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Summary. Previous laboratory investigation has 
indicated that during induction of ischaemia the 
renal artery should be occluded in preference to 
the whole pedicle. However, in clinical practice 
the distinction between these may have only a 
trivial bearing on subsequent renal function corn- 
pared with the effect of surgery on the parenchy,ma. 
The present work was designed to investigate the 
effects of pedicle and arterial occlusion on the pig 
kidney after 90 rnin of hypothermic ischaemia. 
However, 2 other groups having nephrotorny were 
also incl(ided to give the study more clinical 
relevance. 

The results showed that the combination of 
nephrotorny and pedicle occlusion gave a signifi- 
cant rise in plasma creatinine in the first 48 h 
post-operatively compared with the other groups. 
However, there was no difference between the 4 
groups after 8 days and 28 days. Histology of the 
kidneys removed after 28 days showed compara- 
tively minor changes in terms of glomerular and 
tubular structural abnormality. Furthermore the 
vasculature was well preserved though an inflam- 
matory infiltrate was usually found. Semi-quanti- 
tative analysis of these changes showed that, 
paradoxically, they were generally less severe 
with pedicle than arterial occlusion. Another 
surprising result of this analysis was that the 
addition of nephrotomy appeared to be beneficial. 
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INTRODUCTION 

The induction of renal hypothermia, either by 
direct application of cooling medium or by con- 
tinuous perfusion is now established in urological 

practice, making possible prolonged surgery on 
the ischaemic renal parenchyrna. However, there 
is still uncertainty as to the best method of oc- 
cluding the renal circulation. The kidney can be 
rendered ischaernic by occluding the artery alone, 
the whole vascular pedicle or the local circulation 
arodnd the operating field by direct pressure on 
the cortex. Most authors recommend that the 
arterial supply alone should be occluded, either 
by an external clamp or by an intraluminal bal- 
loon (2, 4, 5, 6, II) to avoid the known hazards 
of venous stasis, thrombosis and secondary le- 
sions in the renal mierocirculation (9, I0). More- 
over, there may be more generallsed detrimen- 
tal effects on the circulation (3), which could be 
more prevalent with arterial and venous clamping. 
However, in clinical practice renal ischaemia 
is often achieved by occluding the whole pedicle, 
apparen t ly  without long t e r m  i l l - e f f ec t s  and with 
the advantage that  venous b leeding th rough  back-  
flow f r o m  the vena cava  is avoided (8, 12 I. More -  
over  s ince pedicle  occ lus ion  r e q u i r e s  l e s s  d i s -  
sec t ion of the hilum, damage  to individual v e s s e l s  
is m o r e  eas i ly  avoided. 

The aim of the p r e s e n t  study was to c o m p a r e  
a r t e r i a l  with pedicle  occ lus ion  under  con t ro l l ed  
condi t ions  us ing hypo the rmia ,  i s e h a e m i a  and 
nephrotorny.  The pig was chosen  as an expe r i -  
menta l  animal  s ince the pig kidney is m o r p h o l o g i -  
ca l ly  and funct ional ly  s i m i l a r  to the human kid- 
ney. 

MATERIALS AND METHODS 

Twelve female pigs (large white) weighing be- 
tween 18 and 24 kg were used. Operations were 
performed under general anaesthesia and endo- 
tracheal intubation. A transperitoneal approach 
was used and a right nephrectorny was first 
performed in all animals. Immediately after- 
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wards hypothermia was induced in the left kid- 
ney with ice sludge applied directly to the cortical 
surface. The cooling medium was a frozen solu- 
tion of 5% Glucose, the temperature of whieh 
varied between -loC and -3°C. The core tem- 

perature, measured by a probe inserted I, 5 em 
into the parenehyma, varied between 16oc and 
20°C. The mean period required for cooling 
after induction of isehaemia was 5 rain. This 
method was previously found to be a satisfactory 
form of preservation when used in the pig and to 
compare favourably with perfusion cooling (i). 

The animals were divided into 4 groups, each 
of 3 animals, according to whether arterial or 
pediele occlusion was performed and with, or 
without, nephrotomy. 

The nephrotomy performed was about 4 cm 
long, 1 em deep and made longitudinally in the 
lower pole. Arterial and pediele occlusion were 
achieved with a soft intestinal damp. The dura- 
tion of isehemia was 90 rain. 

The following measurements were compared 
in the 4 groups: 

a) Plasma ereatinine measured preoperatively 
and on the ist, 2rid, 8th and 28th postoperative 
days. 

The analyses were done in the routine clinical 
biochemistry laboratory by a standard autoanalys- 
er technique. 

b) Histological assessment of the left kidney 
removed after sacrifice 28 days postoperatively. 

Histological sections were taken after tissue 
had been embedded in Paraffin and Methacrylate. 
Many preparations from different parts of every 
kidney were examined by one of us (A. Z. ), with- 
out prior knowledge of their origin, to look for 
glornerular, tubular, interstitial and vascular 
changes. Signs of acute and/or chronic inflamma- 
tion were noted. A quantitative scale (grades 0, 
I, 2, 3) was used to denote the severity of the 
changes. The slides were examined by the in- 
vestigator in a fixed time period. 

RESULTS 

Renal Function (Fig. i) 

In all experimental animals in the 4 groups the 
mean postoperative plasma ereatinine concen- 
trations became maximally elevated within the 
first 48 h. The greatest impairment of function 
was seen in the group in which pedicle clamping 
was combined with nephrotomy. A variance 
analysis showed that the mean levels on Day 
2 taken separately and together were signifi- 
cantly higher than those of the other 3 groups 
(p = <0.05, p =<0.01, respectively). However, 
there was no difference between mean levels on 
Days 8 and 28, and plasm creatinine had not re- 
turned to pre-operative levels bythe end of the 

e x p e r i m e n t  on the  28th p o s t - o p e r a t i v e  day  in  any  
of the  4 g r o u p s .  

Histopathologic a ! Findings 

The histological findings were not grossly ab- 
normal even in sections taken near to the site of 
a nephrotomy. There was some variation between 
individual animals but there were no striking dif- 
ferences between the four groups. However, all 
specimens showed signs of a chronic inflammatory 
infiltrate and protein casts in the tubules were 
commonly observed (Fig. 2). Slight abnormalities 
in the glomerular tuft, such as basement mem- 
brane thickening and mesangial hypereellularity, 
were occasionally seen. Focal tubular epithelial 
cell abnormalities ranging from cell swelling to 
frank necrosis were seen only in the group that 
had arterial occlusion without nephrotomy (Fig. 
3). Mild vascular lesions, mainly restricted to 
the venous circulation and taking the form of a 
pert- or endophlebitis, were seen in groups 
having arterial occlusion. Arterial lesions were 
rare and in general the vascular endothelium and 
tissue in the walls of the arterial tree were well 
preserved (Fig. 4). 

Such changes that were observed were dis- 
tributed throughout the renal substance and were 
not necessarily related to the nephrotomy site. 

These results were examined by variance 
analysis of the numbers denoting severity of 
histological change, obtained in each category 
from the quantitative estimates . A figure was 
then obtained for the sum of all the histological 
categories in each of the four groups of animals 
(Table i). The addition of nephrotomy appeared 
to confer significant benefit in terms of severity 
of histopathological change, whether the artery 
or pediele was occluded. Furthermore the 
changes appeared to be generally less severe 
after pediele than after arterial occlusion. 
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Fig. 2. Photomicrograph showing protein casts in tubules 

Fig. 3. Photomicrograph showing swelling of tubular epithelial cells and derangement of tubular architec- 
ture 
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Fig. 4. Photomicrograph showing morphology of an arteriole well preserved 

Table I. Semi-quantitative assessment of histological changes. Degree of abnor- 
mality expressed on a scale 0-3 (for each category, most severe change = N ° 
of observations x 3) 

H i s t o l o g i c a l  N °.  of ob -  
c a t e g o r i e s  s e r v a t i o n s  

(3 k i d n e y s )  

Severity of changes 
Arterial occlusion 
+ N e p h r o t o m y  - N e p h r o t o m y  

Pedicle occlusion 
+ N e p h r o t o m y  - N e p h r o t o m y  

I n f l a m m  a t o r y  21 13 18 13 20 
r e a c t i o n s  

G l o m e r u l a r  15 5 8 5 1 
l e s i o n s  

T u b u l a r  12 1 11 0 3 
l e s i o n s  

V a s c u l a r  18 6 4 1 0 
l e s i o n s  

P r o t e i n  d e p o s -  9 5 8 1 4 
i t  in  t u b u l a r  
l u m e n  

T o t a l  " s e v e r -  30 49 20 28 
ity count" 

DISC USSION 

It  h a s  b e e n  a m a t t e r  of s o m e  c o n t r o v e r s y  w h e t h e r  
the  r e n a l  a r t e r y  o r  the whole p e d i c l e  shou ld  be 
o c c l u d e d  p r i o r  to  h y p o t h e r m i c  i s c h a e m i a  and 
r e n a l  s u r g e r y .  T h e r e  h a s  b e e n  l i t t l e  e x p e r i m e n -  
t a l  w o r k  to t e s t  t h i s  p o i n t  and  r a t h e r  m o r e  c o m -  
m e n t  b a s e d  on ly  on t h e o r e t i c a l  c o n s i d e r a t i o n s .  
H o w e v e r ,  B i r k e l a n d  et  al .  (2) showed  tha t  a r -  

terial occlusion in the dog caused less impair- 
ment of renal function than arterial and venous 
clamping: The maximum periods of hypothermic 
ischaemia tolerated before irreversible changes 
occurred were 12 h and 7 h respectively. This 
Was supported by the work of Neely and Turner 
(7) who demonstrated adverse effects of pedicle 
compared with arterial occlusion upon renal 
blood flow during recovery from ischaemia in 
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the dog kidney. Subsequently the more recent 
reports of experiments in the rat by MacLoughlin 
et aft. (6) confirmed these earlier observations. 
The drawback of these studies is that important 
issues may have been clouded by oversophisti- 
cared tests of renal function and by experimental 
techniques which did not correspond precisely to 
the clinical situation. The importance of perform- 
ing a nephrotomy in the experimental kidney was 
also discussed by Birkeland et el. They sug- 
gested that drainage of blood through the cut sur- 
face of a kidney whose pedicle was clamped was 
tantamount to keeping the renal vein patent dur- 
ing the ischaemic period. However, they did not 
specifically investigate this point. 

The present study was therefore designed 
simply to compare arterial with pedicle occlusion 
and to demonstrate the effects of nephrotomy in 
an animal whose kidney has structural and func- 
tional similarities with the human. Plasma 
crealinine was the only measure of renal function 
used as it probably has more bearing upon life 
support than other more complex tests. The re- 
suits showed little difference between experimen- 
tal groups though in the first 48 h the combination 
of pedicle clamping and nephrotomy appeared to 
be particularly disadvantageous. This result is 
difficult to explain in terms of venous stasis if it 
can be assumed that the nephrotomy allowed 
venous drainage and decompression during the 
ischaemic period. In any event these early dif- 
ferences in function were irrelevant to subsequent 
progress which was equal in the 4 groups from 
the 8th day onwards. 

It is perhaps not surprising that by the 28th 
day there were few major differences in the 
histopathological appearances between the groups 
or even that for some of the parameters the 2 
groups having had pedicle clamping showed 
paradoxically fewer abnormalities, An earlier 
biopsy might have shown a more obvious though 
reparable lesion such as tubular necrosis to 
parallel the relatively greater functional impair- 
ment. However, it is of interest that a simple 
analysis of these comparatively mild changes 
showed thai nephrotomy is apparently beneficial 
where either the artery or pedicle is occluded. 
Here the effect of incising the kidney substance 
could be to reduce pressure beneath the capsule 
which might increase due to oedema developing 
during the ischaemic period. This is the same 
argument which has been put forward for cap- 
sulotomy as a procedure likely to improve the 
tolerance of a kidney to ischaemia. 

Finally, a longer period of isehaemia near to 
the limit of the animal's tolerance might have 
magnified any slight structural and functional 
differences between groups to give a more con- 
clusive result. However, such an adjustment 
would have limited the clinical relevance of the 
exp e rim ent. 
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