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Abstract: The analysis of body surface, intramural and
epicardial potentials measured experimentally and
three-dimensional
simulated on the basis of
depolarization patterns in the heart ventricles of
vertebrates with "flash" (sheep) and 'osuccessiye" (dog)
myocardium activation types was carried out. It was
shown that the cardioelectric field (CEF) on the body and

ventricular surfaces corresponding the initial part of
QRS complex of limb leads BCG is formed by the
electrical activity of subendocardial layers, where the
zone of early excitation is observed. CBF on the body
and ventricular epicardial surfaces corresponding to the
latest portion of the QRS complex is determined by
depolarization of intramural and subepicardial layers in

RESULTS

In canine heart ventricles excitation
wavefront spread succesively from the inner
myocardial layers towards the outer ones [4,5].
Depolarization of heart ventricles of sheep presented the
of the "flash"myocardial activation pattern
belonging to all ungulates [6].

example

Various activation patterns caused the
of CEFs with different distributions of

formation

positive and negative potentials. In dogs there were QSand rS-potentials recorded on the cranial part of the
body surface and Rs- or qRs-potentials registered on

the caudal part of torso. In sheep Rs- and

sheep, and by excitation of subepicardial layers in dogs.

qRselectrograms were observed on the cranial surface and

INTRODUCTION

surface.

comparative-physiological study of
electrical activity of heart ventricles in vertebrates with
various types of depolarisation [1] may be one of the
principles of the CEF formation theory development.
The mechanisms of CEF potentials genesis are
determined by the special features of generation and
spread of excitation in the heart ventricles [2].
Therefore the analysis of these mechanisms requires the
knowledge of spatial and temporal characteristics of
the heart depolarization process and of the role of
endocardial, intramural and epicardial heart layers in
the formation of CEF.

The

METHODS
Cardiopotentials were recorded from the body
surface, ventricular epicardium and intramural
myocardial layers in l0 adult dogs anaesthetized by
sodium thiopental and 4 adult sheep narcotized by
alcohol. Measurements were carried out by 64channel system of simultaneous potential registration.
On the basis of the obtained experimental data the
ventricles'
three-dimensional patterns of
depolarization wavefronts were reconstructed using the
mathematical model on the base of cubic splines [3].

The analysis of CEF formation on torso

and

epicardium was carried out by means of mathematical
simulation based on experimental data. Epicardial

and body surface potentials were calculated

as the

potentials of the homogeneous electrical double layers
the depolarization wavefronts
coinciding with
reconstructed from the real epicardial and intramural
potentials.

QS- and rS-potentials were recorded on the caudal

On the body surface of the animals with
"flash" and "succesive" myocardial activation patterns
during the earliest stages of the CEF generation similar
potential distributions were formed. The earliest
depolarization ofinterventricular septal endocardium
and of the base of left ventricular anterior pappillary
muscle did not contribute to the potentials of the limb
leads ECG because of a small volume of
depolarized tissue. At the same time the CEF on the
body surface was already characterised by the stable
distribution of potential zones. During this period the
zone of positive potentials was recorded on the caudal
part of the body surface and the zone of negative
potentials was observed on the cranial surface.
During l-2 ms appearence of multiple zones of
electronegativity in the intramural layers of sheep
heart ventricles induced an abrupt reversion of positive
and negative potential zones on the body surface. In
dogs we observed a successive change of the
cardiopotential zones localization on the torso.
Experimental study of the ventricular
depolarization sequences in animals with "flash"
pattern of myocardial activation showed the multiple
centres of the epicardial activation wavefront
breaftfhrough. Ventricular depolarization study in dogs
revealed some new information on peculiarities of the
process. The excitation wave broke through onto the

epicardium

in two areas: within the right

ventricular

free wall and in the area of the left ventricular apex.

The study of CEF formation on qricardial and
body surfaces at different stages of depolarization and
under different types of heart activation consisted of
the analysis of epicardial and body surface potential
distributions measured experimentally and simulated
from the reconstructed wavefronts of depolarization.
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During the initial stages of

ventricular

depolarization in dog (approximately 5 ms after the
earliest negative regions in myocardium had appeared)
two excitation wavefronts were reconstructed on the
base of the measured intramural electrograms: a small
wavefront localized in the area of the base of the left

ventricular pappillary muscles and a more extended
wavefront in the left half of the interventricular
sqrtum. According to the results of simulation the
potential distribution close to the dipolar one observed
at this period on epicardium was formed mainly by the
excitation wavefront localized in the interventricular
sq)tum.

In

25-30 ms after depolarization had started
wavefronts
propagating from subendocardial layers towards the
epicardium were reconstructed: a wide wavefront in
the left ventricular free wall, extending from the apex
to the base of the heart, and a wavefront occupying the
apical part and the free wall of the right ventricle. As it
was shown by mathematical simulation, the only large
positive zone observed on the ventricular surface during

in

dog's

ventricles two activation

this period was generated mainly

by the

extended

activation wavefront in the left ventricular free wall.
In the heart ventricles of a sheep the excitation
wave spread from multiple zones of initial electrical
activity towards the inner and outer heart surfaces. In
3 ms after the appearance of the first electronegative
centres in myocardium three small depolarization
wavefronts in the base of papillary muscles of the left
ventricle free wall were reconstructed. The simulation of
epicardial potentials showed that, being summarized,

these depolarization wavefronts formed

a

dipolar
potential pattern on the epicardium which is observed in

Acknowledgements

This work was supported by grant 95-04-l 19l0 from
Fundamental

the Russian Foundation for
Investigations.

REFERENCES

tl] M.P. Roshchevsky, Evolutional electrocardiology.
Leningrad: Nauka, 1972 (n Russian).
tzl

M.P.

Roshchevsky,

D.N.

(London), pp.

23

-26, World.Sci. Publ.

O.,1,992.

Blickman.
Spread of activation in the left ventricular wall of the

dog.

III.

Transmural and intramural analysis// Amer.

Heart -/., vol.48,pp. l3-35, 1954.
t5l M.P. Roshchevsky, D.N. Shmakov, "Philogenetic

peculiarities

of the intramural chronotopography of
vertebrates", in

myocard activation in

Proceed.lnteru.Union Physiol.Sci.:

XXWII Intern.

Congr., Budapest, 1980, vol.l6, p.668.

t6l M.P.

Roshchevsky, Electrocardiology of

ungulates. Leningrad:

Nauka, 1978 (in Russian).

the subepicardial and subendocardial layers multiple
local waves of activation propagating towards the
epicardial and endocardial surfaces of ventricles were
observed. In accordance with the results of simulation
these multiple fronts of depol anzation form several
small negative zones on the epicardium recorded in the
experiment.

CONCLUSION
Analysis of experimental data on body surface,
epicardial and intramural potential mapping in sheep
and dogs showed that independently of the type of
myocardium activation extracardiac CEF is formed due
to electrical activity not only of subepicardial layers but
layers.

Computation of epicardial and body surface potentials
as potentials of double electrical layers coinciding with
real depolanzation wavefronts in the heart ventricles
gave the results close to experimental data and made it
possible to evaluate the role of separate myocardial
layers and wavefronts of depolarization in extracardiac
CEF formation.
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