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E x p e r i m e n t a l  Product ion  of  Very  S m a l l  Les ions  
by  E lec trocoagu la t ion  

Lesions  in t h e  cen t r a l  n e r v o u s  s y s t e m  m a y  be  m a d e  for 
e i t h e r  of two  p u r p o s e s :  (1) for local ised destruction of 
n e r v o u s  t i s sue  ( e l imina t ion  of d i so rdered  e l e m e n t s  in  
cl inical  cases;  p r o d u c t i o n  of b e h a v i o u r a l  or h is to logica l  
changes  in r e sea rch  work) ,  (2) for marking t h e  exac t  s i te  
of t he  t ip  of e lec t rodes  used in s t i m u l a t i n g  or r ecord ing  
e x p e r i m e n t s .  

E l ec t rodes  used for e l i m i n a t i o n  a re  genera l ly  n o t  v e r y  
t h i n ,  a n d  o f t en  h a v e  a long n o n - i n s u l a t e d  t ip,  as fa i r ly  
large lesions are  requi red .  Sa t i s f ac to ry  resu l t s  c an  t h e n  be  
o b t a i n e d  w i t h  a l t e r n a t i n g  c u r r e n t s  in t he  f r e q u e n c y  r ange  
of a few h u n d r e d  kc/sec 1,2. 

I n  a n u m b e r  of cases,  however ,  t h e  need  for t h i n n e r  
e lec t rodes  a n d  smal l e r  lesions arises,  e i t h e r  because  t h e  
b r a i n  of t he  e x p e r i m e n t a l  a n i m a l  i tse l f  is v e r y  small ,  or  
because  t he  e x p e r i m e n t  invo lves  t he  use of micro-elec-  
t rodes  (as in s ingle u n i t  recording) .  I f ound  t h a t  a l te r -  
n a t i n g  c u r r e n t s  of t he  t y p e  j u s t  m e n t i o n e d  p roduce  lesions 
of poor  qua l i t y ,  or  even  no  coagu la t i on  a t  all. 

To  i den t i fy  t he  f ac to r  r espons ib le  for  t he se  unsa t i s -  
f ac to ry  resul ts ,  I m a d e  ' les ions '  in t he  w h i t e  of hens '  eggs, 
in  wh ich  t he  d e v e l o p m e n t  of t he  coagu la t e  c an  be  followed 
u n d e r  t he  microscope.  I t  soon b e c a m e  clear  t h a t ,  w h e n  
t h e  surface  a rea  of t he  n o n - i n s u l a t e d  t i p  of t h e  e lec t rode  
is sma l l e r  t h a n  a c e r t a i n  size, gas  b u b b l e s  deve lop  in t h e  
coagu la t e  a t  t he  c u r r e n t  s t r e n g t h  necessa ry  to p roduce  a 
lesion. W i t h  ve ry  smal l  t i p  sizes, gas  b u b b l e s  a p p e a r  f i rs t  
a n d  no  coagu la t e  is fo rmed  a t  all. 

I h a v e  no  def in i te  p roof  as to  t he  n a t u r e  of t h i s  gas. I t  
does  n o t  a p p e a r  to  be  c o m b u s t i o n  gas, for  no  s p a r k s  or  
o t h e r  ev idence  of b u r n i n g  a re  to  be  seen w h e n  i t  is formed.  
I t  is no t  l ikely t h a t  t he  gas is w a t e r  vapour ,  for t he  b u b b l e s  
do no t  d i s a p p e a r  b y  c o n d e n s a t i o n  w h e n  t he  c u r r e n t  is 
swi t ched  off. Th~ m o s t  p laus ib le  h y p o t h e s i s  seems to  be  
t h a t  t h e  gas  is f o r m e d  b y  e lec t ro lys is  occur ing  a t  t h e  
e lec t rode  t i p  a b o v e  a c e r t a i n  c u r r e n t  dens i ty .  Elec t ro lys is ,  
however ,  c an  be  r e s t r i c t ed  b y  t he  use of h i g h e r  f requencies .  

Therefore ,  I i n v e s t i g a t e d  t h e  inf luence  of t he  f r e q u e n c y  
on  t he  q u a l i t y  of lesions m a d e  w i t h  smal l  e lec t rodes  ~. 

The  e lec t rodes  used  were m a d e  of e l ec t ropo l i shed  
t u n g s t e n  wire  of va r ious  d i ame te r s ,  i n s u l a t e d  w i t h  glass 
b u t  for  t h e  t ip ,  t he  sur face  a r ea  of w h i c h  was e s t ab l i shed  
microscopical ly .  T h e  lesions were aga in  m a d e  in t he  w h i t e  
of h e n s '  eggs. 

I n  F igure  1 t he  resu l t s  of these  e x p e r i m e n t s  are  p l o t t e d  
for a r ange  of e lec t rode  t ip  a reas  a g a i n s t  t he  f requencies  
used.  I t  is c lear  t h a t  for  each  f r e q u e n c y  t h e r e  is a m i n i m u m  
e lec t rode  t ip  a r ea  w i t h  w h i c h  a good lesion can  be made ,  
a n d  t h a t  th i s  m i n i m u m  size shi f t s  to  smal le r  va lues  w i t h  
inc reas ing  f requency .  H e n c e  for each  e lec t rode  size t h e  
m i n i m u m  f requency ,  be low w h i c h  no  lesion of good 
q u a l i t y  c a n  be  p roduced ,  is f ixed (F igure  2) a n d  t h e  use of 
t h i n n e r  e lec t rodes  is on ly  poss ible  w i t h  h i g h e r  f requencies .  

I t  m a y  seem, therefore ,  t h a t  t he  h ighe r  t he  f r equency  of 
t he  gene ra to r ,  t he  b r o a d e r  i ts  field of app l i ca t ion .  Th e  
dif f icul t ies  of h a n d l i n g  h i g h  f r equency  cu r ren t s ,  however ,  
increase  w i t h  t he  f requency ,  because  more  ene rgy  is lost  
ove r  t he  c a p a c i t y  of t he  c o n n e c t i n g  cable ,  t h e  e lec t rode  
insu la t ion ,  a n d  o t h e r  s t r a y  capaci t ies .  As i t  is i m p o r t a n t  
to  know the  e n e r g y  de l ive red  a t  t he  e lec t rode  t ip ,  a n d  
e x a c t  m e a s u r e m e n t  of th i s  ene rgy  is on ly  possible  if losses 
are  sma l l  in compar i son ,  t he  bes t  g e n e r a t o r  for a c e r t a i n  
pu rpose  is t he  one  g iv ing  a f r e q u e n c y  j u s t  h igh  e n o u g h  to  
p roduce  s a t i s f ac to ry  lesions w i t h  t h e  e lec t rode  size used  
in t h e  p a r t i c u l a r  e x p e r i m e n t .  

t0' 

:o 
N O O O  

3o 
:) 

i0 ~ _~ 

8~ 
x×x 

4 

3 

Z 

j 10 z 

8 

.=_ 6 

~ 3  
g' 2 

10 

810z 

,,, Good lesion 
o Lesion with gas bubbles 
× Gas bubbles 

O 0  
O 0 0  

$g° 

0 

× • 

0 
O× 

x x  O 0  

x 

× X  

0 0 0  

O 

O 

4 
0 
0 

OO 

I I I X l X l  i ~ l l  I I r r I I I ~  I~ 

2. 3 4 5 6789103 2, 3 ~ 5 6 7 8 9 1 0  ~ 

Frequency in kc/sec 

Fig. 1. The  quality of a lesion depends on the surface area of the 
electrode tip and the frequency of the current. 

Fig. ~. Tungsten mieroelectrode used with a lesion current of suf- 
ficient frequency, giving a lesion. 

Zusammen/assung. Es wird  gezeigt ,  dass  E l e k t r o k o a g u -  
l ieren m i t  k l e inen  E l e k t r o d e n s p i t z e n  n u r  d a n n  m6gl ich  
ist,  w e n n  h o h e  F r e q u e n z e n  g e b r a u c h t  werden ,  sons t  b i l den  
s ich Gasb la sen .  Je  k le iner  die Spi tze  ist, des to  h 6 h e r  muss  
die F r e q u e n z  gew~ihlt werden .  
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