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Spontaneous f luctuations of oxygen tension were  d i scovered  in pat ients  with pa rk inson i sm 
by means  of e l ec t rodes  implanted into the ce l lu la r  s t r uc tu r e s  of the b ra in  and its white ma t -  
t e r .  Three  types  of p r o c e s s e s  were  dist inguished and di f ferences  in the durat ion of the 
per iodic  component  of the pO 2 f luctuations with c h a r a c t e r i s t i c  d i f fe rences  in the var ious  
b ra in  s t r u c t u r e s  were  revea led  by co r re l a t ion  ana lys i s .  In some  ca se s ,  spec t r a l  ana lys i s  
r evea led  signif icant  d i f fe rences  between the f luctuations of 130 2 in the white ma t t e r  and the 
ce l lu la r  s t r u c t u r e s  of the bra in .  

The study of the oxygen tension (pO 2) in subcor t i ca l  fo rmat ions  of the human bra in  has  shown [3, 5, 7] 
that  the 1302 level  in some of them does not r e m a i n  constant  but undergoes  fluctuations of var ied  duration.  

This paper  desc r ibes  the r e su l t s  of a ma themat i ca l  ana lys is  of spontaneous fluctuations in the pO 2 
level  in ce r ta in  deep s t ruc tu r e s  of the human bra in .  

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

Tes ts  were  c a r r i e d  out on 5 pat ients  with chronic  postencephal i t ic  pa rk inson i sm and 1 pat ient  with 
myoclonic  epi lepsy ,  into whom 30-36 long-s tay  i n t r a c e r e b r a l  e lec t rodes  had been implanted for  the rapeu-  
t ic and diagnostic  purposes  [2]. The oxygen cathode technique, using a mult ichannel  dc ampl i f i e r  with out- 
put connected to a type N-320/9  osc i l lograph ,  was used to r e co rd  pO 2. I n t r a c e r e b r a l  e l ec t rodes  0.1 m m  in 
d i a m e t e r  were  used as  cathodes of the po la rographic  cello A Ag-AgC1 e lec t rode  was used for  compar i son .  
Cuts of the r e c o r d  of the pO 2 level ,  5-10 rain in durat ion,  obtained f rom the pat ients  while awake and at  r e s t ,  
were  analyzed.  The m a t e r i a l  was coded on a "Silhouette" conver t e r .  The quantizat ion s tep was 1.6 sec.  
The co r r e l a t i on  function and power s p e c t r u m  of the p roces s  were  calculated by compute r  using the p r o -  
g r a m s  of Belyaev and Orlov [1]. Simultaneously with the compute r  ana lys i s ,  some of the m a t e r i a l  was s u b -  
jected to visual  ana lys i s :  the index of the 1302 waves ,  i .e . ,  the percen tage  of the t ime during which f luctua- 
tions with a durat ion of 4 to 300 sec  were  obse rved  in a 5-min cut of the r e c o r d  were  observed ,  was de t e r -  
mined.  

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

After  the 3rd  week of the pos topera t ive  period, 92% of the e lec t rodes  implanted into ce l lu la r  s t r uc tu r e s  
and 40% of e l ec t rodes  implanted into white m a t t e r  detected a t~attern of pO 2 fluctuations,  reproducib le  on 
repe t i t ion  of the invest igat ions ,  as well  as  r epea ted  changes in pO 2 during inhalation of oxygen and hyper -  
venti lat ion.  After  the e iec t rodes  had r em a i ned  for  3-6 months in the b ra in , the  1302 waves  d i sappeared ,  ev i -  
dently because  of local changes in the neurogl ia l  and vascu l a r  format ions  in the vicini ty of the e lec t rode  and 
changes in the act ivi ty  of the e lec t rode  su r face .  

The pO 2 level  in mos t  s t r u c t u r e s  of the human b ra in  shows spontaneous osci l la t ions  c rea t ing  a pa t t e rn  
of 1302 waves  of d i f ferent  ampl i tudes  (from 1 to 50% of the absolute 130 2 level) and shape,  which in 80%of  
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Fig. 1 Fig. 2 

Fig. 1. Spontaneous waves of pO 2 in bra in  s t ruc tu res  of waking patient at  r es t :  I) 
vent rola tera l  thalamic nucleus; II) an te r ior  ventral  thalamic nucleus; III) globus 
pallidus; IV) red nucleus; V and vD region of ventrolateral  nucleus border ing  on 
internal  capsule.  

Fig. 2. Autocorre la t ion  analysis  of spontaneous pO 2 waves in some subcort icaI  
bra in  s t ruc tu res  of a patient (from top to bottom: putamen, ventrola tera l  thala- 
mic nucleus, and re t i cu la r  thalamic nucleus) awake and in a res t ing  state (left) 
and while memor iz ing  in operative memory  tests  (right). Ordinate, coefficient of 
cor re la t ion  function; absc i ssa ,  delay (in see). 

cases  revealed cer ta in  special  features in different bra in  s t ruc tures  (Fig. 1). The thalamic nuclei were 
charac te r i zed  by predominance of waves 5-20 sec in duration and with a mean amplitude of not more  than 
15% of the absolute pO 2 level. For  the central  regions of both parts  of the globus pallidus there were typical waves 
2-5 sec in duration. The pat tern of pO 2 waves in the amygdaloid nucleus is composed of waves f rom 1 to 40 sec in 
duration, dominated by high-amplitude osci l lat ions f rom 8 to 10 sec indurat ion.  The pa t te rnof  pO 2 waves in the 
s t ruc tures  of the cerebra l  peduncles was uniform and consis ted of waves 5-10 sec in duration. In the deep 
bra in  s t ruc tu res  and in the cor tex of the patient with myoclonic epilepsy the spec t rum of pO 2 waves was 
dominated by pointed waves of shor t  duration (4-8 sec) and considerable amplitude (up to 40% of the pO 2 
level). 

Correla t ion analysis  showed 3 possible types of p rocesses  in the pO 2 waves in the bra in  s t ruc tures ,  
just as in the EEG [6]. The f i rs t  p rocess  was nonperiodic or  random, with an exponential au tocorre la t ion  
function (Fig. 2). This type of p rocess  is cha rac te r i s t i c  of pO 2 waves in the red nucleus and s t r io -pa l l idary  
complex. The second type of p rocess  was quasiperiodic,  and was typical of the pO 2 waves in mos t  bra in  
s t ruc tu res .  In some cases  the periodic component consis ted of 2 or 3 waves,  and it was completely extin- 
guished at �9 = 15 sec.  In other cases ,  which were more  commonly observed,  extinction took place with a 
high dec rement  (up to 0.7). The third type of process  (periodic) was found in pO 2 waves in some nonspecific 
nuclei of the thalamus,  the ventrola tera l  thalamic nucleus, the outer par t  of the globus pallidus, and the 
caudate nucleus. The periodic component of the waves had a duration of 3.5 to 10 sec.  Waves of pO 2 in the 
white mat te r  and in the cel lular  s t ruc tures  (cerebral  peduncles and globus paltidus in 15% of cases) showed 
pulse waves of pO 2 with a period of about 1 sec.  The power spect ra  of the pO 2 w a v e s  in most  cel lular  for-  
mations were approximately l inear in shape with a maximum in the region of longest-period harmonics  or 
waves with a duration of 6-11 sec.  The power spec t ra  of the pO 2 waves in the white mat te r  showed a maxi-  
mum within the region of harmonics  f rom 1 to 6 sec in duration. 

The possibil i ty of finding a periodic component and the cha rac te r  of the spec t rum of the pO 2 waves in 
the human bra in  were determined by severa l  factors .  The spectra l  composit ion of the spontaneous fluctua- 
tions of pO 2 level in some s t ruc tu res  showed diurnal var iat ions.  Starting f rom 3-5 P.M. or la ter ,  as the 
time of natural s leep drew near ,  gradually increasing changes appeared in the pat tern of the pO 2 waves in 
some subcor t ical  nuclei (most c lear ly  marked in the nonspecific nuclei of the thalamus and substantia 
nigra),  and manifested by a marked increase  in s trength or  by the appearance de novo of the periodic com- 
ponent. By 10-11 P.M. the pat tern  of DO 2 w a v e s  in these s t ruc tures  revealed nondecrementaI  regula r  waves 
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Fig. 3. Power  spec t r a  of spontaneous waves  of 
oxygen tension in the cen t ra l  tha lamic  nucleus 
(1) and in terna l  capsule (2) of a pat ient  awake 
and at  r e s t .  Ordinate ,  power  of s pec t r a l  com-  
ponents; a b s c i s s a ,  durat ion of pO 2 waves  (in 
see).  

f r o m  6 to 12 sec  in durat ion.  The s p e c t r u m  of spon- 
taneous pO 2 waves of the b ra in  was m o s t  c lea r ly  de- 
pendent on the functional s ta te  of the bra in .  The pe r i -  
odic component  and spec t rum showed c l ea r  changes 
as the pat ients  p e r f o r m e d  mental  (Fig. 3) or  motor  
act ivi ty  in r e sponse  to an instruct ion,  as the r e su l t  of 
admin i s t r a t ion  of pha rmaco log ica l  agents  (central  
cholinolytics and genera l  anes the t ics ) ,  or  under  the in- 
fluence of diagnostic  and therapeut ic  e l ec t r i ca l  p roce -  
dures .  Variat ions in the spontaneous pO 2 waves  in 
d i f ferent  b ra in  s t r u c t u r e s  a re  a t t r ibutable  to the 
m a r k e d  nonhomogeneity (functional and anatomical)  of 
the s t r u c t u r e s  and the high labil i ty of the p a r a m e t e r  
studied. This goes some way toward explaining the 
fact  that  invest igat ions under taken to give a p rec i se  
desc r ip t ion  of spontaneous pO2 waves in var ious  s t ruc -  
tu res  of the human b ra in  [3, 4] have proved  ineffect ive.  

Inves t igat ions  in this d i rec t ion  using an adequate  ma thema t i ca l  s y s t e m  will pe rhaps  r evea l  even more  r e -  
l iable f ea tu res  dist inguishing pO 2 in the var ious  fo rmat ions  of the human bra in  of poss ib le  p rac t ica l  imp o r -  
tance for  neu rosu rge ry .  
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