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After  occlusion of the renal  a r t e r y  the blood flow is mainta ined in the i schemic  kidney by co l -  
l a t e r a l  v e s s e l s ,  but the oxygen and glucose ut i l izat ion pe r  unit volume of  renal  blood flow is 
cons iderab ly  inc reased .  During the 24 h immed ia t e ly  a f t e r  r emova l  of  the occlusion to the 
renal  a r t e r y  a f t e r  4 h of i s chemia  of the kidney the c i rcula t ion  in the organ  is not comple te ly  
r e s t o r e d .  The rena l  blood flow is mainta ined at a level  somewhat  lower  than or ig inal ly  and 
the r e s i s t a n c e  of the renal  v e s s e l s  r ema ins  above normal .  

The w r i t e r s  have shown prev ious ly  [2] that  despi te  i ts  r e Ia t ive ly  smal l  s ize  the co l la te ra l  blood flow" 
in the kidney has  a d is t inct ly  favorable  effect  on the ou tcome of acute renal  i schemia .  

The objec t  of this .investigation was to study some  of  the m e c h a n i s m s  poss ib ly  p romot ing  a favorable  
outcome of acute i schemia  of the kidney when the co l la te ra l  renal  c i rcula t ion  is p r e s e r v e d .  

EXPERIMENTAL METHOD 

Ischemia of the left kidney for 4 h was produced in 19 dogs under pentobarbital anesthesia (25 mg/kg) 
by applying a rubber-covered hemostat to the renal artery leaving the main sources of the collateral renal 
blood flow intact. The blood flow [2], vascular resistance [I], and the consumption of oxygen and glucose 
were determined in the test kidney, exteriorized through a lumbar incision. The pressure in the abdominal 
aorta was recorded with an electromanometer and the venous pressure in the left renal vein by Waldman~s 
apparatus; the blood oxygen saturation was measured with the OSM I apparatus (Radiometer, Denmark) and 
the parameters of the acid-base balance with the ABC-I micro-Astrup apparatus (Radiometer, Denmark). 

Knowing the blood 02 saturation and hemoglobin concentration the absolute 02 content per unit volume 
of arterial blood and of venous blood flowing from the test kidney could be calculated [6]. 

Consumption of 02 and glucose by the kidney was calculated from the arteriovenous difference and the 
blood flow. The blood glucose concentration was determined by an enzymic method [5], The values of the 
renal blood flow and the oxygen and glucose consumption were expressed per I00 g weight of kidney tissue. 

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

The expe r imen ta l  r e su l t s  given in Table 1 show that  throughout the per iod of occlusion of the main 
rena l  a r t e r y  the blood flow in the i s chemic  kidney was main ta ined  by co l la te ra l  v e s s e l s , a n d  that  02 w a s  
uti l ized by the kidney t i s sue .  The a r t e r i o - v e n o u s  d i f fe rence  for  02 inc reased  cons iderab ly  under  these  con-  
di t ions.  By the end of  the 4th hour of  i s ehemia  it was 5.7 t imes  higher  than init ially.  
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The inc rea se  in the ex t rac t ion  of oxygen per  unit volume of 
inflowing blood is evidently an impor tan t  adaptive r e sponse  a imed 
at reducing rena l  hypoxia. As a resu l t  of this r e sponse  the 02 con-  
sumption of the i schemic  kidney was reduced much less  p r o p o r -  
t ionately than the volume veloc i ty  of  the renal  blood flow. It mus t  
be borne  in mind that  dur ing occlusion of  the rena l  a r t e r y  the oxy -  
gen consumption of the i schemic  kidney was reduced because  of 
cessa t ion  of the act ive  sodium reabsorp t ion  in i ts  tubules,  a p r o c -  
ess  requ i r ing  a cons iderab le  expenditure of energy  in the intact  
o rgan  [12]. In the absence  of ac t ive  sodium reabsorp t ion  (basal 
resp i ra t ion)  the oxygen demand of the kidney is about 100 p m o l e s /  
rain/100 g t i s sue  [10]. 

The p r e sen t  expe r imen t s  showed that  the r e sp i r a t i on  of the 
kidney at the end of 4 h of  i s chemia  was about one- th i rd  of the 
basa l  O 2 consumption.  

The p r e s e n c e  of a co l la te ra l  circulation,: the i nc r ea se  in the 
ut i l izat ion o3 oxygen and glucose by the i s chemic  kidney per  unit 
volume of the blood flow, and a lso  the d e c r e a s e d  energy  r e q u i r e -  
ments  of  the kidney a re  evidently toge ther  l a rge ly  respons ib le  for  
the favorable  r e su l t s  of  ope ra t ive  t r e a t m e n t  of t h rombos i s  and 
e m b o l i s m  of the renal  a r t e r y ,  which as a rule  is c a r r i e d  out s e v -  
e r a l  hours  a f te r  the onset  of acute vascu la r  occlusion [7-9, 11]. 

At the s a m e  t ime ,  total  i s chemia  of the kidney a r i s ing  dur ing 
. t ransplantat ion of  the o rgan  is known to lead to ve ry  se r ious  func-  
tional and s t ruc tu ra l  changes in the i schemic  kidney a f te r  only 1 
h at  the normal  body t e m p e r a t u r e  [4]. 

Consequently,  the level  of ene rgy  m e t a b o l i s m  mainta ined in 
the kidney t i s sue  by the co l la te ra l  c i rcu la t ion  and by inc reased  
ut i l izat ion of oxygen and glucose per  unit volume of inflowing blood 
is sufficient  to substant ia l ly  delay the development  of  changes 
caused by i s chemia  in the kidney when the main  a r t e r y  is occluded�9 
However ,  the co l la te ra l  blood flow can only pa r t l y  sa t i s fy  the k id-  
ney ' s  r e q u i r e m e n t s  of O 2, and for  this r ea son  occlusion of the 
rena l  a r t e r y  mus t  inevi tably lead to the development  of  metabol ic  
ac idos is  in the organ.  

After  r e m o v a l  of the ocqlusion to the rena l  a r t e r y  the ac id -  
ba se  ba lance  in the blood flowing f r o m  the i schemic  kidney Was 
r e s t o r e d  to no rma l  and gradual  r e c o v e r y  of the a r t e r i o - v e n o u s  
d i f ference  for  oxygen and glucose was obse rved .  Although in the  
ea r ly  pos t i schemic  per iod the renal  c i rcula t ion was not fully r e -  
s to red  (the volume veloci ty  of the blood flow rema ined  below its 
initial  level  and the r e s i s t a n c e  of the renal  ve s se l s  r emained  in-  
c r ea sed ) ,  neve r the l e s s  the resul t ing c i rcu la t ing  blood volume 
sa t is f ied  the n e c e s s a r y  conditions for  the development  of  r e p a i r  
p r o c e s s e s  in the i schemic  organ�9 Prev ious  expe r imen t s  by the 
w r i t e r s  [2, 3] showed that  the function of the i schemic  kidney is 
l a rge ly  r e s t o r e d  to normal  a f t e r  occlusion for  4 h; the compen-  
sa to ry  powers  of  the kidney a r e  res to red �9  
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