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A re la t ionship  was  found between the e l ec t r i ca l  r e s i s t a n c e  of biological  objects  and the de- 
f ib r i l l a tor  d ischarge  vol tage.  This r e s i s t a n c e  and the pulse p a r a m e t e r s  of the def ibr i l la tor  
we re  found to be mutual ly  dependent. 

The action of a def ibr i l la tor  pulse on the hea r t  mus t  evoke excitat ion of all  the exci table e l ements  of 
the hear t .  As a resu l t ,  the continued c i rcula t ion of exci tat ion becomes  imposs ib le ,  and the a r r h y t h m i a  due 
to this  p r o c e s s  is stopped. 

When evoking excitat ion,  the def ibr i l la tor  cu r ren t  must  not damage  the hear t .  This  condition de t e r -  
mines  the choice of i ts  mos t  suitable p a r a m e t e r s .  The bes t  type of therapeut ic  effect  has  been  shown to be 
given by a pulse consis t ing of the rapidly  attenuating wave d ischarge  of a capac i to r  containing both the f i r s t  
(positive) and a second (negative) ha l f -wave  [1]. The biological  effect  of s t imulat ion of the hea r t  is  de te r -  
mined by the sum of the ampl i tudes  of the f i r s t  two ha l f -waves ,  while the t r auma t i c  act ion of the d ischarge  
d e c r e a s e s  with an i nc rea se  in the second ha l f -wave  (within ce r ta in  limits) [2, 3]. 

To obtain the n e c e s s a r y  pulses ,  de f ib r i l l a to rs  a re  used. In these  ins t ruments  the d ischarge  of a ca-  
pac i to r  (with capaci tance  C), to produce the requ i red  pulse,  p a s s e s  through a coil (with inductance L and 
ohmic r e s i s t a n c e  (RI ) .  During d ischarge  of the def ibr i l la tor  through the pa t i en t ' s  body ( res i s t ance  Rb), the 
voltage on the e lec t rodes  is de te rmined  by the ra t io  between R L and R b. Accordingly,  if the capac i to r  d is-  
cha rge s  to the same vol tage (Vc), with different  va lues  of Rb, the vol tage on the pa t i en t ' s  body (U) will dif- 
fe r .  In addition, the type of pulse also depends on Rb: with an inc rease  in R b the ampli tude of the second 
ha l f -wave  d iminishes  and the d ischarge  may  even become aper iodic .  

The r e s i s t a n c e  of the body - for example ,  of the human chest  - can v e r y  cons iderably  [4]. It also is 
known to depend on the cu r r en t  by which it is  m e a s u r e d .  

This  p rob lem with r e s p e c t  to the effect  of def ibr i l la t ing pulses  has  not been studied and is the subject  
of the p resen t  invest igation.  

EXPERIMENTAL METHOD 

Discharges  of an N. L. Gurvich def ibr i l la tor  ( p a r a m e t e r s :  C 15 pF,  L 0.27 H, and RL 24 ~) we re  
pa s sed  through the thorax  of dogs anes thet ized with morphine  and thiopental .  The e l ec t rodes  were  wrapped  
in 4 l aye r s  of gauze soaked in physiological  saline and applied to a r e a s  of the skin f r ee  f r o m  ha i r .  The de- 
f ib r i l l a tor  was  charged  to 500-6000 V. The d ischarge  cu r r en t  was  m e a s u r e d  at the peak  of the f i r s t  (J') and 
at the peak of the second (J") ha l f -waves ,  and the voltage on the a n i m a l s ' s  thorax  was  m e a s u r e d  at the peak 
of the f i r s t  (U') and at the peak of the second (U") ha l f -waves ,  and the r e s i s t a n c e  of the thorax  was  calcu-  
lated. The ins t rument  used  for  the m e a s u r e m e n t s  consis ted  of a dua l -beam CRO and voltage divider .  The 
r e c o r d s  of cur ren t  and voltage were  photographed.  The re la t ive  e r r o r  of the m e a s u r e m e n t s  was  * 7.7%. 
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Relat ionship between e lec -  
t r i c a l  r e s i s t a n c e  of an ima l s '  body 
(abscissa)  and vol tage (ordinate) of 
def ibr i l la tor  d i scharge .  Res i s tance  
given in r e l a t ive  units .  Value of R b 
when V c = 4000 V taken as 100%. 
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Fig. 2. Compar i son  of p a r a m e t e r s  
of def ibr i l la tor  d i scharge  through 
biological  and stable r e s i s t o r s  with 
an inc rease  in V e f r o m  500 to 6000 V 
(distr ibut ion of r e s u l t s  of 50 exper i -  
men t s  on 14 dogs); A) dec r ea se  in 
voltage of def ibr i l la tor  d i scharge  on 
biological  r e s i s t o r  (U) compa red  with 
voltage on stable r e s i s t a n c e  (Ur); ]3) 
amount by which d ischarge  cu r r en t  
through biological  object (J) exceeds  
cu r r en t  through stable r e s i s t o r  (Jr).  

EXPERIMENTAL RESULTS 

Measurements were made during 277 discharges in experiments on 14 dogs. The resistance of the 

thorax was found to be highly dependent on the voltage of the capacitor discharge. As V c changed from 500 
to 6000 V, R b in the same experiment (with the same distance between the defibrillator electrodes) was re- 

duced as a rule by 2-3 times. Repeated application of discharges of the same voltage produced no change 

in R b. The relationship between the resistance of the object and the voltage of the defibrillator discharge 

is illustrated in Fig. i. 

ff the defibrillator was discharged through a resistor with stable resistance, the voltage drop U r on 

this resistor was strictly proportional to V c. If the parameters of the discharge circuit of the defibrillator 

were unchanged, the value of Ur/V c was always constant. The resistance of a biological object to a de- 

fibrillating pulse is a variable and it depends on the voltage of the defibrillator discharge, and under these 

circumstances U/V c changes. The value of U also changes, but not in the same way, because in the same 
interval of fluctuations in Vc, the value of U r also changes. 

A histogram reflecting differences in the changes in U compared with Ur, based on the results of 50 

experiments on 14 dogs in which Vc was changed from 500 to 6000 V, is shown in Fig. 2A. The values of U 

were measured in the experiments, and those of U r were calculated in accordance with the theory of an 
oscillatory circuit for Vc = 6000 V. It is clear from Fig. 2 that with an increase in Vc from 500 to 6000 V, 

the voltage on the thorax in most experiments changed by 10-30% less than if R b had been stable. 

The facts described above show that the defibrillator and biological object behave as if connected into 

a single system with the properties of a voltage stabilizer. It can be considered that similar interaction 

takes place during discharge of the defibrillator, during which the voltage on the animal's or human body 
varies from its maximum to zero. 

Calculations carried out in a similar way for the current showed that, on the contrary, an increase in 
the discharge voltage in the experiments with the biological object led to a much greater increase in cur- 
rent (J) than the discharge of the defibrillator through a stable resistor (Jr). It is clear from the histogram 
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Fig, 3�9 Ratio between amplitudes of 
two half-waves of defibri l lator pulse 
with different  r e s i s t a n c e s  of the ani-  
ma l  body. Res i s t ances  m e a s u r e d  at 
peak of f i r s t  ha l f -wave .  Each point 
is  the r e su l t  of a separa te  m e a s u r e -  
ment .  Curve r e f l ec t s  this  same  r e l a -  
t ionship for  a stable load r e s i s t ance .  

in Fig. 2B, re f lec t ing  d i f fe rences  in the changes in J,  comp a red  
with J r  with an inc rease  in V c f rom 500 to 6000 V, that this  in- 
c r e a s e  in re la t ive  va lues  amounted to 50-80%. It thus follows 
that, whe reas  the d e f i b r i l l a t o r - b i o l o g i c a l  object  s y s t e m  behaves  
re la t ive  to voltage as  a s tab i l izer ,  re la t ive  to cu r r en t  it behaves  
in the opposite way: changes in cu r ren t  a r i s ing  during a change 
in load r e s i s t a n c e  a r e  cons iderably  increased�9  

A graph showing the re la t ionship  between the ra t io  between 
the ampl i tudes  of the second and f i r s t  ha l f -waves  (J"/J ' )  and the 
value of R b m e a s u r e d  at the peak of the f i r s t  ha l f -wave  is given 
in Fig. 3. The curve  r e f l ec t s  the same  re la t ionship  calcula ted 
for  a stable r e s i s t ance .  Compar i son  of the calculated and ex- 
pe r imen ta l  data shows that  the points,  which a r e  r e s u l t s  of sep-  
a ra te  expe r imen t s  on an imals ,  a r e  d is t r ibuted i r r egu la r ly ,  with 
only a slight tendency to be a r r anged  around the theore t ica l  curve .  
Under the exper imenta l  conditions used, this could only be the r e -  
sult of instabi l i ty  of the r e s i s t a n c e  of the an ima l ' s  body, which 
changed during d ischarge  of the def ibr i l la tor .  The r e su l t s  showed 
that in half  of alI the c a s e s  the body r e s i s t a n c e  ro se  sharp ly  dur-  
ing the d ischarge ,  leading to a dec rea se  and, often, to total  d isap-  
pea rance  of the second ha l f -wave .  In one -qua r t e r  of all c a se s  the 
r e s i s t a n c e  was  reduced  and the second ha l f -wave  was g r e a t e r  than 
the theore t ica l .  Finally,  in one -qua r t e r  of cases  the body r e s i s -  
tance of the body during the d ischarge  : polar izat ion,  a dec rea se  
in pulse voltage during the d ischarge ,  and heat ing of the body t i s -  

sues  by the cu r ren t  pass ing  through them�9 The f i r s t  two fac to r s  i nc rease ,  the th i rd  d e c r e a s e s  the r e s i s -  
tance of the object.  The m a r k e d  d i spers ion  of the exper imenta l  r e s u l t s  (Fig. 3) can evidently be explained 
by predominance  of ce r t a in  p r o c e s s e s  which could not be pred ic ted  beforehand.  

Hence, the def ibr i l la tor  and biological  object  const i tute a s y s t e m  linked by complex  re la t ionships  be-  
tween its  two components .  A change in the p a r a m e t e r s  of one component  of this sy s t em inevitably causes  
changes in the p a r a m e t e r s  of the other  component .  The output pulse of the def ibr i l la tor  under  these c i r -  
cums tances  v a r i e s  cons iderably  in amplitude,  duration,  and at tenuation ra te ,  and devia tes  f r o m  the opt imal  
form.  This  is  a defect of m o d e r n  pulse def ibr i l la tors .  

The r e su l t s  of th is  invest igat ion indicate the m a r k e d  var iab i l i ty  in e l ec t r i ca l  r e s i s t a n c e  of biological  
objects  when exposed to the action of a powerful  pulsed current �9  The biophysical  nature  of this  phenomenon 
is  in te res t ing  and r e q u i r e s  invest igat ion on i ts  own account.  Another  conclusion to be deduced f r o m  the 
p resen t  invest igat ion is the p rac t i ca l  one that  a def ibr i l la tor  whose output pulse should be as  independent 
as poss ib le  of the load r e s i s t a n c e  mus t  be designed. 
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