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times more effective generator as tranwerse activation.
The effective intracellular resistivity, considered as a

INTRODUCTION

For electrocardiographers, cardiac muscle under
activation is an electrical generator supplying current to
the surrounding tissues. But properties of myocardium

as a current source have been not

suffrciently
understood. Knowledge is insufficient on the physical

has been shown as proportional to the square root of the
internal resistivity, which seemed roughly to hold for a

tissue composed of fibers.

of

so-called equivalent double layer at the
boundary of excited region. The effect of myocardial
anisotropy, which has been pointed out by Corbin and
nature

determinant of external current flow, appeared
anisotropic. The conduction velocity of a single fiber

Scher[], appears still not adequately applied for the
interpretation of various observations. We have studied

electromotive force of myocardial tissue
quantitatively. Different activation sequences of

the

ventricular myocardium were examined 12,31. Our
approach was mainly experimental and macroscopic.
But later, simulation studies as well as measurements of
membrane potentials have also been attempted.

(1) STRENGTTT OX'THE DOUBLE LAYER.
The dog heart was perfrrsed with Tyrode solution. A

papillary muscle of the right ventricle was stimulated to
induce activations along and across the longitudinal
axis. Resulting external field was measured for the
estimation of the double layer moment in terms of
mA . cm per unit area. The results showed that

longitudinal activation was associated with about

8

(2) TNJURY CURRENT

Myocardial generator also creates continuous injury
potentials in the existence of depolanzing damages.
Electric current flows across the boundary of normal
and injured portions of myocardium and consequently,
will be inlluenced by the relation of the boundary to the

fiber direction.

At first, a

coronary branch was
K solution and the
perfused
region
was marked by
boundary of the
green.
in orthogonal
ST
deviations
indocyanin
the
leads were compared with the boundary area and
averaged moment of injury current was found
approximately as 0.09mA ' cm per unit area. The
papillary muscle preparation was also used in the
separately perfrrsed

with high

experiment on injury current. Solutions containing
high potassium concentrations were applied to the

papillary muscle, so as to make longitudinal and
tranwerse boundaries [a] (Fig.l). Resulting current of
injury was observed in the lead of corresponding

High

K

Fig. I Experimental design for injury current in the papillary muscle. Cotton pad containing high potassium solution
was applied to make tranwerse (A) and boundary @).
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a

direction. The ST elevation was much more pronounced

myocardial anisotropy,

longitudinal boundary, although a
quantitative estimation was not be made, because the
area of the boundary could not be obtained in this

performed on the QRS configuration of ventricular
ectopic beats. It has been known that extrasystoles
originated from an epicardial site and from
corresponding endocardial site show remarkably similar

in the case of

experiment.

configuration
(3) CONTTGURATTON OF' EXTRASYSTOLES

As another example (Fig.2) of

influences of

t5l.

One

simulation study

of the reasons

seem

was

to

be

activation patterns of the ventricular wall along and
across the free wall, which is of anisotropic structure.
An anisotropic model has been developed by Okamoto

Fig. 2 Extrasystoles arising from an endocardial site (left) and corresponding epicardial site(right). They produce the
remarkably similar QRS complexes in remote leads.

with use of tetrahedral elements t6l. Not only the
conduction velocity but also internal resistivity are
anisotropic in this model. Using the model, simulation
study shows the emf along the fiber direction is strong
and has opposed components to the main direction of

activation, because of the curyature of the ventricular
wall [7]. With isotropic model, initial R wave appears
in the extrasystole originated from endocardial site in
the remote X (right to left) lead, which becomes smaller
with anisotropic model. It seems that the effect of
tangential activation along the ventricular wall should
be emphasized in general interpretation of ECG.
(4) ELECTROTONUS

Preliminary studies on the electrotonus of membrane
potential were performed with ventricular muscle. A
glass pipette filled with agar containing high K solution
was applied to epicardial surface of canine ventricular
preparation. Electrotonic spread of membrane potential
pertuöation was plotted against the distance from the
pipette. The results were compared in longitudinal and
transverse directions and different space constants were
obtained.
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