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Experience of the use of adaptive bioelectr ical  control  sys tems  in clinical neurology has 
demonstrated their  suitability for the t rea tment  and prevention of pathological manifes-  
tations of bra in  e lect r ical  act ivi ty in epileptics ~ (spike-wave complexes,  groups of high- 
amplitude slow waves) and also to co r r ec t  pathological t r emor  of Parkinsonian type. 
These changes a re  based on condit ioned-reflex mechanisms.  Biologically controlled 
autostimulation can be used for the t rea tment  of chronic nervous d iseases  inconjunction 
with other methods. 

The method of adaptive bioregulation or instrumental  "training" has been used chiefly in physiologi- 
cal r e s e a r c h  [3, 6, 8]. Meanwhile, the application of control led"training" of physiological sys tems  of the 
body would be of definite pract ical  importance.  This is par t icular ly  t rue for the control  of pathological 
s tates which, because  of their  long duration, have acquired some degree of stability [1, 2]. 

The object of this investigation was to determine whether this method can be used, and with what 
prospects ,  in cer ta in  chronic nervous dieseases .  

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

The technique of adaptive autoregulation was used to t rea t  the epileptiform activity of epileptic 
patients and to co r r ec t  pathological t r e m o r  of Parkinsonian type. 

The organization of the investigation was designed for a closed sys tem of automatic control.  Nega- 
tive feedback was provided between the pathological manifestations (EEG paramete rs ,  t r emograms ,  or en- 
velopes of the e l e c t r o m i o g r a m -  EMG) and various external factors .  Because of the negative feedback, 
these factors  were  activated synchronously with the appearance of the pathological features  requir ing 
correc t ion.  The external factors  were  signals, some of which were purely informative (sound, light) while 
others incorporated elements of a negative motivational cha rac te r  (electrical  st imulation of the skin and 
warning the patients that these signals were the resul t  of the pathological manifestations).  The block dia- 
g r a m  of the organizat ion of adaptive autoregulation i l lustrated in Fig. 1 was drawn up on the basis of the 

TABLE 1. Regress ion  Equations Obtained from 
Results of Investigation of Patients 
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E. 
A. 
S, 

I 
Y = 235--13,4 X I ~0,002 
Y = 218 5,6 X f ,~0,0.[ 
Y ~ 24,6--3 X ~0,05 

Institute of Experimental  Medicine, Academy of Medical Sciences of the USSR, Leningrad. (Pre-  
sented by Academician of the Academy of Medical Sciences of the USSR V. S. II'in.) Transla ted f rom 
Byulleten' I~ksperimental 'noi Biologii i Meditsiny, Vol. 77, N o . l ,  pp. 32-36, January,  1974. Original 
ar t ic le  submitted October 18, 1972. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any .form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the pubtis/~er for $]5.00. 

33 



Distt~bing 
~ factors 

Executive Controlling factors ]Object to ] 
s stems Elec ical,  stimula-flG? " I I .nctions reco, ed 

. tion of the] skin, in- m -- i. I ~  . . . .  e 
traeerebral I electrical I/r ~vanous rr - 

[ stimulation] sound, light iES~Uo~cy components 
" " IEMG 

/ / ~ctograms 
/ / ITremo~ram 

, / : v ,ECG 
I u~t ~ coz- I F~eoording andl l~.~ly~ical appa- I 
I parison and ] ]control appa- ratus (feedback sig- ] 
I regu?ation I I ratus [ Inal detector) I 

)~ [ Parameters to be ] I~ /  controlled 
I r Hyperkinesia 
IBrain eiectrical ac- 
[ tivity (pathologi- 

cal components) 

Fig.  1. Block d i a g r a m  of o rgan iza t ion  of adapt ive  b i o r e g u l a -  
t ion (explanation in text).  
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Fig.  2. Dynamics  of  e x p r e s s i v e n e s s  of  A - a c t i v i t y  in epi lept ic  
pat ient  th roughout  the  t ra in ing  per iod.  A b s c i s s a ,  No. of  f r a m e s  
dur ing sess ion ;  o rd ina te ,  in tensi ty  of A - w a v e s  (in convent ional  
units).  Sess ions  1-6) dynamics  of  A-ac t iv i t y  during t ra in ing  of 
t e m p o r a l  reg ion ,  s e s s i o n s  7-10) dynamics  of  A-ac t i v i t y  dur ing 
t ra in ing  of f ron ta l  reg ion .  

general structure of the automatic control system [7] with concrete modifications introduced by ourselves 
(A. S. Tsukerman). The parameters indicated in Fig. 1 were chosen with allowance for the concrete clini- 
cal features of each patient. The amplitude of the low-frequency component of the EEG, averaged over a 
period of time, the frequency of appearance of high-frequency spikes of epileptiform activity, and the fre- 
quency-amplitude characteristic curve of the actogram of the tremor were chosen as control parameters. 
The resultant signal was led to an analogue computer, where it was detected and integrated with different 
time constants. The transformed signal was compared by means of the special amplifier of the computer 
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Fig. 3. Charac ter i s t ics  of dynamic spec t ra  
of EEG as shown by frequency (A) and fac-  
tor  (B) analysis  in normal  subject and in 
epileptic patient before  (background) and af- 
te r  t reatment .  

with a constant standard voltage. The controlling factors  (sound, light, e lectr ical  stimulation of the skin) 
were  activated whenever the signal exceeded this level. Because of the specific nature of the controlling 
,system and the object to be controlled,  the sys tem used could be classif ied as adaptive with an active self- 
regulation component in the patient. Activation of the external factors  led to the active development of a 
new functional state of the brain  and enabled the functions of the patient to be control led in an assigned 
direction. 

The resul ts  of "training" obtained were  recorded  and a s ses sed  by analysis of the pathological mani-  
festations or of the signals of the external  factors ,  for these were synchronized.  

The conditions for the control  of bra in  e lect r ical  activity and motor  activity of the patients were 
identical, and only the pa ramete r s  of regulation were  changed. 

EXPERIMENTAL RESULTS 

To reduce the epileptiform manifestations of the EEG and thus to lower the epileptogenie predisposi- 
tion of the brain, frequent training sessions were given to five patients with a long history (10-20 years) of 
epilepsy with major fits and of traumatic or inflammatory etiology. Epfleptiform activity predominated in 
these patients in the temporal regions, and it was expressed as the appearance of spike-wave complexes 
or groups of high-amplitude slow waves, as well as spreading hypersynehronous paroxysms consisting of 
spike-wave complexes. The effects of training were individual and depended on the severity and character 

of the epileptiform brain activity. 

The dynamics of the severity of the high-amplitude paroxysms of A-activity in the patient' s EEG can 
be seen in Fig. 2, which demonstrates the results of the training of an epileptic patient. The training effect 
was seen particularly clearly by the 6th session when, because of the absence of A-activity, any further 
training was impracticable. On a change in the training channel (the left frontal instead of the left temporal 
region) training took place much faster. 

The comparative distribution of the various frequency components of the EEGs of this patient and 
the healthy subject and also the results of factor analysis relating to the first training session (tests by 
P. V. Bundzen), are illustrated by Fig. 3. This shows clearly the predominance of s-activity in the normal 
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subject  and of the low-frequency s p e c t r u m  in the background invest igat ion of the patient and a shift of the 
m a x i m u m  of the  f requency distr ibution of the EEG toward higher f requencies  at the beginning of training.  
The r e su l t s  of fac tor  analysis  show that the mos t  important  fac tors  determining the rat io  between the 
va r ious  fo rms  of e lec t r i ca l  act ivi ty in the no rma l  subject  lie within the range  of a - f l  f requencies ,  in the 
background investigations of the patient they lie in the low-frequency range,  and during training the re  is a 
shift  toward m o r e  no rm a l  values  of the indices studied. 

At the end of the ins t rumenta l  t ra ining this patient had no genera l i zed  fits for one month (previously 
they had occu r r ed  daily), despi te  the discontinuation of all  antiepileptic m e a s u r e s .  

These  r e su l t s  show that  the adaptive s y s t e m  of the bra in  is cha r ac t e r i z ed  by a unique sy s t em of 
"escape"  f rom manifest ing negat ively re in fo rced  rhythms (in this case ,  A-act ivi ty)  and, on the other hand, 
reproducing f a s t e r  rhy thms ,  i .e. ,  act ivi ty  d i rec ted  toward res to r ing  the no rma l  EEG. 

Simi lar  r e su l t s  we re  obtained regu la r ly  during the investigation of patients  with pathological  t r e m o r  
or  Park insonian  type. 

In the cour se  of t raining the intensity of the t r e m o r  became  apprec iab ly  less  and the per iods  of ab-  
sence  of t r e m o r ,  by contras t ,  became  longer.  To de te rmine  the genera l  tendency in the distr ibution of 
these  values ,  they w e r e  a s s e s s e d  by r e g r e s s i o n  ana lys i s .  

A descr ip t ion  of the r e g r e s s i o n  lines for  the patients  studied is given in Table  1 where  Y r e p r e s e n t s  
the degree  of intensity of the t r e m o r  and X the s e r i a l  number  of the sess ion .  

The invest igat ions showed that biological ly control led autost imulat ion ieads to a s ta t i s t ica l ly  s ig -  
nificant dec rea se  in t r e m o r  of Park insonian  type. However,  t r e m o r  as a symptom of predominant ly  sub- 
cor t ica l  or igin  could not be comple te ly  abolished in the cour se  of t raining.  

The re  is thus r eason  to suppose that the method of adaptive autoregulat ion can be used and, in some 
cases ,  is effect ive as an additional fo rm of t r ea tmen t  in cl inical  neurology.  
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