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Tes t s  were  c a r r i e d  out on pat ients  with pa rk inson i sm t r ea ted  by the method of l ong- s t ay  
implanted e l e c t r o d e s .  The c h a r a c t e r  of r e sponses  of the subcor t i ca l  neuron populations 
to s t imulat ion by single pulses  was r eco rded  ex t r ace l l u l a r l y  during therapeut ic  and d iag-  
nost ic  p r o c e d u r e s .  The tha lamic  nuclei  had the h ighes t  level  of exci tabi l i ty ,  followed by 
the s t r i o - p a l l i d a r y  complex  and, finally, by nuclei of the b ra in  s t e m .  Threshold  pulses  
evoked spike act ivi ty  only in the region of s t imula t ion .  Supral iminal  pulses  evoked a 
local  dec r ea s e  in unit act ivi ty  toge ther  with s imul taneous  but va r i ed  dis tant  changes in 
act ivi ty  in the neuron populations e l sewhere  in the subcor tex .  
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E x p e r i m e n t a l  s tudies  of the ef fec t  of an e lec t r i c  cu r r en t  on the bra in  and r e sponses  of the mo to r  and 
autonomic s y s t e m s  accompanying this ef fec t  [1, 5, 8, 19] have provided the theore t ica l  bas is  for  the t h e r a -  
peutic and diagnostic  applicat ion of e l ec t r i c  c u r r e n t s  to deep bra in  s t r u c t u r e s  in pat ients  under  t r e a t m e n t  
by the method of long-s tay  implanted e l ec t rodes  [3, 4]. Yet expe r imen ta l  obse rva t ions ,  however  comple te ,  
requ i re  fu r the r  study under  c l in ica l  condit ions.  

The object  of this invest igat ion was to study the level  of exci tabi l i ty  and r e sponses  of the basa l  
gangl ia  of the human bra in  to e l e c t r i c a l  s t imula t ion .  

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

Unit act ivi ty  (UA) of neuron populations (NPs) was r e c o r d e d  in the deep brain  s t r u c t u r e s  of six 
pat ients  with chronic  pos tencephal i t ic  pa rk inson i sm,  into each  of whom 30-36 tong-s tay  i n t r a c e r e b r a l  
e l ec t rodes  had been implanted for therapeut ic  and diagnostic  pu rposes  [2]. Act ivi ty  of 130 units was 
analyzed.  

The bra in  e l ec t rodes  were  80-100 ~ in d i ame te r ,  insulated throughout with f luoroplas t  except  for  
the contact  sur face  of the tip, 1 m m  in length, and connected into bundles with six e l ec t rodes  in each  
bundle.  Because of the large contact  su r face  of the e lec t rodes  the r e c o r d  of unit act ivi ty was a "tuft" of 
d i s cha rges ,  and only spikes with the highest  amplitude were  analyzed.  It was a s sumed  that  in that  case  
the act ivi ty of neurons  located c lo ses t  to the record ing  sur face  of the e lec t rode  would be obtained [6]. 

To isola te  spikes  with an ampli tude of a spec i f ied  value an ampli tude d i s c r i m i n a t o r  was used;  
pulses  at its output were  counted with the aid of the PS-100 counter  over  in te rva ls  of 15 sec or  they were  
led into in teg ra to r s  of an MN-7 analogue compute r  and r e c o r d e d  on a mult ichannel  po ten t iomete r  as a 
function of cu r r en t  f requency .  Where  spike act ivi ty  was counted with the PS-100 counter  the r e su l t s  were  
displayed as g raphs  with the number  of d i scha rges  plotted along the ordinate and the i r  dynamics  under  the 
influence of e l e c t r i c a l  s t imulat ion along the a b s c i s s a .  Bipolar  e l ec t r i c a l  s t imulat ion of NPs was c a r r i e d  
out with single biphasic  pu l ses .  The s t imulus  durat ion was 0.1 msee  throughout the invest igat ions and the 
voltage va r ied ,  depending on the specif ic  purpose  of the invest igat ion,  f rom 4 to 16 V. 
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Fig.  1. Dete rmina t ion  of th reshold  of s t imu-  
lation in region of red  nucleus .  In tegra ted  
r eco rd  (reading f rom bot tom to top) of unit 
act ivi ty of neuron population of r ed  nucleus 
in r e sponse  to single pulses  of 11, 12, and 
13 V. Time of s t imulat ion m a r k e d  by s t r a igh t  
l ine.  Shift of curve  to the r ight  denotes in-  
c r e a s e  in f ir ing r a t e ;  sp ike - shaped  shif t  of 
curve to the left  denotes automatic  inac t iva-  
tion of pen of ins t rument  at  moment  of s t imu-  
lation. 

sec 

Fig.  2. Multichannel in tegrated record ing  
(read f rom bot tom to top) of unit ac t iv i ty  in 
v e n t r o - l a t e r a l  nucleus (1) and cen t rum 
medianum (2) of tha lamus  and also in region 
of media l  component  of globus pallidus (3) at 
t ime of applicat ion (arrow) of a single pulse 
of 6 V, threshold  level  for  v e n t r o - l a t e r a l  
nucleus .  Shift of cu rves  to the lef t  denotes 
a d e c r e a s e ,  to the r ight  an inc rease  in f ir ing 
r a t e .  

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 resu l t s  showed that the subcor t i ca l  s t r uc tu r e s  
invest igated can be subdivided on the bas i s  of the. 
threshold  of s t imulat ion into three  main groups .  The 
f i r s t  group consis ted  of thalamic nuclei,  in whose NPs 
s t imulat ion by pulses  of 6-7 V led to an init ial  dynamics  
of spontaneous UA. The threshold  of s t imulat ion of the 
nonspecif ic nuclei was 1 V higher  than that  of the spe -  
cific,  namely  7 V. 

The second group of nuclei  was the s t r i o - p a l l i d a ry  
complex.  The threshold of s t imulat ion in these s t r u c -  
tu res  was a little higher  than in the thalamic nuclei,  
namely  10 V. Finally,  the s t ruc tu r e s  with the highest  
threshold  of s t imulat ion of all that were  t es ted  were  
nuclei in the bra in  s t em (group 3). The threshold  of 
s t imulat ion of these s t r u c t u r e s  was 12 V. 

Threshold  pulses  evoked a different  pat tern  of 
spontaneous UA in all NPs of the subcor t ica l  s t r uc tu r e s .  
In some format ions  (thalamic nuclei) the number  of unit 
d i scharges  dec rea sed  immedia te ly  a f te r  the spike by a 
substant ia l  amount,  s o m e t i m e s  to 59% of the initial 
va lue .  In other  s t r uc tu r e s  (red nucleus,  substant ia  
nigra) ,  on the other  hand, immedia te ly  a f te r  s t imulus 
the firing ra te  inc reased  (Fig. 1). These changes were  
of shor t  durat ion (of the o rde r  of s e v e r a l  tens of 
seconds),  a f te r  which UA of the NP studied re tu rned  to 
its initial level .  Stimulation by threshold  pulses  for  a 
given NP led to the dynamics  of spontaneous UA de-  
sc r ibed  above in the region of s t imulat ion only, and no 
changes in UA were  induced e i the r  in dis tant  NPs func- 
t ional ly connected with the NP studied or  in populations 
lying next  to the region s t imula ted  (in the zone Of the 
neighboring e lec t rode  2 m m  away) (Fig. 2). 

In another  pa r t  of the invest igat ion single pulses  
of supra l imina l  voltage were  used.  The supra l imina l  
voltage was obtained by increas ing  by 25~ the threshold  
voltage c h a r a c t e r i s t i c  of the pa r t i cu la r  group of sub-  
co r t i ca l  s t r u c t u r e s .  In r e sponse  to supra l imina l  s t imu-  
lation the spontaneous IA was reduced by a va r i ed  de -  
g ree  in all NPs studied. The r e c o v e r y  cycle of UA to 
its initial  level  was c h a r a c t e r i s t i c  of each  of the three  
groups of subcor t i ca l  s t r u c t u r e s  l is ted above. The 
m o s t  ma rked  slowing of UA af ter  the s t imulus  was ob- 
se rved  in the tha lamic  nuclei .  Recovery  to the original  
level  took place af ter  3-4 min.  In the s t r i o - p a l l i d a r y  
region af ter  the s t imulus  there  was a ve ry  sl ight  de -  
c r e a s e  in f ir ing r a t e ;  the or iginal  level  of UA was r e -  
s to red  af ter  1-2 rain, but in some cases ,  having reached  

its or iginal  19vel, UA c l imbed to 20-25% above it, to re tu rn  finally to its initial  values  in the course  of the 
next 3-4 rain.  The dec rea se  in f requency of UA was min imal  in NPs in the bra in  s tem,  with r e c o v e r y  of 
the original  level  in the course  of 2-3 rain. Besides  the dynamics  of UA desc r ibed  above in the region of 
applicat ion of the s t imulus ,  in the case  of supra l imina l  e l ec t r i c a l  s t imulat ion a va r i ed  change in the UA 
pat te rn  was observed  s imul taneous ly  in NPs of other  s t r uc tu r e s  connected hmct ional ly  with the region 
s t imula ted .  These changes in UA could take the fo rm of e i ther  an inc rease  or  a dec rea se  in the f requency 
of the d i scha rges .  The functional s tate  of the var ious  subcor t i ca l  s t r uc tu r e s  could thus be read jus ted  in 
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Fig. 3 .  Averaged graph of dynamics of unit 
discharge frequency in region of pulvinar 
(I) and centrum medianum (2) of thalamus 
and in region of red nucleus (3) after appli- 
cation (arrow) of single supraliminal pulse 
(I0 V) in region of centrum medianum. Ab- 
scissa, time (in rain); ordinate, number of 
spike discharges during 15-sec recording 
inte rvals. 

var ious  ways p r i m a r i l y  through a change in the rune- 
tional state of the region s t imulated.  The duration of 
this genera l  retuning did not exceed on the average 4-5 
rain, a f te r  which the f requency of UA in the s t ruc tu res  
re tu rned  to its initial values (Fig. 3). 

The resu l t s  of this investigation, based on r e -  
eordings of unit activity,  a fine and sensi t ive index of 
the functional state of the s t ruc tu re  investigated,  not 
only demonst ra te  the dif ferent  levels of exci tabiI i ty of 
the basal  ganglia, but also predic t  the conditions of e l ec -  
t r icaI  st imulation under which purely  locaI or  both Iocal 
and distant changes in UA will a r i se .  

The resu l t s  of exper imen ta l  investigations show- 
ing a definite connection between responses  of sub- 
cor t i ca l  origin,  on the one hand, and the functional level  
of the subcor t ica l  s t ruc tu re s  and p a r a m e t e r s  of the e l e c -  
t r ica l  st imulation used, on the other  hand [7, 9, l l ]  are  
complementa ry  to the data descr ibed  above and they 
point to the need for a di f ferent ia l  approach to the choice 

by the cl inician and neurophysiologis t  of the p a r am e te r s  of therapeutic  and diagnostic e l ec t r i ca l  s t imula-  
tion applied to deep bra in  s t ruc tu re s  in o rde r  to obtain comparable  eIinieal  ef fec ts .  The use of supra -  
l iminal single pulses for  these p rocedures  Ieads to physiological  i r radia t ion of exci tat ion f rom the region 
of s t imulat ion and to a change in the level  of exci tabi l i ty  of other  s t ruc tu re s .  These distant  changes r e -  
f lee t  re turning of the functions of individual a reas  and components of the sys tem controll ing a par t i cu la r  
bodily function that takes place under  these c i r cums tances  and, in turn,  accounts for  the complex cen t ra l  
mechanism of pe r iphe ra l  r e sponse s .  
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