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Stat is t ical  analys is  of the e l ec t roencepha log ram (EEG) us ing  c h a r a c t e r i s t i c s  of r ec ip roca l  
cor ' re la t ion functions of e l e c t r o g r a m s  of the frontal  and occipi ta l  cor tex  showed that  i t  is  
poss ib le  to identify A-waves  under  deep anes thes ia  and waves with s i m i l a r  ampli tude and f r e -  
quency c h a r a c t e r i s t i c s  a s soc ia ted  with the development  of c e r e b r a l  hypoxia during anesthesia .  
I t  is  suggested that  the f ron to-occ ip i ta l  coefficient  of r ec ip roca l  co r re l a t ion  and the at tenua-  
tion fac to r  of the co r r e l a t i on  hmct ion be chosen as in format ive  p a r a m e t e r s .  The development  
of  an ins t rumenta l  method of continuous record ing  of the coeff icient  of co r r e l a t i on  with the 
taking of ave rage  of finite in te rva l s  conf i rmed  the resu l t s  of analys is  of the cor responding  
samples .  

The development  and subsequent  dominat ion of slow e lec t r i ca l  act ivi ty is the mos t  obvious e l ec t ro -  
encepha lograph ic  mani fes ta t ion  of s e v e r e  c e r e b r a l  hypoxia. The use  of this c h a r a c t e r i s t i c  as a means  of 
moni tor ing the s ta te  of the o rgan i sm,  a pa r t i cu l a r l y  essen t i a l  fac tor  during opera t ions  o r  resusc i ta t ion ,  is 
hindered by the nature  of the waves connected with the action of anes the t ics  because  the slow A-waves  of 
the EEG ar i s ing  under  deep anes thes i a  and in hypoxia a r e  c losely  s i m i l a r  in the i r  f requency and amplitude 
c h a r a c t e r i s t i c s ,  and v isua l ly  they appear  ident ical  [2, 4-6].  

Never the les s ,  the i n t r acen t r a l  m e c h a n i s m s  of b ra in  function in these s ta tes  a re  essent ia l ly  different  
[1, 3], so that the s e a r c h  for  b ioe lec t r i ca l  d i f fe rences  in s ta t i s t i ca l  a s s e s s m e n t s  of the EEG is justified. 

EXPERIMENTAL METHOD 

The EEG, s recorded in neurologically healthy persons with congenital heart defects during operations 
to correct those defects (at the Clinic for Cardiovascular Surgery, Moscow Regional Clinical Research In- 
stitute) were used as initial data. To begin with, functions of reciprocal correlation were calculated be- 
tween I0 sec sample recordings of the EEG in three leads (frontal, central, and occipital regions of one 
hemisphere). The EEG was compared in the deep stages of inhalational anesthesia (ether or fluothane) 
with normal oxygenation of the tissues and a normal acid-base balance, during hypoxic episodes (acute 
hypoxia induced by circulatory arrest for performing the intracardiac stage of the operation on a dry heart 
or more slowly developing hypoxia through weakening of cardiac activity), and during gradual posthypoxie 
recovery of the EEG. 

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

In all c a se s  (24 pe r sons ;  total  number  of f r a m e s  analyzed 100) s tandardized  r ec ip roca l  co r re l a t ion  
functions revea led  definite d i f fe rences  between the slow waves  of the EEG during anes thes ia  without hypoxia 
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Fig. 1. F ragmen t s  of e l ec t roencepha logram of f rontal  and 
occipi tal  regions compared  with continuous record ing  of 
f ron to-occ ip i ta l  coefficient  of corre la t ion .  A) Inc rea se  in 
depth of e the r  anes thes ia  f rom stage of mixed waves (f i rs t  
f r agmen t  of e l ec t rog rams)  to s tage of uni form slow waves  
(second fragment) ;  B) development  of c e r e b r a l  hypoxia 
during c i r cu la to ry  a r r e s t .  F i r s t  f ragment  shows EEG b e -  
fore  hypoxia; second f ragment  shows slow act ivi ty during 
s e v e r e  hypoxia. One a r row indicates  moment  of occlusion 
of i n fe r io r  vena  cava,  two a r r o w s  indicate occlusion of 
s upe r i o r  vena  eava. Abscissa ,  t ime  (in mill); ordinate ,  co-  
eff icient  of cor re la t ion .  

and during hypoxia assoc ia ted  with anesthesia .  Cor re la t ion  re la t ionships  between p a i r s  of s imul taneous 
r eco rds  of e l ec t r i ca l  act ivi ty of the frontal  and occipi tal  regions  were  the mos t  demons t ra t ive .  Rec iproca l  
f ronto-occ ip i ta l  co r re l a t ion  functions of the EEG under  deep anes thes ia ,  with dominant slow activity,  were  
cha r ac t e r i z ed  by a wel l -developed and a nea r -pe r i od i c  s e r i e s  of A-waves ,  whereas  in the case  of the A-  
waves of hypoxia (both acute and slowly-developing) the graphs  were  complex  in cha rac t e r ,  the co r re la t ion  
was slight in degree ,  and the waves  died away rapidly.  The phase  re la t ionships  between the A-waves  in the 
frontal  and occipi tal  regions also differed. The s tabi l i ty  of this index was typical  of anes thes ia :  the waves  
were  e i ther  in phase ,  o r  t he re  was a s table  shift to the left  along the t ime  axis not exceeding 60 ~ In hy-  
poxia,  the phase  changes were  unstable  and var iab le  in direction;  in some  cases  the shift  exceeded 180 ~ 

The resu l t s  of s t a g e - b y - s t a g e  analys is  of the s amples  during r ecove ry  of the EEG af te r  hypoxia r e -  
vealed a r egu la r  i nc rea se  in the re la t ive  impor tance  of the n e a r - p e r i o d i c  components ,  an i nc r ea se  in the 
c loseness  of f ron to-oec ip i t a l  cor re la t ion ,  and a gradual  change to the  c h a r a c t e r i s t i c  p ic ture  of the EEG 
under  ane sthe sia.  

These  r e su l t s  showed that  i t  would be useful  to de sc r ibe  the p r o c e s s  by a s e c o n d - o r d e r  r e g r e s s i o n  
model and by approximat ion  of the co r re la t ion  functions to a re la t ionship of the type 

pxy (~)= ke-  ~Cos ( ~  + ~), 

where  pxy r e p r e s e n t s  the s tandard  a s s e s s m e n t  of the r ec ip roca l  co r r e l a t i on  function of signal y re la t ive  
to signal x; ~- the magnitude of the shift; k is a coefficient  equal to the value of the s tandardized r ec ip roca l  
co r re l a t ion  function when T =0; ~ the exponential  index; ~ the mean  angular  frequency; 9 the phase  shift 
of  the function de te rmined  by d i sp lacement  of the m a x i m u m  of pxy along the t ime  axis. 

The imposs ib i l i ty  of dist inguishing the p r o c e s s  v isua l ly  or  by frequency ana lys i s  e l iminated any in-  
f o rma t ivenes s  of the mean  frequency,  so that  the specif ic  dec r ea se  in ampli tude of ffmctuations of the c o r -  
re la t ion  function (the at tenuation index, equal to ~/~) and the coeff icient  of co r re la t ion  pxy (0) were  r e -  
garded as p a r a m e t e r s  sui table  for  a s s e s s m e n t .  For  the segments  of EEG analyzed under  anes thes ia ,  the 
attenuation index va r i ed  f rom 0.022 to 0.082 (mean 0.052). F o r  acute and slowly developing hypoxia, i ts  
va lues  were  much g r e a t e r  - f rom 0.104 to 0.164 (mean 0.134). These  d i f fe rences  were  significant  a cco rd -  
ing to White 's  c r i te r ion .  
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The coeff icient  of  r e c i p r o c a l  co r re la t ion  of e l e c t r o g r a m s  of the frontal  and occipi tal  regions  also 
p roved  to be informat ive .  Under  anes thes ia ,  i ts  values ,  with a probabi l i ty  of 0.9, lay wi th in the  in terva l  
f r o m  0.232 to 0.732 (mean 0.482) and in hypoxia within the in te rva l  f r o m  0.055 to 0.255 (mean 0.085). The 
s impl ic i ty  of calculat ion of the coeff icient  of r ec ip roca l  co r re l a t ion  between the two continuous e lec t r i ca l  
s ignals  [Rxy (0) o r  the magnitude of r ec ip roca l  d i spe r s ion  of the e l ec t rog rams]  with averag ing  fo r  a 
finite sl iding in te rva l  T, namely,  

t 

Rxy (0) - I f x (t) y (t)dt, 
T t_~r 

enabled a synchronous continuous compar i son  to be  made between m o m e n t a r y  values of this a s s e s s m e n t  
and the course  of change in the sub jec t ' s  state.  

To de te rmine  this p a r a m e t e r  continously,  an appara tus  consis t ing of the mul t ip l ie r  unit of a low- 
f requency f i l te r  with cont ro l lab le  t ime  constant  and a r e c o r d e r  was constructed.  Signals were  fed into the 
mul t ip l ie r  unit  f r o m  the outputs of cor responding  channels of the e lec t roencephalograph.  Optimal  values  
of the averaging  in te rva l  were  chosen on the bas i s  of a p r e l i m i n a r y  invest igat ion:  f r o m  15 to 30 sec. Ob- 
se rva t ions  on 10 opera t ions  showed that  deepening of anes thes ia  f rom the more  superf ic ia l  s tages  with 
dominance of the EEG by o~- and B-act ivi ty  to s tages  with inc reas ing  slow act ivi ty was accompanied  by an 
i n c r e a s e  in the degree  of r ec ip roca l  d i spe r s ion  (Fig. 1A). Fron to-occ ip i ta l  co r re l a t ion  was highest  in the 
deep s tages  of anes thes i a  when un i fo rm A-waves  were  dominant in the EEG. The onset  of  c e r e b r a l  hy-  
poxia,  cor responding  to the s a m e  f requency t r an s fo rma t ion  on the EEG, was accompanied  by a d e c r e a s e  in 
Rxy (0) (Fig. 1B). 

Continuous de te rmina t ion  of the coeff ic ient  of co r re l a t ion  at an actual t ime  of obse rva t ion  conf i rmed 
the resu l t s  of co r r e l a t i on  analys is  of sample  segments  of the EEG. The pr inc ipa l  resu l t  of the inves t iga -  
tion could accordingly  be e x p r e s s e d  as follows: whereas  the f requency organiza t ion  of the p r o c e s s  is  the 
s ame ,  the A-waves  of the EEG evoked by deepening of anes thes ia  d i f fer  essen t ia l ly  f rom hypoxic A-w av es  
in the i r  s p a t i o - t e m p o r a l  organizat ion.  These  d i f fe rences  can be mos t  c l ea r ly  defined by the use  of f ron to -  
occipi ta l  co r r e l a t i on  indices.  The bas ic  p a r a m e t e r s  which can be r ecommended  for  cl inical  use  a re  the 
at tenuation index of the c o r r e l a t i o n  function and the coeff icient  of r ec ip roca l  cor re la t ion .  
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