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Experiments  on dogs showed that the collateral  blood flow in the kidney after  ligation of the 
renal  a r t e ry  amounts on the average to 1.6% of the original volume of the renal  circulation. 
Blood vesse ls  of the ure ter  supply 19.9% of the total col lateral  renal blood flow. After i sche-  
mia  of the left kidney for 4 h and simultaneous r ight-s ided nephrectomy, a relatively favor -  
able outcome is observed if the principal sources  of the collateral  renal circulation are  main-  
rained during the ischemia.  If the flow of blood to the kidney is totally interrupted or the 
collateral  circulation is severe ly  res t r ic ted,  i schemia  leads to the development of a severe  
form of acute renal failure and to death of the animals. 

With improvements  in methods of diagnosis and treatment of thrombosis  and embolism of the renal  
a r t e r i e s  [1-4] the a s sessment  of the collateral  circulation in the kidney during the period of its acute 
i schemia  is now of considerable interest .  This is because the level of the col lateral  blood flow in the kid- 
ney may have a substantial effect on the sequelae to t empora ry  acute occlusion of the renal ar tery.  

This paper  descr ibes  a study of the effect of the col la teral  circulation in the kidney on its function in 
the post ischemic  period. 

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

In acute experiments  on 12 dogs under pentobarbital  anesthesia the initial renal blood flow and the 
extent of the collateral  blood flow to the kidney after  ligation of its a r t e ry  were investigated. For  this pu r -  
pose, the left kidney was exposed extraperi toneal ly through a lumbar  incision. A rubber  catheter  was in- 
t roduced into the renal  vein, by means of which blood flowing f rom the kidney could be redi rec ted  into the 
g rea te r  saphenous vein of the left hind limb. Blood clotting was prevented by heparin. By means of a th ree-  
way cock, the volume velocity of the renal  blood flow was  measured  at the required moment, af ter  which the 
blood flow f rom the kidney to the g rea te r  saphenous vein was restored.  

tn 8 of the experimental  animals the role of the u re te r i c  vesse l s  in maintaining the renal col lateral  
circulation was studied. For  this purpose,  all possible sources  of blood supply to the kidney except the 
ure te r ic  vesse ls  were occluded by means of soft vascu la r  clamps. 

To study the dependence of the state of renal  function in the pos t i schemic  per iod on the intensity of the 
collateral  circulat ion in it during acute renal ischemia,  the following ser ies  of investigations was car r ied  
out in experiments  on dogs with the ure te r ic  Orifices exter ior ized on to the skin. In group 1 (6 dogs) total 
i schemia  of the left kidney was produced by application of soft vascu la r  clamps to its pedicle, excluding the 
vein. In group 2 (5 dogs) the pedicle of the left kidney, except the vein and u re te r  with its vesse ls ,  was 
clamped. In this ser ies  the flow of blood to the kidney took place ent i re ly along the u re t c r i c  a r te r ies .  In 
group 3 (6 dogs) a vascular  clamp was applied to the isolated renal a r te ry ,  leaving the main sources  of 
collateral  blood supply to the kidney intact. 
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T A B L E  1. D y n a m i c s  of R e c o v e r y  of F u n c t i o n  of Lef t  K idney  a f t e r  
O c c l u s i o n  of I t s  A r t e r y  fo r  4 h and S i m u l t a n e o u s  R i g h t - S i d e d  
N e p h r e c t o m y  (M :~ m) 

Index studied 

Plasma flow 
Filtration 
Secretion 

(in mg/min/m 2) 
Urea clearance 

(in ml/min/m 2) 
Filtration load of Na 

(in meq/min/m~ 
Na excretion (in ~ 

filtration load) 
Filtration load of K 

(in peq /min/rng) 
K excretion (in percent 

of filtration load) 

1 P<O,05, 
P<O,O1.  

K excretion (in 
percent of filtra- 
~tion load.) 

262,7-+ 13,86 
, 44,4+6,78 

20,6-+-2,42 

37,0~3,24 

6,40• 

5,6• 

209-4-16,9 

27,4-----5,85 

Before ischemia (initial values) 
i day 6o days 

34,22 I6,22 ~ 
18,6• 

2,1+--0,54 ~ 

9,9-----3,582 

2,47~0,9971 

44,5~ 10,34 ~ 

76~22,21 

95,8-+7,692 

270 days 

222,1~65,19 
50,1-0,93 

16,8~2,47 

40,5---3,00 

7,12-0,794 

10,4~3,18 

249---33,7 

47,9-- + I 1,27 

263,6-*-49,94 
53,0-10,79 

18,9• 

30,2---2,57 

8,58--- 1,483 

5,4-*- 1,20 

322---59,3 

21,1-7,08 

O c c l u s i o n  of the r e n a l  v e s s e l s  con t inued  fo r  4 h. I m m e d i a t e l y  a f t e r  r e m o v a l  of the c l a m p s  f r o m  the 
v e s s e l s  of the le f t  k idney  the r igh t  k idney  w a s  r e m o v e d .  

To a s s e s s  the s t a t e  of k idney  funct ion ,  the minu te  r e n a l  p l a s m a  flow and the t u b u l a r  s e c r e t i o n  w e r e  
d e t e r m i n e d  b y  the c a r d i o t r u s t  method ,  the g l o m e r u l a r  f i l t r a t i o n  w a s  d e t e r m i n e d  r e l a t i v e  to endogenous  
c r e a t i n i n e ,  the u r e a  c l e a r a n c e ,  f i l t r a t i o n  load ,  the  a b s o l u t e  and r e l a t i v e  e x c r e t i o n ,  and the r e a b s o r p t i o n  of 
sod ium and p o t a s s i u m  w e r e  m e a s u r e d .  

E X P E R I M E N T A L  R E S U L T S  

Dur ing  the acu te  e x p e r i m e n t  the r e n a l  b lood  flow w a s  388.7 •  m l / m i n / 1 0 0  g k idney  t i s s u e .  
A f t e r  l i g a t i o n  of the r e n a l  a r t e r y  the v o l u m e  of  the  c o l l a t e r a l  c i r c u l a t i o n  w a s  6.28 =~ 1.16 m l / m i n / 1 0 0  g, o r  
1.6 % of the i n i t i a l  r e n a l  b lood  flow. 

The  c o l l a t e r a l  b l o o d  flow to the k idney ,  s u p p l i e d  by  the u r e t e r i c  v e s s e l s ,  w a s  1.25 • 0.23 m l / m i n / 1 0 0  
g, o r  0.32% of the i n i t i a l  r e n a l  b lood  flow and 19.9% of the to ta l  c o l l a t e r a l  b l o o d  flow in the  k idney.  

The  i n t e n s i t y  of the c o l l a t e r a l  b lood  flow in the  k i d n e y  du r ing  acu te  i s c h e m i a  of  the o r g a n  had  a 
m a r k e d  e f fec t  on the d y n a m i c s  of k idney  func t ion  in the p o s t i s c h e m i c  p e r i o d .  T h i s  i s  shown by  the r e s u l t s  
of  t e s t s  c a r r i e d  out on dogs  wi th  the u r e t e r i c  o r i f i c e s  e x t e r i o r i z e d  on the skin.  

A l l  the  a n i m a l s  of g r o u p s  1 and 2 d i ed  wi th in  a few d a y s  f r o m  acu te  r e n a l  f a i l u r e ,  wi th  m a n i f e s t a t i o n s  
of  o l i g u r i a  o r  anu r i a ,  m a r k e d  u r e m i a ,  and h y p e r k a l i e m i a .  H i s t o l o g i c a l  i n v e s t i g a t i o n s  r e v e a l e d  s e v e r e  changes  
in  the  convo lu ted  tubu le s  of the i s c h e m i c  k idne ys  wi th  n e c r o s i s  of t h e i r  e p i t h e l i u m .  

In the a n i m a l s  of g roup  3 the c o u r s e  of  the  p o s t i s c h e m i c  p e r i o d  w a s  m o r e  f a v o r a b l e .  Only two dogs  
d i ed  f r o m  acu te  r e n a l  f a i l u r e .  In the  o t h e r  f ou r  dogs  t h e r e  w a s  m e r e l y  a t e m p o r a r y  d i s t u r b a n c e  of the func -  
t ion  of the  i s c h e m i c  k idney ,  e x p r e s s e d  a s  a d e c r e a s e  in the minu t e  r e n a l  p l a s m a  flow, s e c r e t i o n ,  f i l t r a t i o n ,  
u r e a  c l e a r a n c e ,  f i l t r a t i o n  loads  of s o d i u m  and p o t a s s i u m ,  and an i n c r e a s e  in the r e l a t i v e  e x c r e t i o n  of t h e s e  
ions ,  on the day  a f t e r  o c c l u s i o n  of the r e n a l  a r t e r y  (Table  1). F r o m  1 to 2 mon ths  l a t e r  the func t ion  of the 
i s c h e m i c  k idney  in a l l  the a n i m a l s  w a s  r e s t o r e d  to i t s  o r i g i n a l  l eve l .  

P r e s e r v a t i o n  of  the p r i n c i p a l  s o u r c e s  of the c o l l a t e r a l  c i r c u l a t i o n  in the k idney ,  d e s p i t e  i t s  r e l a t i v e l y  
s m a l l  ex ten t  ( l e s s  than 2% of the i n i t i a l  r e n a l  b lood  flow) thus  has  a f a v o r a b l e  e f fec t  on the c o u r s e  of the 
p o s t i s c h e m i c  p e r i o d .  

Th i s  e f fec t  may  due to an  i n c r e a s e  in the e x t r a c t i o n  of oxygen  by the k idney  f r o m  e a c h  unit  v o l u m e  
of  b lood  f lowing th rough  i t s  v e s s e l s ,  t D a  c o m p e n s a t o r y  i n c r e a s e  in the  i n t e n s i t y  of a n a e r o b i c  p r o c e s s e s  
wi th  an i n c r e a s e  in the c o n s u m p t i o n  of g l u c o s e  b rough t  by  the b lood ,  and a l so  to a d e c r e a s e  in the oxygen  
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demand of the kidney through the cessa t ion  of act ive r eabsorp t ion  of sodium af te r  occlusion of the renal  
a r t e ry ,  a p r o c e s s  which under  normal  conditions r equ i re s  the consumption of a considerable  propor t ion  of 
the energy used by the kidney [6]. 

The favorable  resu l t s  of opera t ive  t r ea tmen t  of t h rombos i s  and embol i sm of the renal  a r t e r y  ob- 
se rved  in clinical  p r ac t i ce  [2-5] may evidently be due to a la rge  extent to the exis tence  of the co l la te ra l  
blood flow in the kidney during i ts  i schemia ,  which as a rule l a s t s  for  s eve ra l  hours.  
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