
15. VtI. 196~ Brevi connmicazioni - Brief Reports 343  

A N e w  T e c h n i q u e  of  R e c o r d i n g  C o r t i c a l  B l o o d  
F l o w  in  C a t s ,  S u i t a b l e  for  M e a s u r e m e n t  of  

A r t e r i o - V e n o u s  C o n c e n t r a t i o n  D i f f e r e n c e s  

In  a n  a t t e m p t  a t  m e a s u r i n g  cor t ica l  b lood flow by  
col lect ing t he  venous  blood from the  cauda l  end  of t he  
super ior  s ag i t t a l  sinus,  INGVAR a n d  S6DERBF.RG ~ found  
t h a t  t h e  m a j o r i t y  of o t h e r  v e n o u s  c o m m u n i c a t i o n s  f rom 
the  reg ion  s t ud i ed  could be  e l i m i n a t e d  b y  rep lac ing  the  
top  of t he  sku l l -bone  w i th  d e n t a l  cemen t .  This  p rocedure  
i n t e r r u p t e d  t he  diploic vessels t h a t  a n a s t o m o s e  wi th  the  
veins on  t he  cor t ica l  surface.  If  t he  f ron ta l  end  of the  
sag i t t a l  s inus  was t h e n  l iga ted  a n d  large superf ic ia l  ve ins  
a t  t h e  m a r g i n  of t h e  cor t ica l  a rea  to  be recorded  f rom 
were des t royed ,  t he  on ly  a n a s t o m o s e s  left  were the  com- 
m u n i c a t i n g  vessels b e t w e e n  the  super io r  a n d  infer ior  
sag i t t a l  s inuses.  INGVAR and  S6t)ERBERG x did no t  elimi- 
na t e  these  vessels  b u t  m a d e  a check  of t he i r  func t iona l  
i m p o r t a n c e  a n d  d i sca rded  those  e x p e r i m e n t s  in  which  
the  a n a s t o m o s e s  p r o v e d  to  be  ex tens ive .  Recen t ly ,  J 6 u s l s  
and  S6DERBERG 2 h a v e  appl ied  th i s  t e c h n i q u e  of r ecord ing  
cor t ica l  b lood flow on a n e u r o n a l l y  i sola ted cor t ica l  s lab  
of nea r ly  t h e  s ame  size as t h e  cor t i ca l  region recorded  from 
by  INGVAR a n d  SODERBERG (Figure  1 B). Dur ing  t he  pre-  
p a r a t i o n  of t he  s lab,  t h e  infer ior  s inus  could easi ly be remo-  
ved, a n d  the  venous  ou t f low f rom the  super io r  sag i t t a l  
s inus  was the re fo re  iden t i ca l  w i th  t he  t o t a l  ou t fh)w f rom 
the  slab.  However ,  t h e  e lectr ical  a c t i v i t y  of t he  isola ted 
cor tex  di f fered g r ea t l y  f rom t h a t  of t he  i n t a c t  b ra in .  For  
t h a t  reason,  p r o b a b l y ,  t he  b lood flow was also found  to 
h a v e  a lower r a t e  t h a n  one  would expec t  f rom o t h e r  
m e a s u r e m e n t s  La. The  a u t o r e g u l a t i o n  of t he  b lood vessels 
in r e sponse  to  changes  in a r t e r i a l  b lood  pressure  was also 
found  to be poor.  

In  o rder  to  c o m p a r e  the  v a s o m o t o r  a c t i v i t y  in the  iso- 
la ted  co r t ex  w i th  t h a t  of a more  i n t a c t  bra in ,  a new prepa-  
r a t i on  has  now been  deve loped  t h a t  occupies  a n  in ter -  
m e d i a t e  pos i t ion  b e t w e e n  t he  i so la ted  s lab  a n d  t he  i n t a c t  
co r t ex  used b y  INGVAR a n d  SODERBERG 1 

Methods.  The  ope ra t ion ,  wh ich  is pe r fo rmed  in two 
stages,  s t a r t s  in a way s imi la r  to  t h a t  descr ibed  b y  J 6 u s l s  
and  S6DERBERG 2 b y  s uck i ng  a wedge - shaped  c a v i t y  in 
one  h e m i s p h e r e  a long  t h e  en t i r e  l eng th  of t h e  sag i t t a l  
s inus  (Figure  1 A a n d  2). T he  groove  serves  two purposes :  
the  infer ior  sag i t t a l  s inus  can  be des t royed ,  a n d  blood 
flow will on ly  be col lected f rom p a r t  of one  hemisphe re .  
This  is a g r e a t  a d v a n t a g e .  I t  is easier  to  m a n a g e  a smal l  
v e n o u s  ou t f low a n d  rep lace  t h e  blood loss caused  b y  i t  b y  
i n t r a v e n o u s  in fus ion  a t  a r a t e  e q u a l  to  the  outf low,  a n d  
the  ca t s  -will t he re fo re  l ive longer.  In  add i t ion ,  in m a n y  
cats  t he  super io r  s ag i t t a l  s inus  is so n a r r o w  t h a t  i t  c a n n o t  
serve as t h e  sole v e n o u s  ou t f low f rom b o t h  h e m i s p h e r e s  
a f t e r  t h e  o t h e r  v e n o u s  ex i t s  h a v e  b e e n  i n t e r r u p t e d .  G r e a t  
va sod i l a t a t i ons  in the  co r t ex  will t h e n  cause  b r a i n  
oedema,  or s igns of it, a n d  such  e x p e r i m e n t s  will h a v e  to 
be d iscarded .  The  ros t r a l  end  of the  super io r  s inus  is t h e n  
l iga ted  a n d  a long i tud ina l ,  c u r v e d  groove  is dr i l led  in t he  
sku l l -bone  a p p r o x i m a t e l y  a long  t he  la te ra I  b o r d e r  of t he  
cor t ica l  region to be recorded  f rom (see F igure  2, b r o k e n  
line), t h e r e b y  i n t e r r u p t i n g  the  venous  c o m m u n i c a t i o n s  
t h r o u g h  diploic veins.  

T h e  end  of t he  ope ra t i on  is also s imi la r  to  t h a t  descr ibed  
by  J 6 B s m  a n d  SODERBERG~: t he  g roove  in t h e  b r a i n  is 
washed  w i th  H 2 0  ~ and  filled wi th  Ge l foam a n d  the  b o n y  
defects  are  covered  w i t h  d e n t a l  c e m e n t  t h a t  will also fix 
the  s i lver  ba l l  e lec t rodes  used for E E G  recording.  The  
a n i m a l  is a l lowed to  recover  for severa l  h o u r s  to  p e r m i t  
closure of d a m a g e d  b lood vessels  before  t h e  second s t age  
of t he  ope ra t i on  beg ins  w h e n  large doses of h e p a r i n  are 
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Fig.  ]. Cross seetiolls of a l l imals  o p e r a t e d  wi th  the  m 'w  tech))i( |ue 
(A) a n d  for  p r e p a r i n g  an  i so la ted  s lab  acc<)rding to .16usts a , ld S6-  

I)ERBERG a (]:[). 
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Fig. 2. Or ig ina l  record  of l)lood pressure ,  d r o p  s ignals  a n d  1"1"(; f rom 
three  a reas  on  the  side f rom which  the  b lood  fh)w wa~ reco rded  a n d  
frolll olle Oil the  e o n t r a l a t e r a I  hetllisph('r( ' .  "|'he ea t  was  p r e p a r e d  on 
the  d a y  before the e x p e r i m e n  t when  the  m i d - b r a i n  was  a lso  t ransc( ' t ed .  
Ca l ib ra t i ons  a)M top  view l)f r e co rd ing  s i t ua t i on  <m the  r igh t ,  l~roken 
line on the cor t i ca l  su r f ace  ind ica tes  the  g roove  in the  skul l-brine.  
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l"ig. 3. P ressure - f low diag~l';.llll (if Olle ca t  exper i lue l l t .  I'~aeh [Iol'izoll{~l[ 
line represen t s  the r a n g e  ,,f [lleasHFellleilts a t  ea( 'h flow ](~v(q. 
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g iven  to s top  coagu la t i on  a n d  t h e  super io r  s inus  is c a n n u -  
luted.  The  v e n o u s  ou t f low is re.corded as d rop  r a t e  a n d  
t h e  b lood is col lected for  f u t u r e  chemica l  analysis .  Af ter -  
w a r d s  t h e  b r a i n  is f ixed in fo rma l in  a n d  t h e  cor t i ca l  r eg ion  
recorded  f rom is d issec ted  free a n d  weighed.  

Results. As expec ted ,  the  p r e p a r a t i o n s  were found  to  b e  
more  s t a b l e  a n d  could  be  used  for longer  r eco rd ing  per iods  
t h a n  t hose  o b t a i n e d  w i t h  t h e  t e c h n i q u e  of INGVAR a n d  
SODERBERG. I n  t h e  a n i m a l s  t es ted ,  t h e  r a t e  of b lood  f low 
pe r  u n i t  w e i g h t  of c o r t e x  r ecorded  f rom usua l ly  exceeded  
t h a t  of t h e  i so la ted  s l ab  a n d  v a r i e d  b e t w e e n  0.17 a n d  
0.50 m l / g / m i n  a t  a sys to l ic  b lood  p ressu re  level  of 100 to  
120 m m  H g  a n d  a t  r e s t i ng  cond i t i ons  ( synchron ized  E E G  
a c t i v i t y  in  t h e  ce rveau  isol6 p r e p a r a t i o n ) .  A s a m p l e  of a n  
or ig ina l  record  is g iven  in F igu re  2 t h a t  also shows  t he  
r ecord ing  s i t u a t i o n  on  t he  r ight .  No te  t he  a b n o r m a l  E E G  
record  f rom t h e  r i g h t  h e m i s p h e r e  t h a t  is d a m a g e d  b y  t h e  
opera t ion .  

T h e  b lood  vessels  were d i l a t ed  in response  to  w h a t  is 
genera l ly  be l ieved  to be  increased  ac t iv i ty .  T h e y  also 
possessed t h e  ab i l i t y  of au to regu la t i on ,  bu f fe r ing  to  some 
e x t e n t  t he  effects  of changes  in b lood  pressure  on  t h e  flow 
r a t e  (Figure  3). As can  be  seen in t he  Figure ,  t he  s t r o n g e s t  
bu f fe r  a c t i v i t y  occur red  in t he  r ange  of n o r m a l  pressures .  
A u t o r e g u l a t i o n  could be  d e m o n s t r a t e d  also d u r i n g  in- 
a d e q u a t e  ven t i l a t i on .  

Glucose u p t a k e  was also m e a s u r e d  f rom r a t e  of b lood  
flow a n d  t he  a r t e r i o v e n o u s  c o n c e n t r a t i o n  difference.  I n  
r e s t i ng  cond i t ions ,  30 to  70 ~g were  t a k e n  u p  pe r  g / ra in ,  
a f igure  t h a t  is c o m p a r a b l e  to  t he  u p t a k e  of 44 t o  62 txg/g[ 
m i n  t h a t  h a s  b e e n  r e p o r t e d  for  t h e  whole  h u m a n  b r a i n  4, 
a n d  exceeds  t h e  u p t a k e  b y  t h e  s l ab  b y  a b o u t  50%.  

Comments. W h e n  ce rebra l  b lood  f low is measu red ,  t h e  
choice  of m e t h o d  is d e t e r m i n e d  b y  t he  a c t u a l  p rob lem.  
Th i s  is because  each  t e c h n i q u e  desc r ibed  in t h e  l i t e r a t u r e  
suffers  f rom i ts  i n d i v i d u a l  d r aw - backs .  I n  t hose  cases 
where  t h e  e x c h a n g e  of s u b s t a n c e s  b e t w e e n  b lood  a n d  
b r a i n  are  to  be measu red ,  i t  is of g r e a t  i m p o r t a n c e  to  
col lect  all t h e  b lood t h a t  ha s  passed  t h r o u g h  t h e  p a r t  of 
b r a i n  t h a t  is i n v e s t i g a t e d  a n d  also t h a t  the  b lood  samples  
do n o t  c o n t a i n  b lood  t h a t  h a s  pe r fused  o t h e r  t issues.  The  
p r e s e n t  t e c h n i q u e  seems to  fulfi l  t he se  r e q u i r e m e n t s  b e t t e r  
t h a n  m e t h o d s  p rev ious ly  p r e s e n t e d  for  r eco rd ing  b lood  
flow f rom a la rge ly  i n t a c t  p a r t  of t h e  b ra in .  F u r t h e r m o r e ,  
because  of t he  long t i m e  t h a t  is a l lowed for t h e  r ecove ry  
a f t e r  the  f i rs t  s tage  of ope ra t ion ,  a ce rveau  isoM p r e p a r a t i o n  
can  be  used  a n d  a n a e s t h e t i c s  avo ided .  

The  a u t o r e g u l a t i o n  is e v i d e n t l y  b e t t e r  p r e se rved  in this 
p r e p a r a t i o n  t h a n  in  t h e  i so la t ed  s lab  as r e p o r t e d  by 
J 6 B s l s  a n d  S(~DERBERG ~. Th i s  suggests  t h a t  m o s t  of the 
v a s c u l a r  response  to  changes  in b lood  p re s su re  is a result  
of t h e  ac t ion  of vessels  w i t h i n  t h e  region recorded  from, 
because  vessels  ou t s ide  t h i s  a rea  will n o t  be  d i s t u r b e d  by 
a n y  of t h e  desc r ibed  ope ra t ions .  The  a r te r ies  on  t h e  sur- 
face of  t he  t e m p o r a l  a n d  pa r i e t a l  lobes of  t h e  c a t ' s  b ra in  
a re  a lways  t h i n n e r  t h a n  0.5 r a m  in d i ame te r .  T h e  assump-  
t i on  t h a t  on ly  sma l l  vessels  are  r e spons ib le  for  t h e  auto-  
r egu la t ion  is in  a g r e e m e n t  w i t h  t h e  f ind ings  of, for  ex- 
ample ,  TEXTER e t  at. n, w h o  obse rved  a c h a n g e  in  res i s tance  
in sma l l  i n t e s t i n a l  b lood  vessels  s imi l a r  to  t h a t  seen  in  the 
ce rebra l  va scu l a r  bed  in t he  p r e sen t  e x p e r i m e n t s  w h e n  the  
b lood pressure  was  a l tered.  Since a u t o r e g u l a t i o n  could  be 
d e m o n s t r a t e d  also d u r i n g  i n a d e q u a t e  ven t i l a t i on ,  the  
whole  effect  c a n n o t  be  a r e su l t  of changes  in  pCO 2 in  the  
b r a i n  such  as are also k n o w n  to  in f luence  t he  cerebral  
v a s c u l a r  r es i s t ance  6. 

Zusammen/assung. Der  B l u t s t r o m  in der  H i r n r i n d e  der  
K a t z e  wurde  m i t  e iner  n e u e n  M e t h o d e  q u a n t i t a t i v  ge- 
messen  u n d  die R e s u l t a t e  m i t  f r i iheren  U n t e r s u c h u n g e n  
fiber die D u r c h b l u t u n g  eines ne rv6s  i so l ie r ten  R inden-  
l appens  verg l ichen .  Bei  n o r m a l e n  D r u c k v e r h / i l t n i s s e n  war  
die S t r 6 m u n g s g e s c h w i n d i g k e i t  0,17 bis 0,50 ml /g /min .  
S e l b s t s t e u e r u n g  des S t r S m u n g s w i d e r s t a n d e s  w a r  deu t l i ch  
v o r h a n d e n .  Die A u f n a h m e  yon  Glykose,  die aus  Durch -  
b l u t u n g  u n d  a r t e r i o v e n 6 s e r  Dif ferenz  b e r e c h n e t  wurde ,  
b e t r u g  30 bis  70 t~g/g H i r n g e w e b e / m i n .  
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