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Bilateral ileal ureter substitution for patients with ureteral 
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Background: The selection of treatment for bilateral ureteral strictures caused by radiotherapy in patients 
with gynecological tumors often brings great challenges to urologists. This study was designed to analyze the 
characteristics of radiation-induced ureteral strictures and summarize the surgical experience of bilateral ileal 
ureter substitution.
Methods: We retrospectively collected the medical records of 18 patients between June 2010 and June 2019 
who had a radiation-induced bilateral ureteral strictures. Time interval from radiotherapy to the discovery 
of ureteral stricture was categorized into short-term (less than 12 months) and long-term (over 12 months) 
groups. All patients received reverse “7” bilateral ileal ureteral substitution. Surgical success was defined as 
no restenosis, relief of symptoms, and improved/stabilized hydronephrosis.
Results: The patients had been suffered from ureteral stricture for a median of 12 [2–106] months. The 
mean length of the left and right ureteral stricture was 9.6±2.6 and 8.8±3.2 cm, respectively. The mean length 
of the ileal graft was 29.1±7.4 cm. The mean operative time was 308.4±70.2 min, and the mean estimated 
blood loss was 254.7±166.2 mL. The postoperative hospital stays in the short-term group was significantly 
shorter than that in the long-term group (14.0 vs. 20.6 days, P=0.049). During a median follow-up time of 
24.1 (4.5–71.9) months, the success rate was 94.4%. Eight minor complications and two major complications 
occurred in 7 patients. 
Conclusions: Bilateral ileal ureter substitution can be an effective strategy for radiation-induced ureteral 
stricture in patients with gynecological tumors.
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Introduction

Radiotherapy represents an important therapeutic 
component in the management of many gynecologic 
malignancies, which can be employed as primary treatment, 
or neoadjuvant, or adjuvant therapy. Radiotherapy is 
indicated in up to 60% of cervical cancer patients, 45% 
of endometrial cancer patients, 35% of vulvar cancer 
patients, 100% of vaginal cancer patients, and 5% of 
patients with ovarian cancer (1). However, the surrounding 
normal tissues usually receive some of the doses. The 
incidence of ureteral stricture was reported to be 1.0%, 
1.2%, 2.2%, 2.5%, and 3.3% at 5, 10, 15, 20, and  
25 years after radiation, respectively (2).

Patients with ureteral strictures may suffer from flank 
pain, dilation of the upper urinary tract, and deterioration 
of renal function. Due to the influence of gynecological 
tumors and the fragility of tissues after radiotherapy, 
ureteral injury is difficult to manage. A percutaneous 
nephrostomy or indwelling ureteral stents was usually used 
to relieve hydronephrosis (3,4). However, percutaneous 
nephrostomy or the insertion of ureteral stents could not 
only impair the quality of life but also lead to infection, 
stones, and even deterioration of renal function (5).

Bilateral ureteral stricture caused by pelvic radiotherapy 
is more complicated and more difficult to deal with. 
Although ureter reconstruction is a definitive option, it 
is limited by the surgical complexity and adhesions or 
tissue degeneration caused by radiation (6,7). Radiation-
induced bilateral ureteral stricture often occurs at 4–6 cm 
proximal to the ureteric orifice (4). Ureteroureterostomy 
or ureteroneocystostomy is not suitable for reconstruction 
because of excessive tension of the anastomosis. The use of 
psoas hitch or Boari flap is also limited because the capacity 
of the bladder is insufficient for a Boari flap, especially 
in combination with radiation cystitis or contracted  
bladder (7,8).

Using bowel segments for ureteral reconstruction is a 
promising option. However, possibly due to the presence 
of bowel adhesion and the risk of tumor recurrence, there 
is limited literature on bilateral ileal ureter substitution 
secondary to radiotherapy (7,9-12). The present study aims 
to analyze the characteristics of radiation-induced ureteral 
strictures and summarize our experience with bilateral ileal 
ureter substitution. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/tau-21-255).

Methods

Patients

From June 2010 to June 2019, 18 patients treated by 
bilateral ileal ureter substitution were enrolled. The 
demographics, gynecological cancer histories, laboratory 
data, imaging studies, perioperative data, and follow-
ups were recorded. All patients were consecutively and 
preoperatively diagnosed with bilateral ureteral strictures. 
The diagnosis was made based on subjective criteria, such 
as flank pain, pyelonephritis, and the radiological criteria 
including retrograde urography or antegrade + retrograde 
urography, computed tomography urography (CTU), and 
diuretic renography. Time of ureteral strictures was defined 
as the interval from the last radiotherapy to the discovery 
of symptoms or abnormal imaging examination and was 
categorized as short-term (less than 12 months) and long-
term (over 12 months). The main surgical indication for 
bilateral ileal ureter substitution was patients with bilateral 
long or multiple ureteral strictures, which cannot be treated 
simply by ureteroureterostomy, ureteroneocystostomy, 
or Boari flap, and the patients had one of the following 
conditions: (I) intolerance to ureteral stents (9 cases); (II) 
deterioration of the renal function after indwelling ureteral 
stent (3 cases); (III) recurrent urinary tract infection 
with ureteral stents or nephrostomy tubes (1 case); (IV) 
patients’ willingness (5 cases). The surgical indications 
for augmentation ileocystoplasty included (I) irritation 
symptoms of bladder; (II) a bladder volume less than 100 mL  
in the urodynamic study. Exclusion criteria included (I) 
elevated serum creatinine above 1.5 mg/dL; (II) bowel 
disease; (III) tumor recurrence; (IV) intolerance to surgery. 
Complications were evaluated by the Clavien-Dindo 
classification system (13). This study was approved by the 
ethics committee of our hospital (No.: 2020-SR-283). 
Informed consent was obtained from all participants. All 
research procedures were conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Surgical technique 

Polyethylene glycol electrolytes were taken to clean the 
intestines, and enteral nutrition emulsions were consumed to 
ensure a scum-free diet the day before surgery. The patient 
was placed in a supine position after general anesthesia. A 
midline incision and splitting of the bilateral line of Told 
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were performed to expose both ureters. The level of the 
healthy ureter was judged by observing whether the urine 
can flow out of the ureteral stump smoothly. Intraoperative 
indocyanine green fluorescent imaging could help 
determine the level of the healthy ureter in difficult cases. 
The ureter proximal to the injury site or the renal pelvis 
was spatulated for subsequent anastomosis. A 20–30 cm  
ileal segment was removed at least 15 cm away from the 
ileocecal valve after measuring the ureter defect length. 
Small intestine continuity was restored with side-to-side 
anastomosis using a linear stapler. There was a reverse 
“7” configuration in all patients (Figure 1), in which the 
internal ureteral stents were placed. Usually, the bowel 
goes above the inferior mesenteric artery through the left 
colonic mesentery (Figure 2A). The left ureter/renal pelvis 
and ileal graft were anastomosed end-to-end by continuous 
suture with 4-0 barbed suture, while the right ureter was 
anastomosed end-to-side on the same ileal graft. The 
terminal ileal graft was turned up about 2 cm to form an 
anti-reflux nipple by full-thickness- seromuscular suture 
(Figure 2B). We performed the ileocystostomy in a two-
layer fashion, with successive mucosa-to-mucosa sutures 
and intermittent seromuscular-detrusor muscle sutures.

Normal saline was used to fill the bladder for further 
confirmation of the bladder capacity during the operation 

in suspicious patients, and augmentation ileocystoplasty 
was performed simultaneously in proper patients. After the 
fibrotic bladder wall around the bladder dome was opened, 
the distal ileal segment was incised on the antimesenteric 
border and oversewed in a “U” shape. The distal segment 
was then subsequently sutured into a hemi-pouch for 
augmentation cystoplasty. Afterwards, the mucosa of the 
hemi-pouch was sutured to the dissected bladder wall  
(Figure 2C). In addition, we only tried to loosen the 
tissues around the bladder during the operation, namely 
“autologous augmentation”, for patients with a bladder 
volume greater than 100 mL but less than 200 mL.

The ERAS protocol includes (I) analgesia: constant speed 
epidural analgetic pump and NSAIDs; (II) symptomatic 
treatment of nausea and vomiting; (III) liquid diet after 
flatus, and gradually resume full diet.

Follow-up

The follow-ups of patients were performed at 1, 3, and  
6 months after surgery and at least twice a year afterwards. 
The patients regularly received symptoms evaluation, 
physical examinations, bimanual examination, urine 
routine test, blood tests (including serum creatinine, 
tumor markers, electrolyte test, and blood gas analysis), 
and transvaginal ultrasound at each visit. Cystoscopy is 
performed 1 month after the surgery when removing the 
ureteral stent. Radiographic examinations including CTU/
functional cine magnetic resonance urography (MRU) were 
performed every 6 months. Surgical success was defined 
as no restenosis, relief of symptoms, no deterioration of 
hydronephrosis.

Statistical analysis

All analyses were performed with SPSS® Statistics, 
version 20.0. The Kolmogorov-Smirnov test was used 
to check whether the data were normally distributed. 
The independent sample t-test was used for continuous 
variables. The chi-square test or the Fisher’s exact test was 
used for categorical variables. The rank-sum test was used 
for non-normal distributions. A two-sided value of P<0.05 
was considered to indicate statistical significance. A line 
chart of creatinine and eGFR for each patient was used to 
trend the renal function before and after the surgery. The 
hydronephrosis-free survival and renal-impairment-free 
survival outcomes were analyzed by Kaplan-Meier analysis.

Figure 1 Surgical atlas of bilateral ileal ureter replacement and 
anti-reflux nipple.
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Results

Baseline characteristics

A total of 18 female patients with bilateral ureteral strictures 
caused by radiotherapy underwent ileal ureter substitution. 
The mean age of the patients was 46.6±8.4 years. All the 
patients had a history of gynecological tumor, including 
cervical cancer (15, 83.3%) or endometrial cancer (3, 
16.7%). The stages of cervical cancer ranged from IA to 
IIA, and endometrial cancers were from I to II. The tumors 
were treated by radical hysterectomy ± bilateral salpingo-
oophorectomy, and adjuvant radiotherapy was applied after 
surgeries. There was no sign of recurrence. The patients 
had been suffered from bilateral ureteral strictures for a 
median of 12 (2–106) months. The strictures were located 
on the lower or mid-lower ureter. The mean length of 
the left ureteral stricture was 9.6±2.6 cm, and the mean 
length of the right ureteral stricture was 8.8±3.2 cm.  
Symptoms included flank pain (9, 50.0%), fever (1, 
5.6%), anasarca (1, 5.6%), and 7 patients (38.9%) were 
found hydronephrosis during periodic review without 
any complaints. In addition, no patients had bowel-
related symptoms. All patients had a history of indwelling 
double-J ureteral stents, and uni- or bilateral percutaneous 
nephrostomy had been indwelled for 9 [2–30] months 
before surgery. The detailed characteristics and history of 
radiotherapy were shown in Table 1.

Peri-operative information

All the patients underwent bilateral ileal ureter substitution 
successfully, with 4 patients simultaneously receiving 
augmentation ileocystoplasty due to a small bladder capacity. 
The mean length of the ileal graft was 29.1±7.4 cm. The 
mean operative time was 308.4±70.2 min, and the mean 
estimated blood loss was 254.7±166.2 mL, without blood 
transfusion during operation. The median postoperative 
length of stay was 15 d (range, 9–93 d). The comparative 
outcomes of the short-term group and the long-term group 
were shown in Table 2. The postoperative hospital stays 
in the short-term group were significantly shorter than 
those in the long-term group (14.0 vs. 20.6 days, P=0.049). 
There were no significant differences in the stricture 
length, the indwelling time of preoperativeureteric stents 
or nephrostomy tubes, the operation time, the estimated 
blood loss, or the postoperative renal function (Table 2). 
Intraoperative complications occurred in 1 patient. In this 
case, the sigmoid colon was damaged when separating the 
adherent intestine tube, and the general surgeon performed 
a one-stage suture repair.

Follow-up

During a median follow-up time of 24.1 (4.5–71.9) months, 
the surgical success rate was 94.4%. Postoperative 

Figure 2 Surgical technique of bilateral ileal ureter substitution. (A) The ileal segment is placed in a reverse “7” configuration to replace 
the ureters on both sides, black arrow: ileal segment; white arrow: the incision of the descending mesocolon through which the ileal graft 
passes. (B) The anti-reflux nipple valve (black arrow). (C) Distal “bowl” shaped patch of the ileal segment when combined with small bladder 
capacity, black arrow: “bowl” shaped patch; white arrow: ileal segment.
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Table 1 The baseline characteristic of patients with bilateral ureteral strictures induced by gynecological tumors radiotherapy

Variables Total

N 18

Mean age, years 46.6±8.4

Gender, n (%) 

Male 0 (0.0)

Female 18 (100.0)

BMI, mean ± SD (kg/m2) 24.1±3.3

Album, mean ± SD (g/L) 41.3±2.1

Symptoms, n (%)

Flank pain 9 (50.0)

Fever 1 (5.6)

Anasarca 1 (5.6)

No symptoms 7 (38.9)

Left stricture length, mean ± SD (cm) 9.6±2.6

Right stricture length, mean ± SD (cm) 8.8±3.2

Radiation dose

Conventional radiotherapy 45–50 Gy 4

Brachytherapy HR-CTV D90: 85–90 Gy 8

Unknown 6

Radiation field

Superior margin of obturator-Bifurcation of abdominal aorta 8

Extended field 4

Unknown 4

Time interval from radiotherapy to detection of ureteral stricture, median (range) (months) 12 [2–106]

Found by review, median (range) (months) 4 [2–24]

Development of symptoms, median (range) (months) 24 [3–106]

Drainage methods

Double “J” stent 17 (94.4)

Nephrostomy tube 17 (94.4)

Both 16 (88.9)

Preoperative indwelling DJ stent, median (range) (months) 14.5 [2–72]

Preoperative nephrostomy, median (range) (months) 9 [2–30]

Preoperative creatinine, mean ± SD (μmol/L) 107.7±26.7

Preoperative eGFR, mean ± SD (mL/min/1.73 m2) 59.1±18.6

DJ, double “J”; eGFR, estimated glomerular filtration rate; HR-CTV D90, minimum dose delivered to 90% of the high-risk clinical target 
volume.
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radiological upper tract images demonstrated that there 
was no evidence of obstruction in any patient (Figure 3A,B). 
Both left and right sides of hydronephrosis were relieved 
than before. Functional cine MRU showed resolution of 
preoperative hydronephrosis and good peristalsis in the 
ileal graft (Video 1). No stenosis of the anti-reflux nipple was 
observed under the cystoscope (Video 2). The mean pre- 
and post-operative creatinine were 107.7±26.7 and 97.8± 
30.7 μmol/L, respectively. The mean pre- and post-operative 
eGFR were 59.1±18.6 and 66.9±24.3 mL/min/1.73 m2,  
respectively. The line chart of creatinine and eGFR for each 
patient was shown in Figure 4. All the patients had stable 
renal function. The long-term hydronephrosis-free survival 
and renal-impairment-free survival outcomes were shown 
in Figure 5.

Regarding the postoperative complications, 8 minor 
complications (grade ≤2) were developed in 5 patients. 
Urinary tract infections (4/18, 22.2%) were the most 
common complications, followed by ileus (3/18, 16.7%). 
One patient was found to have a urine leak and recovered 
by conservative treatment. Major complications (grade ≥3) 

Table 2 Perioperative data of patients in the short- and long-term radiation induced ureteral strictures

Variables Short-term group Long-term group P value

N 8 7 –

Median age, mean ± SD (years) 44.3±6.3 50.7±8.7 0.120

BMI, mean ± SD (kg/m2) 24.4±3.5 24.5±3.5 0.934

Left stricture length, mean ± SD (cm) 10.7±2.3 9.0±3.2 0.330

Right stricture length, mean ± SD (cm) 10.0±3.1 8.7±3.6 0.532

DJ tube, median (range) (months) 15 [2–72] 12 [3–37] 0.577

Nephrostomy tube, median (range) (months) 9 [4–22] 5.5 [2–30] 0.729

Operation time, mean ± SD (min) 307.8±55.1 282.3±65.5 0.445

Blood loss, mean ± SD (mL) 206.3±120.8 250.0±54.8 0.428

Hospital stay, mean ± SD (days) 14.0±2.2 20.6±10.1 0.049*

Postoperative creatinine, mean ± SD (μmol/L) 89.3±23.1 97.4±37.2 0.612

Postoperative eGFR, mean ± SD (mL/min/1.73 m2) 73.1±23.9 67.4±27.3 0.677

Success, n (%) 8 (100.0) 6 (85.7) 0.467

Complication, patients (%) 3 (25.0) 4 (42.9) 0.429

Minor 3 2

Major 0 2

*There is a significant difference between the two groups. BMI, body mass index; DJ, double “J”; Egfr, estimated glomerular filtration rate.

Figure 3 Postoperative radiographic examination during follow-
up. (A) Postoperative three-dimensional computed tomography 
urography of the combined bilateral ileal ureteral substitution and 
augmentation ileocystoplasty. black arrow: “bowl” shaped patch. 
(B) Functional cine magnetic resonance urography showed the 
bilateral ileal ureteral substitution with resolved hydronephrosis.
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accounted for 2 out of all patients. One patient suffered 
from a fistula 10 days after surgery, though intraoperative 
repair for sigmoid injury was performed. However, the 
patient had abdominal pain caused by a colonic fistula. 
Thus, the patient was treated with colostomy and was 
cured with a hospital stay of 93 days. The other patient 
suffered from a pulmonary embolism and recovered after 
hemodynamics and respiratory support and anticoagulation 
therapy.

Discussion

Radiotherapy is a widely used treatment in gynecological 
tumors. For cervical cancer, primary radiotherapy for 
early-stage cervical cancer has an oncology outcome that is 
indistinguishable from surgery (14). In addition, adjuvant 
radiotherapy for mid-risk to high-risk cervical cancer can 
reduce the risk of disease progression (15). For mid-risk 
to high-risk endometrial cancer, adjuvant radiotherapy 

Figure 4 The line chart of creatinine and eGFR for each patient. (A) The trends of creatinine before and after the surgery. (B) The trends of 
eGFR before and after surgery. eGFR, estimated glomerular filtration rate.
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can reduce the risk of local recurrence (16). However, 
even though great efforts have been taken to adjust the 
target area of radiotherapy, it will inevitably affect normal 
tissues. Radiation induces apoptosis of ureteral cells with 
inflammation, which will eventually cause ureteral scars and 
lumen stenosis. 

The treatment of radiation-induced ureteral stricture is 
complicated, and bilateral ureteral stricture is more difficult 
to deal with. Since radiogenic injury to ureters is irreversible 
and progressive, drainage with nephrostomy tubes or long-
term ureteral stents should be permanent. In this long-
term conservative treatment process, many complications 
may be inevitable, such as infection, inadequate relief of 
obstruction, irritative bladder symptoms, and suprapubic 
and loin pain (5). Surgical reconstruction can provide an 
alternative, permanent treatment to improve patients’ 
quality of life. Traditional reconstructive strategies, such as 
ureteroureterostomy, ureteroneocystostomy, psoas hitch, 
and Boari flap, require sufficient length of the ureter or 
sufficient bladder capacity. The inflammatory exudation and 
fibrosis caused by radiotherapy increase the complexity of 
surgery, and it is difficult to meet the principle of tension-
free anastomosis.

The use of ileal segments for ureter reconstruction was 
first reported by Shoemakers in a patient with urinary 
tuberculosis in 1906 (17), and it became an accepted 
procedure in the late 1950s (18). For bilateral ureteral 
stricture, several configurations of ileal graft were designed 
to bridge the ureteral stump and bladder, such as “7”, “11”, 

“Y”, and “U” (10-12,19-22). “U” shaped ileum remained a 
problem that one side of the intestine was antiperistaltic (23).  
“11” and “Y” configurations required two segments of 
ileum, thus, blood supply and mesangial tension caused 
difficulty on surgery (24). The “7” configuration and 
reverse “7” configuration could achieve bilateral peristaltic 
anastomosis (11). Accordingly, the reverse “7” configuration 
was applied for most cases of bilateral ileal ureter 
substitution.

Compared with the results of previous studies (Table 3), 
we reported a considerable success rate of bilateral ileal 
ureter for long ureteral strictures secondary to radiotherapy, 
with a low complication rate. Hydronephrosis was 
significantly relieved in all cases. No patients needed further 
management or suffered renal insufficiency. Our promising 
results were established in proper preoperative evaluation 
and selection. Ruling out the possibility of recurrence and 
metastasis in gynecological tumors before reconstruction 
was essential at first. In our patients, no gynecological 
tumors infiltrated outward in terms of tumor staging. 
Regular reexamination indicated no recurrence or distant 
metastasis occurred in all patients after tumor resection. In 
addition, it is noteworthy that patients should have a good 
and stable preoperative renal function (19,20). Previous 
studies discussed that the creatinine threshold before ileal 
ureter replacement ranged from 1.7–2.0 mg/dL (19,21,25). 
The ileal graft selected for the bilateral ureteral substitution 
was longer, which may cause an easier postoperative 
metabolic problem. We set the criteria as the creatinine 

Figure 5 The Kaplan-Meier analysis of long-term surgical outcomes. (A) Hydronephrosis-free survival. (B) Renal-impairment-free survival.
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should not be higher than 1.5 mg/dL. Patients who did not 
meet the requirements of creatinine were recommended to 
indwell ureteral stents or nephrostomy tubes to relieve renal 
function. Furthermore, comparing to ureteral stents, we 
recommended nephrostomy for 3 months, ensuring enough 
ureteric rest before reconstruction.

Radiation-induced ureteral injuries have different 
characteristics in different periods. In the short term, 
pathological changes manifest mainly as inflammatory 
exudation, and in long-term it is mainly fibrosis (26). We 
found that short-term ureteral strictures were mostly 
detected by re-examination, and long-term ureteral 
strictures were mostly found by the complaints caused by 
long-lasting hydronephrosis. For this reason, patients in 
the short-term group firstly tended to adopt conservative 
drainage methods to observe the effect, while those in the 
long-term group underwent surgical treatment as soon as 
the condition improved after urine drainage. Thus, the 
long-term group had a shorter time on nephrostomy and 
DJ stents on the contrary. No difference in operation time 
or blood loss was observed. We think the possible reason 
was that the experienced surgeon had rich experience in 
reconstructive surgery, which covered up the impact of 
acute exudation and chronic fibrosis on surgery. However, 
the longer strictures and difficulty in the determination 
of the healthy ureters in the short-term group would 
result in a little longer operation time, without significant 
difference. A small number of cases may also produce bias. 
The short-term group allowed for a quicker recovery from 
surgery. The reason may be that the three complications 
in the long-term group lengthened the hospital stay. 
Therefore, although there was no significant difference in 
the surgical success rate, complications, and postoperative 
renal function, we proposed to review patients with pelvic 
radiotherapy regularly to detect and treat hydronephrosis as 
early as possible.

The reverse “7” configuration for bilateral ileal ureter 
substitution was recommended because it corresponds to 
the natural anatomy and reduces the risk of mesenteric 
torsion. At the same time, a reverse “7” configuration 
allowed the ileal ureter to mimic the natural ureteral 
isoperistaltic movement, not only playing a role in anti-
reflux activities but also shortening the duration of urine in 
the intestine (11). What needs to be emphasized is that the 
ileum used must be a non-radiated segment. The length 
of the ileal graft was not limited, and it can be adjusted 
according to the complicated intraoperative situation. 
We recommended that the appropriate ileum should be 

selected from far and near for patients who may have an 
intestinal injury due to radiotherapy. The colon should be 
considered as a substitute if needed. Urinary diversion is 
not recommended because of low quality of life and stoma-
related complications. In addition, radiotherapy can result 
in severe pelvic adhesions, fragile tissues, and easy bleeding. 
A continuous ileal segment helped minimize the number 
of anastomoses, reduce blood loss and lower the risk of 
anastomotic stenosis and urinary fistulas. 

It is more complicated when radiation-induced ureteral 
strictures combined with bladder contracture. Radiation 
damage is degradation and subsequent remodeling of the 
connective tissue matrix, which leads to radiation-induced 
fibrosis (27). The decrease in bladder capacity brings about 
symptom distress and deterioration of hydronephrosis, and 
even worsening of renal function. In patients who suffered 
from bladder irritation symptoms caused by a contracted 
bladder, augmentation ileocystoplasty could be performed 
with a continuous ileal segment at the same time.

Nipple nesting sutures are necessary for anti-reflux of 
the distal anastomosis, while bilateral ureteral proximal 
anastomosis may not be suitable for an anti-reflux design. 
To date, it remains undetermined whether an anti-reflux 
technique is necessary. Some authors considered that anti-
reflux implantation was necessary for preventing ileal graft 
dilation, recurrent urinary tract infection, or metabolic 
acidosis by stopping the transmission of pressure to the 
kidney and reducing the duration of contact of urine with 
the intestinal mucosa (12,20,28). However, others reported 
that there was no difference in outcome because the natural 
isoperistaltic waves of ileal grafts kept reflux from reaching 
the kidney, and an ileal segment longer than 15 cm had been 
regarded as a defender against the harmful effects on reflux 
(29,30). Morozov et al. had even claimed that anti-reflux 
anastomoses might suggest a high rate of strictures (31). 
In this series, we implemented a distal nipple valve for the 
anti-reflux procedure in all patients. The anti-reflux nipple 
was planted into the bladder, which increases the difficulty 
of urine reflux along the ileal cystostomy. The contraction 
of the bladder detrusor muscle and the double contractility 
of the intestine were more conducive to closing the end 
lumen. Additionally, the ends of the ureters were trimmed 
into a fish-mouth shape with a diameter comparable to that 
of the intestine. The proximal anastomosis was made as 
wide as possible so that urine can flow without resistance.

Strict management during the perioperative period and 
regular postoperative follow-up of bilateral ileal ureter play 
an equally irreplaceable role. Only 2 patients suffered from 
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major complications. The sigmoid colon was damaged due 
to severe intra-abdominal adhesions during the operation 
in one patient. Although the segment was repaired during 
the procedure, an intestinal fistula still appeared after 
the operation, and repair of the fistula was ultimately 
performed. At present, abdominal imaging shows that the 
intestinal fistula was cured. This case suggests that it is 
better to perform bowel preparation when the adhesions 
caused by radiotherapy are expected to be severe. Once 
unexpected bowel injury occurs, a primary suture can 
proceed safely. A simultaneous temporal ileostomy is one 
secure choice of option for treatment. The other patient 
suffered from pulmonary embolism. It may be attributed 
to the hypercoagulable state of cancer patients and the 
long time in bed. Therefore, ERAS and postoperative 
prophylactic anticoagulation are also essential. Minor 
complications were common with urinary tract infection 
and intestinal obstruction, which were cured by conservative 
treatment. In addition, blood gas analysis was regularly 
reviewed and oral sodium bicarbonate tablets were used to 
prevent postoperative metabolic acidosis.

Postoperative cine MRU is recommended to help 
identify the function of the wide bowel used for ileal ureteral 
substitution. In the previous study, cine MR was reported as 
a reliable tool for assessing gastric motility and monitoring 
small bowel peristalsis (32). Dilation of the upper urinary 
tract or the ileal graft does not mean that the operation 
has failed because the upper urinary tract with long-term 
hydronephrosis needs a long time to recover. For bilateral 
ileal ureter, dynamics image can visualize the movement of 
the ileal segment and urine excretion, showing advantages 
in providing high temporal and spatial morphology and 
monitoring the function of the reconstructed urinary tract 
to current still imaging examination. At the same time, cine 
MRU is a nonradioactive examination. In our series, there 
were no obvious abnormalities in the urine drainage and 
the peristaltic waves of the replaced ureter-ileal graft. No 
fixed stenosis was detected. In addition, dynamic MRU was 
superior for recognizing ureteral jets, which indicated the 
process of urine being transmitted from the ureter into the 
bladder.

To our knowledge, this is the largest study in China to 
date to report surgical experience and promising clinical 
results of bilateral ileal ureter substitution for extremely 
complicated ureteral strictures induced by radiotherapy. 
However, there are still some limitations in our study. First, 
a fundamental limitation was that all patient data were 
collected retrospectively. Second, information about initial 

radiotherapy was incomplete because these complicated 
cases were all referred by other hospitals, and some relevant 
information could not be traced back. Third, the number of 
patients was small because of the low incidence of bilateral 
ureteral strictures. At last, the follow-up time was short, 
and long-term follow-up results are needed. In the future, 
prospective cohorts with a large sample size are urgently 
needed.

In conclusion, for patients receiving pelvic radiotherapy, 
a regular reexamination is recommended to detect 
ureteral stricture as early as possible. Bilateral ileal ureter 
substitution is a feasible option for patients with bilateral 
ureteral strictures induced by radiotherapy. Rigorous patient 
selection, reconstructive principal, surgical technique, and 
strict postoperative management were the precondition of 
satisfying outcomes and low complication rates.
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