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Effects of cardiac anisotropy on three-dimensional ECG localization inverse
solutions: a model study

C. Liu and B. He
Department of Biomedical Engineering, University of Minnesota, MN, USA

Abstract—The aim of the present study was to examine
the effect of cardiac anisotropy on the ECG inverse
localization solutions wusing a heart-model-based
approach. The anisotropic heart model was used in
forward pacing simulation while anisotropic and
isotropic heart models were used in inverse procedures,
respectively. Twenty-four sites throughout the ventricles
were paced and the sites of origins of ventricular
activation were localized in the inverse procedure. The
inverse solutions of localization of pacing sites using
anisotropic or isotropic heart model were compared. The
computer simulation results suggest that the cardiac
anisotropy does not have significant influence on the
localization of site of origin in the 3D ventricles during
paced activation.
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I. INTRODUCTION

It is known that cardiac anisotropy plays an important
role in influencing propagating wavefronts within the
myocardium [1-2] and has been investigated by forward
models [3]-[7]. It’s still debatable that if the cardiac
anisotropy will have a significant impact on the accuracy of
ECG inverse solutions. Recently cardiac anisotropy has
been included in computer simulation studies in ECG
inverse solutions [8]-[9]. Although noninvasive detection of
the cardiac fiber direction with magnetic resonance imaging
(MRI) is feasible [10]-[11], it has not been demonstrated
that such detailed cardiac anisotropy information can be
conveniently obtained from a subject undergoing
electrophysiological evaluation. Therefore, it is of interest
and importance to assess the effects of cardiac anisotropy on
the ECG inverse solutions. A recent study [12] suggests that
from a clinical point of view the effect of the cardiac
anisotropy on the 2D heart-surface activation time imaging
inverse solution is negligible. The purpose of the present
study is to evaluate the effects of cardiac anisotropy on the
3D ECG inverse localization.

II. METHODS

We have previously developed three-dimensional
electrocardiographic imaging (3DEIT) methods to localize
the site of origin of activation, image the activation
sequence and the distribution of transmembrane potential
within the 3D myocardium [8, 9, 13, 14, 15]. In the present
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study, the effect of cardiac anisotropy on the heart-model-
based 3D localization was evaluated by computer
simulations.

Twenty-four sites throughout the ventricles were
selected to test the effect of cardiac anisotropy on the 3DEIT
inverse localization. BSPMs induced by pacing at one of the
twenty-four sites were simulated by using the anisotropic
heart model embedded in a realistic geometry
inhomogeneous torso model. Excitation conduction velocity
within the myocardium was set to be 0.6 m/s and 0.2 m/s
along the longitudinal and transverse fiber direction,
respectively. Electrical conductivity within the ventricles is
set to be 0.15 S/m along the longitudinal fiber direction and
0.05 S/m along the transverse fiber direction. A 50-uV level
Gaussian white noise (GWN) was added to the BSPMs to
simulate the noise contaminated BSPM measurements. Then
the inverse approach was applied with anisotropic heart
model and isotropic heart model, respectively. When the
anisotropic heart model was used, the settings of cardiac
conduction velocity and conductivity are the same with the
forward approach; when the isotropic heart model was used,
the cardiac conduction velocity was set to be 0.4 m/s
throughout the whole ventricles and the conductivity was set
to be 0.1 S/m. The inverse localization results obtained
using the anisotropic and isotropic heart model were
compared.

III. RESULTS

When the anisotropic heart model was used in the
inverse approach, the mean and standard deviation of
localization error, averaged over the 24 pacing sites, were
2.92+1.85 mm. When the isotropic heart model was used,
the mean and standard deviation of localization error,
averaged over the 24 pacing sites, increased to 4.16+1.87
mm, which represents a 42% increase in the mean of
localization error with virtually the same standard deviation
when the isotropic heart model was used in the inverse
procedure. Fig. 1 illustrates the mean and standard deviation
of localization error when the anisotropic and isotropic heart
models were used in the inverse procedure. Fig. 2 shows one
example of the two kinds of inverse localization results, as
compared with the pacing site. The present computer
simulation results suggest that the localization error would
increase if the anisotropy is ignored in the inverse procedure,
but resulting increase in localization error is within 5 mm in
average from the actual site of origin of paced activation.
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Fig. 1. Mean and standard deviation of localization error
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Fig. 2. Comparison of inverse localization results on one
site

IV. DISCUSSION

The cardiac anisotropy affects the generation of BSPM
in two aspects: the anisotropic excitation conduction
velocity of action potential and anisotropic electrical
conductivity, both of which were incorporated in our
anisotropic heart model [8-9]. In the isotropic heart model,
the conduction velocity and conductivity were universal
throughout the heart. The isotropic excitation conduction
velocity was set to be 0.4 m/s and the conductivity was set
to be 0.1 S/m. These two values were the average values of
the anisotropic heart model’s corresponding parameters.

The present simulation results suggest that although
cardiac anisotropy has significant effects on the propagation
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of exscitation wavefronts within the ventricles, its effect on
the inverse solution from BSPM is tolerable. The present
simulation results are consistent with Modre et al’s work on
the investigation of effects of cardiac anisotropy on the 2D
heart surface activation imaging inverse solution [12], where
only the effect of anisotropic electrical conductivity on
inverse solutions was considered. These results are
interesting and may suggest that the torso smearing effect
may reduce the influence of cardiac anisotropy on the
BSPM, and subsequently to the inverse solution from
BSPMs. In future studies, experimental study should be
carried out to evaluate the effects of cardiac anisotropy to
the 3D ECG inverse solutions.
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