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Continuous analog record ing  of auto-  and c r o s s - c o r r e l a t i o n  functions of the cor t ica l  and 
subcor t i ca l  EEG in dogs showed that a dec rease  in the depth of anes thes ia ,  r e g a r d l e s s  of 
i ts  type (inhalation of e the r  or  halothane,  in t ravenous  injection of thiopental  or  sodium 
7-hydroxybutyra te)  is accompanied  by a dec rea se  in synchronizat ion of the potent ials  
and in the degree  of per iodic i ty  of the p r o c e s s .  Deepening of anes thes ia  gave r i s e  to 
genera l i zed  distant  synchronizat ion and to an inc rease  in per iodic i ty  of the act ivi ty ,  
pa ra l l e l  with slowing of the EEG. At all  l eve ls  of anes thes ia ,  there  was a continuous 
f luctuation of these co r r e l a t i on  p a r a m e t e r s  and in the i r  dependence on the topographic  
location of the r e co rded  s t ruc tu r e s .  

P rev ious  invest igat ions [1, 3] have shown that  g raphs  of se lec t ive ly  de te rmined  cor re la t ion  functions 
of the human EEG during deep anes thes ia  demons t ra t e  a n e a r - p e r i o d i c  fluctuation of act ivi ty in the A-band, 
the s ame  in all pa r t s  of the c e r e b r a l  hemisphe re .  A dec rea se  in the depth of anes thes ia  reduced  the c lose -  
ness  of co r re l a t ion  between f luctuat ions in different  pa r t s  of the cor tex  and cons iderably  inc reased  the r e -  
g ress ion  coefficient  of the auto-  and c r o s s - c o r r e l a t i o n  functions.  

The object  of the p re sen t  invest igat ion was  to continue these  studies with the continuous record ing  
of co r re la t ion  functions of cor t ica l  and subcor t ica l  e l ec t r i ca l  act ivi ty.  

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

Ten acute expe r imen t s  were  c a r r i e d  out on dogs using va r ious  types  of anes thes ia :  inhalation of e the r  
or  halothane,  in t ravenous injection of thiopental  (in f rac t iona l  doses  of 25-50 mg/kg) ,  or  combined anes thes ia  
with halothane and sodium 7-hydroxybutyra te  (total dose of the o rde r  of 1 #g/kg)  or  with thiopental .  E lec -  
t r i ca l  act ivi ty was r e c o r d e d  and the au to -co r r e l a t i on  and all  combinat ions of c r o s s - c o r r e l a t i o n  functions 
of the EEGs of the s om a t os ens o ry ,  t e m p o r a l ,  pa r ie ta l ,  and occipital  cor tex ,  caudate nucleus,  and tha lamus  
were  de te rmined .  

The model  co r re l a t ion  appara tus  (analog f i l t e r  c o r r e l o m e t e r )  used in the invest igat ion enabled the 
functions to be de te rmined  during a r ea l  t ime  of observat ion .  The ins t rument  provided for  s imul taneous  
calculat ion and indication of the d i spers ions  of both p r o c e s s e s  studied (Dx and Dy) and 20 points of a s s e s s -  
ment  of the co r re l a t ion  functions at 7 > 0. Depending on the p r o g r a m  of the ins t rument ,  the g r ea t e s t  shift  
1- m was 0.5, 1, or  2 sec ,  with an averaging  t ime  of 30 sec.  For  compar i son  with the synchronously r eco rd ed  
e l ec t r i ca l  act ivi ty ,  auto-  or  c r o s s - c o r r e l a t i o n  functions were  r e c o r d e d  continuously by one channel of the 
e lec t roencepha lograph ,  and photographed se lec t ive ly  f r o m  the CRO sc reen  of the c o r r e l o m e t e r .  P a r a m -  
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Fig. 1. Changes in c r o s s - c o r r e l a t i o n  function of e l ec t r i ca l  ac -  
t ivity of occipi tal  and soma tosenso ry  cor tex  during deepening of 
e the r  anes thes ia  (photographs f r o m  CRO screen) :  A) superf ic ia l  
anes thes ia ,  level  III  I (stage of polymorphic  EEG waves);  B) deep-  
ening to level  III~-III2; C) deep anes thes ia  at level  III 2 (stage of 
homogeneous EEG waves);  Dx and Dy r e p r e s e n t  d i spers ions  of 
e l ec t r i ca l  act ivi ty of soma tosenso ry  and occipital  cor tex  r e s p e c t -  
ively; R (0) ampli tude of function at ~ = 0; A 2 and A 3 ampl i tudes  
of secondary waves  of co r re la t ion  function; T m m a x i m u m  shift,  
namely  2 sac .  
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Fig. 2. Per iod ic  f luctuations of p a r a m e t e r s  of cor re la t ion  
functions with a s table level  of anes thes ia  (recorcled on e l e c t r o -  
encephalograph):  1) f r o m  top to bottom: e l ec t r i ca l  act ivi ty 
of caudate nucleus,  of tha lamus ,  and synchronized record ing  
of f r a m e s  of r ight  b ranch  of c r o s s - c o r r e l a t i o n  function of 
these  leads  (Tin=2 see);  2) immedia te  continuation of 1. 

e t e r s  of the c r o s s - c o r r e l a t i o n  functions chosen fo r  a s s e s s m e n t  were  the mean per iod  of the osci l la t ions ,  
the phase shift,  the ampli tude of the function R (0) when T =0, de te rmined  in f rac t ions  of the mean geo me t -  
r ic  d i spers ion  of the p r o c e s s e s  ( R 0 = ~ ' . ' . ~ )  , and the ampli tude of the secondary  wave of the cor re la t ion  
function (A 2) in f rac t ions  f r o m  R (0) (Fig. 1). Only the f i r s t  and l a s t  indices were  de te rmined  for  the auto-  
cor re la t ion  functions.  

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

Altogether  58 per iods  of known changes in the depth of anes thes ia  were  invest igated.  Anes thes ia  of 
modera te  depth (spontaneous resp i ra t ion ,  pupi l lary  and cornea l  re f l exes  p resen t  but diminished,  re la t ive ly  
low percen tage  of slow waves on the EEG) cor responded  to the following values  of R (0): for  combinat ions 
of ECoGs of different pa r t s  of the cor tex  f r o m  0.2 to 0.6 R0; for  combinat ions of the ECoG and subcor t ica l  
EEG f r o m  0.2 to 0.4 R0; for  c r o s s - c o r r e l a t i o n  functions of act ivi ty of the tha lamus  and caudate nucleus 
f r o m  0.4 to 0.7 R 0. The ampl i tudes  of the second wave of the co r re la t ion  functions lay between 0.1 and 
0.5 R (0). Often a th i rd  and subsequent  wave appeared  at ~ =2 sac ,  i .e . ,  the mean per iod of the quas ipe r i -  
odic p roce s s  identified was 300-500 m s e c .  Deepening of the anes thes ia  a lways gave r i se  to a wave- l ike  
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inc rease  in both R (0) and A2, depending on the ra te  at which it took place ,  with an inc rease  in the mean 
per iod of the waves  (Fig. 1). The highest values  of R (0) (up to 0.9 R 0) and of A 2 (up to 0.8) were  obse rved  
during deep anes thes ia ,  a s soc ia t ed  with d i sappearance  of the corneal  r e f l exes  and dominance of uni form,  
sl0w waves  on the EEG. Rapid r e c o v e r y  f r o m  anes thes ia ,  on discontinuing the inhalation of e ther  or  halo-  
thane,  was  accompanied  both by a dec r ea s e  in the degree  of synchronizat ion of the waves ,  in which case  
R (0) could be reduced  by 50-75% in the course  of 20-30 sec ,  and by a dec rea se  in the degree  of per iodic i ty  
of the p roce s s  (diminution followed by d i sappearance  of the secondary  wave).  In addition, with a dec rease  
in the depth of anes thes ia  s o m e t i m e s  there  was a phase discontinuity of the c r o s s - c o r r e l a t i o n  function of 
ac t iv i t ies  of the s om a t os ens o ry  and occipital  cor tex  or  of the s o m a t o s e n s o r y  cor tex  and subcor tex ,  with 
a shift of R (0) to negative va lues .  

The es sen t i a l  fea ture  was that  the direct ion of the changes desc r ibed  above was identical,  in pr inciple ,  
for  all  combinat ions of c r o s s - c o r r e l a t i o n  and fo r  all  types  of anes thes ia  used. The r a t e s  of the changes 
were  c l ea r ly  dependent on the r a t e s  of the changes in the depth of a n e s t h e s i a .  These  r e su l t s  conf i rm find- 
ings [1] obtained by se lec t ive  co r re la t ion  a lays i s  of the EEGs of pat ients  during surgica l  anes thes ia ,  and 
they provide convincing proof  that  an inc rease  in the depth of anes thes ia  not only causes  slowing of the EEG 
waves ,  but also genera l i zed  distant  synchronizat ion and an inc rease  in the rhythmici ty  of the A-waves .  

Compar i son  of the c r o s s - c o r r e l a t i o n  functions fo r  different  combinat ions of cor t ica l  and subcor t ica l  
leads with a s table and modera t e  depth of anes thes ia  showed a re la t ionship  between the value of R (0) and 
the topographic  c loseness  of the s t r u c t u r e s  tes ted .  F o r  instance,  the ampl i tudes  of R (0) for  co r re la t ion  
functions of adjacent  cor t i ca l  regions  (par ie ta l  and t e m p o r a l ,  s oma tosenso ry  and par ie ta l ,  and so on) were  
always 50-100% higher than the cor responding  values  fo r  EEGs of distant  regions  (for example ,  soma to -  
sensory  and occipital) .  Consequently,  the rule  of  an inverse  re la t ionship  between the mean  cor re la t ion  co-  
eff icients  of the EEGs and the dis tance between the points f r o m  which the potent ials  a re  recorded ,  e s t a b -  
l ished by Livanov et al.  [4] in e x p e r i m e n t s  on waking an imals ,  is  a lso val id fo r  the s tate  of anes thes ia .  

The poss ib i l i ty  of de termining co r re l a t ion  functions in an actual  per iod  of t ime  during continuous ob- 
se rva t ion ,  which was used  in the p re sen t  invest igat ion,  a l so  r evea led  a phenomenon of a per iodic  change 
in c h a r a c t e r i s t i c s  of the co r re l a t ion  functions as  the record ing  proceeded .  At any stage of anes thes ia  there  
was s o m e t i m e s  a gradual  i nc rea se  in R (0) and A 2 (in the case  of au to -co r r e l a t i on  functions,  only A2), s o m e -  
t imes  a dec rea se  in these  p a r a m e t e r s  (Fig. 2). In some ca se s ,  on r e c o v e r y  f r o m  anes thes ia ,  osc i l la t ions  
in the magnitude of the phase  shift f r o m  0 to 300 m s e c  a lso  were  observed.  The per iod of these  osci l la t ions ,  
m e a s u r e d  f r o m  m a x i m u m  to m a x i m u m ,  could va ry  f r o m  10 to 45 sec ,  but was usually 18-20 sec .  Osci l -  
lat ions of the co r re la t ion  functions during deep anes thes ia  always o c c u r r e d  with higher  va lues  of the max ima  
and min ima  for  R (0) and A 2 Shan during l e s s  deep anes thes ia .  C r o s s - c o r r e l a t i o n  functions of spat ial ly close 
s t r u c t u r e s  were  c h a r a c t e r i z e d  by f luctuat ions affecting mainly the degree  of per iodic i ty ,  i .e . ,  osci l la t ions  
affecting the values  of A 2 and R (0) showed li t t le change; in the case  of spat ia l ly  distant r ecord ings ,  both 
these  p a r a m e t e r s  f luctuated synchronously .  Cer ta in  s tochas t ic  p r o p e r t i e s  of the EEG (degree of per iodic i ty  
and synchronizat ion of waves  in different  p a r t s  of the cor tex  and adjacent  subcortex) thus show continuous 
cyclic  changes.  These  may be Supposed to be connected with para l l e l  changes in the physiological ly  i m -  
por tant  c h a r a c t e r i s t i c s  of brain  act ivi ty .  
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