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Cor re l a t ion  analys is  of the human EEG during ether  or  fluothane anes thes ia  showed that the s tage of 
deep anes thes ia  with predominat ing uni form de l ta -ac t iv i ty  is cha r ac t e r i z ed  by a single monoharmonic  and 
s table  wave pa t te rn  in different  reg ions ,  with high f ron to -cen t r a l -occ ip i t a l  coeff icients  of cor re la t ion ,  the 
f ronta l  reg ion  playing the leading ro le .  As the depth of anes thes ia  d iminishes  and the pa t t e rn  changes to 
one of polymorphic  e lec t r i ca l  act ivi ty,  the a lmos t  per iodic  de l ta -component  becomes  l e s s  m a r k e d  and the 
coeff icients  of co r r e l a t i on  between reg ions  of the hemisphe re  p r o g r e s s i v e l y  fall. With the appea rance  of 
a dominating the ta -ac t iv i ty  in this s tage,  s table  and genera l ized  product ion of the ta -waves  is es tabl ished.  

Cor re l a t ion  functions of the human EEG during genera l  anes thes ia  have not ye t  been  s y s t e m a t i c a l l y  
invest igated.  Only one study has been  published [7], and this was c a r r i e d  out on a patient  with an organic  
bra in  les ion af ter  injection of sodium amyta l  solution into one caro t id  a r t e ry ,  leading to the appea rance  of 
an a lmos t  per iodic  type of slow act ivi ty  on au tocor re la t ion  analys is  of the EEG r e c o r d e d  f rom the ip s i l a t e ra l  
hemisphe re .  

The object  of the p resen t  invest igat ion was to study the auto-  and c r o s s - c o r r e l a t i o n  re la t ionsh ips  of 
slow waves  in different  par t s  of the c e r e b r a l  cor tex  in neurological ly  healthy pe r sons  during changes in the  
depth of anes thes ia .  

EXPERIMENTAL METHOD 

The EEG was recorded on a nMedicor~ 8-channel electroencephalograph, fitted with an analog fre- 
quency analyzer, before and during anesthesia of the patients before the start of operations to correct car- 
diac defects (clinic for Cardiovascular Surgery, Moscow Regional Clinical Research Institute). Anesthesia 
was maintained by inhalation of ether (12 patients) of fluothane (8 patients)~ Auto- and cross-correlation 
functions were determined up to a maximum shift of Tin= 3 sec for selected 10-sec recordings of the EEG, 
and isolated from the integral recording of delta- and theta-waves obtained with 3 leads from the frontal, 
central, and occipital regions of the same hemisphere, using a combined oral or mastoid electrode as the 
reference electrode. Amplitudes of waves were measured graphically at intervals of 33 or 66 msec, and 
the digital material was fed into a ~Ural-2 ~ computer. The values obtained were normalized, and the data 
thus obtained used for auto- and cross-correlation analysis. 

During analysis of the data, the mean period of waves (Tmean) and the stability of the phase relations, 
characterized by the attenuation factor of the correlation function, were studied. For cross-correlation ana- 
lysis, in addition, the coefficient of correlation (I O and the phase shift (q~), determined by displacement of 
the maximum of the function along the time axis, were calculated. 
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Fig. 1. Corre la t ion  analysis  of EEG and EEG itself (in 
box) during ether anesthesia  at the stage of uniform slow 
waves. Fs and . s - g r a p h s  of au to-cor re la t ion  functions 
of EEG of left frontal  and occipital regions;  F s - O s :  graph 
of their c r o s s - c o r r e l a t i o n  function. Here and in Figs. 2 
and 3, abscissa~ t ime shift (~" in sec); ordinate: c o r r e -  
sponding coefficients of cor re la t ion  p(~')o Explanation of 
other  symbols  given in text. 

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  

Auto-cor re la t ion  analysis  of the EEG of the frontal,  central ,  and occipital regions when del ta-act ivi ty  
predominated in the record ings  (deep anesthesia  at the stage of uniform slow waves) revealed a powerful 
mort .harmonic  wave activity, attenuation of which exceeded the interval of maximal  shift (Fig. 1). The mean 
period of the waves var ied in different subjects from 0~ to 1.4 sec. Differences in Tmean for corre la t ion  
analysis  of the frontal,  central ,  and occipital regions were very  small  or  absent. Usually higher and more  
stable waves were charac te r i s t i c  of the au to-cor re la t ion  function of the frontal EEGo C r o s s - c o r r e l a t i o n  
analysis  of simultaneous record ings  of the frontal,  central,  and occipital EEG could be c lassed as a lmost  
periodic p rocesses  (Fig. 1), and were charac te r ized  by very  slight fluctuation of consecutive periods, by a 
low attenuation factor  (of the order  of 0.02-0.05), and by high f ron to-cent ra l -occ ip i ta l  corre la t ions  (coeffi- 
cients of cor re la t ion  between 0.5 and 0.8). Another typical feature of this stage of anesthesia  was the stability 
of phase relat ionships of slow waves in spatially remote  regions  of the cortex. The waves were  synphasic,  
or  a stable shift of the o rde r  of 66-150 msec  to the left along the t ime axis was observed, indicating ear l ie r  
a r r iva l  of the signal f rom the anter ior  divisions of the hemisphere .  Closely s imi lar  data were obtained dur-  
ing cor re la t ion  analysis  of the delta-component,  isolated from the integral  EEG by analog frequency analysis  
(Fig. 2A). 

Weakening of anesthesia,  leading to the EEG picture known as polymorphic activity or the stage of 
"mixed waves" [4], modified the cor re la t ion  relat ionships significantly. Graphs of cor re la t ion  functions de- 
duced f rom delta-waves of the integral  EEG were more  complex in charac te r ,  often including a number of 
components with different periods (Fig. 2C). The cor re la t ion  was weakened between waves of different parts  
of the hemisphere  (fronto-occipital  coefficients var ied from 0.43 to 0.14), and the attenuation factor  of the 
function increased  f rom 0.08 to 0.2. The phase relat ionships were unstable in charac te r  and somet imes  dif- 
fered in direction. All these features,  indicating a breakdown of the general ized quasiperiodie delta-activity,  
became increasingly obvious as the depth of anesthesia was reduced. Deepening of the anesthesia had the 
opposite effect. 

In some cases  (8 of 20 subjects) periods with dominant and regula r  theta-act ivi ty  appeared in the 
stage of mixed waves. This happened more  frequently during flu. thane anesthesia.  Analysis  of waves iso-  
lated f rom the EEG revealed  a pattern of activity consisting of waves with a mean period of 150-250 msec .  
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Fig. 2. Cor re la t ion  analys is  of de l ta -ac t iv i ty  in EEG of r ight  f ronta l  
(Fd) and occipi ta l  (Od) reg ions  at different  s tages  of e ther  anes thes ia .  
A) Recording  made  at in te rmedia te  depth of anes thes ia  between stage 
of uni form slow waves  and stage of polymorphic  activiW; B) r ecord ing  
(10 min  later)  under shal lower  anes thes ia  (s tage of polymorphic  ac t i -  
~iW). 
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Fig. 3. C r o s s - c o r r e l a t i o n  ana lys i s  of del ta-  and 
the ta -ac t iv i ty  in EEG of f rontal  and occipi tal  reg ions  
during fluothane anes thes ia  at the level  of mixed  
waves  with dominant theta-act iviW. 

The degree  of s tabi l i ty  of this ac t iv i ty  va r i ed  
signif icantly in different  cases ,  with a t tenua-  
tion fac to r s  lying between 0.008-0.03 (Fig. 3) 
and 0o12. Cor re la t ion  between the reg ions  was 
c lose  ( f ronto-occip i ta l  coeff ic ients  of c o r r e l a -  
t ion of the o rde r  of 0.36-0.55), and an even 
c lose r  re la t ionship  was found between the the ta -  
waves  of the f rontal  and cen t ra l  reg ions  (coef-  
f ic ients  of co r r e l a t i on  up to 0.8-0.9).  C o m p a r i -  
son of the c r o s s - c o r r e l a t i o n  ana lys i s  of del ta-  
and the ta -waves  at the s ame  t imes  showed that 
the genera l  act iv i ty  l ies  in the the ta-band.  

Hence, below a ce r t a in  depth of anes thes ia ,  
slow act ivi ty  of the EEG is c h a r a c t e r i z e d  by a 
specia l  s p a c e - t i m e  organiza t ion  of the cor t ica l  
rhy thms ,  with an a lmos t  per iodic  wave act ivi ty  
identical  in different  reg ions  of the hemisphe re .  
although the an te r io r  pole of the co r t ex  plays 
the leading ro le .  High synchroniza t ion  of the 
changes in t ime of potent ials  of r e m o t e  cor t i ca l  
points and the c loseness  of f luctuat ions in the 
co r re l a t ion  function to a s inusoidal  curve  a r e  

evidently the dist inguishing fea tu res  of deep narcot ic  s leep and a r e  not so typical  of the slow act ivi ty  of the 
human EEG in a waking s tage [1, 5], in coma [8, 9], o r  even in s tages  D and E of physiological  s leep  [3, 6]. 
The r e s u l t s  obtained ag ree  well  with exper imenta l  observa t ions  [11], according  to which r e g u l a r  r e l a t i on -  
ships between spike vol leys  f rom neurons in different  pa r t s  of the cor tex  develop during deep anes thes ia :  
the cel ls  e i ther  d i scharge  s imul taneously ,  or  neurons at the an te r io r  pole d ischarge  about 100 m s e c  before  
occipi tal  neurons.  On the other hand, it is during deep anes thes ia  that  a definite t empora l  connection is ob-  
s e rved  between the rhythm of grouped unit d i scharges  and the pa r t i cu la r  phase  of slow waves  of the e l e c t r o -  
c o r t i c o g r a m  for  that pa r t  of the cor tex  [2, 10]. 

In a l ess  deep s tage of anes thes ia ,  cor responding  to polymorphic  e lec t r i ca l  act ivi ty ,  the de l t a -ac t iv i ty  
is l e s s  complex  in c h a r a c t e r ,  the a lmos t  per iodic  component  is l e s s  marked ,  and co r r e l a t i on  between the 
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regions is much weaker. At this stage the role of the process combining all regions of the cortex may some- 
times be taken over by theta-activity. 
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