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High-frequency atr ial  stimulation (AS) is widely used nowadays as a test  of sinus node function [ l, 4, 5]. 
The r ecove ry  time of sinus node function after  high-frequency AS is used as the corresponding pa ramete r .  
However, the behavior  of the sinus node during AS is also interest ing on its own account. Too little attention 
has been paid to this question. 

The aim of the presen t  investigation was to study changes in sinus node function during high-frequency 
AS and the mechanism participating in al terat ions of sinus node function. 

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

Exper iments  were ca r r i ed  out on the frog (Rana ternporaria)  heart .  The sinus venosus (SV) was isolated 
together with the atr ium, unfolded into a flat slab of tissue, and immersed  in Ringer ' s  solution at pH 7.2. Po-  
tentials were de r ived  by suction e lect rodes  with a tip not more  than 10 # in diameter .  The potentials were r e -  
corded on an ELKAR e lec t rocard iograph  and the signal led to its dc input. The a t r ium was st imulated ex t ra -  
cel lular ly  by above- threshold  e lect r ical  pulses.  The stimulating electrodes were made of s i lver  wire 0.5 mm 
in d iameter  and the distance between them was 2 turn. One electrode was grounded, the other  received square 
pulses 5 rnsec in duration f rom a " P h y s i o v a r "  s t imulator .  The frequency of st imulation in all experiments  
was higher than the frequency of natural excitation of the preparat ion.  Tests  were ca r r i ed  out at the following" 
frequencies of st imulation: 37.5, 43, 50, 63, and 77 • 4 beats /rain.  The duration of st imulation at each f re -  
quency was 30-40 sec.  Af ter  s t imu la t i on  at each frequency the prepara t ion  was excited at its natural  rhythm 
for 20-30 sec. 

For  revers ib le  blocking of conduction of excitation between the pacemaker  t issue and atr ium, a s tr ip of 
necrot ic  t issue 1 mrn wide and 2 crn long was applied along the whole of the s inoatr ial  boundary [2, 6]. 

Elec t r ica l  potentials for analysis were recorded  on an SDR-4I tape r e c o r d e r  (Japan) and p rocessed  on a 
special ized ATAC-350 physiological signal analyzer  (Japan), which automatical ly plotted an in te rva logram of 
the periods of excitation of SV. The accuracy  of measurement  of the periods was 5 rnsec. The experimental  
resul ts  were analyzed by Student's t test. 

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

In the experiments  of se r ies  I the effect of high-frequency AS on the frequency of excitation of SV was 
studied. Nine prepara t ions  were used for this purpose.  The mean frequency of natural  excitation of all the 
prepara t ions  was 33.4 • 1.7 beats/rnin.  AS was ca r r i ed  out, as stated above, in gradual ly  increas ing frequency. 
In all cases  of st imulation rhythm binding by the a t r ium was complete.  

During AS with a frequency exceeding that of the natural  frequency of the prepara t ion by not more  than 
20~, SV of all prepara t ions  was observed to shift to the frequency of stimulation. For  instance, stimulation 
with a frequency of 37.5 beats / ra in  (T = 1600 rnsec) and with a frequency of 43 beats / ra in  (T = 1390 msec) led 
to a switch by SV to these frequencies.  
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Fig. 1. Changes in f requency of SV during AS with dif-  
fe ren t  f requencies .  Top right  - s cheme  of p repara t ion .  
LVC) Left vena cava,  RVC) r ight  vena cava.  ST) St im- 
ulating e lec t rodes .  A) Ex t r ace l lu l a r  action potent ia ls  
r eco rded  without s t imulat ion,  B-D) the same ,  during 
AS with different f requencies .  Recordings from: l) 
SV, 2) atrium. E} Intervalogram of periods of excita- 
tion of SV. Letters above portions of intervalogram 
correspond to letters alongside places of extracellular 
potentials. Calibration: horizontal, 2 sec; vertical 10 
I~1V. 

When the frequency of stimulation was 40-50~ higher than the natural frequency of the preparation, SV of 

some preparations was excited irregularly. For instance, in the case of stimulation with a frequency of 50 

beats/rain (T = 1190 msec) SV of four of the nine preparations changed to an irregular rhythm. All periods of 

excitation of SV under these circumstances differed from the period of stimulation. SV of the other five prepa- 

rations were excited with a frequency of stimulation of 50 beats/rnin. 

If the frequency of stimulation exceeded the natural frequency of excitation by more than I00%, SV 

switched to a frequency which was a multiple of the stimulation frequency. This frequency was half the stimu- 

lation frequency. For instance, when the atrium was stimulated with a frequency of 63 beats/rnin (T = 950 

rnsec), four SV with natural frequencies of excitation of under 30 beats/rain switched to a frequency of 3].6 
beats/rnin. The remaining five SV were excited with an irregular frequency. 

However, when the atrium bound a frequency of 77 beats/rnin (T = 780 msec), all nine SV were excited at 
half that frequency - 38.5 beats/rnin (T = 1560 msee); for every two excitations of the atrium there was one 
excitation of SV. The switch by SV to the frequency of stimulation, to an irregular rhythm, or to half the fre- 
quency of stimulation took place during one or two excitations of the atrium (I-2 see). 

An example of one experiment is shown in Fig. I. The natural frequency of excitation of the preparation 
in this experiment was 33.6 beats/rnin (T = 1785 rnsec; Fig. IA, I, 2). During AS with a frequency of 50 
beats/rnin (T = 1190 msec) SV was excited with the same frequency (Fig. IB, I, 2). When the atrium bound a 
frequency of 63 beats/rnin (T = 950 msec), SV switched to an irregular rhythm (Fig. IC, I, 2). AS with a fre- 
quency of 77 beats/rain (T = 780 msec) caused SV to switch to a frequency of 38.5 beats/rain (Fig. ID, I, 2). A 
change in the period of excitation of SV is reflected in the intervalogram (Fig. IE). 

The results of these experiments thus showed that a change in the frequency of AS leads to a change in 
the frequency of SV. Consequently, besides the direct influence of SV on the atrium, the atrium also has a re- 

ciprocal influence on SV. 
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Fig .  2. Changes  in f r e q u e n e y  of  e x c i t a t i o n  of  SV d u r i n g  
AS when r e t r o g r a d e  conduc t ion  was b l o c k e d .  Top c e n -  
t e r  - s c h e m e  of  p r e p a r a t i o n .  A (I, II) t r a c e s  of e x t r a -  
c e l l u l a r  a c t i o n  p o t e n t i a l s  b e f o r e  conduc t ion  b iock ,  w i th -  
out  s t i m u l a t i o n ;  B (I, II) the s a m e  a f t e r  conduc t ion  b l o c k  
as  i n d i c a t e d  on s c h e m e ;  C (I, II) du r ing  AS. A r r o w s  in 
F ig .  2C (I) e o r r e s p o n d  to t i m e  of  e x c i t a t i o n  of SV. C a l i -  
b r a t i o n :  h o r i z o n t a l  1 see ,  v e r t i c a l  10 inV. R e m a i n d e r  
of  l egend  as  to F ig .  1. 

It was accordingly considered to be important to study the mechanism of this influence. Some workers 
consider that the atrium can influence SV through retrograde conduction of excitation [3]. 

In the experiments of series II the aim was to discover if such a mechanism can in fact completely ex- 

plain the phenomena observed. In 19 experiments of this series conduction was blocked by applying necrotic 

tissue along the whole of the sinoatrial border. A conduction block developed a few seconds after application of 

the tissue and the atrium ceased beating. The frequency of excitation of SV under these circumstances de- 
creased by 5-30%. 

Stimulating electrodes were arranged in the same way as previously (see schemes in Figs. I and 2). 
Since the frequency of excitation of SV fell, there was no point in stimulating the atrium within the same fre- 

quency range as previously. Accordingly, AS was used with a frequency 10-5ff~ higher than that of excitation of 

SV after the blocking of conduction. The amplitude of stimulation was the same as in the previous series. In all 

experiments rhythm binding by the atrium was complete. 

When retrograde conduction was blocked AS caused an increase in the frequency of SV. The characteris- 

tic time for establishing the new frequency of SV varied from I0 sec to 1 rain. In the absence of a block, how- 
ever, the time was I-2 sec. 

The frequency thus established in 11 of 19 experiments was below the frequency of stimulation, but I0- 

30% higher, on average, than its initial value (P < 0.05). 

An example of one such experiment is given in Fig. 2, I. The natural frequency of excitation of the prepa- 

ration was 26 beats/rain (T = 2300 msec; see Fig. 2A, l, 2). After the conduction of excitation was blocked the 

frequency of SV fell by 3(Y~ to 18.2 beats/rain (T = 3300 msec), and the atrium ceased to beat (Fig. 2B, I, 2). 

AS with a frequency of 39 beats/rain caused SV to switch to a frequency of 34 beats/rnin (T = 1770 msec; see 

Fig. 2C, 1, 2); the trace C I in Fig. 2, moreover, clearly shows a progressive fall in the periods of excitation 
of SV - the end of establishment of the new frequency. 

A frequency of excitation of SV in the remaining eight experiments was established equal to the stimula- 

tion frequency. This frequency could be as much as 50% higher than the initial value. 

After the end of stimulation SV reverted to its initial frequency, An example of one such experiment is 

given in Fig. 2, If. The natural frequency of the preparation was 40 beats/rain (T = 1500 msec; see Fig. 2A, I, 

2). After conduction had been blocked SV operated with a frequency of 34 beats/rain (T = 1765 rnsec), i.e., the 

frequency was 15% lower, and the atrium stopped beating (Fig. 2B, I, 2). AS with a frequency of 39 beats/rain 

(T = 1538 msec) caused a shift of SV to a frequency of 39 beats/rain (Fig. 2C, 2, I, 2). 

These experiments showed that besides retrograde conduction, another mechanism also is involved in the 
change of frequency of SV. 
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It can be tentat ively sugges ted  that  this is an influence e i the r  of e l ec t r i ca l  pulses  of the s t imu la to r  or  of 
b ioe lec t r i ca l  cu r r e n t s  genera ted  by the a t r i u m  during excitat ion,  o r  the mechanica l  act iv i ty  of the a t r i u m on 
the fo rmat ion  of the genera l  p a c e m a k e r  rhythm.  

In s e r i e s  III (eight e x p e r i m e n t s  ) the ef fec t  of e l ec t r i ca l  pu lses  of the s t imu la to r  on the change in f r e -  
quency of SV was invest igated.  To rule  out any poss ib le  influence of the a t r ium,  the a t r ium was not s t imulated.  
Excitat ion of the a t r i um  took place at the f requency ass igned  by SV. Stimulating e lec t rodes  were  lowered  into 
the R inge r ' s  solution at the s ame  place as during AS (the a t r i a  were  shifted to one side so that the e lec t rodes  
did not touch them}. During s t imula t ion  the f requency was gradual ly  inc reased ,  jus t  as in the expe r imen t s  of 
s e r i e s  I. Pulses  of the s a m e  ampli tude as in the p rev ious  s e r i e s  were  applied to the e lec t rode ,  and changes in 
the f requency of SV were  recorded .  The action of the s t imulat ing pulses  caused  no change in the f requency of 
SV. The r e su l t s  of this s e r i e s  of expe r imen t s  showed that e l ec t r i ca l  pulses  of the s t imula to r  i t se l f  do not a f -  
fect  the f requency of SV. The f requency of SV changes only when the a t r i a  a re  excited.  

During h igh- f requency  AS the sinus node thus a l t e r s  its own frequency.  The change in f requency of the 
sinus node depends on the f requency  of AS. Activi ty of the a t r i u m  has  some  influence on the fo rmat ion  of the 
rhythm of SV and this influence, m o r e o v e r ,  is exer ted  by some  means  o ther  than r e t r o g r a d e  conduction of ex-  
citation. Evidently under  the conditions of the p re sen t  e x p e r i m e n t s  some  influence of mechanica l  act iv i ty  of the 
a t r i um on f requency fo rmat ion  in SV l ikewise cannot be ruled out. 

Changes in rhy thmic  act ivi ty  and the poss ib i l i ty  of onset  of a r r h y t h m i a s  in the sinus node of the hea r t  
mus t  be taken into cons idera t ion  in cl inical  p rac t i ce  when e l ec t r i ca l  s t imula t ion  of the a t r i um is c a r r i e d  out. 
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When studying the action of blood p l a s m a  f rom rabbi t s  in a s ta te  of burn  shock on e l ec t r i ca l  and con t rac -  
tile act iv i ty  of the pap i l l a ry  m us c l e s ,  we used blood p l a s m a  f r o m  healthy an imals  in control  expe r imen t s  [ 1]. 
When so doing we found that the addition of control  p l a s m a  in Tyrode  solution (in the ra t io  of 1: 1) causes  a 
ma rked  i nc r ea se  in ampli tude of the cont rac t ions  of the pap i l l a ry  musc l e s .  This  s e rved  as  the s ta r t ing  point 
for  the p re sen t  invest igat ion.  

Its a im was to study the ef fec t  of normal  blood p l a s m a  on i o n o t r o p i s m - r h y t h m  re la t ions  in the r abb i t  
m y o c a r d i u m  and on the res t ing  potential  (RP) and action potential  (AP) of myoca rd ia l  cel ls .  To study the na-  
ture  of the ea rd ios t imula t ing  f ac to r s  in blood p l a sma ,  propranolo l ,  a f l - ad renob loeker ,  was used.  
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