
15. 8. 1976 Specialia 1021 

Although  the  morphologica l  difference of the  cerebral  
vascu la ture  be tween  N T R  and  S H R  is minimal ,  vaso- 
d i la tory  response  of cerebra l  ar ter ies  to  t he  lowering of 
M A P  seems insuff ic ient  in SHR,  resul t ing  in the  lower 
l imit  of au toregula t ion  to  be shif ted to  95 m m  Hg of MAP, 
which is appa ren t l y  h igher  t h a n  t h a t  in NTR.  

The lower l imit  of au toregu la t ion  is also a l tered  by  
anes the t ic  or changes  in PaCO~",l~ H y p e r c a p n i a  m a y  
to ta l ly  impai r  the  au toregula t ion  or raise the  lower l imit  
upwards ,  whereas  hypocapn ia  m a y  have  an adverse  
effect  on the  autoregula t ion .  

In  our  previous  studies,  b i la tera l  carot id  a r t e ry  occlu- 
sion caused an ex t r eme ly  h igh  mor t a l i t y  1~, a ma rk ed  
increase in anaerobic  glycolyt ic  metabo l i t es  of the  
bra in  12, and d i f fuse-extens ive  cerebral  infarc ts  in S H R  8, 
while a lower mor ta l i ty ,  a min imal  increase in me t ab -  
olites and smal l -c i rcumcr ibed  infarc ts  were observed  in 

NTR.  These biochemical  and  histological  changes  follow- 
ing bi la tera l  caro t id  occlusion in S H R  seem a t t r i bu t ed  to  
the  h e m o d y n a m i c  difference r a t h e r  t h a n  the  morpholog-  
ical difference of t he  cerebral  ar ter ies  be tween  two 
groups.  I t  is l ikely t h a t  cerebral  perfus ion pressure follow- 
ing caro t id  occlusion m i g h t  fall below the  lower l imit  of 
au toregula t ion  in SHR,  bu t  no t  in NTR.  

9 ]c~. HA.GGENDAL and B. JOHANSSON, Acta physiol, scand. 66, suppl. 
258, 27 (1965). 

Io A. L. SMITH, J. L. NEIGH, J. C. HOFFMAN and H. WOLLMAN, J. 
appl. Physiol. 29, 665 (1970). 

11 M. ]:~UJISHIMA, J. OGATA, T. SUGI alld T. OMAE, J. NeuroI. Neuro- 
surg. Psychiat., in press (1976). 

n M. FUDSmMA , T. SUGI, Y. MOROTO~I and T. OMAE, Stroke 6, 62 
(1975). 

C a r o t i d  B a c k  P r e s s u r e  F o l l o w i n g  B i l a t e r a l  C a r o t i d  O c c l u s i o n  i n  N o r m o t e n s i v e  a n d  S p o n t a n e o u s l y  
H y p e r t e n s i v e  R a t s  

M. FUJISHIMA and T. OMAE 

The Second Department o/ Internal Medicine, The Faculty o/ Medicine, Kyushu University, Maidashi 3-I-I, Higashi-Ku, 
Fu#uoka City 812 (Japan), 72 January 7976. 

Summary. In  SHR,  CBP fell marked ly  and remained  below 50 m m  Hg af ter  carot id  occlusion despi te  SBP  being ele- 
va ted ,  while in N T R  changes  in CBP were re la ted  wi th  changes  in SBP. Vascular  res is tance  of the  bra in  in hype r t ens ive  
ra t s  is discussed. 

Bi la teral  caro t id  a r t e ry  occlusion causes a diffuse and  
ex tens ive  cerebral  infarc t ion  in spon taneous ly  h y p e r t e n -  
sive ra t s  (SHR)1, resul t ing  in a grea t  increase in lac ta te  
and  l ac t a t e -py ruva t e  ra t io  2, and  a h igh  m o r t a l i t y  a, 
whereas  in no rmotens ive  ra t s  (NTR) it causes a min imal  
metabol ic  and  histological  change  of the  brain.  These 
observa t ions  suggest  t h a t  cerebral  perfus ion pressure  fol- 
lowing bi la tera l  caro t id  occlusion m i g h t  fall by  a grea te r  
e x t e n t  beyond  the  lower l imit  of cerebral  au toregula t ion  
in S H R  t h a n  in NTR,  wi th  consequen t ly  severe ischemic 

changes  of the  brain�9 In  the  p re sen t  s tudy,  carot id  back  
pressure  as an index of cerebral  perfus ion pressure  was 
measured  before and af ter  carot id  occlusion in N T R  and  
SHR.  
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Fig. 1. Correlation between carotid 
back pressure and systemic blood 
pressure before and after bilateral 
carotid artery occlusion in nor- 
motensive rats (NTR) and spon- 
taneously hypertensive rats 
(SHR). Open circle indicates 
systemic blood pressure being 
changed by drugs or bleeding. A 
dotted line designates a critical 
carotid back pressure level cal- 
culated from the lower systemic 
blood pressure limit of cerebral 
autoregulation (a solid line). 
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Methods.  7 N T R  a n d  7 S H R  rats ,  weighing  300 to 420 g, 
were anes the t i z ed  w i t h  i.p. a m o b a r b i t a l  of 10 m g  pe r  
100 g of b o d y  weight ,  i femora l  a r t e r y  was c a n n u l a t e d  for 
b lood pressure  record ing  w i t h  a n  e l e c t r o m a n o m e t e r  a n d  
b lood  sampl ing .  B i l a t e ra l  ca ro t id  ar te r ies  were d issected  
free f rom the  v a g o s y m p a t h e t i c  t r u n k  in the  neck.  1 ca ro t -  
id a r t e r y  was c a n n u l a t e d  u p w a r d s  to  t h e  b ra in  w i t h  P E  50 
tub ing ,  connec t ed  w i t h  a p ressure  t r a n s d u c e r  for re- 
cord ing  of ca ro t id  b a c k  pressure .  The  c o n t r a l a t e r a l  ca ro t -  
id a r t e r y  was p r e p a r e d  for  c l ipping or l iga t ing  du r ing  t he  
expe r imen t .  

One ha l f  ml  of a r t e r i a l  b lood was o b t a i n e d  before  and  
a f t e r  ca ro t id  occlusion for  d e t e r m i n a t i o n  of pH,  PCO~ 
an  PO~ b y  I L  m e t e r  of Model  113. In  some NTIZ a n d  
SHR,  sys temic  b lood pressure  was ra ised or lowered b y  
i.p. h y p e r t e n s i v e  agen t s  w i t h  noradrenMine ,  h y p o t e n s i v e  
d rugs  w i t h  p h e n t o l a m i n e ,  or  b leed ing  t he  an imal .  

Results.  Before occlusion of ca ro t id  a r t e r y  c o n t r a l a t e r a l  
to  t he  c a n n u l a t e d  one, t he re  was a h igh ly  s ign i f ican t  cor- 
r e l a t i on  b e t w e e n  sys t emic  b lood  pressure  (SBP) and  
ca ro t id  b a c k  pressure  (CBP) in b o t h  N T R  and  S H R  as 
s h o w n  in F igure  l a  and  b, a l t h o u g h  a slope of t he  regres-  
s ion e q u a t i o n  was g rea te r  in  N T R  t h a n  in SHR,  imp ly ing  
t h a t  change  in C B P  was 66~o of S B P  in N T R  and  46% 
in S H R ,  respect ively .  

Fo l lowing  occlusion of t he  c o n t r a l a t e r a l  ca ro t id  a r te ry ,  
as shown  in F igure  lc,  t he re  was a h igh ly  s ign i f ican t  re- 
l a t i o n s h i p  be tween  2 p a r a m e t e r s  in N T R  despi te  per-  
cent i le  change  in C B P  decreas ing  to  43% of SBP.  F igure  
2a depic t s  t he  ac tua l  r ecord ing  of C B P  a n d  S B P  in one 
of N T R .  C B P  d id  t r a n s i e n t l y  fall i m m e d i a t e l y  a f t e r  oc- 
clusion,  fol lowed b y  a g r adua l  rise as r e l a t ed  w i t h  changes  
in SBP.  

In  StfIZ, F igure  2b shows t h a t  C B P  d r opped  b y  a g rea t  
e x t e n t  f rom 100 to  30 m m  Hg fol lowing ca ro t id  occlusion, 
whi le  S B P  rose f rom 200 to 230 m m  Fig. T h e n  C B P  rose 
slig-htly, b u t  n e v e r  a b o v e  50 m m  I-Ig desp i te  S B P  re- 
m a i n i n g  a t  h igh  level.  As shown  in F igure  ld ,  C]3P in 
m o s t  S H R  fell m a r k e d l y  below 50 m m  Hg and  did  no t  
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Fig. 2. Changes in carotid back pressure and systemic blood pressure 
following carotid occlusion in NTR sad SHR. In NTR, an immediate 
but transient fall of carotid back pressure after occlusion is followed 
by a gradual rise as systemic blood pressure rises, whereas a profound 
fall of carotid back pressure in SHR is followed by a progressive 
lowering despite systemic blood pressure remaining at higher level. 

rise or r e spond  to t he  f u r t h e r  increase  in S B P  b y  h y p e r -  
t ens ive  a g e n t  a d m i n i s t r a t i o n .  Ch~mge in C B P  was 16% of 
S B P  in these  ra ts .  

Discussion.  The  conf igu ra t ion  of t he  circle of Will is  is 
essen t ia l ly  iden t ica l  in  b o t h  N T R  a n d  SHIR. However ,  t he  
d i a m e t e r  of tire pos te r io r  c o m m u n i c a t i n g  a r t e r y  and  t h e  
bas i l a r  a r t e r y  is s o m e w h a t  sma l l e r  in S H R  t h a n  in N T R ,  
the  dif ference be ing  ins ign i f i can t  1. C B P  seems ref lec t ing 
the  pressure  of col la tera l  c i rcu la t ion  t h r o u g h  t he  pos te r ior  
a n d  t he  a n t e r i o r  c o m m u n i c a t i n g  a r t e r y  before  occlusion 
of t he  c o n t r a l a t e r a l  ca ro t id  a r t e ry ,  and  t h r o u g h  t he  
pos te r ior  c o m m u n i c a t i n g  a r t e r y  on ly  a f t e r  occlusion. 
C B P  fol lowing occlusion r e m a i n e d  above  a ce r t a in  level  
in N T R ,  while  i t  r e m a i n e d  lower and  r e sponded  l i t t le  to  
t he  d rug - induced  f u r t h e r  rise in S B P  in S H R .  These  re- 
sui ts  s t r ong ly  sugges t  t h a t  v a s c u l a r  r es i s t ance  of t he  
circle of Wil l is  a n d  t he  v e r t e b r o b a s i l a r  s y s t e m  m i g h t  be  
h igher  in S H R  t h a n  in N T R ,  r e su l t i ng  in a g rea te r  re- 
duc t ion  of C B P  fol lowing occlusion in S H R .  

A pressure  difference b e t w e e n  a o r t a  a n d  i n t r a c r a n i a l  
a r te r ies  is va r i ed  depend ing  on  species. There  is no re- 
duc t ion  of pressure  in t he  m a j o r  ce rebra l  a r t e r y  in 
h u m a n s ,  desp i te  a 17% fall  in  pial  a r t e r y  4. Ar te r i a l  pres-  
sure in a large b r a n c h  of t he  midd le  ce rebra l  a r t e r y  is 
lower t h a n  aor t i c  pressure  b y  10% in dogs and  13% in 
m o n k e y s  a, while  bas i l a r  a r t e r i a l  pressure  in  ca ts  falls b y  
10-30~o~. DIECKHOFF a n d  KANZOW ~, who  m e a s u r e d  
smal l  pa r i e t a l  p ia l  pressure  in cats ,  h a v e  d e m o n s t r a t e d  
t h a t  m e a n  b lood pressure  of p ia l  a r t e r y  r ang ing  f rom 
70-85 to  30-40 ~ m  in d i a m e t e r  is b e t w e e n  59.5 a n d  53.3 
m m  Hg, or 73~o a n d  61~o of aor t i c  pressure .  I t  is sug- 
ges ted  t h a t  a g rea t  r educ t i on  of pressure  could occur  in 
re la t ive ly  large ar te r ies  in  sma l l  an imals ,  a n d  in a sus ta in -  
ed hype r t ens ion ,  a pressure  fall  m i g h t  be  more  profound .  

F r o m  our  p rev ious  s t u d y  s showing  t h a t  the  lower 
b lood pressure  l imi t  of ce rebra l  au to r egu l a t i on  is 
62 m m  Fig of S B P  in N T R  and  95 m m  H g  in SHR,  t h e  
lower C B P  l imi t  ca lcu la ted  was a p p r o x i m a t e l y  25 m m  H g  
in NTI~ a n d  50 m m  Hg in S H R ,  respect ive ly ,  as shown  
in F igure  1. C B P  fol lowing occlusion was m a i n t a i n e d  a t  
t he  level  b e y o n d  25 m m  Hg in NTIZ a t  S B P  above  60 m m  
Hg, whi le  C B P  r e m a i n e d  below 50 m m  H g  in m o s t  of 
S H R  despi te  S B P  be ing  h ighe r  t h a n  145 m m  Fig. F r o m  
the  p r e s e n t  s tudy ,  a m a r k e d  fall  of C B P  to  below the  
cr i t ica l  per fus ion  pressure  of ce rebra l  a u t o r e g u l a t i o n  in 
S H R  m i g h t  be  a m a j o r  causa t i ve  fac to r  of a diffuse a n d  
ex tens ive  ce rebra l  in fa rc t ion  fol lowing b i l a t e ra l  ca ro t id  
a r t e r y  occlus ion as d e m o n s t r a t e d  in t he  prev ious  s tu -  
dies 1-a. 
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