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The state  of the vascu l a r  network of the b r a in  was studied in 29 dogs by pe r fus ion  with ink 
a f te r  comple te  t e m p o r a r y  a r r e s t  of the blood flow (ABF) for  5-20 min by mechanica l  a s -  
phyxia or  f ibr i l la t ion of the hear t .  In both groups  extens ive  a r e a s  unfil led with ink were  
obtained for  7-8 rain a f t e r  ABF (the p r i m a r y  no- re f low phenomenon).  The p r i m a r y  no-  
reflow phenomenon d i sappeared  comple te ly  or  became  negligible a f t e r  ABF for  10 rain, and 
it r e a p p e a r e d  in another  f o r m  a f te r  ABF for  12-20 ra in(secondary  no - fe l low phenomenon).  
The no- re f low phenomenon was independent of the method of ABF and, consequently,  of the 
p r e sence  or  absence  of hypercapnia  and hypoxemia  preceding  the ABF, and it was de t e r -  
mined only by the durat ion of the la t t e r .  The p r i m a r y  no- re f tow phenomenon cannot be ex-  
plained e i the r  by c losure  of the ve s se l s  by swollen p r o c e s s e s  of a s t r o c y t e s  or  by th rombo-  
s i s  of the v e s s e l s .  
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Inves t iga t ions  linking the development  of i r r e v e r s i b l e  pos t i s chemic  changes in the b ra in  with d i s tu r -  
bances  of the mic roc i r cu l a t i on  have been published recent ly  [2, 4, 6]. Ames  e t  al.  [2] showed that i m m e -  
diately a f t e r  c e s sa t i on  of the blood flow (occlusion of the aor ta)  for  a per iod of more  than 5 rain, zones 
whose blood ve s s e l s  were  i m p e r m e a b l e  to blood appeared  in the r abb i t ' s  b ra in .  The reg ions  excluded f r o m  
the c i rcu la t ion  were  demons t ra t ive ly  revea led  as white patches  a f t e r  per fus ion  of the b ra in  with ink. Since 
these zones were  found also for  a shor t  t ime a f t e r  r e s to r a t i on  of the genera l  blood c i rcu la t ion  the condi-  
tion was named the no- re f low phenomenon. 

The object  of the p r e s en t  invest igat ion was to reproduce  this phenomenon in dogs a f t e r  comple te  c i r -  
cu la tory  a r r e s t  induced by var ious  methods .  

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

Expe r imen t s  were  c a r r i e d  out on unanesthet ized dogs. A r r e s t  of the blood flow (ABF) was produced 
e i the r  by mechanica l  asphyxia,  which leads to total cessa t ion  of r e sp i r a t i on  and ca rd iac  act ivi ty,  or  by ven-  
t r i c u l a r  f ibr i l la t ion produced by e l ec t r i c  shock. The durat ion of ABF was counted f r o m  the momen t  that 
the hear t  stopped. Expe r imen t s  were  c a r r i e d  out on 29 dogs, in 14 of which ABF was produced by asphyxia,  
and in 13 by e l ec t r i c  shock. Two dogs acted as the control .  The durat ion of ABF was f r o m  5 to 20 min.  
Pantopon (4 mg/kg)  was injected into the dogs before  the exper imen t .  After  the end of the ass igned per iod 
of ABF the b ra in  was pe r fused  with ink through both common  carot id  a r t e r i e s  (perfusion p r e s s u r e  120 m m  
Hg). Some of the an imals  were  hepar in ized  (500 uni ts /kg) .  

Seven blocks were  p r e p a r e d  f r o m  the c e r e b r a l  h e m i s p h e r e s ,  the v e r m i s  of the c e r e b e l l u m  was in- 
ves t igated in sagi t ta l  sect ion,  and the b ra in  s t e m  and c e r e b e l l a r  hemisphe re s  in f rontal  sec t ions .  To a s -  
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TABLE 1. Dependence of A r e a  of B r a i n  
Sections Unfil led with Ink on Durat ion of 
P reced ing  ABF 

Group Method No. Expt. of ABF ~ 

�9 ~ 

Control 
Control 

6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
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Asphyxia 

Fib~llation 
w 

As_phyxia 
w 

w 

Fibrillation 

Mean 

Asphyxia 
i i  

I f  

I i  

Fibrillation 
8 

W 

W 

I*  

Mean 

12 
12 
12 
20 
20 
20 
10 
l0 
10 
13 
20 
20 
20 

Area (in %) 
of brain 

o n e s n n -  

lled with 
ink 

0 
0 

17,4 
0 
0 

55,9 
62 
58 
21,5 
21,6 
23,3 
20,5 
12,2 
39,9 

35,2• 

0,75 
1,2 
4,2 
2,5 
9,5 
8,0 
0 
0 
0 
2,2 
2,7 
23 
9,4 

4,8-+-4,0 

s e s s  the no - re f low phenomenon quant i ta t ively ,  the a r e a  of 
the b r a i n  zones f i l led  and unfi l led with ink was m e a s u r e d  on 
the su r face  of all  the sec t ions  de sc r ibed  above by means  of 
a p l a t i m e t e r  with a magni f ica t ion  of 10 t i m e s .  

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 e x p e r i m e n t a l  r e su l t s  a re  given in Table 1, and 
they a re  d i s t r ibu ted  in four  groups .  In group 1 (control) a 
un i form f i l l ing of the b r a i n  v e s s e l s  with ink was obse rved ,  
and there  were  no a r e a s  in which the ink did not pene t ra te  
into the i n t r a c e r e b r a l  v a s c u l a r  network.  In group 2, with 
ABF for  5-6 min,  the no - re f low phenomenon was not ob- 
se rved ,  except  in one case  with ABF for  6 rain produced by 
asphyxia .  The th i rd  group cons i s t ed  of e x p e r i m e n t s  with 
ABF for  7-8 min produced  by asphyxia  and e l e c t r i c  shock. 
In these c a s e s  ex tens ive  a r e a s  unfi l led with ink appea red  
both in the co r t ex  and in the subco r t i ca l  fo rmat ions ,  white 
m a t t e r ,  and c e r e b e l l u m  of the e x p e r i m e n t a l  an ima l s .  The 
fourth group cons i s t ed  of e x p e r i m e n t s  with ABF las t ing  10- 
20 rain. The p ic tu re  of incomplete  f i l l ing obse rved  in the 
an ima l s  of these  e x p e r i m e n t s  was comple te ly  di f ferent  both 
quant i ta t ive ly  and qua l i ta t ive ly .  The a r e a s  unfi l led with ink 
were  s m a l l e r  (after  ABF for  10 min  produced by e l e c t r i c  
shock no no - r e f low phenomenon was gene ra l l y  obse rved) ,  
and the white zones  in this  case  were  a r r a n g e d  d i f ferent ly  
f r o m  the i r  appea rance  in an ima l s  in the e x p e r i m e n t s  of 
group 3: m o s t  f requent ly  they were  found in the subco r t i ea l  
f o rma t ions  and the white m a t t e r ,  and only ve ry  r a r e l y  were  
they seen  in the cor tex .  The m e c h a n i s m  of incomplete  f i l l ing 
a f t e r  i s c h e m i a  las t ing  7-8 and  12-20 min is evident ly  very  
d i f ferent .  A s t a t i s t i c a l l y  s ignif icant  d i f ference  was found 
be tween the mean  values  of the unfi l led a r e a  in the p r inc ipa l  
groups  (3 and 4; t=4 .0 ;  P<0 .01) .  

In the e x p e r i m e n t s  of Ames  et  al . ,  [2] on rabb i t s  the number  and a r e a  of the reg ions  with v e s s e l s  
unf i l led with ink was g r e a t e r  the longer  the dura t ion  of ABF.  The g r e a t e s t  a r e a  of the zones with the no- 
ref low phenomenon in the e x p e r i m e n t s  of Ames  et  al .  (up to 95~) was obtained a f t e r  ABF la s t ing  15 rain. 
The unfi l led zones were  loca ted  mainly  in the subco r t i ca l  fo rmat ions  and only r a r e l y  in the cor tex .  The 
main  cause  of occ lus ion  of the v e s s e l s ,  in the i r  opinion, was c o m p r e s s i o n  of the c a p i l l a r i e s  by swollen 
p r o c e s s e s  of the a s t r o c y t i c  g l ia  and the appea rance  of m i c r o e m b o l i  in the blood.  However,  the i n v e s t i g a -  
t ion of Ames  et  al .  did not rule  out the p o s s i b i l i t y  of a r t e r i a l  spasm,  which could expla in  the exc lus ion  of 
l a rge  t e r r i t o r i e s  of the b r a i n  f rom the blood flow, as obse rved  a f t e r  ABF for  15 rain. F r o m  the point of 
view of the c a p i l l a r y  hypothes is ,  these i nves t i ga to r s  found it diff icult  to expla in  the gradua l  d i sappea rance  
of the no- re f low phenomenon in the p o s t i s c h e m i c  per iod ,  e s p e c i a l l y  cons ide r ing  the la rge  s ize of the un- 

f i l led zones .  

G insbe rg  and M y e r s  [5] demons t r a t ed  the p r e s e n c e  of the no- re f low phenomenon in monkeys  inwhich,  
unlike in r abb i t s ,  ex tens ive  unfi l led zones were  obse rved  not only in the subco r f i ca l  fo rmat ions ,  but a l so  
in the c e r e b r a l  co r t ex .  The no - r e f low phenomenon reached  a m a x i m um  a f t e r  ABF for  30 rain, and with a 
longe r  dura t ion  of the ABF (50-70 min) the unfi l led a r e a  d e c r e a s e d .  Like Ginsbe rg  and M y e r s  [5], the 
p r e s e n t  w r i t e r s  obse rved  the spontaneous d i s appea rance  of the no- re f low phenomenon, but on a much l a r g e r  
sca le  than in monkeys .  In addit ion,  the zones  with no ref low reached  the i r  l a r g e s t  s ize  in the p r e s e n t  ex -  

p e r i m e n t s  a f t e r  ABF la s t ing  8 min.  

The main  r e s u l t  of th is  inves t iga t ion  was the e s t ab l i shmen t  of two fo rms  of no reflow. The p r i m a r y  
no - r e f l ow  phenomenon can  hard ly  be expla ined  by c o m p r e s s i o n  of the c a p i l l a r i e s  by the swol len  p r o c e s s e s  
of the a s t r o c y t e s  o r  by t h e i r  t h r o m b o s i s ,  for  these  changes could not d i s a p p e a r  dur ing continued ABF [1]. 
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In addition, the r e su l t s  of the expe r imen t s  on hepar in ized dogs were  identical  with the r e su l t s  obtained in 
e x p e r i m e n t s  on o ther  an imals .  

Without denying the poss ib i l i ty  of a m e c h a n i s m  of c o m p r e s s i o n  of the cap i l l a r i e s  by swollen a s t r o -  
cytes ,  as desc r ibed  by Ames  e t  al. ,  [2], the w r i t e r s  cons ider  that another  pathophysiological  m e c h a n i s m  
of t e m p o r a r y  occlusion of smal l  blood v e s s e l s  may  exis t  - f o r  example ,  myogenic  a r t e r i a l  spa sm.  

The fact  will be noted that the method of inducing ABF in the p r e sen t  e x p e r i m e n t s  did not affect  the 
no- re f low phenomenon.  A p r i m a r y  no - re f low phenomenon appeared  at the same  t imes  whether  a f t e r  f i b r i l -  
lat ion or  a f t e r  asphyxia .  Since the s t ruc tu re  of the pathogenic f ac to r s  in these  two types of ABF dif fered 
somewhat  (hypercapnia combined with hypoxemia,  followed by c i r cu la to ry  hypoxia in the case  of mechanica l  
asphyxia,  and c i r cu l a to ry  hypoxia alone a f te r  ven t r i cu la r  f ibri l lat ion),  it can be postulated that the decis ive  
f ac to r  for  the no- re f low phenomenon is the a r r e s t  of the blood flow, and the p reced ing  hypercapnia  and 
hypoxemia  were  not of s ignif icant  impor tance .  
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