
G orbunov B., G usev A . , G u s e v  D ., Filatov I., Itkin G . , Konysheva E . , Mamekin K., Mikitas A .. Nesterenko I.. Rygalin D .. Selishchev S.,
Trukhm anov S  and Vostrikov V .

A utom ated Com plex for Experim ental Researches of Efficiency External 

D efibrillators/C ardioverters at V arious W aveform s and Param eters of Electrical Pulses

In tro d u ctio n

In spite o f  intense research into this problem, there 

is still no agreed-upon theory o f  mechanism s o f  electric 

defibrillation that would be able to explain most 

experimental data [4 ].

The efficacy o f  electrical defibrillation therapy at 

term inating ventricular fibrillation is highly dependent 

on the w aveform used, waveform  parameters, 

waveform im pedance-com pensation schem es, and 

relative shock m agnitudes. This has lead to an 

extensive, experimental search for the optimal 

waveform , the optimal w aveform being the waveform 

which achieves the highest defibrillation efficacy with 

the least am ount o f  energy from the defibrillator [1- 

3 ,5 ].

At low-im pedance, all biphasic shocks achieved 

near-perfect success, w hile efficacy w as significantly 

lower for high-im pedance shocks [5 ].  Despite 

im pedance-com pensation schem es in biphasic 

defibrillators, im pedance has an impact on their 

efficacy. A t high-impedance, m odest efficacy 

differences exist am ong clinically available biphasic 

defibrillators, reflecting differences in both waveforms 

and manufacturer-provided doses.

D uring action o f  an electrical pulse transthoracic 

im pedance changes, and there is a nonlinear 

dependence between an electrical current and voltage

[ 1] .
Russian automated com plex for experimental 

researches o f  efficiency external defibrillators /cardio­

verters a t various waveforms and param eters o f  

electrical pulses, real-tim e m easuring o f  transthoraric 

electrical im pedance during external defibrillation is 

presented. There are module for heart fibrillation o f 

anim als (dogs and pigs), module for 

defibrillation/cardiversion procedures and module for 

m onitoring o f  physiological param eters o f  the animals.

M aterial a n d  M e th o d s

This study w as approved by the Russian Research 

Institute o f  Transplantology and Artificial Organs at 

A nimal Laboratory (F ig .l).

Fig. 1: G eneral view o f  autom ated complex

The module for m onitoring o f  physiological 

param eters o f  the animals contains display (m onitor), 

invasive pressure sensors, ECG sensors, multichannel 

universal analog-to- digital converters (A D C ), personal 

com puter (P C ) and uninterrupted pow er source (U P S ) 

(F ig .2 ).
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Fig. 2: M odule for monitoring o f  physiological 

param e-ters o f  the animals.

Bloc-diagram o f  module for defibrillation/ 

cardiover-sion procedures is presented on Fig.3.



Energy divider provides a rough choice o f  energy 

value for defibrillation/cardioversion. V oltage and 

current sensors detects the real electrical param eters on 

animal. Then these signals am plify, transform ed to 

digital form (A D C ) and processed by digital signal 

processor (D SP ). Personal com puter (P C ) provides 

additional calculations and in real time displays the 

information.

General view o f  module for 

defibrillation/cardiover-sion procedures is presented on 

Fig.4.

R e s u lts

Typical curve for dependence o f  animal im pedance 

on electrical current through animal is presented on 

Fig.5.

At an initial stage o f  pulse the im pedance decreases 

(from  point 1 to point 2 ) .  F urther the im pedance 

continues to decrease, and then begins increases (from  

point 2 to point 3 ).  Im pedance again decreases in a 

point 4. In the end o f  pulse the im pedance again 

decreases (from  point 5 to point 6 ).

Thus, there is a nonlinear dependence between 

anim al im pedance and electrical current through 

animal. On this dependence there are sites o f 

monotonous and nonm onotonic (from  point 4  to point 

6 )  change o f  im pedance. The im pedance is close for 

points 3 and 6, but differs for points 3 ,6  and 4.

The animal im pedance is virtually a pure resistance.

D is c u s s io n

The designed com plex allow s to realise 

experim ental researches o f  efficiency external 

defibrillators /cardio-verters at various w aveform s and 

param eters o f  electrical pulses, real-tim e m easuring o f  

transthoraric electrical im pedance during external 

defibrillation/cardioversion on anim al models.

There are module for heart fibrillation o f  animals 

(dogs and pigs), m odule for defibriIlation/cardiversion 

procedures and m odule for m onitoring o f  physiological 

param eters o f  the animals.

There is a nontrivial, nonlinear dependence 

between anim al im pedance and electrical current 

through animal.
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