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Abstract

Background: To explore the feasibility and long-term outcomes of renal preservation in a retrospective cohort of
patients with ureteral urothelial carcinoma undergoing total ureterectomy with ileal-ureteral substitution.

Methods: A retrospective review of the data from patients treated with total ureterectomy with ileal-ureteral
substitution from 1988 to 2016 was performed. The pre-operative oncological status, long-term oncological
outcome, long-term renal functional outcome, early and late complications were analyzed.

Results: A total of eight patients with a median age of 70 years were included. The median follow-up time was
109 months. Six patients had multi-focal tumor involvement over the target ureter, and six patients had bilateral
upper tract involvement. Only one patient encountered the upper-tract recurrence. The 2 and 5-year cancer-specific
survival rates were 87.5 and 75.0%, respectively. The renal function was well-preserved in most patients, with only
one patient needed life-long postoperative hemodialysis. Five patients experienced early complications and four
patients experienced late complications. No perioperative mortality happened.

Conclusions: A total ureterectomy with an ileal-ureteral substitution is feasible for treating ureteral urothelial
carcinoma when a renal-sparing procedure is indicated. It provides good long-term oncological outcomes over the
upper tract, and it also preserves the renal function.
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Background
Upper-tract urothelial carcinoma (UTUC) is a high-
incidence disease in southern Taiwan. It has been associ-
ated with arsenic exposure and consumption of Chinese
herbal products that contain aristolochic acid [1, 2].
Radical nephroureterectomy with bladder cuff excision
provides durable oncological control, and remains the
gold standard for treating UTUC [3]. However, kidney
sparing surgery may take an important role in the arsenic
or aristolochic acid endemic area, because the incidence
of bilateral upper tract involvement was reported around
8–10% in the geographical region of aristolochic acid ne-
phropathy [4, 5]. Also, the recurrence of UCs in the
contralateral upper tract was reported to occur in 2–6%

[6, 7]. Since the incidence of ureteral urothelial carcinoma
(UC) is twice higher than the renal pelvic UC over the en-
demic area of arsenic exposure [2], kidney sparing surger-
ies are now considered reasonable alternatives in selected
patients with chronic renal insufficiency, a solitary func-
tional kidney, synchronous bilateral UTUCs or high risk
of contralateral upper urinary tract recurrence.
Some researchers [8–10] have reported technical feasi-

bility and good oncologic outcome in patients with ur-
eteral UCs, using kidney sparing procedures such as
endoscopic ablation and segmental ureterectomy (SU).
However, endoscopic management may carry risks of
under-staging, under-grading, or increased risk of recur-
rence, where SU may not be feasible in multifocal
disease or in the case of long segment of tumor involve-
ment [8]. Both procedures also encounter certain risk of
recurrence on the remaining ureter [11, 12].* Correspondence: solarex333@gmail.com
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Total ureterectomy provides a maximal resection of
the diseased ureter from uretero-pelvic junction to blad-
der cuff, which is also a reasonable alternative for pa-
tients with multifocal ureteral disease. Some case series
[13–15] have reported that the combination of a total
ureterectomy and renal auto-transplantation with a pye-
locystostomy eliminates a potential multifocal ureteral
UCs over the entire ureter. However, graft function and
vascular complications are the major concerns of this
procedure [13, 16–18]. Ileal-ureteral substitution was de-
signed to bridge a huge ureteral defect, and the safety
was showed in some studies [19–21]. However, only
small case series and case reports discussed about the
combination of total ureterectomy with ileal-ureteral
substitution in treating ureteral UC [12, 22, 23]. Besides,
these studies did not focus on the long-term functional
and oncological outcome specifically for this procedure.
We present a single-center’s experience of the total ure-
terectomy with ileal-ureteral substitution for ureteral UC
patients in southern Taiwan over the last two decades
after a long-term follow up.

Methods
Study design
We retrospectively reviewed the medical records of all
patients who had a total ureterectomy with an
ileal-ureteral substitution for ureteral UC at our center
from January 1988 through December 2016. Approval
from our hospital’s Institutional Review Board had been
obtained before the commencement of the study (IRB
number: A-ER-105-059). The patients’ underlying dis-
eases, baseline renal function, surgical planning, path-
ology reports, early complications, late complications,
long-term renal function, and the oncological outcomes
were collected. The baseline renal function was evalu-
ated using serum creatinine levels 1 day before surgery.
The estimated glomerular filtration rate (eGFR) was cal-
culated using the Modification of Diet in Renal Disease
equation, and the patients were classified into different
stages of chronic kidney disease (CKD). The pathology
reports for these patients were reviewed by a single
pathologist, and were translated into clinical grading and
staging based on the AJCC Cancer Staging Manual, 7th
edition. Complications were taken into consideration
only if they were related to the surgery. Early complica-
tions were defined as those that occurred within 30 days
after surgery, and late complications were defined as
those at least 30 days after surgery. Early complications
were rated major or minor based on the Clavien-Dindo
classification of surgical complications [24]. Upper tract
recurrence was defined as any documented radiographic
or pathological evidence of cancer recurrence inside the
ileal ureter, the ipsilateral renal pelvis, or over the surgi-
cal field. Bladder recurrence and distant metastasis data

were also collected for oncological outcomes. Overall re-
currence was defined as the combination of local recur-
rence, bladder recurrence, and any detectable distant
metastasis.

Surgical procedures
All patients underwent surgeries with similar technique
by two surgeons. The main surgical steps were described
as follows. A midline incision was made to approach into
the abdominal cavity. Enter the retroperitoneal cavity and
wide dissection to expose the renal pelvis and ureter. En
bloc resection from ureteropelvic junction till bladder cuff
was performed to remove the pathologic ureter. An ileal
segment about 20 to 25 cm was harvested at least 15 cm
away from the ileocecal valve. The ileal graft was lying in
the isoperistaltic direction, with end-to-end pyelo-ileal
anastomosis, and end-to-side reimplantation into the pos-
terior wall of the urinary bladder. A double-J ureteral stent
was placed before completion of the anastomosis. Retro-
peritonization of the reconstructed ileal segment was done
to avoid urine leakage or tumor seeding into peritoneal
cavity. No anti-reflux system was performed due to the
concern of any obstructive condition in the solitary kidney
patients. A suction drain is positioned in retroperitoneum
close to anastomotic sites. A Foley catheter was inserted
in the bladder and left for at least 1 week postoperatively.

Follow-up for outcomes
All patients were regularly followed-up in our hospital
after the total ureterectomy with ileal-ureteral substitu-
tion. Chest X-ray, renal ultrasonography, intravenous ur-
ography, and abdominal computed tomography imaging
were done at regular intervals to evaluate any evidence of
anastomotic obstruction, local recurrence, or distant me-
tastasis. All patients underwent cystoscopy and semi-rigid
ureteroscopy evaluation every 3 months during the first 2
years, every 6 months for the following 2 years, and then
annually. Renal function was closely monitored based on
serum creatinine levels. Metabolic derangements were
monitored via biochemical blood tests including serum bi-
carbonate and chloride levels.

Statistical analysis
SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses. The data are presented as median
values due to small numbers and wide ranges.

Results
Population
Eight patients, including two men and six women, under-
went total ureterectomy with ileal-ureteral substitution for
ureteral UC. The median age for these patients were
70 years (range: 37–78) when they received the surgery.
Substantial follow-up data were available for all patients,
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with a median follow-up period of 109 months (range:
23–167). All the resected ureters, six from right side and
two from left side, were confirmed to have ureteral UCs.
Four of them had pTa tumors, one had a pT1 tumor, and
another three had pT2 tumors. All the surgical margins
were free from tumor involvement.
Two patients (patient #1 and #8) presented with bilat-

eral synchronous UTUCs. For them, a nephroureterect-
omy with bladder cuff excision for one side and a total
ureterectomy with ileal-ureteral substitution for the
other side were done as a single surgery. Patient #8 also
had a pT2 bladder UC near left ureteral orifice, which
was grossly removed by transurethral resection prior to
this surgery. She insisted to preserve her bladder, and re-
fused the suggestion of radical cystectomy. Therefore, a
concomitant partial cystectomy was done along with the
left nephroureterectomy, and the final pathology report
revealed a pT3 disease with free surgical margin for her
bladder specimen.
Four patients (patient #4, #5, #6, and #7) presented

with bilateral asynchronous UTUCs. They all had
received nephroureterectomy with bladder cuff excision
for the contralateral kidney, and had lived with a solitary
functional kidney before receiving the total ureterectomy
with ileal-ureteral substitution. Beside the ureteral
tumor, Patient #6 also presented with an upper calyceal
tumor. He insisted to keep him away from hemodialysis
as long as possible, and therefore a concomitant partial
nephrectomy was performed for his upper calyceal
lesion.
Two patients (patient #2 and #3) presented with uni-

lateral UTUC. Patient #2 had lived with a solitary func-
tional kidney due to a prior radical nephrectomy for
contralateral renal cell carcinoma. Patient #3 had multi-
focal ureteral UC, but he favored kidney-sparing surgery
after fully understanding the pros and cons of the
procedure.
Four patients had previous history of bladder UC. All

of them had received appropriate management and
follow-up before this surgery. No patient had evidence

of lymph node involvement according to pre-operative
abdominal computed tomography scan. The clinical
characteristics and oncological status of these eight pa-
tients are showed in Table 1.

Early and late complications
Four major (Clavien grade III–IV) and two minor (Cla-
vien grade I–II) early complications developed in four
patients. Two of the four major complications required a
secondary surgical exploration for the leakage of
pyelo-ileal anastomosis (patients #2 and #6), and the
other two required temporary hemodialysis because of
blood clot obstructions in the renal pelvis (patients #4
and #6). The two minor complications, including one
self-limited urine leakage (patient #3) and one urinary
tract infection (patient #2), were conservatively treated.
There was no perioperative mortality.
Four patients had late complications throughout the

follow-up period. Patient #6 had recurrent episodes of
gross hematuria, and deteriorating renal function that fi-
nally required long-term hemodialysis. The patient’s
remaining kidney and ileal-ureter were resected 1 year
after the total ureterectomy. Both the resected kidney
and the ileal-ureter were free of tumor recurrence. Pa-
tients #5 and #7 had recurrent urinary tract infections,
and were managed with oral antibiotics on an outpatient
basis. Long-term prophylaxis antibiotics were not neces-
sary in both patients. Hyperchloremic metabolic acidosis
was diagnosed in patient #1 and #5, with serum bicar-
bonate levels less than 20 mmol/l and serum chloride
levels exceeding 107 mmol/l. They both had adequate
respiratory compensation, and no medication was given
throughout the follow-up period. The complications of
each patient are listed in Table 2. The Clavien classifica-
tions and managements for the complications are
showed in Table 3.

Long-term outcome of renal function
The baseline renal function of our patients included one
with CKD stage II, three with CKD stage III, three with

Table 1 The clinical characteristics and oncological status of the patients

Patient No. Age (years) Sex OP side UC involvement of the target ureter
(Sections involved)

Pathology of the ureter
(stage/grade)

Extension of
UTUC

Previous history of
bladder UC

1 75–80 F Rt Multifocal (upper and lower) pTa/High Bilateral synchronous

2 70–75 F Rt Multifocal (upper to lower) pT2/High Unilateral

3 35–40 M Lt Multifocal (upper to lower) pTa/Low Unilateral

4 70–75 F Rt Unifocal (middle) pTa/High Bilateral asynchronous V

5 70–75 F Rt Multifocal (upper) pT1/Low Bilateral asynchronous V

6 55–60 M Lt Multifocal (upper to lower) pTa/High Bilateral asynchronous V

7 55–60 F Rt Unifocal (lower) pT2/High Bilateral asynchronous

8 70–75 F Rt Multifocal (middle to lower) pT2/High Bilateral synchronous V

OP operation, UC urothelial carcinoma, UTUC upper tract urothelial carcinoma
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CKD stage IV, and one with CKD stage V. At the end of
the follow-up, renal function improved in three patients,
remained stable in three patients, and deteriorated in two
patients. Only patient #6 required long-term hemodialysis.
The baseline and long-term renal functions for each pa-
tient are listed in Table 2.

Oncological outcome
Seven patients showed no evidence of upper tract recur-
rence on follow-up images. Patient #7 developed
pyelo-ileal anastomotic stenosis 42 months after her ure-
terectomy. She subsequently underwent a pyeloplasty,
and UC recurrence over the stenotic site was confirmed.
She was the only patient with upper tract recurrence
after the total ureterectomy with the ileal-ureteral substi-
tution. Regular cystoscopy examinations showed that
three patients had bladder UC recurrence; two of them
had a previous history of bladder UC.
Two patients had distant metastasis. Patient #7 had an

upper tract recurrence, and eventually died of UC with
liver metastasis 56 months after the surgery. Patient #8
had a bladder recurrence during the follow-up, and she
died of UC with bone metastasis 23 months after the
surgery. The 5-year upper tract RFS rate were 87.5%.
The 2 and 5-year recurrence-free survival (RFS) rates
were 62.5 and 50%, respectively, and the 2 and 5-year
cancer-specific survival (CSS) rates were 87.5 and 75.0%,
respectively. Time to recurrence and location of recur-
rence for each patient are listed in Table 2.

Discussion
Multifocal occurrence and frequent recurrence are
well-known features of UTUC. Treating UTUC with rad-
ical nephroureterectomy and bladder cuff excision pro-
vides optimal tumor control and is now accepted as the

gold standard [3]. However, resecting a kidney will cause
excessive loss of renal function, which increases the risks
of death and cardiovascular events [25]. Moreover,
health-related quality of life progressively declines with
more advanced stages of CKD [26]. Kidney-sparing proce-
dures were designed to provide adequate local tumor con-
trol while preserving the kidney, and they are especially
important in patients who will require dialysis if they re-
ceive nephroureterectomy. Five of our patients already
lived with a solitary functional kidney preoperatively, and
another two had synchronous bilateral diseases. For them,
hemodialysis would have been inevitable without kidney-
sparing procedures.
Several kidney-sparing procedures have been devel-

oped and evaluated for their pros and cons for treating
UTUCs. Endoscopic management provides survival out-
comes equivalent to that of a nephroureterectomy only
in well selected patients with low-grade tumors [9].
Five-year CSS rates for SU were reported comparable to
those of nephroureterectomy only in patients without
proximal, long segment, or multifocal tumors [10]. Six
patients in our series presented with multifocal diseases
within the target ureter. Besides, the pathology report
revealed that six patients had high grade tumors and five
patients have a stage higher than Ta. Endoscopic man-
agement or SU are certainly not a good choice for these
patients.
Total ureterectomy with renal autotransplantation has

the advantage of complete resection for the pathological ur-
eter. Cheng et al. [13] also reported the benefit of trans-
urethral resection directly through the pyelocystostomy for
renal pelvis recurrence after autotransplantation. However,
this procedure also carries certain surgical risks. Delayed
graft function and vascular complications including pseu-
doaneurysm, thrombosis, arterial stenosis, and hemorrhage

Table 2 The oncological outcome, renal function, and complications of the patients

Patient No. F/u period (mo) Time to
recurrence
(mo)

Site of
recurrence

Pre-operative CKD stage
(eGFR, mL/min)

Long-term CKD stage
(eGFR, mL/min)

Early complications Late complications

1 137 Nil IV (22.94) IV (21.27) Metabolic acidosis

2 41 12 Bladder III (39.51) II (65.23) Urine leakage

3a 157 Nil II (80.06) I (106.14) Urine leakage

4a 167 Nil III (58.26) III (36.95) Acute kidney injury

5a 81 Nil IV (27.21) V (10.88) Recurrent UTI
Metabolic acidosis

6 141 23 Bladder V (12.21) H/D Urine leakage
Acute kidney injury

Recurrent hematuria

7b 56 42 Upper tractc IV (15.81) III (32.26) Recurrent UTI

8b 23 12 Bladder III (51.47) III (57.14) UTI

F/u follow-up, CKD chronic kidney disease, H/D Hemodialysis, UTI urinary tract infection, eGFR estimated glomerular filtration rate
aPatients who are still alive
bPatients who had distant metastasis during follow-up
cUrothelial carcinoma recurrence was found over pelvic-ileal anastomosis
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have been reported [13, 16, 17]. Eisenberg et al. [18] con-
cluded that renal autotransplantation has a higher rate of
vascular complications than does allotransplantation. Seven
of our patients had a baseline CKD stage III or above, and
five of them were aged 70 or over. The complications that
mentioned above might be catastrophic for them. Besides,
the pyelocystostomy might create a route for ascending
tumor seeding from the bladder to the renal pelvis, which,
in turn, might compromise the oncological outcome and
renal function preservation. Four patients in our series had
a previous history of bladder UC, we thought it was not ap-
propriate to link the renal pelvis directly to the bladder for
these patients.
Using ileal-ureteral substitution for ureteral recon-

struction was first described by Shoemaker in 1906, and
was most commonly used for ureteral stricture after
genitourinary surgery [22]. Other common indications
include iatrogenic ureteral injury during a urological
procedure, retroperitoneal fibrosis, and recurrent ureter-
opelvic junction obstruction [19–21]. The long-term
safety for this procedure was well-discussed in previous
studies [19–21]. A total ureterectomy with ileal-ureteral
substitution not only provides maximal ureteral excision
as wide as in renal autotransplantation, but avoids the
devastating vascular complications. According to our re-
view, only a few studies [12, 22, 23] used the total ure-
terectomy and ileal ureteral-substitution to treat ureteral
UC. The present study, which focuses on the outcome
of total ureterectomy with ileal-ureteral substitution in
treating ureteral UCs, has the largest sample and the
longest follow-up.
Most of the patients in our series had multifocal, inva-

sive, and high grade UCs over their target ureters. Besides,
six patients had bilateral upper tract diseases, and four of
them also had bladder involvement. Our study presents a
good oncological outcome for these patients with a me-
dian follow-up period of 109 months. Only one patients
had an upper-tract recurrence over the pelvic-ileal anasto-
motic site 42 months postoperatively. Three patients, two

with a history of bladder UC before, had bladder recur-
rence. The 2-year RFS and CSS rates were 62.5 and 87.5%,
respectively, and the 5-year rates were 50.0 and 75.0%, re-
spectively. Distant metastasis occurred in two patients,
however one of whom (patient #8) had a pT3 bladder UC
at the time of her total ureterectomy. Gadzinski et al. [9]
reported excellent survival outcomes for endoscopic man-
agement in well-selected patients. The 5-year CSS rate for
low-grade tumor was 100%, and for high-grade tumor was
85.7% in their group. However, Raymundo et al. [8] re-
ported a 32% of under-staging and a 43% of upper tract
recurrence in endoscopically managed patients. For prop-
erly selected patients treated with SU, the 2 and 5-year
CSS rates were 92.2 and 86.8%, respectively [10], and the
5-year RFS rate (combining upper tract and bladder
recurrence) was 37% [27]. Hung et al. [28] reported that
the bladder recurrence, upper tract recurrence, and dis-
tant metastasis rates after SU were 34.2, 14.3, and 8.6%,
respectively. Our literature review showed only some
small series without long-term survival outcomes for
UTUC treated with total ureterectomy and renal auto-
transplantation. In addition to the overall recurrence and
survival outcomes, we focused on upper tract recurrence
because subsequent treatment is much more complicated
than it is for bladder recurrence. Total ureterectomy pro-
vided excellent local oncological control, that seven of our
eight patients were upper tract recurrence-free for 5 years.
However, the urothelium remaining over the ipsilateral
renal pelvis still has some risk of cancer recurrence, and
this is the limitation for the procedure. Detailed and
scheduled image follow-ups to detect any abnormal filling
defect or anastomotic stenosis is extremely important for
these patients.
Besides oncological control, maintaining residual renal

function is the core concept of using kidney-sparing pro-
cedures to treat ureteral UCs in patients with a solitary
kidney, bilateral tumors, or poor renal function. Most
studies that focus on endoscopic management or SU
provide no information about the maintenance of renal

Table 3 The early and late complications, the Clavien-Dindo classification, and subsequent managements

Complications Patients (n) Management Clavien-Dindo
Classification

Early complications

Self-limited urinary leakage 1 Conservative treatment I

Urinary tract infection 1 Medical treatment II

Leakage of anastomosis 2 Explore laparotomy III

Acute kidney injury 2 Emergency hemodialysis IV

Late complications

Recurrent hematuria 1 Resection of the kidney and ileal ureter (after hemodialysis)

Recurrent urinary tract infection 2 Medical treatment

Mild hyperchloremic metabolic acidosis 2 No need of treatment
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function. A recent review article reported that 74.7% of
patients treated with ileal-ureteral substitution had re-
duced or stable postoperative serum creatinine levels
[22]. In our patients, the ileal ureter was used to repair
the huge defect between the renal pelvis and the urinary
bladder after a total ureterectomy. All of our patients
had stage II or higher baseline CKD. Six patients had
stable or improved renal function during the long-term
follow-up. We thought the improvement might be re-
lated to the relatively broad lumen after substitution of
ileum to the pathologic ureter. Only one patient re-
quired postoperative life-long dialysis. He had a solitary
kidney with CKD stage V at baseline, and he underwent
a concomitant partial nephrectomy for upper calyceal
UC. He underwent temporary hemodialysis because of a
perioperative blood clot obstruction in his renal pelvis,
and thereafter his renal function gradually deteriorated.
Using the ileum to replace the ureter carries certain

risks: anastomotic complications, bowel complications,
and wound infection [19–22]. Our patients had four
major and two minor early complications but no surgi-
cally related mortality. In the literature, anastomotic
urine leakage was the most common perioperative
complication, and recurrent urinary tract infection was
the most frequently mentioned long-term complication
[19–22]. We present a similar result that two recurrent
urinary tract infections during the long-term follow up.
Several studies had mentioned about the hyperchloremic
metabolic acidosis after the ileal ureteral substitution
[19, 20, 22, 29]. The metabolic disorders seem more
prevalent in patients with poor renal function, using ex-
cessive size of the ileal graft, or increasing the exposure
of the bowel mucosa to urine. All our patients had rela-
tively broad lumen after substitution of ileum, and they
underwent regular image follow up to ensure the pa-
tency and fast flow of the urine from the renal pelvis
down into the bladder. We propose that the urine is ex-
posed to the bowel mucosa in a very limited time span.
Therefore, only two patients in our series were found to
have metabolic acidosis. Both of them tolerated the con-
dition well under adequate respiratory compensation.
This results implied that ileal interposition in individuals
with poor preoperative renal function may still be feas-
ible when the substitution is made only to the ureter,
and the bladder is remained as a reservoir of urine.
This study has certain limitations. First, this study is

retrospectively designed without a control group. The
unique preoperative characteristics of these patients
such as multifocal ureteral UCs, simultaneous or
non-simultaneous bilateral upper tract involvement, high
grade disease which is not suitable for conventional
nephroureterectomy or other renal preservation surger-
ies, make it difficult to provide a matched case-control
study. Second, statistical analysis is not feasible in a

relatively small sample size. Nevertheless, we introduce a
safe renal conservation surgery with good control of
oncological outcome in such a special cohort of patients.
Further research in a multicenter prospective random-
ized controlled design may help to draw a more explicit
conclusion.

Conclusions
Total ureterectomy with ileal ureteral substitution is a
feasible choice of renal conservation surgery in treating
ureteral UC. It is especially indicated in CKD patients
having multi-focal ureteral UCs or long segment ureteral
UC, when traditional renal conservation surgeries can-
not have adequate tumor control. In our experience, this
method not only provided maximal local excision of the
involved ureter with a good long-term oncological out-
come, but also preserved the residual renal function
without remarkable complications.
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