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Improved Long Ureteral Reconstruction with Ileum By Longitudinal Clipping and Mucosal Stripping: an 
Animal Study
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Purpose: To investigate the possibility of bridging long ureteral defects by longitudinal clipping and mucosal 
stripping of the pedicled segment of ileum (CMSPI). 

Materials and Methods: Ten beagle dogs (five males and females aged 2-3 years) were used to model a defect 
of the entire ureter. An ileal segment was selected, and half of the intestinal segment was longitudinally resected, 
without mesenteric resection. The intestinal mucosa was removed. Then, the ileum was sutured to form a tube 
connecting the renal pelvis to the bladder. A 5F ureter stent was inserted into the ileum and removed 4 weeks 
after surgery. Intravenous urography (IVU) was used to observe the reconstructed ureters at 6 and 12 weeks after 
the operation. Blood samples were collected before surgery and during each radiological examination to assess 
electrolyte and renal function. Five dogs were randomly euthanized after each IVU. After macroscopic analysis, 
hematoxylin-eosin (H&E) staining was performed to observe the microscopic changes in the reconstructed ureter.

Results: All dogs were in good condition after surgery. Changes in blood electrolyte and renal function after 
surgery were not significant. IVU demonstrated no ureteral obstruction or extravasation of the contrast agent; 
however, mild hydronephrosis were observed in three dogs. Macroscopic analysis indicated that the reconstructed 
ureter was intact without strictures. H&E showed that no mucosal structure was present on the luminal surface. 

Conclusion: CMSPI is feasible for bridging long ureteral defects and has shown good efficacy in this preliminary 
study. 

Keywords: ureteral defect; ureteral reconstruction; ureteral replacement; ileal ureter; reconstructive urology

INTRODUCTION

In view of the development of endourologic proce-
dures, laparoscopic surgery, and radiation therapy, 

the incidence of iatrogenic ureteral injury, including 
long ureteral defect, has increased significantly in the 
past decades(1). The treatment of severe ureteral defects 
is a challenge for urologists. Therefore, suitable and ef-
ficient treatment methods are crucial. Ureteral replace-
ment is common when the ureteral defect is longer than 
5 cm, especially in cases of full-length ureter defects. 
The main corrective methods are ileal ureter replace-
ment, autotransplantation, and Boari tubularized blad-
der flap(2). Ileal ureter replacement is more common 
than the other two techniques and is often used as the 
final solution after the failure of other methods(3,4).
Ureteral replacement with ileum to correct full-length 
ureteral defects was first described by Schoemaker in 
1906 and was later popularized by Goodwin et al.(5) 

in 1956. Since then, this technique has improved and 
has become a useful alternative for reconstructive urol-
ogy(6). However, the extended use of this technique is 
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limited by surgical complications, including urinary 
fistula, infection, obstruction, urine reflux, chronic py-
elonephritis, electrolyte imbalance, and gradual decline 
in renal function(7,8). Postoperative complications in the 
ileal ureter are attributable to the large ileum diameter 
and the presence of the intestinal mucosa. In the past 
studies which had focused on improvement of ileum 
ureter and only some complications were addressed(9). 
To overcome these complications, the traditional tech-
nique was modified by using longitudinal clipping and 
mucosal stripping of the pedicled segment of ileum. 
This study investigated the feasibility and the initial 
outcomes of CMSPI for reconstructing the full-length 
ureter in an animal ureteral defect model. 

MATERIALS AND METHODS
Experimental animals
Five female and five male healthy adult beagle dogs 
(aged 2-3 years; weight 10–15 kg) were obtained from 
the Animal Experiment Center of the Third Military 
Medical University, China. The level of microbial 
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control was standard. Surgeries were performed in the 
Surgical Laboratory of Zunyi Medical University. All 
dogs fasted for 24 hours before undergoing surgery. 
Five dogs were examined at 6 weeks postoperatively 
and five dogs at 12 weeks postoperatively.
Materials and equipments
Surgical bed, shadowless lamp, intestinal resection, and 
anastomosis bag ( Surgical Laboratory of Zunyi Medi-
cal University); 3/0 absorbable sutures (Huawei Brand 
HY3901 20PCS); 20 mL disposable syringe and 22G 
disposable indwelling needle (0.9 × 25 mm; Condele); 
5F double-J ureteral stent tube (Huaye Medical Instru-
ments); metronidazole and ampicillin; specimen fixa-
tion (10% formaldehyde); digital radiography machine 
(Shimadzu Sonialvision G4); and automatic biochemi-
cal analyzer (BACKMAN AU5821).
Experimental methods 
Preoperative preparation 
The dogs were anesthetized with 3% pentobarbital so-
dium (30 mg/kg) intraperitoneally. Hair was removed 
using a sodium sulfide solution. The dogs were fixed 
supine. The depth of anesthesia was monitored at a res-
piratory frequency of 16-20 times/min. Femoral venous 
blood (5 mL) was collected to perform electrolyte and 
renal function assay.
Establishing the full-length ureteral defect model
A midline abdominal incision was performed. The 
abdominal cavity was explored to ensure the absence 
of apparent abnormalities. The left lateral peritoneum 
was dissected, and the renal pedicle was separated and 
clamped. After that, the left kidney was removed. Then, 
the right lateral peritoneum was incised. The entire ure-
ter was separated and resected, and the bladder stump 
was sutured.
Ileum preparation and mucosal stripping
Starting at 10 cm proximal to the ileocecal junction, an 
ileal segment of approximately 10-15 cm in length was 
sectioned. The stumps of the primary ileum were end-
to-end anastomosed with 1-0 silk suture in front of the 
selected ileum to restore ileal continuity, and the mes-
enteric openning was closed. Residues in the selected 
ileum were washed off with physiological saline.  
Half of the ileum on the contralateral side of the mes-
entery was clamped with leather forceps and excised, 
and the remaining half ileum was washed with saline. 
A 5 mL syringe needle was inserted into the space be-
tween the mucosa and the submucosa along the edge. 
Physiological saline was injected into this space to 
separate the mucosal layer from the submucosal layer, 
and the mucosal layer was removed. Electrocoagulation 
was used to interrupt bleeding. 

Ureteral reconstruction
The pedicled half clipping ileum was sutured into a tu-
bular tract with 3/0 absorbable sutures to serve as the re-
constructed ureter, and then a 5F double-J ureteral stent 
tube was inserted in the tube. The proximal end of the 
reconstructed ureter was anastomosed to the renal pel-
vis, and the distal end was anastomosed to the bladder 
to maintain the direction of intestinal peristalsis. The 
ureteral stent was fixed to the renal pelvis using 3/0 ab-
sorbable sutures to prevent dislocation. 
The abdominal cavity was checked to confirm the ab-
sence of abnormalities. Ampicillin 0.5 g and metroni-
dazole 50 mL were injected into the abdominal cavity. 
The abdominal incision was sutured layer-by-layer. Af-
ter recovery from anesthesia, the dogs were fasted for 
24 hours, but were given water, and then fed normally 
after enteral feeding. 
Postoperative measurements
The dogs’ mental status, food intake, defecation, and 
emiction were assessed after surgery. A small abdom-
inal incision of approximately 3.0 cm was made at 4 
weeks after the operation. The distal end of the double-J 
stent was located in the bladder and the whole stent 
was pulled. The bladder wall and abdominal incision 
were sutured separately. Two weeks after removing the 
double-J stent, all dogs were anesthetized, and venous 
blood (5 mL) was collected again for analyzing postop-
erative electrolyte and renal function. Five dogs were 
randomly selected for digital radiography (DR) of the 
kidney, ureter, and bladder (KUB). Then intravenous 
urography (IVU) was performed after injecting iohexol 
(25 mL) into the lingual vein to perform intravenous 
urography (IVU). After that, all five dogs were euth-
anized to assess the morphology of the peritoneum, 
kidney, and the reconstructed ureter, and obtain tissue 
specimens. Venous blood (5 mL) was collected from 
the other dogs at12 weeks after surgery, and KUB+IVU 
was performed. After morphological analysis, kidney 
specimens and the reconstructed ureters were fixed in 
formalin.
This study was performed with the approval of the In-
stitutional Animal Care and Use Committee of Zunyi 
Medical University. All experimental procedures were 
conducted according to local guidelines on the ethical 
use of animals and the National Institutes of Health 
“Guide for the Care and Use of Laboratory Animals” 
(NIH publication No. 80-23, revised in 1996). This 
study did not involve human participants.
Statistical Analysis
Quantitative data were expressed as means ± standard 
deviations. The repeated measure ANOVA was used 
for making comparisons between two groups. Data 
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Table 1. Electrolyte and renal function before and after ureteral reconstruction (mmol/L)

Indexa  Baseline (n=10)b 6 weeks (n=10)c 12 weeks (n=5) F P

K+  4.32 ± 0.72  4.21 ± 0.46      4.39 ± 0.67  0.162 0.851
Na+  145.25 ± 2.02  143.19 ± 5.16  144.88 ± 2.35  0.85 0.441
Cl-  109.87 ± 2.27  110.97 ± 4.17  111.72 ± 3.94  0.531 0.595
Ca+  2.44 ± 0.20  2.35 ± 0.14  2.43 ± 0.11  0.739 0.489
Ur  4.30 ± 1.06  4.10 ± 0.85  4.01± 0.80  0.195 0.824
Cr  82.20 ± 11.65  85.3 ± 12.38  82.00 ± 9.77  0.222 0.802

aData are presented as mean ± SD
bBlood samples were collected before surgery.
cBlood samples collected at 6 weeks after surgery and five dogs were euthanized after intravenous urography.



were analyzed using SPSS software (SPSS, Inc., Chica-
go, Illinois) version 17.0. A P-value < 0.05 was consid-
ered statistically significant. 

RESULTS
Establishment of the model
The intraperitoneal injection of 3% pentobarbital sodi-
um (30 mg/kg) achieved a satisfactory anesthetic effect. 
All surgical procedures were performed by the same 
urological surgeon using standard protocols (Figure 
1A). After removing the mucosa from the ileum, the 
submucosa was dense and smooth and strongly attached 
to the muscle layer. No significant bleeding occurred. 
Physiological saline (20 mL) was injected into the re-
constructed ureter to check for leakage. The diameter of 
the reconstructed ureter was approximately four times 
that of the original ureter. Intraoperative blood loss was 
40-60 mL (average of 50 mL), and operative time was 
100-160 min (average of 130 min). 
Blood analysis
There were no significant differences in the electrolyte 
and renal functions of the ten dogs between before and 
after surgery, and no significant decrease in function 
between week 6 and week 12 after the operation (Table 
1).

KUB and IVU
KUB and IVU were performed at 6 and 12 weeks af-
ter the surgery (Figure 2). On the IVU, the kidney was 
filled with the contrast agent in 5 minutes, the ureter 
and bladder were filled in 10 minutes. The ureters pre-
sented no obstruction or extravasation of the contrast 
agent. Hydronephrosis did not occur in the dogs eutha-
nized at 6 weeks after surgery, However, mild hydrone-
phrosis were observed in three dogs that survived at 12 
weeks after surgery.
Postoperative macroscopic observation of the 
reconstructed ureters
The reconstructed ureters were resected and observed 
macroscopically (Figure 3). There was no significant 
change in renal volume. The shape of the reconstructed 
ureters was regular and cylindrical in all dogs. No fistu-
la or scar nodule was observed in the ureters. There was 
no abnormal hyperplasia or mucous secretion. The ure-
teral diameter was approximately 10 mm. The shape of 
the bladder was normal. Mild stenosis at the renal pelvis 
anastomotic site with hydronephrosis was observed in 
one dog survived at 12 weeks after surgery.  
Hematoxylin-eosin (H&E) staining and microscopic 
observation

Figure 1. Ileum clipping and removal of the ileal mucosa. (A) Half of the ileum on the contralateral side of the mesentery was removed, 
and the other half of the ileum on the mesenteric side was preserved. (B) A tubular duct was formed after mucosal stripping, and the 
original ileal stumps were sutured to restore intestinal continuity.

Figure 2. Representative images of intravenous urography (IVU) after surgery. (A) IVU image at 6 weeks postoperatively. (B) IVU 
image at 12 weeks postoperatively. 
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The standard ileal segment and the reconstructed ure-
ter specimens were collected and stained with H&E. 
The structure of the standard ileal wall was intact, and 
there were several mucous glands. The submucosal and 
mucosal layers were intact and clear (Figure 4A). In 
contrast, the reconstructed ureter had no mucosal layer, 
whereas the submucosal and muscle layers were intact. 
A small amount of inflammatory cell infiltration was 
observed (Figure 4B).

DISCUSSION
Long ureteral defect is a challenging condition for urol-
ogists when an end-to-end anastomosis is not feasible. 
Currently available methods including Boari flap, ile-
al ureter, and renal autotransplantation(2,10). In clinical 
practice, ileal substitution is the most used procedure 
for ureteral defects; nevertheless, urologists have raised 
concerns about postoperative complications(7,8). The 
aim of improving ileum ureter replacement is to trans-
port urine from the kidneys to the bladder in the proper 
lumen with low pressure and decrease electrolyte re-
absorption and mucus secretion(11). These objectives 
can be achieved using several structures, including the 
appendix, greater omentum, and venous ureters; how-
ever, these applications are restricted because of the 

complexity of these procedures and related postopera-
tive complications(12). Based on the traditional method 
of ileal ureter we constructed CMSPI of beagle dogs 
to substitute the full-length ureter and assess the feasi-
bility and efficacy of this technique. After ureteral re-
construction, all evaluated dogs survived and were in 
good condition. The filling time of the kidneys and ure-
ter-bladder was adequate, without strictures or leakage 
of the contrast agent in the urinary tract. The electrolyte 
and renal function of the dogs after surgery was statisti-
cally similar to that at baseline, indicating a satisfactory 
outcome. 
One of the strategies used to improve the traditional 
method of ileal ureter replacement is the Yang-Monti 
procedure, which reduces the pressure in the substituted 
ureter and the diameter of the ureteral lumen. Yang (13) 

described for the first time the transversal tubulariza-
tion of the ileum for treating bladder carcinoma. Monti 
et al.(14) later described the same technique to form an 
efferent duct for urinary diversion in dogs, and Esmat 
et al.(15) applied the Yang-Monti principle to reconfig-
ure ileal segments for ureter substitution. However, a 
retrospective study found that the major complication 
was infection caused by integrated intestinal mucosa(16). 
Anatomical defects also need to be considered, and the 

Figure 3. Morphological observation of ureter specimens. Morphology at 6 weeks (A) and 12 weeks (B) after surgery. The images 
showed that the reconstructed ureter presented a constant diameter without forming scar nodules and fistulas. The surface of the duct wall 
was smooth without stenosis. Mild hydronephrosis occurred in one specimen with a smooth inner surface of the reconstructed ureter.

Figure 4. Morphological analysis of a normal ileum and the reconstructed ureter wall sections by hematoxylin-eosin staining (×100). 
(A) The structure of the ileal wall was intact, the mucosal and submucosal layers were clear, and there were several mucous glands in the 
mucosal layer. (B) The reconstructed ureter did not present a mucosa, but the submucosa and muscle layers were intact. A small amount 
of inflammatory cell infiltration was found in the interstitium.
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retubularization process makes the muscularis move 
mode of the small intestine uniquely, the inconsistent 
and variable tension along the duct wall could create lax 
areas. Pouches and leakage could result directly from 
the formation of a false passage(17). 
In the modified technique presented in this study, lon-
gitudinal clipping can maintain the movement of the 
muscularis propria and decrease the contractive force 
of the ileum, reducing the internal pressure of the renal 
pelvis and ureter. Moreover, the intestinal mucosa was 
completely removed to eliminate its absorptive and se-
cretory functions. After surgery, all dogs survived for 6 
weeks, whereas the last euthanized dogs survived for 12 
weeks. IVU images confirmed the satisfactory patency 
of the reconstructed urinary tract. Macroscopic obser-
vation showed that the inner surface of the construct-
ed ureter was intact and smooth, without strictures or 
leakage of urine throughout the urinary tract. Neverthe-
less, mild pyelectasis occurred in three of five dogs that 
survived for 12 weeks postoperatively and one of them 
had minor stenosis at the renal pelvis anastomotic site. 
Given that cystostomy and the anti-reflux technique 
were not performed in all the dogs, we believe that re-
flux hydronephrosis was possibly the primary cause of 
pyelectasis. The inhibition of intestinal secretion makes 
the use of the anti-reflux technique feasible in this pro-
cedure and ensures that the tube is not blocked by secre-
tions. The effects of anti-reflux techniques on hydrone-
phrosis will be investigated in a follow-up study.
Ureteral tissue engineering may serve as an alternative 
approach for decreasing absorption and secretion in the 
intestinal mucosa. Most studies investigating ureteral 
defects used extracellular matrix(ECM) and synthetic 
materials; however, the disadvantage of these materi-
als is lack of flexibility and alloimmunization(18). The 
use of the submucosa of the small intestine (SIS) with-
out cellular pre-seeding to construct a tube could solve 
these problems and expedite the regeneration of the 
urothelium and smooth muscle(19); however, this tech-
nique is limited to treating ureteral defects of less than 
5 cm, and fibrosis occurs in some cases(20,21). The com-
plication rates of ureteral tissue engineering can reach 
25%(22). The main cause of fibrosis is the lack of ef-
fective blood supply. In the procedure described in this 
study, we removed the ileal mucosa to allow the submu-
cosa to become the inner layer of the reconstructed ure-
ter, and preserved the integrity of the muscularis pro-
pria layer and blood supply. During the 12-week study 
period, there was no sign of mucosal regeneration, and 
a satisfactory result was achieved without strictures or 
fibrosis of the submucosal and muscularis layers, which 
indicates the potential use of the ileal submucosa to re-
place the ureteral lining.
Our study focused on investigating the feasibility of lon-
gitudinal clipping and mucosa stripping of the pedicled 
segment of ileum to reconstruct the entire ureter in a 
beagle dog model. The results showed that CMSPI was 
a novel, feasible, and promising technique for bridging 
long ureteral defects. The study limitations were the 
absence of a control group, the small sample size, and 
the short-term follow-up. Moreover, further studies are 
necessary to assess the effect of anti-reflux techniques 
and whether the urothelium is regenerated in the inner 
layer of the reconstructed ureter after a longer period. 
However, this preliminary study is useful to urologists 
involved in urinary reconstruction.

CONCLUSIONS
CMSPI is feasible for replacing the entire ureter and 
showed good efficacy in this preliminary study. Fur-
thermore, this procedure reduces the complications at-
tributable to the large diameter of the ileal tract and mu-
cosa. These initial findings may be helpful to urologists. 
The anti-reflux technique and whether the urothelium 
is regenerated will be addressed in the follow-up study.
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