction system. The
specialized conduction system considers the His bundle,
left and right bundle branches, the Purkinje system, and
junction points. Each structure can be modeled by assigning
a certain material to each tetrahedron element. The number
of materials is not limited. The presented heart model
includes the following materials:

« Bundle of His

« Conjunction points

o Left bundle branch

« Right bundle branch

« Purkinje fiber

« Ventricular myocardium
« Ischaemic cells
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o Infarcted cells

Each material is characterized by the following properties
and each property is described by one or more parameters:

o Material identification number

« Relationship between refractory period and heart rate
(four parameters)

« Relationship between conduction velocity and heart rate
(four parameters)

« Relationship between heart rate and action potential
duration

« Action potential form (nine parameters)

« Conduction velocity parallel to fiber direction

« Conduction velocity normal to fiber direction

« Extracellular conductivity parallel to fiber orientation

« Extracellular conductivity normal to fiber orientation

« Intracellular conductivity parallel to fiber orientation

« Intracellular conductivity normal to fiber orientation

« Connections controlling conduction between materials

The ventricle’s fiber orientation can be modeled interactively

with a software package. One simply draws lines indicating
the fiber orientation on the heart’s surface as can be seen
in Fig. 1. The local fiber orientation is then calculated
by interpolating the user-input lines. = We have been
implementing some standard fiber orientation since the
patient’s actual fiber orientation is not easily accessible.
Figure 2 shows a model of a patient’s ventricle with
vectors indicating the local fiber orientation. A detailed

Figure 1. Lines indicating the user-defined fiber orientation
on the ventricle’s surface.

description of the interactive modeling of the ventricle’s
fiber orientation can be found in [5].

The ventricular depolarization and repolarization is
calculated by a cellular automaton approach. A detailed
description of the employed cellular automaton can be
found in [5, 6, 7, 8]. Figure 3 shows a ventricle depicting
the His bundle, bundle branches, junction points, Purkinje
fiber network, and ventricular myocardium.
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Figure 2. Fiber orientation of the employed ventricular
heart model. Vectors indicate local fiber orientation.

Figure 3. Ventricular heart model depicting His bundle, left
and right bundle branches, junction points, Purkinje fiber
network, and ventricular myocardium. Each structure is
referred to as material with distinctive properties.

2.2.  Volume conductor

The cellular automaton generates a transmembrane
potential distribution of the ventricle which is used as input



for the electrocardiographic forward problem in order to
calculate the body-surface potential. Part of the forward
problem is a patients’s volume conductor model which
considers the most electrodynamically relevant tissues or
compartments. These compartments include the lungs,
atrial and ventricular blood masses, active ventricular
myocardium (same geometry as above), and the torso.
Geometrical data were acquired with a 1.5Tesla MR
scanner (Siemens Vision Plus). An axial scan of the torso
and an additional short-axis scan of the heart (ECG-gated
breath-hold oblique imaging mode) were used to extract
the geometrical information. The entire volume conductor
was modeled with more than a million tetrahedrons. As
mentioned above, the different individual compartments
comprised the torso, the lungs, and the blood masses.
The associated conductivities were assumed to be 0.2,
0.08, and 0.6Sm™', respectively. Conductivity values
for the ventricle are listed below. Figure 4 shows a
geometrical representation of a patient’s volume conductor.
The electrocardiographic forward problem is solved by a
FEM approach.

Geometrical visualization of an individual
The model depicts all
electrodynamically relevant compartments: torso,
ventricles, lungs, and blood masses. Only the
compartment’s surfaces are shown.

Figure 4.
patient’s volume conductor.

3. Results

We modeled ventricular myocardium with intracellular
(in) and extracellular (ex) conductivities in a longitudinal
(long) and transversal (trans) direction.  For normal
myocardium we used the following values (in S/m): 0.3
(in,long), 0.03 (in,trans), 0.6 (ex,long), and 0.15 (ex,trans).
Ischemic tissue was modeled as follows: 0.175 (in,long),
0.04 (in,trans), 0.4 (ex,long), 0.175 (ex.trans). Infarcted
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tissue was modeled with 0.2 (ex), and O (in). We simulated
some typical scenarios. We assumed, first, a myocardial
infarction in the region of the left anterior descending
coronary artery and, second, a posterior myocardial
infarction. Figure 5 shows a geometrical representation
of the ischemic and infarcted regions. The body-surface
potential map of a sinus rhythm and those of the above
mentioned posterior myocardial infarction are shown in
Fig. 6. The body-surface ECG of one cardiac cycle shows
Fig. 7. It shows ST-segment depression and morphological
changes within the QRS complex. This was observed to
be, however, strongly dependent on the position on the
body surface which is in accordance with [1]. In another
simulation we varied the resting potential of the ischemic
cells. The associated body-surface potential is depicted in
Fig. 8.

Figure 5. Left anterior myocardial infarction where
we assumed both ischemic and infarcted tissue (left) and
posterior myocardial infarction with ischemic tissue only.
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Figure 6. Body-surface potential map of a simulated sinus
rhythm (left) and posterior myocardial infarction (right).

4. Conclusion

The presented heart model demonstrated its usefulness
in studying the influence of ischemic and/or infarcted
ventricular tissue on the body-surface ECG depending on
various parameters like conductivity and resting potential.
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Figure 7. Body-surface potential of a site close to the
precordial leads V2 and V3.
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Figure 8. Simulated body-surface potentials of a site close
to lead V1.

It was observed that ST-segment shifts, be it elevations
or depressions, depend, in accordance to literature, on the
location of the associated ischemic and/or infarcted region
as well as on the location the body-surface potential is
considered.
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