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Summary. The influence of  exposure  to ur ine  on  the 
ure ter ic  adven t i t i a  and  the i leal  mucous  m e m b r a n e  was 
s tud ied  in 10 mongre l  dogs.  W h e n  the ure ter  was implan t -  
ed freely in to  the lumen  o f  the b l a d d e r  its advent i t i a  
became  the seat  of  g r anu l a t i on  t issue fo rma t ion .  This is 
la ter  covered  by  creeping o f  t r ans i t iona l  ep i the l ium lining 
the ureter ,  f o rming  wha t  is in effect a ure tera l  nipple.  F ina l  
heal ing is assoc ia ted  with an unpred ic t ab le  a m o u n t  of  
scarr ing.  F u r t h e r m o r e ,  it was no ted  tha t  heal ing and  
creeping of  the i leal  mucous  m e m b r a n e  are  i m p e d e d  in the 
presence of  urine.  The  sum of  these effects is tha t  ureters  
i m p l a n t e d  in an open  sulcus o f  the smal l  intes t ine are  no t  
covered by  in tes t ina l  ep i the l ium,  they  tend  to fo rm 
spon taneous  nipples  and  thei r  heal ing is assoc ia ted  with  
ei ther  s tenonis  or  ref lux in some 30 % of  cases. 
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anaesthesia. Thiopental sodium (10 mg/kg) was used for induction 
and maintenance of anaesthesia, with endotracheal intubation and 
mechanical ventilation. 

Experimental groups and operative procedures 

GroupL Through a ventra] mid-line approach, the left ureter was 
identified and severed at its juxtavesical part. The urinary bladder 
was opened. The ureter was reimplanted into the bladder through a 
"button-hole" in its posterior wall. The distal 3 cm of the reimplant- 
ed ureter were left exposed to the urinary stream in the bladder 
cavity. The spatulated end of the ureter was fixed to the bladder wall 
by one deep stitch (Fig. 1). A ureteral catheter (4ch) was left as a 
stent. The ureteral adventitia was fixed to the edges of the button- 
hole to avoid traction on the reimplanted ureteral segment. The 
bladder was closed leaving a small suprapubic tube anchored to the 
ureteral stent. 

Cl inical  r epor t s  indica te  tha t  there  is a 15-30% compl i -  
ca t ion  ra te  fo l lowing  ure te ro- i l ea l  anas tomos i s  using Le 
D u c  technique  [2-5]. Our  exper imenta l  f indings  revealed 
tha t  40 % of  the  r e i m p l a n t e d  ureters  using this technique  
showed  evidence o f  s tenosis  a n d / o r  ref lux [ 1]. The  current  
series o f  exper iments  was des igned to out l ine  the na tu ra l  
h i s tory  o f  the heal ing process  o f  the ure ter  and  in tes t ina l  
mucosa  when exposed  to the  u r ina ry  s t ream,  in an  effort  
to expla in  the unpred ic t ab l e  ou tcome  fol lowing the Le 
Duc  technique.  

Materials and methods 

Experimental animals 

Ten mongrel dogs weighing 12-15 kg were used for the experiments. 
The procedures were carried out with the animals under general 

Fig. 1. Free ureteral reimplantation into the bladder leaving the 
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Fig. 2A-C. The experimental model for studying the influence of 
urine on the healing of intestinal epithelium. A Isolation of the two 
equal parts of the terminal ileum. B The antimesenteric border of the 
ileum is opened and a 3 cm • 1 cm area of the ileal mucosa stripped. 
C One ileal patch is patched to the opened bladder, while the other 
one is closed again and brought out via a cutaneous stoma 

Fig. 3. Autopsy specimen on the 7th postoperative day. The bladder 
is opened to show the formed ureteric nipple covered with granula- 
tion tissue 

GroupII. A segment of the terminal ileum 15 cm long was isolated 
and continuity of the small intestine re-established. The isolated 
segment was divided into two equal halves. Each half was opened at 
its antimesenteric border to obtain an intestinal sheet. The ileal 
mucosa was stripped in an area 3 cm • 1 cm in the middle of each 
intestinal patch. 

The stripped area was labelled at its angles by non-absorbable 
fine prolene sutures to allow easy identification later. One ileal sheet 
was patched to the opened bladder using 4/0 PDS sutures. In this 
fashion regeneration of ileal mucous membrane will occur while it is 
exposed to urine. The other ileal patch, used as a control, was closed 
again as a blind conduit. Its distal end was brought out as a 
cutaneous stoma in the lower right abdominal quadrant to avoid 
mucous retention (Fig. 2). 

Evaluation 

One dog from each group was killed sequentially every week for 
necropsy. Histological examination of the implanted ureters 

(group I) and the sites of mucosal stripping in the ileal patches 
(group II) was carried out. 

Results 

Group I 

Effect of urine on the healing of uncovered ureters. All  the  
r e i m p l a n t e d  u re te r s  s h o w e d  a t e n d e n c y  fo r  s p o n t a n e o u s  
n ipp l e  f o r m a t i o n .  O n  the  7th p o s t o p e r a t i v e  day  gross  
e x a m i n a t i o n  s h o w e d  g r a n u l a t i o n  t issue c o v e r i n g  these  
n ipp les  (Fig .  3). H i s t o l o g i c a l  e x a m i n a t i o n  r e v e a l e d  t rans i -  
t i ona l  e p i t h e l i u m  c o v e r i n g  the  t ip o f  the  n ipple .  C o m p l e t e  
c o v e r i n g  o f  the  n ipp le  wi th  t r an s i t i ona l  e p i t h e l i u m  was 
o b s e r v e d  at  the  end  o f  the  2nd  week.  T h e  i n f l a m m a t o r y  
r e a c t i o n  a n d  the  a m o u n t  o f  g r a n u l a t i o n  t issue d i m i n i s h e d  
p rog re s s ive ly  wi th  t ime.  A t  the  end  o f  the  5th w e e k  a 
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Fig. 4. Autopsy specimen at the end of the 5th postoperative week. 
The bladder is opened to show the fibrosed calcified short nipple 

Fig. 5. Histopathological picture of the formed nipple at the end of 
the 5th postoperative week. The nipple is formed of fibrous tissue 
with areas of calcification, and is covered with transitional epithe- 
lium. H&E, • 

variable amount  of  scarring and areas of calcification 
were observed grossly (Fig. 4) and microscopically 
(Fig. 5). 

Group H 

Healing of the ileal mucosa in presence of urine. The healing 
of the mucous membrane was slow. By the end of the 
second week incomplete mucosal covering of the denuded 
area was still observed (Fig. 6). Microscopic examination 
revealed creeping of the adjacent mucosa f rom both edges 
to cover the denuded ulcerated area, which was infiltrated 
by chronic inf lammatory cells. 

Healing of the ileal mucosa in absence of urine. In this 
setting the mucosal healing proceeded in a different way. 
The severity of  the inf lammatory reaction and the amount  
of  granulation tissue were reduced and the area was 
completely covered by healthy ileal mucosa at the end of 

the 2nd postoperative week. No areas of ulceration or 
mucosal defects were observed (Fig. 7). 

Discussion 

This series of experiments was designed to explain the 
unpredictable outcome following the Le Duc technique, 
which has been observed in clinical as well as experimental 
settings. 

When the ureteric adventitia is left uncovered and 
exposed to the "irritant" effect of urine a type of peri- 
ureteritis was noted. Granulat ion tissue was seen to form 
over these exposed ureters. The ureteral mucous mem- 
brane creeps to cover this granulation tissue. The result is 
formation of a nipple covered on its outer surface by 
transitional epithelium. The functional outcome of this 
process is either sound healing with provision of unidirec- 
tional, non-impeded flow of urine or healing associated 
with dense scarring and calcification that ultimately 
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Fig. 6. Autopsy specimen of the ileal sheet patched to the bladder 
during the second postoperative week. Note the incomplete mucosal 
covering with ulceration 

results in stenosis or reflux. The factor(s) that may dictate 
the final outcome include the vascularity of the ureter and 
the presence of urinary infection. Furthermore, it was 
clearly demonstrated that healing and creeping of the 
intestinal mucosa are impeded in the presence of urine. 
Following the Le Duc technique the transitional epithe- 
lium covers the ureteral nipples before the creeping of 
intestinal epithelium is complete. Accordingly, following 
embedding of ureters in an open sulcus of the small 
intestine, a submucous tunnel is not obtained. 

This series of experiments provides an explanation for 
the reported 15-30% failure rate following the Le Duc 
technique. Furthermore, it emphasizes the critical import- 
ance of covering the ureteric adventitia with an epithelial- 
lined surface to protect it from the effect of exposure to 
urine. This allows sound healing with minimal scarring 
and ensures a predictable functional outcome. 
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Fig. 7. Autopsy specimen of the control ileal sheet. Note the 
complete mucosal covering of the denuded area in the second 
postoperative week. The scale is in centimeters 


