
THE ROLE OF V O L T A G E ,  D U R A T I O N ,  A N D  ENERGY OF THE E L E C T R I C A L  PULSE 

IN D E F I B R I L L A T I O N  OF THE H E A R T  

(UDC 616.12-008.313-085.841) 

V. A.  M a k a r y c h e v  

Laboratory of Experimental  Physiology of Resuscitation (Head, Professor V. A. Negovskii), 
Academy of Medica l  Sciences of the USSR, Moscow 
(Presented by Act ive Member of the Academy of Medica l  Sciences 

of the USSR V. V. Parin) 
Translated from Byulleten'  ~ksperimental 'noi  Biologii i Meditsiny, Vol. 61, No. 6, 

pp. 27-30, ]une, 1966 

Original  ar t ic le  submitted May 21, 1955 

The fact  that the exposed heart  can be def ibr i l la ted  by e l ec t r i ca l  discharges of low capac i ty  and high vol tage 
(1.74/2F, 20,000 V) was demonstrated in 1900 by Prevost and Battel l i  [13]. Later, N. L. Gurvich established thegrea t  

impor tance  of the t ime  factor and the role of the genera l  principles of exci ta t ion in the phenomenon of e l ec t r i ca I  
def ibr i l la t ion of the heart  [2-4].  In accordance with this, i t  was ra t ional  to include inductance in the discharge c i r -  
cuit  in order to increase its duration and effectiveness [2]. This scheme lies at  the basis of the construction of 

modern defibri l lators.  

The growth in the use of the pulse def ibr i l la tor  for the t reatment  of various cardiac  arrhythmias attaches con-  

siderable importance to the method of cal ibrat ing the e l ec t r i ca l  pulse appl ied  to the heart .  In Soviet defibril lators 
the duration of act ion is constant (8-10 msec) and close to the "temps ut i le"  of s t imulat ion of the heart,  and the 
dosage is determined by the vol tage of the discharge on the condenser [1, 4, 5]. In the Lown "Cardioverter" the en-  
ergy and not the vol tage of the pulse is graded [7, 8]. When the parameters  of capac i tance  and voltage are com-  
bined in this concept  (energy), no a t tent ion is paid to the duration of the pulse, and this may  lead to serious defects 

in the construction of the defibri l la tor .  

In the present invest igat ion the relationship between the duration, voltage,  and energy of the def ibr i l la t ing 
pulse was studied. For this purpose the compara t ive  values of the threshold voltage and of the essential  quantity of 
energy were invest igated during def ibr i l la t ion of the heart  by discharges of condensers of different capac i tance  

through an inductance.  

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

Altogether 260 tests were carried out on 19 dogs weighing 8-22 kg after receiving an in jec t ion  of pantopon 
(4 mg/kg) .  Ventrieular f ibr i l la t ion was produced by appl ica t ion  of an al ternat ing current of 127. V for. 2 sec, 
through needle electrodes inserted beneath the skin of one forel imb and of the contra la tera l  hind l imb.  The heart  
was def ibr i I la ted by the discharge of a condenser through electrodes 7-9 cm in diameter .  Thd electrodes were fixed 

in a constant position on the right and left  sides of the thorax in the line of the heart .  

Discharges of condensers of the following capac i t ance  were tested: 1.6, 2, 4, 8, 16, and 40/~F. With an in-  
ductance of 0.4 H and a resistance of about 100 ft (30 Q of act ive resistance of the coi l  and 70 f~ of resistance of 
the animal) ,  the duration of the ha l f -per iod  of the pulse was 2.5, 2.8, 4, 5.6, 8.8, and 14.5 msec respect ively.  For 
measurement  of the threshold value of the def ibr i l la t ing vol tage during the period of 20-30 sec after the onset of 
f ibri l lat ion,  from 2 to 4 discharges were given at successively increasing voltages unt i l  a defibri l la t ing effect  was 
obtained.  The threshold vol tage for the discharge of the condenser of each capac i tance  was tested several  t imes dur-  
ing repeated  (every 10-15 mir0 ventricular  f ibr i l la t ion.  The m a x i m a l  voltage which was used was 6000 V. In each 
dog the threshold voltages were measured for the discharge of a condenser of 16 /IF were measured in 16 dogs, of 
40 ~F in 7 dogs, of 2 #F in t3,  and of 1.8 ~F in only 5 (small)  animals  (the discharges of this capac i tance  were not 
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Relationship between Defibrillating Voltage and Energy, 
and Capacitance of Condenser (from remits of an experi- 
ment on a dog weighing 11 kg) 

Voltage (in V) 
Energy (in W. sec) 

Capacitance (in gF) 

6000 5400 3900] 2700 
I 

19,2 19,3 20,0 ] 19,5 

16 

2 000 
21,3 

:r 

t 

r 

msec 
I I  I I I 1 _ _  

g.'z,8 r g6 s,a /r r 
fj Z ~ 8 16 ~0 ~F 

Fig. 1. Distribution of values of defibrillating voltage for 
different capacitances and durations of pulse from results of 
all experiments. Along the horizontal axis are plotted the 
duration of the pulse and capacitance of the discharge; 
along the vertical axis for each capacitance a point denotes 
the threshold voltage of an animal  (as a ratio of the thresh- 
old at 16 btF, taken as unity). 

A similar relationship between the defibrillating voltage 
the condenser was observed in all the experimental dogs. 

large enough for the bigger dogs when the voltage 
was limited to 6000 V). When calculating the energy 
of the discharge through the animal, the total energy 
of the discharge accumulated on the condenser 

( 2 ) *  was divided by 3, considering tile magnitude 
of the active resistance of tile inductance coil. 

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

AND D I S C U S S I O N  

Repeated measurements of the minimal  (thresh- 
old) value of  the defibrillation voltage showed that 
it remained at a relatively constant level  in all  the 
experimental dogs for discharges of condensers of the 
same capacitance.  For discharges of condensers of 
different capacitance,  the magnitude of the threshold 
voltage diminished with an increase in the capac i -  
tance of the condenser. The relationship between 
the defibrillating vo!tage and the energy of the dis- 
charge, on the one hand, and the capacitance of the 
condenser, on the other (from the results of one typi-  
cal  experiment), is shown in the table. 

and energy of the discharge and the capacitance of 

The threshold voltage in the various dogs differed depending on their weight and on other individual peculiari-  
ties. For a condenser with a capacitance of 40 gF the threshold voltage varied from 1100 to 2600 V, for one of 
16 / JF- f rom 1200 to 3200 V, 8 #F-1650 to 4600 V, 4/~F_2450 to 6000 V, and 1.6 g F - f r o m  4.300 to 6000 V. 

For a fuller analysis of the data, the experimental results were treated statistically, using the "coefficient of 
visualization. N The values of the defibrillating voltage and energy for tile discharge of a condenser with a capaci -  
tance of 16 gF were taken as unity, and the voltages and energies for discharges of condensers of different capaci -  
tances were expressed as ratios of the voItages and energy for the discharge of the 16/JF condenser. The distribution 
of the values of the threshold voltage for discharges of condensers of different capacitances in all the animals is 
given in Fig. 1 from their coefficients of visualization. As Fig. 1 shows, the defibrillating voltage rose regularly 
with a decrease in the capacitance of the condenser, i.e., with a decrease in the duration of the pulse. For instance, 
it rose in retation to the threshold value for the discharge of a condenser with a capaci tance of 16 biF as follows: 
for a capaci tance of 8 g F - t o  1.05-1.4, for 4 /~F- to  1.3-2.1, for 2 / J F - t o  1.9-2.7, and for 1.6 ~ F - t o  2.3-3.5. The 
voltage threshold for the discharge of a 40 /JF condenser in various dogs was 0.7-0.8 of tile threshold for the dis- 
charge of the 16 gF condenser. The curve showing the relationship between voltage and capaci tance of the condenser 
(duration of the pulse) from data of the distribution of the threshold values in all the animals is given in Fig. 2 (curve 
V). This curve is exponential in character and is steepest in the region of small capac i tances - f rom 1.6 to 8 /JF 
(2.5-5.6 reset), while for capacitances of 16 and 40 /~F (8.3 and 14.5 msec) it approximates to a straight line parallel  
to the axis of abscissas. 

* C - c a p a c i t a n c e  (in F); V-vo l t age  (in V). 
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Fig. 2. Curves of the relationship between the mean 
values of the defibrillating voltage (V) and energy 
(E) and the duration of the pulse (capaci tance of the 
discharge). Along the axis of abscissas-duration of 
pulse (in msec) and corresponding capacitance of 
discharge (in gF); along the axis of o rd ina tes -vo l t -  
age and energy (in fractions of a unit, taken as the 
mean value of the voltage and energy for a capaci -  
tance of 16/~F). 

of the energy fell with a decrease in capacitance from 
of 1.6-8 /IF. 

Comparison of the energy of the defibrillating dis- 
charge shows that the smallest values of the energy (mean 
15-16 W-sec) were found with discharges of condensers of low 
capacitance (2, 4, and 8 ~F). For discharges of condensers 

with a capaci tance of 16 /~F, the mean value of the energy 
was 20 W-sec. For discharges of condensers of small capaci-  
tance, the limits of variation of energy were equal in differ- 
ent dogs, amounting to 0.5 and 0.9 of the value of the en-  
ergy for the discharge of a 16 gF condenser. The level of 
energy for discharges of a condenser of 40 #F capacitance 
was always 1.a-2 times higher than for the discharge of a 
16 /IF condenser. The curve showing the relationship between 
the defibrillating energy and the capacitance of the condenser 
from the data of distribution of energy in all  the animals, 
using the coefficients of visualization as criteria, is given in 
Fig. 2 (curve E). Comparison of the two curves in the same 
figure, reflecting the relationship between the voltage and 
defibrillating energy, on the one hand, and the capacitance 
of the condenser (the duration of the pulse) on the other, 
shows that with a regular increase in the threshold voltage 
and decrease in the capacitance of the condenser, the value 

40 to 8/~F and remained at the same level for capacitance 

Analysis of the relationships between the voltage and capacitance of the discharges during defibrillation of the 
heart shows that they bear an inverse relationship to each other: with a decrease in capacitance, to obtain an effect 
the voltage must be increased. The curve of this relationship is exponential in character and resernbles the curve 
reflecting the relationship between the t ime and strength of electrical  stimulation established as a result of the classi- 
cal  investigations of the principles governing the excitation of the various tissues of the body [6, 7, 14]. The relat ion- 
ship between the defibrillating voltage and the capacitance of the condenser was studied earlier for discharges in the 
absence of inductance [3]. 

The curve thus plotted, showing the relationship between the voltage and the capacitance of the condenser for 
discharges through an inductance, demonstrates that the "temps utile" lies slightly outside the limits of the duration 
of the discharge of a 16 gF condenser (8.8 msec). However, on this flat part of the curve, the voltage rises rela-  
tively slowly, and for this reason, with a decrease in the capacitance to 8 gF (5.6 msec), the energy of the discharge 
falls appreciable. With a further decrease in the capaci tance to 4 and 2 gF (4 and 2.8 msec respectively), the en- 
ergy of the defibrillating discharge remains at the same leveI. It follows from these results that the choice of the 
optimal duration in this narrow range cannot be based on the parameter of energy, because this parameter is essential- 
ly unchanged. The parameter of voltage is more important here. 

Several investigators [4, 10-12] have shown that the degree of the harmful effect of an electrical  discharge 
on the heart is determined more by the voltage than by the duration of the discharge. Bearing in mind that the 
voltage is minimal  when the capacitance is maximal,  the conclusion is inevitably reached that, if the energy of the 
discharge remains equal, the optimal pulse is that with the longest duration. In the present case this corresponds to 
a discharge of capaci tance 8/~F (8.6 msec), which defibrillates the heart at a lower voltage than discharges of smaller 
capacitance (4.2 gF) and possessing the same amount of energy. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transli tera- 
tions of the abbreviations as given in the original Russian journal, Some or all  o[ th i s  peri -  

odical  l i terature m a y  we l l  be avai lable  in E n g l i s h  translat ion.  A complete l is t  of the cover-to- 
cover English translations appears at the back of the first i ssue  of this year. 
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