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Creat ion of a zone with modif ied b ioe lec t r i ca l  p rope r t i e s  (surface ring perfus ion with KC1 
solution, r ing dc polar iza t ion ,  inject ion of coagulating substances)  around an a r t i f i c ia l  focus 
of ectopic  exci ta t ion in the dog m y o c a r d i n m  blocked the sp read  of ectopic exci ta t ion over  
the myoca rd ium and p reven ted  d i s tu rbances  of the hemodynamic  ac t iv i ty  of the hear t .  

The role  of d i f ferences  in levels  of exci tabi l i ty  of neighboring s t ruc tu re s  in the hear t  in prevent ing 
the sp read  of ectopic exci tat ion over  the myoca rd ium has been repor ted  in the l i t e ra tu re  [1,3,8]. 

The p re sen t  invest igat ion was c a r r i e d  out to tes t  this hypothesis  exper imenta l ly .  

EXPERIMENTAL METHOD 

Experiments were carried out on 20 mongrel dogs weighing 12-15 kg. The thorax was opened in 
l aye r s  in the 4th left  in te rcos ta l  space  under  morph ine -hexobarb i t a l  anes thes ia  and a r t i f i c ia l  r e sp i ra t ion ,  
and s i l ve r  b ipolar  e l ec t rodes  were  inser ted  into the m y o c a r d i n m  of the left  vent r ic le .  One e lec t rode  was 
sutured subepicard ia l ly  in the region of the apex of the left vent r ic le .  This was equipped with specia l  de-  
v ices  to modify the b ioe lec t r i ca l  p r o p e r t i e s  of the subjacent  s t r u c t u r e s  of the hea r t  (Fig. 1). 

In the expe r imen t s  of group 1 (7 animals)  the e lec t rode  used (Fig. 1A) was const ructed as follows: 
the two cent ra l  poles of the e lec t rode  (inner e lect rode)  were  sur rounded by a c i r cu la r  b ipolar  e lec t rode by 
means  of which the subjacent  myoca rd ium was polar ized  with a d i rec t  cu r ren t  of 2-3 V. In the exper imen t s  
of group 2 (8 animals)  an e lec t rode  was used (Fig. 1B) in which the two inner poles were  surrounded by a 
perfusion channel to enable surface ring perfusion of the myocardium with 30% KCI solution to be carried 
out. A bipolar needle electrode was inserted through the channel Into the myocardium. In both designs two 
bipolar silver electrodes (external 1 and 2) were also provided at the circumference. In the experiments of 
group 3 (5 animals) changes in the bioelectrical properties of the myocardial fibers were produced by injec- 
tion of a coagulating mixture (96 ~ ethyl alcohol and 10% neutral formalin solutions, 1 :I) into a ring of heart 
muscle tissue surrounding the bipolar electrodes. 

The pressure in the left ventricle and femoral artery was recorded by means of 'Barovar ' electro- 
manometers. The bioelectrical activity of various parts of the heart and blood pressure curves were re- 
corded on a 6-channel ink-writing "Alvar ' electrocardiograph. Stimuli from a "Disa-Multistim" electronic 
stimulator (5 V, 3-3.5 Hz) were applied to the myocardium. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In all the experiments, before changes were produced in the bioelectrical properties of fibers sur- 
rounding the apical bipolar electrode, stimulation of the myocardium through this electrode led ~o a spread 
of ectopic excitation to the base of the left ventricle, which was recorded by the corresponding electrode 
(external), and this was accompanied by disturbance of the hemodynamic activity of the heart (Fig. 2A). A 
similar pattern was observed after stimulation with the "external" electrode (Fig. 2B). 

A different pattern was observed when the myocardium was stimulated after the creation of a zone 
with sharply modified bioelectrical properties of the myocardial fibers around the "internal" electrode. 
Stimuli applied to the myocardium by means of "internal" electrode 1 were partly (Fig. 3A) or completely 
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Fig. i. Diagram of electrodes used to produce local block- 
ing of ectopic excitation in the myocardium. A - by dc po- 
larization; I) base of electrode, 2) plug with central bipolar 
electrodes, 3) circular bipolar polarizing electrode ; B - by 
surface ring perfusion of the myocardium with KCI solution: 
1) base of electrode, 2) screw-on cover, 3) plastic plug, 4) 
central bipolar electrodes, 5) perfusion tube, 6) external bi- 
polar electrode, 7) needle bipolar electrode (dimensions 
given in ram). 
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Fig .  2. S t imu la t i on  of m y o c a r d i u m  b e -  
fore  c r e a t i o n  of loca l  b locks  to the con-  

due t ion  of ec top ic  exc i t a t i on  (by p e r f u -  
s ion  with KC1). A - s t i m u l a t i o n  th rough 
"internal" electrode: i) pressure in fe- 
moral artery, 2) pressure in left ventri- 
cle, 3) electrogram recorded by "inter- 
nal" electrode, 4) electrogram recorded 
by "external" electrode, 5) marker of stimu- 
lation (5 V, 1 Hz); B- stimulation through 
"external" electrode- i) pressurein femor- 
al artery, 2) pressure in left ventricle, 3) 
electrogram recordedby "internal" elec- 
trode, 4) marker of stimulation (5 V, 3 Hz). 

(Fig. 3B and C) blocked at their point of application, no dis- 
turbances taking place as a result in the hemodynamic ac- 
tivity of the myocardium. When the myocardinm was stimu- 
lated through the "external" electrode after the creation of 
a blocking zone, in every case the ectopic excitation spread 
to the zone of the "internal" electrode (Fig. 3D). 

Stimulation of the myocardium through a needle bipo- 
lar electrode inserted superficially into the myocardium be- 
low the zone of perfusion with KCI did not lead to a spread of 
ectopie excitation, but if the needle electrode was inserted 
deeper, a spread of ectopic excitation and disturbance of the 
hemodynamic activity of the heart were observed. 

Changes in the bioelectrical properties of fibers sur- 
rounding a focus of ectopic excitation thus prevent its spread 
from the blocked zone to the rest of the myocardium. Dur- 
ing surface perfusion of an area of the myocardium with 
KCI solution, the resting potential is evidently lowered and 

the duration of the action potential shortened [4-7,10], the 
latter taking place on account of an increase in the gradient 
of the curve in phase 2, i.e., on account of a decrease in the 
duration of the "plateau" phase [8]. Meanwhile, before an 
action potential can spread over the myocardium, the dura- 
tion of the "plateau" phase must not be below a particular 
critical value [9]. That is why in the present experiments, 
fibers surrounding the ectopic focus had apparently lost 
their ability to spread the action potential, as a result of 
which ectopic excitation could not pass through that part of 
the heart muscle. 

The action of the coagulating mixture injected into the 
surface layers of the myocardium can be explained in a 
similar manner. As previous investigations showed [2,3], 
any alteration of the myocardium shortens the duration of 
the action potential in the myocardial fibers because they 
go into a state of energy debt. 
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Fig. 3. Stimulation of myoca rd ium a f t e r  c rea t ion  of blocks 
to ectopic excitat ion.  A - incomplete  block c rea ted  by dc 
r ing polar iza t ion  of myoca rd ium:  1) p r e s s u r e  in f emora l  
a r t e r y ,  2) p r e s s u r e  in left  ven t r ic le ,  3) e l e c t r o g r a m  r e -  
corded by "ex te rna l"  e l ec t rode ,  4) ECG lead III, 5) e l e c t r o -  
g r a m  reco rded  by " in ternal"  e lec t rode  2, 6) m a r k e r  of s t i -  
mula t ion  (5 V, 4 Hz); B - complete  b lock c rea ted  by in jec-  
tion of coagulat ing mix tu re  into myoca rd inm:  1) e l e c t r o g r a m  
reco rded  by "ex te rna l "  e l ec t rode ,  2) e l e c t r o g r a m  reco rded  
by " in ternal"  e lec t rode  2, 3) p r e s s u r e  in left  ven t r ic le ,  4) 
p r e s s u r e  in f e m o r a l  a r t e r y ,  5) m a r k e r  of s t imulat ion (5 V, 6 
Hz); C - complete  block c rea ted  by sur face  perfus ion of m y o -  
ca rd ium with KC1 solution: 1) p r e s s u r e  in f e m o r a l  a r t e r y ,  
2) e l e c t r o g r a m  r eco rded  by " in ternal"  e lec t rode  2, 3) p r e s -  
su re  in left  ven t r i c le ,  4) e l e c t r o g r a m  reco rded  by "externa l"  
e lec t rode ,  5) e l e c t r o g r a m  reco rded  by needle e lec t rode ,  6) 
m a r k e r  of s t imulat ion (5 V, 3.5 Hz); D -  absence  of block 
(during perfus ion with KC1) when myoca rd ium s t imulated 
through "ex te rna l"  e lec t rode :  1) p r e s s u r e  in f e m o r a l  a r t e r y ,  
2) e l e c t r o g r a m  r eco rded  by " in ternal"  e lec t rode  1, 3) e l e c t r o -  
g r a m  r eco rded  by " in ternal"  e lec t rode  2, 4) ECG lead IE, 5) 
m a r k e r  of s t imulat ion (5 V, 4 Hz). 

The s a m e  m e c h a n i s m  can be cons idered  to lie at  the bas i s  of the blocking act ion of the d i rec t  cu r r en t  
applied through the b ipo la r  r ing e lec t rode  surrounding the " in ternal"  e lec t rode .  Anodie polar iza t ion  of myo-  
card ia l  f ibe rs  continued for  a long per iod of t ime cons iderably  shor tens  the duration of the act ion potential  
and reduces  hyperpo la r i za t ion  of the membrane  in phase 4 [8], thereby  lowering exci tabi l i ty  and conductivity 
of that pa r t i cu l a r  f iber .  
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A block to ectopic excitation at the point of its origin of this type can thus take place under certain 
pathological conditions, such as in myocardial infarction, and it may play a life-saving role by preventing 
the development of severe cardiac arrhythmias [3]. 
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