
G E N E S I S  O F  A R R H Y T H M I A S  A N D  M E C H A N I S M  O F  

E L E C T R I C A L  D E F I B R I L L A T I O N  O F  T H E  H E A R T  

E.  C a ~ e r o ,  C.  C a b r e r a ,  
V. An  M a k a r y c h e v ,  
I. B. G r i b a n o v s k i i ,  a n d  J .  M o r l a n s  

UDC 616.12-008.318-092+616.12-008.318-085.844 

Atrial  a r rhy thmias  were induced in experiments  on dogs by e lec t r ica l  stimulation o r  by local 
application of aconitine and methacholine to the atrium. The action of the defibri l la tor  dis-  
charge on these a r rhy thmias  was studied. The def ibr i l la tor  d ischarge abolished the a r r h y -  
thmias maintained by the c i rcus  movement  of the excitation wave over  the a t r ia  but did not 
abolish sinus tachycardia  o r  ectopic aconitine tachysystoles .  The threshold of the def ibr i l -  
lating effect depends on the existence of m i c r o -  o r  mac ro - r een t r i e s .  The mechanism of de-  
fibrillation consis ts  of excitation of the atr ial  myocard ium with a consequent decrease  in the 
pathway for the circulat ion of excitation to below the cr i t ica l  size for maintaining the c i rcus  
movement  of the excitation wave. The action of the defibri l la tor  does not inhibit the automa- 
tism of the nomotopic and heterotopic cardiac  pacemakers .  
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Since there are at present  two theories of the genesis of a r rhy thmias  (the theory of c i rcus  movement 
of the excitation wave and the theory of heterotopic tachysystole) the existence of two opposite mechanisms 
of e lec t r ica l  defibrillation must  also be postulated. 

A single e lectr ic  pulse can abolish fibrillation, flutter, and tachycardia  as a resul t  of synchronous 
excitation of the cells  of the atr ial  o r  ventr icular  myoeardium with the consequent abolition of the c i rcu la -  
tion of excitation over  these par ts  of the hear t  [3, 4, 8, 16]. Abolition of a r rhy thmias  of different origin by 
defibril lation can be explained by simultaneous suppression of sources  of heterotopic pacemaker  activity by 
the action of a s t rong current .  Finally, the mechanism of defibrillation can be assumed to be the same in 
all cases  and to be independent of the genesis  of the ar rhythmias .  

In o rde r  to study these theoret ical  a l ternat ives  the effect of the defibri l la tor  d ischarge was studied 
experimental ly  on atr ial  a r rhy thmias  induced by the c i rcus  movement  of excitation or  by the presence  of 
an ectopic focus. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on 30 dogs weighing 8-15 kg anesthetized with pentobarbital (30 mg/kg,  
intravenously). Thoracotomy,  incision of the per icardium,  and exposure of the heart  were ca r r i ed  out under 
mechanical  ventillation. Monophasic potentials from various par ts  of the atr ia  (detected by suction e lec -  
trodes),  the EC G in standard lead II and, in some experiments ,  the in t racavi tary  e l ec t rog ram (recorded by 
means of a bipolar ca the te r -e lec t rode  introduced into the chamber  of the right atrium) were recorded  on a 
polygraph. Arrhythmia  was induced in five dogs by applying aconitine c rys ta l s  to the right a t r ium or  to its 
auricle,  followed by e lec t r ica l  stimulation of these s t ruc tures  [18, 19]. Atrial  stimulation in this and other  
methods was ca r r i ed  out in diastole through bipolar e lect rodes  with square pulses with a duration of 2 msec ,  
a frequency of 10-50 Hz, and a voltage 2-5 t imes above threshold. 
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Fig. 1. Action of def ib r i l l a to r  d i scharge  on cardiac  e l ec t r i ca l  a c -  
t ivity during a r r h y t h m i a s  induced by quickening au tomat i sm of no-  
motopic and heterotopic pacemake r s :  1) ECG; 2) act ivi ty  of right 
a t r ium;  3) of left  a t r ium; A, B, C, D) act ivi ty  before ,  and A 1, B 1, 
C l, D 1) act ivi ty  a f t e r  d i scharge  of 5 kV; A, A 1) sinus tachycardia ;  
B, B l) a r t i a l  f lut ter  a f t e r  applicat ion of aconitine; C, C 1) ven t r i cu la r  
t achycard ia  and a t r i a l  f ibri l lat ion a f t e r  additional applicat ion of 
aconitine to vent r ic les ;  D, D 1) f ibri l lat ion of the hea r t  as  a resu l t  
of repeated application of aconitine. 
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Fig. 2. Compar i son  of action of def ib r i l l a to r  d i scharge  and local  
isolation of si te of applicat ion of aconitine and methacholine on 
a t r i a l  e l ec t r i ca l  act ivi ty:  1) act ivi ty  of left  a t r ium;  2) of r ight  a t r ium;  
3) of r ight  aur ic le  (site of appl icat ion of prepara t ions) .  A, A 1) sinus 
rhy thm before  applicat ion of substances;  B) aconitine flutter;  B I) 
methacholine fibril lation; C, D l) ac t iv i ty  a f t e r  d i scharge  of 3 kV; 
D, C l) act ivi ty  a f t e r  applicat ion of c l amp  to r ight  auricle .  

Ar rhy thmia  was produced in 12 dogs by the applicat ion of two o r  three  drops  of methacholine (solu- 
tion containing 1 g /ml)  to the sur face  of the a t r ium,  followed by e l ec t r i ca l  o r  mechanica l  s t imulat ion [15], 

In four dogs a method of inducing double a r r h y t h m i a s  was used. For  this purpose aconitine a r r h y t h -  
mia  was produced,  a f t e r  which a c lamp was applied to the a t r ium separa t ing  the site of aconitine app l ica -  
tion (the r ight  aur ic le)  f rom the r e s t  of the a t r i a l  t issue,  to which methacholine was applied. When conduc-  
tivity was dis turbed by the c lamp,  the two a r r h y t h m i a s  exis ted independently. 

In five dogs, a f te r  b i l a te ra l  vagotomy continuous e l ec t r i ca l  s t imulat ion of the r ight  vagus nerve  was 
c a r r i e d  out with square  pulses with a durat ion of 1 m s e c ,  a f requency of 10 Hz, and a voltage of 2 V; agains t  
this background a r r h y t h m i a  was induced by e l ec t r i ca l  s t imulat ion.  

In 13 dogs a t r ia l  a r r h y t h m i a  was induced by br ief  s t imulat ion of the a t r i a  a f t e r  mechanica l  d e s t r u c -  
tion of the s i no -a t r i a l  node [1, 2]. 

The threshold of a t r ia l  def ibr i l la t ion was measu red  in the var ious  fo rms  of a r rhy thmias .  The P r e m a  
def ibr i l l a to r  was used and its e l ec t rodes ,  7 cm in d i ame te r ,  were  fixed under  the skin a t  the s ides of the 
ches t  wall, and for this reason  the thoraco tomy was c a r r i e d  out as spar ingly  as possible .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Under the influence of thoracotomy and ba rb i tu ra t e s  the f requency of the sinus rhythm reached 100- 
150 bea t s /min .  In some expe r imen t s  sinus tachycard ia  with a f requency of more  than 170 bea t s / r a in  was 
observed.  A def ibr i l l a to r  d i scharge  of 1-6 kV did not abolish the sinus t achycard ia  but, on the con t ra ry ,  
inc reased  the f requency of the nomotopte rhythm (Fig. 1). 

Local  application of aconitine induced tachycardia ,  f lut ter ,  and f ibri l lat ion of the a t r ia .  In the f i r s t  
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two f o r m s  of a r r h y t h m i a s  a t r i a l  ac t iv i ty  with a f requency of 200 to 500 bea t s / r a in  was observed  and the im-  
pulse sp read  ove r  the a t r i a  f rom the si te of applicat ion of the aconitine.  When a c lamp was applied to the 
aur ic le  (the point of applicat ion of the aconitine) the sinus rhythm was quickly r e s to r ed  and conducted ove r  
the a t r ia ,  whereas  f lu t ter  o r  t achycard ia  continued in the aur ic le  (Fig. 2). After  applicat ion of additional 
aconitine to the ven t r i c les ,  a r r h y t h m i a  of the a t r i a  and ven t r i c les  s imul taneous ly  was observed.  A def ib r i l -  
labor d i scharge  of 4-6 kV did not abolish the aconitine a r r h y t h m i a s  of e i ther  the a t r i a  o r  the ven t r ic les  
(Figs. 1 and 2). 

Against  the background of the max ima l  effect  of chol inergic  fac tors  (action of methacholine or  con-  
stant  s t imulat ion of vagus nerve  for 1-3 min) the au tomat i sm of the s ino -a t r i a l  node was dep re s sed  and the 
monophasic  potent ia ls  were  i r r e g u l a r l y  shortened.  At r ia l  f ibri l lat ion appeared  e i ther  spontaneously or  
under the influence of e l ec t r i ca l  o r  mechanica l  s t imulat ion.  Application of mult iple c l amps  to the a t r ium 
did not abolish the a t r i a l  f ibri l lat ion but m e r e l y  abolished the f ibri l lat ion locally,  for  example ,  in the i so-  
lated aur ic le  to which methacholine had prev ious ly  been applied (Fig. 2). With d i sappearance  of the me tha -  
choline effect  (after its action for  3-5 rain) o r  discontinuation of vagus nerve  st imulat ion f lut ter  was ob-  
se rved ,  ceas ing  spontaneously.  Af ter  the more  local ized action of methacholine d issocia t ion  of the a t r ia l  
rhy thm was observed :  in the right a t r i um  and its aur ic le ,  into which the methachol ine penet ra ted ,  f ib r i l l a -  
tion was obse rved ,  with f lut ter  in the left  a t r i um and aur ic le ;  u l t imate ly  f lut ter  developed in all  pa r t s  of the 
a t r ia .  Shortening of the durat ion of the action potent ia ls  (shortening of the r e f r a c t o r y  period),  inc reased  
heterogenei ty  of the a t r i a l  t i ssue,  and suppress ion  of au tomat i sm under  the influence of chol inergic  agents 
a re  among the mos t  impor tan t  conditions for  the d e v e l o p m e n t o f m i c r o - r e e n t r y ( f i b r i l l a t i o n )  [7, 10, 14]. 
Abolition of f ibri l lat ion of the isolated aur ic le  is evidence that the t i ssue is too smal l  to maintain this p ro -  
ce s s  in accordance  with the c r i t e r i on  of c r i t i ca l  m a s s  [20]. With a d e c r e a s e  in cholinergic influences 
(lengthening of action potentials)  the m i c r o - e n t r i e s  changed to mac ro -en t r i e s ( f l u t t e r ) ,  one fea ture  of which 
was the appearance  of success ive  depolar iza t ion  of d i f ferent  a r e a s  of the a t r i a  during the per iod of f lut ter  
for  100-200 msec  [17]. If a source  of p a c e m a k e r  act ivi ty  was p re sen t  (heterotopic,  o r  in the s ino-a t r i a l  
node) this sequence of events  could be t raced  for  the f i r s t  70 msec  a f t e r  the beginning of the impulse in 
these p a c e m a k e r s .  The de f ib r i l l a to r  d i scharge  abolished all  f o r m s  of a r r h y t h m i a s  a r i s ing  under cho l ine r -  
gic influences.  The threshold of def ibr i l la t ion for  local and sys t emic  f ibri l lat ion was 2-3 kV (mean 2.5 
0.15 kV). The threshold voltage for  f lu t ter  was lower ,  name ly  1.0-1.7 kV (mean 1.2 • 0.17 kV). 

By the use of b r i e f  h igh-f requency s t imulat ion of the a t r i a  a f t e r  des t ruc t ion  of the s ino -a t r i a l  node 
f lu t ter  could be induced in the dogs and, in the absence  of any additional m e a s u r e s ,  it las ted more  than 50 
rain. The p re sence  of c i r cus  movemen t  of the m a c r o - r e e n t r y  type in this case  was [ndicated by the sequence 
of depolar iza t ion  of the a t r i a  during the per iod of f lu t ter  and a change in the po la r i ty  of the in t r aeav i t a ry  
a t r i a l  e l e c t r o g r a m  (catheter  n e a r  the a t r i o - v e n t r i c u l a r  node) in two consecut ive cyc les  of flutter.  Repeated 
des t ruc t ion  of the t i s sues  in the s ea r ch  for  the s i no -a t r i a l  node prevented  the onse t  of f lutter .  The tes t  was 
thus posi t ive [13] and it accord ingly  follows that des t ruc t ion  of the pathway o r  c rea t ion  of an obs tac le  in the 
pathway of mac roc i r cu l a t i on  p reven t s  i ts  onset  and maintenance.  The e l ec t r i ca l  d i scharge  abolished the 
f lu t ter  in 100% of ca ses .  When induced a second t ime the a r r h y t h m i a  was indist inguishable in its c h a r a c -  
t e r i s t i c s  and the threshold of defr ib i l la t ion was s tab le .  It var ied  in di f ferent  dogs f rom 0.8 to 1.5 kV (mean 
1.1 ~-0.13 kV). 
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Fig. 3. A t r i a l  e l ec t r i c a l  act iv i ty  dur ing induction of double, s epa ra t e  
a r r h y t h m i a s  and act ion of de f ib r i l l a to r  d i scharge :  1) ac t iv i ty  of r ight  
a t r ium;  2) of  r ight  aur ic le .  A) sinus rhythm; B) effect  of c lamping 
aur ic le ,  conduction block between r ight  a t r i um and aur ic le  leads to 
d issocia t ion  of rhythm,  sinus rhythm in a t r i um and f lut ter  in aur ic le ,  
to which aconitine had p rev ious ly  been applied; C) subsequent  app l ica -  
tion of methachol ine to a t r i um leads to appearance  of f ibri l lat ion in the 
a t r i u m  but f lu t ter  continues in the aur ic le ,  d issocia t ion  of rhythm as a 
r e su l t  of the p re sence  of two a r rhy thmias ;  D) action of d i scharge  of 3 kV, 
def ibr i l la t ion of a t r i um and p r e s e r v a t i o n  of aconitine f lut ter  in auricles 
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By producing separa te  double a r rhy thmias ,  in response  to aconitine f lut ter  o r  tachycard ia  was ob- 
se rved  in the isolated aur ic le  of the dogs, but e i ther  f ibri l lat ion o r  f lut ter  in the r e s t  of the a t r i a  depending 
on the t ime of action of the methacholine.  The def ib r i l l a to r  d ischarge  abolished the a t r i a l  a r r h y t h m i a  but 
did not abolish the a r r h y t h m i a  of the isolated aur ic le  (Fig. 3). The def ibr i l la t ion thresholds  were  s im i l a r  
to those in the expe r imen t s  with methacholine alone. When application of the c l amp  did not d is turb  conduc- 
tion between the s i tes  of applicat ion of methaoholine and aconitine,  f ibri l lat ion of all  pa r t s  of the a t r i a  was 
observed.  The f requency of the f ibr i l la t ions reached 2000/min. This a r r h y t h m i a  was not abolished by a 
d ishcarge  of 5-6 kV, but intravenous inject ionof  novocainamide in a dose of 10 m g / k g  did abolish the a r -  
rhythmia.  Novooainamide also abolished both a r r h y t h m i a s  when they exis ted separa te ly .  This  effect  can 
be explained by the abil i ty of novocainamide to dep re s s  aconitine au tomat i sm and also to lengthen the r e f r a c -  
to ry  per iod of the a t r i a l  t i ssue  [11]. 

The resu l t s  of these expe r imen t s  indicate that the def ibr i l l a to r  d i scharge  does not suppres s  the auto-  
m a t i s m  of t rue and heterotopic  p a c e m a k e r s  and does not abolish a r r h y t h m i a s  a r i s ing  with an inc rease  in 
the f requency of au toma t i sm of these p a c e m a k e r s .  With r e spec t  to the au tomat i sm of aconitine or igin,  An- 
toni [9] reached a s i m i l a r  conclusion in his invest igat ions using a mic roe l ec t rode  technique. It was found 
both cl inical ly and exper imen ta l ly  that ectopic ven t r i cu la r  tachyeard ias  a f te r  toxic doses  of digital is  and 
also a f t e r  injection of adrenal in  not only a re  not abolished by the d ischarge  but a re  actual ly  induced by it 
[5, 6, 12]. The p resen t  expe r imen t s  also showed that the a r rhy thmia  caused by interact ion between the c i r -  
cus movemen t  of excitat ion and an ectopic focus is not abolished by the d ischarge .  

The exper imen ta l  r e su l t s  showed that the def ib r i l l a to r  d i scharge  abol ishes  a t r i a l  a r r h y t h m i a s  with 
fea tures  only of the c i r cus  movement  of excitat ion o v e r  the a t r i a  and r e s t o r e s  a nomotopic rhythm. The 
threshold of def ibr i l la t ion depends on the p resence  of m a c r o - r e e n t r y  (flutter) o r  m i c r o - r e e n t r y  (fibrillation 
resul t ing f rom cholinergic influences). The mechanism of def ibr i l la t ion cons is t s  of exci tat ion of the a t r ia l  
myocard ium with a consequent  shortening of the path of c i rcula t ion of excitat ion to something below the 
c r i t i ca l  l imi t  for maintenance of the c i r cus  movement  of the impulse.  Accordingly  with m a c r o - r e e n t r y  
single exci ta t ions a re  sufficient,  but with m i c r o - r e e n t r y  it is n e c e s s a r y  to excite  a la rge  number  of cel ls ,  
in o r d e r  to produce a sufficiently high cu r r en t  densi ty throughout the myocard ium of the a t r ia .  If the r e -  
f r ac to ry  per iod is shor t  (cholinergic influences) ce i l s  mus t  be exci ted at  a shor t  dis tance in accordance  
with the c r i t e r ion  of c r i t i ca l  m a s s  during fibril lation, whereas  if the r e f r a c t o r y  per iod is long a single ex-  
citat ion in the path of c i rcula t ion  (flutter) will c r ea t e  a sufficient obstacle  for  m a c r o - r e e n t r y .  

The genes is  of a r r h y t h m i a  thus de t e rmines  the posi t ive o r  negative effect  of the action of the de f ib r i l -  
l a tor  d ischarge;  the conditions of exis tence  of m i c r o -  and m a c r o - r e e n t r y  de te rmine  the s t rength  of the de -  
f ib r i l l a tor  action. The mechan i sm of def ibr i l la t ion is the same ,  excitat ion of the hear t .  The method of 
e l ec t r i ca l  def ibr i l la t ion can be used to study the mechan i sm of maintenance of a r rhy thmias .  
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