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Abstract: To investigate the effect of cardiac
anisotropy on body sur{ace potentials (BSPs), a
comparative simulation of isotropic and anisotropic

with spatial resolution of 1.5 mm. Each of the units is
accompanied by a set of electrophysiologic parameters
associated with action potential, conduction velocity,

models was conducted. Main results are summanzed
as follows. (1) Simulated BSPs with the anisotropic
model rotate during ventricular activation when

the

applying ectopic pacing. (2) No significant difference

automaticity and pacing. Based on the isotropic model,
anisotropic heart model was constructed by
incorpcrating rotating fiber directions to the ventricles.
The fiber orientations rotate counterclockwise over 90o

was found between isotropic and anisotropic models

with increasing depth from the epicardium to

when activation was initialized through the Purkinje
network (3) Ventricular fibrillation was induced
earlier in the anisotropic model than in the isotropic

endocardium [4]. An ellipsoidal wavelet was used for
controlling the propagation process of activation. The
long and short semiaxes of the wavelet are proportional
to the conduction velocities along and across the fiber
direction. By assuming an anisotropic conductivity in

model.

the

CARDIAC ANISOTROPY - A CURRENT TOPIC

intracellular space and isotropic conductivity in
extracellular space, we deduced a formula for

Study of cardiac anisotropy has become one of the
understanding cardiac
phenomena. Theoretically,
is a basis for precisely
addressing the forward problem and will help in solving
the inverse problem [1]. Medically, cardiac anisotropy
has been revealed an important factor in mechanisms of

calculating anisotropic cardiac source [5]:

ventricular arrhythmia and fibrillation [2].
So far, our knowledge about cardiac anisotropy has
been mainly based on experimental study with a small

distribution arising from propagation of activation, ol is
the intracellular conductivity across the fiber direction
and c is a 3 X 3 matrix depending on the fiber direction
and the intracellular conductivity ratio along and across

most important topics

piece

of

in
it

myocardial muscle. A current direction in

studying cardiac anisotropy is whole-heart investigation,
namely, the study effects of anisotropy on epicardial or
body surface potentials. With whole-heart experiments,
Taccardi et al showed that the epicardial potential
patterns were correlative to fiber direction [1]. They
further studied the relationship between fiber direction
and body surface potentials and found that body surface
potential distribution is also affected by myocardial

fiber direction [3].
As an alternative to experimental study, modeling
and computer simulation is an effective approach to
study cardiac anisotropy. While it is diffrcult for an
experiment to change the structural anisotropy of the
heart, it is very easy for a computer to construct an
"isotropic heart". Therefore a comparative simulation
of isotropic and anisotropic models under the same

conditions

will provide us with useful and unique

information on the effect of cardiac anisotropy.

MODELING OF'THE IIEART
The isotropic heart model contains about 50,000
units of atri4 ventricles and special conduction system

Ji: where

oy c

(l)

VOt

VO is the gradient of

action potential

the fiber direction. This formula extends the MillerGeselowitz formula of isotropic cardiac source [6] to a
quasi-anisotropic condition.

Potentials on the surface

of a torso model were

computed using the boundary element method.

A

comparative simulation was performed by
applyrng different ratios of conduction velocity and
electrical conductivity in the ventricular units and
keeping other electrophysiologic parameters the same.
The ratio of conduction velocity of 3:l and the ratio of
electrical conductivity of 9:1 were used for the
anisotropic model [7].

RESULTS OT COMPARATIVE SIMULATION

In our previous study [5], attention was paid to the
whole-heart effect of anisotropy through normal and
abnormal heart models. It was found that ventricular
fibrillation was introduced earlier in the anisotropic
model than in the isotropic model. However, no
significant differences were found in the simulated
surface potential maps (SPMs) between the isotropic
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and anisotropic models of the normal heart, RBBB and

LBBB, where the ventricular activation is initialized
through the Purkinje network.

Recently

we tried to

investigate whether the

simulated BSPs are different between the isotropic and

if the ventricular activation is
initialized from ectopic sides. For this purpose, the
heart model was paced on the left lateral wall with
different depths from the epicardial to the endocardial
surface. It was found that the BSPs simulated with the
anisotropic model rotated during activation process
while the BSPs of the isotropic model did not. The
minimum to maximum directions (M-M direction)
counterclockwise rotated for the epicardial and the
intramural pacing and clockwise for subendocaridal
pacing. The results also showed some relationship
between the M-M direction during the early activation
and the fiber direction where the pacing points were
located. Typical results are shown in figure 1A through
anisotropic models

1F.

DISCUSSION

It seems that the simulated BSPs with the anisotropic
model by ectopic pacing have some common features
with experimental findings reported by Taccardi et al
[3]. The results suggest that rotating of the BSPs may
reflect the propagation in the intramural depth.
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