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Summary. End-to-end anastomosis of the rat ureter over an in-dwelling silastic splint gives good 
primary results and a low frequency of complications. This technique has been used when reconstructing 
the ureter in situ and in renal transplantation. 
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Introduction 

Renal transplantation in the rat is now an 
established technique (4). Once the art of mi- 
crosurgery is mastered, the use of rats pro- 
vides several advantages for research studies 
of rejection and preservation, such as cost, 
uniformity and the availability of inbred strains. 
Thus far the rat has been used mostly for 
studies of rejection phenomena. Observations 
of complications due to technical short-comings 
are scarce. Concerning the surgical procedure, 
the ureteral anastomosis seems to be the most 
crucial point (i0, 9). 

The technique of anastomosing the ureter 
over an in-dwelling silastic splint was reported 
by Owen (ii) and has also been used by others 
with good results (2, 7). The purpose of our in- 
vestigation was to find out if this technique re- 
sults in infections of the urinary tract or other- 
wise affects the structure and function of the 
kidney. 

Material and Methods 

For an isolated study of the ureteral ana- 
stomosis the ureter was divided and reconstruct- 
ed in situ (I). The technique was also utilized 
in a small series of renal grafts (II). 

I. Reconstruction in situ. Material. Male 
Sprague-Dawley rats (n = 42) weighing 250-330g 

were used. The rats received a standard la- 
boratory diet (210 Anticimex, Sweden) and were 
kept under standardized conditions (automatic- 
controlled light, temperature 20-24 ° C and two 
rats per cage). Body weight was controlled 
daily. Prior to operation, the animals had free 
access to food and water. 

Methods. Ether on an open mask was the 
preferred anaesthetic procedure. Surgical 

technique was clean but not sterile. The abdo- 
men was opened by a midline incision and the 
left kidney was removed. The right ureter was 
divided approximately one mm distal to the 
ureteropelvie junction. The ureter was then re- 
constructed end-to-end over a silastic splint. 
The splint (0. 12 inch ID, 0. 25 inch OD, Dow 
Corning Cooperation Medical Products, Divi- 
sion Midland, Michigan, U.S.A.) was 6-12ram 
in length, cut obliquely at both ends and heat 
sterilized (120°C, 90 rain). Two or four inter- 
rupted nylon (8-0 Ethicon) stitches were placed 
with the aid of magnifymg glasses (Jena 2 x). 
The midline incision was closed with two layers 
of continuous 3-0 silk sutures. 

. Thirty animals survived the first three post- 
operative days and were divided in three 
groups of i0 each and sacrificed after 14 (group 
I A), 30 (group  I B) and  60 days  (group  I C), 
r e s p e c t i v e l y .  The  a n i m a l s  w e r e  a n a e s t h e t i z e d  
wi th  e t h e r  on an  open  m a s k  and  opened  in  the 
p r e v i o u s  m i d l i n e  i n c i s i o n .  U r i n e  fo r  b a c t e r i a l  
c u l t u r e  was  a s p i r a t e d  f r o m  the dome  of the 
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Fig. i. Illustration of the ureteral anastomosis Fig. 2. The serum creatinine level for 18 days 
over an in-dwelling silastic splint after renal transplantation is plotted for each 

of the animals 

bladder into a sterile syringe. Blood was drawn 
from the aorta for serum creatinine analysis. 
After careful inspection of the anastomotic area, 
the kidney was excised for histological studies. 

Slices i-2 mm thick were fixed with formalin, 
paraffin-embedded and stained with haematoxy- 
lin-eosin. Bacterial cultures were performed 
after serial dilution in test tubes. Serum 
creatinine was analysed using the Folin-Jaffe 
method (coefficient of variation 5 %) (8). 

II. Renal transplantation. Material. Twelve 
male Lewis X Brown Norway rats (LBN F1 
hybrids) weighing 250-350g, were used (Micro- 
biological Associates Inc. , Walkersville, 
Maryland). This strain was chosen to avoid 
rejection phenomena. 

Methods. All donor animals were anaesthet- 
ized with Inaetin R 120 mg/kg B.W. (5 ethyl - 
5 (methyl, propyl)thiobarbiturate, Chem. Fabrik 
Promonta GrnbH, Hamburg) and operated on a 
thermistor controlled heating pad after pre- 
treatment with phenoxybenzamine (3 mg/kg B. 
W.) and heparin (i00 IU). The recipient was 

anaesthetized with ether on an open mask. The 
abdomen was entered through a long midline 
incision and the two kidneys were excised. Ten 
minutes after interruption of the renal 

blood flow, the left kidney was removed from 
the donor and immediately immersed in cold 
saline. The donor ureter was divided one mm 
distal to the ureteropelvic junction and sutured 
end-to-end to the right ureter of the. recipient 
over an in-dwelling silastic catheter as in I using 
four separate 9-0 nylon stitches (Fig_ i). The 

vascular anastomoses were performed within an 
average of 28 rain (range 25-32 rain). Further 
details of the technique of renal transplantation 
are published elsewhere (5). 

The animals were sacrificed 21 days after 
the transplantation. In the meantime they were 
weighed daily. Blood tests were drawn from 
the medial angle of the eye and serum creatinine 
was determined every other day. Autopsy was 
performed with the same technique as in I, with 
the exception that the renal grafts were fixed 
in vivo and prepared for light microscopic 

Table i. Autopsy findings from 30 experimental animals with end-to-endureteral anastomosis. Figures 

represent the number of animals 

Group n Compensa- Anastomosis Hydronephrosis Dislocation 
tory no stenosis stenosis none slight severe of splint 
hype rt rophy 

I A i0 5 9 1 9 - 1 9 

I B I0 i0 8 2 8 2 - 9 

I C i0 i0 I0 - i0 - - 8 
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studies (3), Light microscopic studies were per- 
formed on one[~ thin Epon embedded sections 

stained with toluidine blue. Urinary specimens 

and creatinine were analysed as in I. 

Results 

I. R e c o n s t r u c t i o n  in  s i t u .  O n l y  one  out  of  
t h i r t y  a n i m a l s  had  a s e v e r e  s t e n o s i s  of  t h e  
u r e t e r  w i t h  a d v a n c e d  h y d r o n e p h r o s i s  and  p y -  
e l o n e p h r i t i s  v e r i f i e d  b y  t h e  h i s t o l o g i c a l  s t u d i e s .  
In t w o  a n i m a l s  m i n i m a l  s t e n o s i s  w a s  f o u n d ,  a l o n g  
w i t h  m i l d  h y d r o n e p h r o s i s  a n d  s o m e  i n d i c a t i o n  
of  an  i n t e r s t i t i a l  n e p h r i t i s .  T h e s e  a n i m a l s  h a d  
s t e r i l e  u r i n e .  T h e  i n - d w e l l i n g  c a t h e t e r ,  i t  r e -  
m a i n e d  at  t he  a n a s t o m o t i c  s i t e  in  only- f o u r  
c a s e s ;  in  t h e  o t h e r s  i t  w a s  d i s l o c a t e d  i n t o  t he  
r e n a l  p e l v i s  o r  t h e  d i s t a l  p a r t  o f  t h e  u r e t e r .  
T h i s  p h e n o m e n o n  d id  no t  s e e m  to  i n t e r f e r e  w i t h  
t h e  u r i n a r y  f l o w  ( T a b l e  1). 

O n l y  f i v e  a n i m a l s  w e r e  f o u n d  to  h a v e  b a c -  
t e r i u r i a .  O n e  of  t h e m  w a s  t h e  a n i m a l  w i t h  t h e  
u r e t e r i c  s t e n o s i s  and  t h e  s e v e r e  h y d r o n e p h r o s i s .  
In  t h e  o t h e r  f o u r  c a s e s ,  t he  b a c t e r i u r i a w a s  t h e  
o n l y  p a t h o l o g i c a l  f i n d i n g  and  t h e r e  w e r e  no 
s i g n s  of  h y d r o n e p h r o s i s  n o r  a n y  h i s t o l o g i c a l  
c h a n g e s  i n d i c a t i n g  i n f e c t i o n .  

A s e r u m  c r e a t i n i n e  of  2. 09 mg/lO0 m l  w a s  
f o u n d  in  one  r a t  ( the one  w i t h  s e v e r e  h y d r o n e -  
p h r o s i s ) .  In a l l  t h e  o t h e r s  s e r u m  c r e a t i n i n e  
w a s  n o r m a l  ( b e l o w  1. 0 m g / l O 0  m l ) .  

II. R e n a l  t r a n s p l a n t a t i o n .  O n e  r a t  d i e d  t w o  
d a y s  a f t e r  t h e  r e n a l  t r a n s p l a n t a t i o n  due  to  o c -  
c l u s i o n  of  t h e  r e n a l  v e s s e l s .  T h e  o t h e r  f i v e  
s u r v i v e d .  N o t h i n g  w a s  f o u n d  i n d i c a t i n g  an  a b -  
n o r m a l i t y  of  t h e  u r e t e r a l  a n a s t o m o s i s .  T h e  
s i l a s t i c  c a t h e t e r  r e m a i n e d  a t  t h e  a n a s t o m o t i c  
s i t e  in  a l l  c a s e s .  T h e  v a s c u l a r  a n a s t o m o s e s  
w e r e  i n t a c t  w i t h  t he  e x c e p t i o n  of  t h e  a b o v e  m e n -  
t i o n e d  r a t .  T h e  h i s t o l o g i c a l  p i c t u r e  d id  no t  
d e v i a t e  f r o m  t h e  o n e  s e e n  in n o r m a l  a n i m a l s .  
N o n e  of  t he  a n i m a l s  w e r e  f o u n d  to  h a v e  b a c -  
t e r i u r i a .  T h e  s e r u m  c r e a t i n i n e  s h o w e d  in  one  
c a s e  a t r a n s i e n t  bu t  m o d e r a t e  e l e v a t i o n  t h e  
f i r s t  t h r e e  p o s t o p e r a t i v e  d a y s  f o l l o w e d  by  a 
r a p i d  n o r m a l i z a t i o n  ( F i g .  2). 

Discussion 

There are several methods to conduct the 
urine from the grafted rat kidney to the urinary 

bladder (for reference see 4). In our experi- 
ence, all of these methods have produced 
complications in the form of leakage, stenosis, 

stone formation or infection after follow-up, ex- 
cept for the end-to-end anastomotic technique 
used in this study. We have also tried a new 
method using the donor ureter with a patch of 

the donor bladder implanted_into the recipient 

bladder without the use of sutures. The results 

so far have not been better. The direct end-to-end 

anastomosis appears to produce superior re- 

sults. With our technique of renal transplanta- 

tion (5), the ureter passes down to the bladder 
in a curved fashion and this might prevent the 
splint from being dislocated. Furthermore, 
the end-to-end technique has been used in more 
than 30 rat renal grafts with the same good 
results. These animals were, however, not 

included in this study due to the fact that the 

donor kidneys were perfused in vitro with 
various solutions, which could interfere with 
the function of the graft (6). Few complications 

from the ureteral anastomosis were found in 
these animals. The large immediate postopera- 
tive mortality when the ureter was reconstruct- 

ed in situ was due to urinary leakage. In all 
these animals only two stitches were used for 
the ureteral anastomosis. On the other hand, no 
urinary leak was observed with the use of four 
stitches. The dislocation of the silastic splint 
did not seem to interfere with the urinary flow. 

It is interesting to note that only five animals 
had a positive urinary culture. In a pilot study 

of 20 animals, we used splints which were not 
sterilized and bacteriuria was more frequent. 
The rat seems to have an inherent resistance 
against infection and, if no obstruction to the 

urinary flow is present, these infections appear 
to disappear spontaneously. Inoculation of 

bacteria into the urinary tract simultaneously 
with urinary obstruction is, however, frequent- 
ly used as a model for experimental pyelone- 

phritis (i). 
The LBN F1 hybrid rats were chosen for 

transplantation purposes for two reasons. First: 

they are compatible at the Ag-B locus, which 
is the most important locus in the kinetics of 

transplantation immunity (12). Second: a hybrid 
is usually more resistent than an individual 

from a highly inbred strain. 

Conclusion 

The ureteral anastomosis in rat renal 
transplantation may be constructed safely and 
simply over an in-dwelling silastic catheter. 
The technique provides good results and a low 
frequency of complications. 
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