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Paired e lec t r ica l  st imulation of the hear t  slows its contractions and increases  their  strength.  
Strengthening of the eardiae contract ions by paired stimulation is more  marked in animals in a state of 

cardiac  decompensation.  

The method of paired stimulation of the hear t  [1-5, 8] consists essential ly of the success ive  applica- 
tion of paired e lec t r ica l  pulses to the hear t .  The pulses of each pair  a re  applied in time so that each see-  
ond impulse is applied immediately af ter  the end of the absolute r e f rac to ry  phase caused by the f i rs t  pulse. 
As a result  of this spacing, e lect r ical  depolarizat ion of the myoeardium ar i ses  f rom each second ("early or 
premature")  pulse, with continuation of the absolute r e f rac to ry  state,  and unaceompanied by mechanical  
systole of the vent r ic les .  The cardiac contraction developing after  the r e f r ac to ry  period prolonged in this 
manner is streng• and the ea r l i e r  the second ("premature")  pulse is applied in the relative r e f r ac -  
to ry  phase, the s t ronger  the "postext rasys tol ic"  contraction.  

Double depolarizat ion lengthens the duration of the absolute r e f r ac to ry  phase of the hear t  and thus 
slows the rate of its contract ions .  

This paper  descr ibes  the resul ts  of experiments to determine the working efficiency of a paired s t im-  
ulator  of our own design and to study some problems connected with the effect of paired stimulation of the 
hear t  on the hemodynarnics in experimental  animals .  

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

Experiments  were car r ied  out on 20 dogs weighing f rom 8-25 kg under endotraeheal  anesthesia 
(morphine, listhenon, ether).  The chest  was opened in the 5th in tercosta l  space. After incision of the per i -  
cardium,  e lectrodes  for paired st imulation and a pick-up for recording the in t ramyocardia l  p re s su re  (IMP) 
were  sutured to the hear t  (in the middle 3rd of the left ventricle) .  The method of measurement  of the IMP 
suggested by Kreuzer  and Schoeppe [6] and improved by Shenderov and co-workers  [1] was used. 

The p re s su re  in the left ventr ic le ,  thoracic  aorta ,  and left and right atr ia ,  and also the ECG were re -  
corded.  In addition, the volume blood flow in the femoral  (5 experiments) and carotid (3 experiments) a r t e r -  
ies was measured  by means of a continuous blood f low-meter .  In two experiments  the coronary  sinus was 
catheter ized.  Stimulating pulses (2-6 V, 2-3 msec) were applied to the left ventr icle  f rom the st imulator  
through ord inary  wire e lec t rodes .  

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

In all experiments  changes in the frequency of cardiac contract ions,  in the tone of the myocardial  
wall, and in the hemodynamies were observed under the influence of paired e lect r ical  st imulation (Fig. 1). 

Depending on the t ime after  which the second ("premature")  pulse in each pair  was applied, the hear t  
rate was reduced by 25-50% below its initial level. The duration of continuous paired stimulation of the 
hear t  in these experiments  did not exceed 2-3 h, but the rhythm couldbe imposed in this way fo ra  longer period. 
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Fig.  1. Changes in hemodynamic  indices  d u r -  
ing pa i r ed  s t imula t ion  of the hea r t  (beginning 
marked  by arrow) in an imal  with heal thy hea r t .  
F r o m  top to bot tom: t ime  m a r k e r  1 see ,  ECG, 
curve  of i n t r a m y o c a r d i a l  p r e s s u r e  in middle  
th i rd  of left  ven t r i c l e ,  p r e s s u r e  inside left  yen -  
t r i e l e ,  p r e s s u r e  in abdominal  a o r t a .  
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Fig.  2. Changes in hemodynamie  indices  du r -  
ing pa i r ed  s t imula t ion  of the hea r t  (beginning 
marked  by ar row)  in an imal  with low ini t ia l  
p r e s s u r e .  F r o m  top to bot tom: t ime m a r k e r  
1 see ,  ECG, p r e s s u r e  in t ho rac i c  a o r t a , a n d  
in left  ven t r i c l e ,  i n t r a m y o c a r d i a l  p r e s s u r e .  

Immed ia t e ly  a f t e r  appl ica t ion  of pa i r ed  e l e c t r i c a l  pu l ses  to the hea r t ,  the sys to l i c  and d ia s to l i c  p r e s -  
s u r e s  inside the wall  of the myoca rd ium of the left  ven t r i c l e  changed.  The g r e a t e s t  i nc rea se  in IMP (up to 
150%) was o b s e r v e d  when i ts  ini t ial  level  was low (Fig.  2). Under these  c i r c u m s t a n c e s  an i n c r e a s e  in p r e s -  
su re  in the left  a t r i um and in the d ias to l i c  p r e s s u r e  in the left  ven t r i c l e  a l so  were  obse rved .  Converse ly ,  
the IMP was never  i n c r e a s e d  by more  than 10-15% if the ini t ia l  sy s to l i c  IMP was high. Hence, the tens ion 
in the myoca rd i a l  wal l  can be i nc r ea sed  to a g r e a t e r  deg ree  by means  of pa i r ed  s t imula t ion  if s igns of 
ca rd i ac  fa i lu re  a r e  p r e s e n t .  

The d ia s to l i c  IMP more  commonly  was reduced s l igh t ly  or  r ema ined  at  its in i t ia l  level .  In 14 of 20 
expe r imen t s  it was lowered  (by 25-75%~, in two cases  it was unchanged,  and only in 4 was it r a i s e d  to 
some degree  (by 10-15%). 

These  r e su l t s  sugges t  that  pa i r ed  s t imula t ion  causes  g r e a t e r  re laxa t ion  of the m yoc a r d i um  in d i a -  
s to le ,  and with an i n c r e a s e  in the dura t ion of d ias to le ,  this  leads  to an i n c r e a s e  in d ias to l i c  f i l l ing of the 
hea r t .  So fa r  as  the causes  of the p e r i o d i c a l l y  obse rved  i n c r e a s e  in d ias to l i c  IMP a r e  concerned,  they r e -  
qu i re  fur ther  s tudy.  

The IMP is known to r e f l ec t  to some d e g r e e  the tens ion in the m yoc a r d i a l  wall  [1], and this is c lose ly  
c o r r e l a t e d  with the oxygen consumption of the myoca rd ium.  

Despi te  a cons ide rab le  i n c r e a s e  in tone of the m yoc a r d i a l  wall  under  the influence of pa i r ed  s t i m u l a -  
t ion,  the p r e s s u r e  inside the left  ven t r i c l e  did not change s ignif icant ly .  In 9 of 20 ca ses  the sys to l i c  p r e s -  
su re  in the left  ven t r i c l e  was unchanged,  in 4 it was reduced,  and only in 7 was it i n c r e a s e d  (by 5-25%). It 
is  not yet  poss ib le  to explain  fully the r ea sons  for  these  confl ic t ing r e s u l t s .  All  that can be sa id  is that an 
i n c r e a s e  in sy s to l i c  p r e s s u r e  in the lef t  ven t r i c l e  was n e a r l y  a lways  obse rved  if the in i t ia l  l eve l  of this  in-  
dex was low (not exceeding  100 m m  Hg). 

In mos t  c a s e s  the d ias to l ic  i n t r a v e n t r i c u l a r  p r e s s u r e  fe l l .  

In the femora l  a r t e r y  both the sys to l i c  and d i a s to l i c  p r e s s u r e s  showed a tendency to d e c r e a s e .  Only 
in one case  was an i n c r e a s e  in sys to l i c  p r e s s u r e  in the f e m or a l  a r t e r y  (by 38%) obse rved .  

The blood flow in the f emora l  a r t e r y  in an ima l s  with no s igns  of c a r d i a c  fa i lu re  as  a rule  fel l  ( some-  
t imes  by 50% of i ts in i t ia l  value).  Converse ly ,  the  blood flow in the ca ro t id  a r t e r y  showed a tendency to 
d e c r e a s e  only immed ia t e ly  a f t e r  the beginning of s t imula t ion ,  and to a much l e s s e r  degree  than in the 



femoral artery, after which it returned rapidly to its initial level. In two experiments in which paired stim- 
ulation was carried out on animals with signs of heart failure, the volume blood flow in the femoral artery 

increased. 

It can thus be concluded from these results that paired electrical stimulation of the heart leads to a 
considerable increase in tone of the myocardial wall during systole and to a decrease in tone during dia- 
stole, indicating an increase in the contractile activity of the myocardium associated with slowing of the 
heart rate. It is considered that the fullest positive inetropic effect of paired stimulation can be expected 
if it is used against the background of reversible cardiac failure. 
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