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A study of the mean  level  of a s y m m e t r y  of the ascending and descending f ronts  of the EEG 
waves  showed that this s ta t i s t i ca l  p a r a m e t e r  undergoes  per iodic  f luctuations in t ime [2-5, 7, 
8]. These  s econd-o rde r  f luctuations have been cal led "G" waves  by E. Yu. A r t e m '  eva. 

The object  of this invest igat ion was to de te rmine  the changes in the "G" waves  a s soc ia t ed  with th ree  
different  s t a t e s  of bra in  e lec t r i ca l  act ivi ty  cha r ac t e r i z ed  by normal ,  hypersynchronized ,  and desynchronized 
EEG rhy thms .  

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

The EEG was r eco rded  in human subjects  on ink-wri t ing e lec t roencepha lographs  (Alvar). Chlorided 
chemica l ly  pure  tin e lec t rodes  were  used to make  s imul taneous  r ecord ings  f rom six bipolar  l/cads (occipi to-  
par ie ta l ,  occ ip i to - tempora l ,  in fe r ior  p a r i e t a l - i n f e r i o r  frontal ,  s y m m e t r i c a l l y  for  the left  and r ight  c e r e -  
bral  hemispheres ) .  The e lec t rode  located n e a r e r  to the occ iput  was taken as act ive in each pair .  The 
method of montage was such that an inc rease  in e lec t ronegat iv i ty  co r responded  to an upward deviation of the 
r eco rd ing  pen. The winding speed was 6 c m / s e c .  Cuts of the cu rve  3 sec in durat ion were  analyzed.  The 
EEG was analyzed manual ly  by the method suggested and developed by A. A. Genkim 

Changes in fluctuations of the mean  level of a s y m m e t r y  during 3 sec  (the p a r a m e t e r  A 3) in different  
types  of EEG were  studied by the co r re l a t ion  method. For  th is  purpose  the absolute  va lues  of  A 3 m e a s u r e d  
for  seven success ive  cuts of the EEG were  ranked. The co r r e l a t i on  coeff icient  for  this numer ica l  s e r i e s  
was ca lcula ted  by S p e a r m a n ' s  fo rmula  

6Zd ~ 
p =  1 - - N  (N ~ -  1), 

where  p is the coeff icient  of rank  cor re la t ion ;  N the sum of the ranked  va r i ab les ;  and Y~d 2 the sum of the 
squa re s  of d i f fe rences  between the ranks .  

The co r re l a t ion  coeff ic ients  were  calcula ted for cor responding  points of the left  and r ight  h e m i s p h e r e s  
( t r a n s v e r s e  or  i n t e rhemisphe r i c  connections) and for di f ferent  points in the same  hemisphe re  (longitudinal 
or  in t r ahemispher i c  connections).  The values  of p obtained were  divided into two groups: those below 0.3 
(weak corre la t ion)  and those above 0.3 (average  correlat ion)~ The signif icance of the d i f fe rences  was d e t e r -  
mined  by the X 2 c r i te r ion .  

The following curves  we re  analyzed: I) EEG with r egu l a r  a - r h y t h m ,  with mean  ampli tude not 
exceeding 50 gV, and with w e l l - m a r k e d  zonal d i f ferences  (9 subjects) ;  II) EEG with a - rhy thm,  a lmos t  wi th-  
out c l ea r ly  defined zonal d i f fe rences  between all reg ions  of the brain,  and with higher  than normal  a m p l i -  
tudes and index (10 subjects);  III) EEG with predominance  of f l -ac t iv i ty  and with i r r e g u l a r  slow waves  (10 
subjects) .  
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Fig. i. Fluctuations in A during a period of 21 see at different points 
of the brain of a healthy subject (A) and of patient B-ko, a man aged 
54 years (B). A) Regular ~-rhythm of EEG with frequency i0 Hz and 
amplitude 40-50 ~V, average index, and well-marked zonal differences. 
Medium frequency of fl-activity at the level 20 ~V. B) EEG shows slight 
diffuse changes indicating some disorganization of the ~-rhythm with 
focal changes on account of the presence of ~- and /X-waves in the right 
0ccipito-temporal and inferior parietal-inferior frontal regions. 
Diagnosis: brain tamor (arachnoidendothelioma) in the parieto- 
occipital region of the right hemisphere. Ordinate, values of A~ in 
conventional units (i conventional unit = 12.5 reset); abscissa, time (21 
see). i) Left occipito-parietal, 2) right occipito-parietal, 3) left 
inferior temporal and inferior frontal, 4) right inferior parietal and 
inferior frontal, 5) left occipito-temporal, and 6) right occipito-tem- 
poral regions. 

Fig. 2. Correlation coefficients of fluctuations in A 3. Shown above: ar- 
rangement of r eco rd ing  e lec t rodes  (black dots), montage of bipolar  leads 
(broken lines),  reg ions  compa red  (thick continuous lines). Ordinate,  
mean  co r r e l a t i on  coeff icients  (in %); absc i s sa ,  leads compared .  A) 
Cross  compar i sons :  a) between left and r ight  occ ip i to -pa r i e ta l  regions,  
b) between left and r ight  occ ip i to - t empora l  regions ,  c) between left and 
r ight  infer ior  pa r i e t a l - f ron ta l  regions ;  B L and B R) longitudinal c o m -  
pa r i sons  for r ight  and left  h e m i s p h e r e s  separa te ly :  k) between left  
occ ip i to -pa r i e t a l  reg ion  and left occ ip i to - t empora l  region; / )  between 
left  occ ip i to -pa r i e t a I  and left infer ior  par ie ta l  regions;  m) between 
left  occ ip i to - t empora l  region and left  infer ior  pa r i e t a l - f ron ta l  region.  

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  

The two graphs  given in Fig. 1 show fluctuations in the mean  values  of A 3 over  a per iod of 21 sec for 
six different  points in the brain  of a heal thy subject  and of a patient  with a brain tumor~ 

As the graph shows, the o r d e r s  of  the values  of the p a r a m e t e r  A 3 in fact  fo rm s e c o n d - o r d e r  waves  in 
t ime.  The per iod of f luctuation of these  waves  is unstable and va r i ed  even under normal  conditions. Under 
pathological  conditions the pa t t e rn  of f luctuations in A s with t ime is m o r e  complex still :  the range  of 
va r i a t ions  (or ampli tude of mean  values  of A 3) i n c r e a s e s  sharply,  whereas  thei r  per iod (or duration) r e -  
mains  as before.  
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Fig. 3. Scheme of pr incipal  changes in some p a r a m e t e r s  in 
two types  of EEG. Ar row indicates di rect ion ( r i se  or  fail) 
of change in values  studied compared  with ,normal .  Number  
of a r r o w s  indicates intensity of change. Inter.)  i n t e r h e m i -  
spher ic ;  intra.)  i n t r ahemispher i c ,  

A h i s tog ram of the values  of p is given in Fig. 2. For  s y m m e t r i c a l  points of the left and r ight  
h e m i s p h e r e s  (Fig. 2A) the values  of p a r e  below normal  in the type II and above normal  in the type III EEG. 
For  different  points of the left  h e m i s p h e r e  (Fig. 2B L) the values  of p a r e  e i ther  below normal  (kli; kiii; 
mii) , above normal  ( l id  mlii) , or  unchanged (/HI). For  the s ame  points of the r ight  hemisphe re  the values  
of p a r e  main ly  inc reased  (only in nail I do they r e m a i n  at the same level as  normal ly) .  It  mus t  be 
emphas i zed  that under normal  conditions the r ight  hemisphe re  has  lower values  of p than the left  (compare :  
l I B L a u d  BR or  m I B L and BR). 

It  is in teres t ing to c o m p a r e  these r e su l t s  with those of co r r e l a t i on  analys is  of p r i m a r y  EEG r e c o r d -  
ings. Zh i rmunskaya  e t  aL [7] found that the type II (hypersynchronized)  EEG is c h a r a c t e r i z e d  main ly  by a 
decrease in the cross-correlation coefficients for both interhemispheric and intrahemispheric connections. 
In the type III (desynchronized) EEG, the cross-correlation coefficient in the interhemispheric connections 
is reduced but that of the intrahemispheric connections, i.e., the longitudinal connections, is sharply in- 
creased. The pattern of these changes is compared in the scheme in Fig. 3, which shows that the two 
opposite states of brain electrical activity are characterized by different changes in the EEG parameters 
studied. 

As yet there is no unanimity regarding the nature of the G waves described by Artem'eva. She 
associates them with nonspecific forms of cortical activation and shows that a change in the mean level of 
asymmetry and disturbance of the periodicity of the G waves obey the rules governing orienting reflexes. 
Similar views are expressed by I. G. Dallakyan. 

The appearance of slow electrical potentials may be connected with phenomena of facilitation and 
inhibition in the brain. If the G waves are a real fluctuating process, they may be functionally connected not 
only with the orienting reflex, but also with other types of cortical activity. The changing pattern of distri- 
bution of the parameter A in sign and magnitude may evidently indirectly reflect the dynamics of excitation 
and inhibition in the cortical centers, which is determined by their variable functional state. Support for 
this hypothesis is given, in the authors' opinion, by the variations in configuration of theG waves and the 
independence of their dynamics in different parts of the brain, as is shown by the individual graphs and 
reflected in the changes in correlation coefficients shown in Fig. 3. 

The possibility that the G waves may be connected with the very slow waves of potential described by 
Aladzhalova [i] likewise cannot be ruled out~ In this case, the G waves may be responsible to some extent 
for the spatial organization of electrical potentials recorded on the EEG. However, another possibility is 
that spatial organization of brain electrical activity determined by a third factor (or group of factors) is 
manifested outwardly as the G waves. 

i. 

2. 
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