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reduce the incidence of ureteral stricture
after radiotherapy in patients with cervical
cancer?
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Abstract

Objective: To determine the impact of preoperative stent placement on postradiotherapy stricture rate in patients
with cervical cancer after radical resection.

Methods: This study was a retrospective analysis of data collected from 55 cervical cancer patients treated with radi-
otherapy between June 2016 and June 2020. Patients were divided into the stent and control groups. After 3 months,
the stricture rate and the complications related to stent placement between the two groups were compared.

Results: There were 12 (46.2%) and 10 (34.5%) cases of ureteral stricture in the stent (h=26) and control (n=29)
groups, respectively, three months after the end of radiotherapy. The incidence rates of ureter stricture in the two
groups were not significantly different (P=0.378). Moreover, there were 20 units (38.5%) and 15 units (25.9%) ureteral
strictures in the stent and control groups, respectively. No significant difference in the incidence rates of ureteral
strictures was found between the two groups (P=0.157). There were 13 (50.0%) and 10 (34.5%) cases of ureteral stric-
ture in the stent (n =26) and control (n=29) groups, respectively, six months after the end of the radiotherapy. The
incidence rates of ureter stricture in the two groups were not significantly different (P=0.244). Moreover, there were
21 units (40.4%) and 15 units (25.9%) ureteral strictures in the stent and control groups, respectively. No significant
difference in the incidence rates of ureteral strictures was found between the two groups (P=0.105). Complications
related to stent placement such as urinary tract infections and bladder irritation were statistically significant (P=0.006
and P=0.036) between the two groups; while the other complications were not significantly different (P=0.070,
P=0.092 and P=10.586).

Conclusions: Ureteral stents may not reduce the incidence of ureteral stricture after radiotherapy in patients with
cervical cancer. The stent needs to be replaced regularly, and the complications related to stent placement may occur
at any time. Thus, preoperative stent placement should be cautious for the clinical management of cervical cancer
patients treated with postoperative radiotherapy.
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Introduction

The most common treatment for cervical cancer is sur-
gery. Adjuvant radiotherapy may be given to patients if
the risk factors affecting prognosis are found pathologi-
cally [1]. Radiotherapy has a definite effect on cervical
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cancer, but the incidence of ureteral strictures caused by
this treatment is high (up to 16%) [2—4]. Ureteral stric-
ture not only causes dilatation of the upper urinary tract
and impairs renal function, but it significantly reduces
the quality of life and affects the follow-up treatment of
the primary disease.

It has been reported in the literature that the prob-
ability of ureteral injury to laparoscopic radical resection
of cervical cancer is about 0.2-1.5% [5, 6]. Therefore, to
avoid ureteral injury, some scholars choose to reserve
ureteral stents during radical operation. This may reduce
the incidence of ureteral stricture after radiotherapy.
However, it remains inconclusive whether preoperative
stent placement can reduce the occurrence of ureteral
stricture.

In this study, we selected cervical cancer patients
treated with adjuvant radiotherapy after laparoscopic
radical resection as our research subjects. We aimed to
explore whether preoperative stent placement can reduce
the incidence of ureteral stricture in these patients.

Materials and methods

General information

A total of 55 patients with stage Federation of Gynecol-
ogy and Obstetrics (FIGO) I-1II who were treated with
adjuvant radiotherapy after radical resection of cervical
cancer between June 2016 to June 2020 were selected [7].
The patients were divided into two groups: (i) stent group
(n=26) and (ii) control group (n=29). The stent group
was stent placement before radical hysterectomy, and
the stents were removed at 3 months after radiotherapy.
The control group was no stent placement before radical
hysterectomy.

The study protocol was approved by the ethics commit-
tee of the Hebei General Hospital, and was conducted in
accordance with the principles of the Declaration of Hel-
sinki and Good Clinical Practice Guidelines. Informed
consent forms were signed by all the patients who
accepted the above treatment.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (i) cervical can-
cer was diagnosed according to the FIGO pathological
staging I-III; (ii) patients completed the full course of
radiotherapy in Hebei General Hospital and reviewed
regularly; (iii) the clinical data was complete, with no loss
to follow-up; (iv) examined for ureteral stricture at pre-
operative and after radiation; and (v) the follow-up time
was at least 6 months. Patients were excluded if they (i)
did not receive full treatment; (ii) had distant metastasis
or neurological complications; (iii) failed to cooperate;
and (iv) had a previous history of ureteral stricture or
related surgical procedures.
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Treatment

Placement of ureteral stents

Patients in the stent group were treated in the lithotomy
position, and the cystoscope was placed under anesthe-
sia, while those in the control group did not undergo
stent placement.

Surgery

Patients in the stent group were treated in the lithotomy
position, and the cystoscope was placed under anesthe-
sia. The zebra guidewire was inserted into the renal pel-
vis through the ureteral orifice. Then, Contour " ureteral
stents (double-]J, 6F, length =24 cm, open-ended, model:
MO0061802220; Boston Scientific Corp., USA) were
inserted retrogradely into the guidewire. A kidney, ureter,
and bladder (KUB) radiograph was performed to deter-
mine the position of the ureteral stents after the opera-
tion. The distal coil of the stent was in the renal collecting
system.

Three or six months after the end of the radiotherapy,
the ureteroscope was placed into the ureter along with
the ureteral orifice, and the ureteral lumen was checked.
If there was no obvious stricture, we chose to remove
ureteral stents. If the lumen of the ureter was obviously
narrow, the ureteral stents were replaced.

Radiotherapy

Positron Emission Tomography—Computed Tomogra-
phy (PET/CT) System (Discovery ST Elite-Performance,
GE Healthcare, USA) and the Elekta Synergy linear accel-
erator (Elekta, Crawley, UK) were selected in this study.
Three-dimensional conformal radiotherapy (3D-CRT)
with 6 MV X-ray photons was used for standard pelvic
external beam radiation. The external dose was 45-50 Gy,
and the daily divided dose was 1.8-2.0 Gy. The radiation
therapy was performed once a day, 5 days a week.

The areas of pelvic external beam radiation included
3—4 cm or higher above the vaginal stump, parauterine
tissues, internal iliac lymph nodes, external iliac lymph
nodes, obturator lymph nodes, presacral lymph nodes,
and other lymph node drainage areas. If the lymph node
was metastasized, the radiation field was expanded
accordingly, including the common iliac lymph nodes
and para-aortic lymph nodes. If the lower third of the
vagina was invaded, the radiation field was expanded to
the bilateral inguinal lymph nodes.

Follow-up

Diagnosis of ureter stricture

Patient follow-up was conducted through hospital visits
or telephone calls starting from the day of radiation ther-
apy ends. The first reassessment of urologic ultrasound
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was conducted within 3 months after radiotherapy, and
the subsequent reexaminations were recommended every
6 months. The time of follow-up was at least 6 months.
Considering the periodic replacement of the inside stent
for stent group, ureteroscope with or without reaching
the renal pelvis through ureteral or ureteral with or with-
out stricture could be directly observed. There was not
stent in vivo for the control group, ultrasonography could
reveal ureter stricture and hydronephrosis due to its con-
venience, high accuracy, non-invasiveness and safety.
Thus, ureteropyeloscopy was performed on the patients
in stent group, while urologic ultrasound was conducted
on the patients in control group. If hydroureteronephro-
sis was confirmed using urologic ultrasound, further ure-
teropyeloscopic examination was necessary.

In the stent group, the ureteroscope was checked
3 months after completing the radiation therapy. The
diagnosis of ureteral stricture was confirmed if uretero-
scope cannot reach the renal pelvis through ureteral, the
lumen was narrowed, stents were replaced due to low
back pain, fever after removing the stents, and/or hydro-
nephrosis was detected by color doppler ultrasound. In
the control group, the patients with hydronephrosis were
diagnosed with ureteral strictures following urinary tract
ultrasound and ureteropyeloscopic examinations. In par-
allel, the relapse must be confirmed by computed tomog-
raphy (CT).
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Statistical analysis

All data were analyzed by SPSS software version 25.0,
and were expressed as mean = standard deviation (X £S)
or median (minimum, maximum). Meanwhile, the enu-
meration data were presented as a percentage or rate (n,
%). T-test, rank-sum test or x2 test was used to compare
the differences between the two groups. Statistical signif-
icance level was set at P<0.05.

Results

Comparison of the baseline data between the two groups
After screening through the inclusion and exclu-
sion criteria, a total of 55 patients were eligible for this
study. The stent group consisted of 26 patients (average
age=51.38+8.75 years), while the control group con-
sisted of 29 patients (average age=51.69+11.64 years).
The number of patients with squamous-cell carcinoma
(n=23, 88.5%) was the highest in the stent group, fol-
lowed by adenocarcinoma (n=2, 7.7%) and adenosqua-
mous carcinoma (n=1, 3.8%). Meanwhile, squamous-cell
carcinoma (n=25, 86.2%) was the most common type of
cervical cancer in the control group, followed by aden-
osquamous carcinoma (n=3, 10.3%) and adenocarci-
noma (n=1, 3.4%). However, no significant differences in
baseline data were observed between the the two groups
(P>0.05; Table 1).

Table 1 Comparison of the baseline data between the two groups (X £ 9)

Clinical features Stents group Control group T/Z/x.2 P
(n=26) (n=29)

Age (years) 51.38+£875 51.69+£11.64 0.109 0914

Surgery type (n, %) 2.988 0.224

Radical hysterectomy 0 (0.0%) 1(3.4%)

Radical hysterectomy + pelvic lymphadenectomy 4 (15.4%) 9 (31.0%)

Radical hysterectomy + pelvic and para-aortic lymphadenec- 22 (84.6%) 19 (65.5%)

tomy

FIGO clinical stage (n, %) 0.906 0.636

Stage | 14 (53.8) 18 (62.1)

Stage ll 7(26.9) 8(27.6)

Stage lll 5(19.2) 3(10.3)

Pathological type (n, %) 1.257 0.533

Carcinoma, squamous cell 23(88.5) 25(86.2)

Adenocarcinoma 2(7.7) 1(34)

Carcinoma, denosquamous 1(3.8) 3(10.3)

Radiotherapy time (days) 3850+7.49 3548+5.08 1.765 0.083

Creatinine (Lmol L 62.18£645 58.28+7.88 1.995 0.051

Urea nitrogen (mmol L™ 400+1.13 41041.05 0.342 0.734

Glomerular filtration rate (ml min~") 91.134+£13.70 99.054+15.88 1.971 0.054

Urinalysis specific gravity 1.01£0.01 1.01£0.01 0.865 0.391
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Ureteral stricture

Three months after the end of radiotherapy, 12 patients
in the stent group (46.2%) had ureteral stricture, of which
4 were unilateral and 8 were bilateral. There was a total
of 20 units and the total incidence of ureteral strictures
in stent group was 38.5%. Ten cases of ureteral stricture
occurred in the control group, and the incidence of ure-
teral stricture was 34.5%. Of them, 5 patients were uni-
lateral and the remaining patients were bilateral. There
was a total of 15 units and the total incidence of ureteral
strictures in control was 25.9%. However, there were no
significant differences in the incidence rates of ureteral
stricture and ureteral strictures between the two groups
(P>0.05; Table 2).

Six months after the end of the radiotherapy, 13
patients in the stent group (50.0%) had ureteral stricture,
of which 5 were unilateral and 8 were bilateral. There
was a total of 21 units and the total incidence of ureteral
strictures in stent group was 40.4%. Ten cases of ureteral
stricture occurred in the control group, and the inci-
dence of ureteral stricture was 34.5%. Of them, 5 patients
were unilateral and the remaining patients were bilateral.
There was a total of 15 units and the total incidence of
ureteral strictures in control was 25.9%. However, there
were no significant differences in the incidence rates of
ureteral stricture and ureteral strictures between the two
groups (P>0.05).

Complications related to stent placement

Complications related to indwelling ureteral stents in the
stent group were urinary tract infections (n=38, 30.8%),
lumbar pain (n=38, 30.8%), fever (n=9, 34.7%), bladder
irritation (n=10, 38.5%) and hematuria (n=5, 19.2%).
There were no other complications such as stent dis-
placement and stone formation. Complications related
to indwelling ureteral stents in the control group were
urinary tract infections (n=1, 3.4%), lumbar pain (n=3,
10.3%), fever (n=4, 13.8%), bladder irritation (n=4,
13.8%) and hematuria (n=4, 13.8%). The urinary tract
infections and bladder irritation between the two groups

Table 2 Comparison of the occurrence of ureteral stricture
between the two groups

Items Stents group Control group x> P
(n=26) (n=29)

Stricture (n, %) 0.778 0378

Yes 12 (46.2) 10 (34.5)

No 14 (53.8) 19 (65.5)

Stricture (units, %) 2.006 0.157

Yes 20 (38.5) 15(25.9)

No 32(61.5) 43 (74.1)
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were statistically significant (P=0.006 and P=0.036);
while the other complications were not statistically sig-
nificant (P=0.070, P=0.092, and P=0.586; Table 3).

Stent removal and follow-up

The definitions of stent failure were failure to alleviate
predominant symptoms or signs, irritative symptoms
by ureteral stents, the need for additional therapies, or
unexpected or early changing ureteral stents (normal
stent placement was 3 months).

At 3-month follow-up, 16 patients in the stent group
had successfully stent removal (2 patients had a stent
replacement due to fever or hydronephrosis after stent
removal). Ureteroscopic assessment showed that the ure-
teral lumen was significantly narrowed in 10 patients,
and the stents were successfully replaced. A total of 12
patients failed to remove stents, and the success rate of
stent removal was 53.8%. At 6-month follow-up, the
12 patients who were failed to remove stents still had
ureteral narrowing, and the stents were continued to
be replaced. In the 14 patients who were successfully
removed stents, one patient had stent replacement due to
ureteral stricture.

Discussion

Among the most common cancers that affect women in
the world, cervical cancer ranks fourth for both incidence
and mortality [8]. According to the global cervical cancer

Table 3 Comparison of the complications between the two

groups
Items Stents Control x> P
group group
(n=26) (n=29)
Fever (n, %) 3293 0.070
Yes 9(34.6) 4(13.8)
No 17 (65.4) 25 (86.2)
Lumbar pain (n, %) 3574 0.092
Yes 8(30.8) 3(103)
No 18(69.2) 26 (89.7)
Urinary tract infections (n, %) 7477 0.006
Yes 8(30.8) 1(34)
No 18 (69.2) 28 (96.6)
Bladder irritation (n, %) 4396 0.036
Yes 10(38.5) 4(13.8)
No 16 (61.5) 25(86.2)
Hematuria (n, %) 0.296 0.586
Yes 5(19.2) 4(13.8)
No 21(80.2) 25(86.2)
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report in 2018, there were 570,000 new cases and 311,000
deaths annually, which seriously threatened the health
and quality of life of women around the world [9].
Surgery, radiotherapy and surgery combined with
radiotherapy/ chemoradiotherapy are currently the three
main treatment options for cervical cancer patients.
However, surgery may damage the ureter and cause
ureteral stricture. According to the previous reports,
the incidence of ureteral injury caused by gynecological
surgery and radical hysterectomy ranged from 0.083%
to 0.40% and 0.72% to 1.4%, respectively [10-13]. High-
risk factors for ureteral injury included pelvic anatomical
abnormalities, fibrosis, pelvic surgery history, radiother-
apy history, ureteral abnormalities, malignant tumors,
etc. [14, 15]. Some physicians choose to insert ureteral
stents before the operation [16, 17]. They believe that the
preoperative stent is helpful for the intraoperative iden-
tification of the ureters and reducing the risk of ureteral
injury during the operation. At the same time, if the ure-
ter was injured, the ureteral stent could be used for early
diagnosis, prognosis and treatment monitoring.
According to the National Comprehensive Cancer Net-
work (NCCN) guidelines [1], postoperative radiotherapy
is highly recommended for cervical cancer patients with
pathological risk factors. Radiotherapy has a definite
effect on cervical cancer, but the incidence of adverse
reactions after this treatment is very high, including ure-
teral stricture and radiation cystitis [2—4]. Since the mid-
dle and lower part of the ureter is on the same plane as
the pelvis, it is easily affected by radiotherapy. Therefore,
ureteral stricture often occurs in the middle and lower
part of the ureter after radiotherapy. Welk et al. [18] ret-
rospectively analyzed a Canadian database of adult cer-
vical cancer patients from 1994 to 2014, and found that
the incidence of ureteral stricture after radiotherapy was
16%, which was higher than the surgery and radiation
group (11%) and surgery alone group (5%). Elliott et al.
[19] also reported that the incidence of ureteral stricture
in cervical cancer patients treated with radiotherapy after
radical resection was lower than that of patients treated
with radiotherapy alone. The occurrence of ureteral stric-
ture is associated with the total dose of radiotherapy, a
single dose of radiotherapy, the length of radiotherapy,
daily radiation dose, and tumor stage [20]. Gillette et al.
[20] found that the incidence of ureteral strictures was
significantly related to the amount of radiation exposure
in animal experiments. As the radiation dose increases,
the degree of ureteral damage becomes more severe. Van
Kampen et al. [21] showed that the incidence of ureteral
strictures after ureteral radiotherapy was positively cor-
related with the area receiving radiotherapy in dogs.
After radiotherapy, the incidence of ureteral stricture

Page 5 of 8

in cervical cancer patients was proportional to the total
amount and single dose of radiotherapy [2].

Lobo et al. [22], report incidences diagnosed at
3 years. Besides, these rates, increase significantly, spe-
cially, between the 3rd and the 5th year. It is common
that radiotherapy-induces ureteral and urethral stric-
tures are reported over the years. Li et al. [23] even cat-
egorize short-term strictures when they are diagnosed
within the first 12 months after the last dose of radio-
therapy and long-term after 12 months. Even the pub-
lication cited by the authors, by McIntyre et al. from
1995 [3] reports an increasing incidence of radiother-
apy induced strictures within 5 to 20 years of follow-up
[24, 25]. Early detection of radiogenic ureteric steno-
sis is not easy, as the mean latency time for manifes-
tation of the condition is 16.8 years [25]. 3-month or
even 6-month follow-up may bias our results, but con-
sidering relatively rare the volume of eligible patients,
the difficulty of follow-up etc., we only chose the rela-
tively short follow-up. We will continue follow-up these
patients in the future.

At present, there is no consensus on the ideal treatment
method for ureteral stricture in patients with malignant
tumors after radiotherapy [26, 27]. In view of its poor
prognosis, the median survival time of cancer patients
with ureteral stricture is only 5 months. Among patients
with Eastern Cooperative Oncology Group (ECOG)
score>2 and/or 4 or more malignant tumor-related
events, the 1-, 6- and 12-month survival rates are even
more worse [28]. Ureteral stricture after radiotherapy is
one of the challenging problems in urology [29]. Thus,
it is of great importance to prevent ureteral stricture in
cancer patients treated with radiotherapy.

In the course of radical surgery for cervical cancer,
whether preoperative ureteral stent placement can pre-
vent the occurrence of ureteral stricture is still very
controversial. Hwang et al. [30] demonstrated that
preloaded ureteral stents could identify and reduce ure-
teral damage in patients treated with laparoscopic radi-
cal hysterectomy. It is highly recommended that ureteral
stents should be indwelled before surgery. Some schol-
ars reported that the incidence of complications related
to stent placement, such as ureteral perforation, was
low after reserving ureteral stents or catheters, and they
believed that this approach was safe and reliable [31].
However, there is still a lack of large studies to support
the hypothesis that preoperative stent placement can
prevent the risk of ureteral injuries. In a prospective trial
conducted by Chou et al. [32], the patients who under-
went grade 3 or 4 gynecological surgery were divided into
reserved stent group and unreserved stent group. The
results showed that the incidence rates of ureteral injury
were 1.2% and 1.09% in the reserved and unreserved
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stent groups, respectively, with no statistically significant
difference (P>0.05). They clearly stated that stent place-
ment could not reduce the incidence of ureteral injury in
patients with gynecological cancer.

At the time of adjuvant radiotherapy after radical resec-
tion, whether preoperative ureteral stents can prevent the
occurrence of ureteral stricture is also very controver-
sial. Demanes et al. [33] studied 289 patients who were
diagnosed as cervical cancer without ureteral stricture.
There were 11 ureteral stricture cases in 255 patients
without indwelled ureteral stents before brachytherapy,
and no ureteral stricture case was found in 34 patients
with indwelled ureteral stents. Thus, their findings indi-
cate that the placement of ureteral stents can reduce the
radiation dose received to the ureter and prevent stric-
ture during radiotherapy. For pelvic external beam radia-
tion, whether preoperative ureteral stents can reduce
the occurrence of ureteral stricture has yet to be inves-
tigated. The results of this study showed that 12 (46.2%)
and 10 (34.5%) cases of ureteral stricture occurred in the
stent and control groups, respectively, at 3 months after
radiotherapy. The difference was not statistically signifi-
cant (P>0.05), which indicated that preoperative ureteral
stents could not reduce the occurrence of ureteral stric-
tures after radiotherapy.

In addition to the medical burden, indwelling stents
can also lead to unfavourable complications, such as
stone formation, lumbar pain, urinary tract infections,
stent displacement, stent stricture, stent blockage, fever
and others, which severely reduce the quality of life of
the patients. The rate of readmission due to complica-
tions was up to 19% [34—36]. Stent stone rate was only
about 2% when the ureteral stent was used to manage
benign ureteral stricture, while the rate ranged from 38%
in malignant ureteral stricture [37, 38]. The majority of
chronic indwelling polymer ureteral stents are routinely
changed every 3 to 6 months. In the case of stent stone,
the changing time may be shorter. Therefore, patients will
be readmitted to the hospital due to those complications
during follow-up.

Ureteral stent indwelled may be faced with stent fail-
ure. The definitions of stent failure were failure to allevi-
ate predominant symptoms or signs, irritative symptoms
by ureteral stents, or the need for additional therapies. It
usually occurs within 6 ~12 months after the stent first
placement. Frequent urination, urinary urgency, dysuria,
and abdominal pain were the subjective evidence, which
abdominal pain was the most frequent complaint. Mae-
nwhile, the objective evidence included recurrent/persis-
tent hydronephrosis, persistent rising serum creatinine,
and stent stone formation etc.. The most common mani-
festation was elevated serum creatinine levels [39, 40].
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Some scholars believed that unexpected or early chang-
ing ureteral stents (most polymer stent is 3—6 months,
metallic stent is 1 year) was defined as stent failure [41].

During follow-up, we found that cervical cancer
patients with retained ureteral stents had a difficulty in
removing the stents. At 3-month follow-up, a total of 12
patients failed to remove stents, and the success rate of
stent removal was only 53.8%, which was much lower
than the previously reported values [29, 42]. The reason
may be that this study was conducted on a retrospective
basis. Our study possessed a highly selective for patients,
that is, patients who cannot cooperation, or those with
incomplete data or lost to follow-up were excluded. At
6-month follow-up, the 12 patients who were failed to
remove stents had ureteral narrowing, and the stents
were replaced. In the remaining 14 patients who had suc-
cessful stent removal, only one patient underwent stent
replacement due to ureteral stricture.

Limitations of the study

Nevertheless, there were some limitations to the study.
Firstly, the sample size of this study was relatively small.
Therefore, expanding the sample size is needed in future
studies. Secondly, the study was a single center retro-
spective analysis, which had a short-term diagnosis and
follow-up. Cervical cancer patients treated with radio-
therapy after radical resection might have a prolonged
course of the disease, complicated conditions and
unknown records. All of these can lead to human bias.
Thirdly, only common ureteral stents were investigated
in this study. Because common ureteral stents are eas-
ily squeezed, deformed and low compression resistance,
there is a lack of comparison between common ureteral
stents and other types of stents. Thus, a large-scale,
multi-center, long-term prospective study is needed to
confirm our data. Besides, a prospective comparison
between different ureteral stents is required to be carried
out.

Conclusion

In summary, preoperative stent placement may not
reduce the incidence of ureter stricture in cervical cancer
patients treated with adjuvant radiotherapy after radical
resection. The success rate of stent removal is low, the
stent needs to be replaced regularly, and the complica-
tions related to indwelling ureteral stents may occur at
any time. Thus, preoperative stent placement should be
cautious for the clinical management of cervical cancer
patients treated with postoperative radiotherapy.



Liu et al. BMC Urology (2022) 22:106

Acknowledgements
Not applicable.

Author contributions

LL: project development, data collection, data management, data analysis,
manuscript writing and editing. CY: data collection, data management, data
analysis, and manuscript writing. FZ: data collection, data management, data
analysis, and manuscript editing. TY: data collection, data management, data
analysis, and surgeon. DW: data collection, data analysis, and surgeon. GW:
data collection, data management, and data analysis. SL: project develop-
ment, data management, data analysis, manuscript editing and surgeon. JL:
project development, data management, data analysis, manuscript editing
and surgeon. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from Hebei General Hospital health research
ethics committee and written informed consent obtained from the par-
ticipants in this study. A copy of ethical clearance certificate is available on
request.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Urology, Hebei General Hospital, Shijiazhuang, China.
’Department of Urology, Baoding NO.1 Central Hospital, Baoding, China.
3Department of Medical Examination Center, Hebei General Hospital, Shiji-
azhuang, China.

Received: 15 February 2022 Accepted: 13 May 2022
Published online: 18 July 2022

References

1. Abu-Rustum NR, Yashar CM, Bean S, et al. NCCN guidelines insights:
cervical cancer, version 1. J Natl Compr-CancNetw. 2020;18(6):660-6.
https://doi.org/10.6004/jnccn.2020.0027.

2. LorvidhayaV, Tonusin A, Changwiwit W, et al. High-dose-rate afterload-
ing brachytherapy in carcinoma of the cervix: an experience of 1992
patients. Int J Radiat Oncol Biol Phys. 2000;46(5):1185-91. https://doi.
0rg/10.1016/50360-3016(99)00383-1.

3. MclIntyre JF, Eifel PJ, Levenback C, et al. Ureteral stricture as a late com-
plication of radiotherapy for stage IB carcinoma of the uterine cervix.
Cancer. 1995;75(3):836-43. https://doi.org/10.1002/1097-0142(19950
201)75:3%3c836:aid-cncr2820750315%3e3.0.co;2-a.

4. Kapp KS, Stuecklschweiger GF, Kapp DS, et al. Carcinoma of the cervix:
analysis of complications after primary external beam radiation and
Ir-192 HDR brachytherapy. Radiother Oncol. 1997;42(2):143-53. https://
doi.org/10.1016/50167-8140(96)01881-6.

5. LiZ ChenC, Liu P et al. Comparison of oncological outcomes and
major complications between laparoscopic radical hysterectomy and
abdominal radical hysterectomy for stage IB1 cervical cancer with
a tumour size less than 2 cm. Eur J Surg Oncol. 2021;47(8):2125-33.
https://doi.org/10.1016/j.ejs0.2021.03.238.

6. Liang C, Liu P, Cui Z, et al. Effect of laparoscopic versus abdominal
radical hysterectomy on major surgical complications in women

20.

AR

22.

23.

24.

25.

26.

27.

Page 7 of 8

with stage IA-IB cervical cancer in China, 2004-2015. Gynecol Oncol.
2020;156(1):115-23. https://doi.org/10.1016/jygyno.2019.10.032.
Bhatla N, Aoki D, Sharma DN, et al. Cancer of the cervix uteri. Int J
Gynaecol Obstet. 2018;143 Suppl 2:22-36. https://doi.org/10.1002/ijgo.
12611,

Bray F, Ferlay J, Soerjomataram |, et al. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2018;68(6):394-424. https://doi.org/10.
3322/caac.21492.

Arbyn M, Weiderpass E, Bruni L, et al. Estimates of incidence and mortality
of cervical cancer in 2018: a worldwide analysis. Lancet Glob Health.
2020;8(2):2191-203. https://doi.org/10.1016/52214-109X(19)30482-6.
Adelman MR, Bardsley TR, Sharp HT. Urinary tract injuries in laparo-
scopic hysterectomy: a systematic review. J Minim Invasive Gynecol.
2014;21(4):558-66. https://doi.org/10.1016/jjmig.2014.01.006.

. Satitniramai S, Manonai J. Urologic injuries during gynecologic surgery, a

10-year review. J Obstet Gynaecol Res. 2017;43(3):557-63. https://doi.org/
10.1111/j0g.13238.

Lee CL, Wu KY, Huang KG, et al. Long-term survival outcomes of laparo-
scopically assisted radical hysterectomy in treating early-stage cervical
cancer. Am J Obstet Gynecol. 2010;203(2):165.e1-7. https://doi.org/10.
1016/j.2j09.2010.02.027.

Chiantera V, Vizzielli G, Lucidi A, et al. Laparoscopic radical hysterectomy
in cervical cancer as total mesometrial resection (L-TMMR): a multicentric
experience. Gynecol Oncol. 2015;139(1):47-51. https://doi.org/10.1016/j.
ygyno.2015.07.010.

Chittacharoen A, Theppisai U. Urological injury during gynecologic surgi-
cal procedures. J Med Assoc Thai. 1993;76 Suppl 1:87-91.

Aronson MP, Bose TM. Urinary tract injury in pelvic surgery. Clin Obstet
Gynecol. 2002;45(2):428-38. https://doi.org/10.1097/00003081-20020
6000-00015.

Dassel MW, Adelman MR, Sharp HT. Recognition and management of
urologic injuries with laparoscopic hysterectomy. Clin Obstet Gynecol.
2015;58(4):805-11. https://doi.org/10.1097/GRF.0000000000000159.
Liguori G, Dobrinja C, Pavan N, et al. latrogenic ureteral injury during
laparoscopic colectomy: incidence and prevention A current literature
review. Ann [tal Chir. 2016,87:446-55.

. Welk B, Wallis C, D'Souza D, et al. A population-based assessment of

urologic procedures and operations after surgery or pelvic radiation for
cervical cancer. Int J Gynecol Cancer. 2018;28(5):989-95. https://doi.org/
10.1097/1GC.0000000000001266.

Elliott SP, Fan'Y, Jarosek S, et al. Propensity-weighted comparison of long-
term risk of urinary adverse events in elderly women treated for cervical
cancer. Int J Radiat Oncol Biol Phys. 2015;25:586-93. https://doi.org/10.
1016/}ijrobp.2015.02.025.

Gillette SM, Gillette EL, LaRue SM, et al. Effects of volume irradiated on the
function of the canine ureter. Radiat Res. 1998;150(4):436-41.

van Kampen M, Eble MJ, Krempien R, et al. Influence of irradiated volume
on ureteral injury after intraoperative radiation therapy: experimental
study in dogs. Radiology. 2003;228(1):139-43. https://doi.org/10.1148/
radiol.2281011963.

Lobo N, Kulkarni M, Hughes S, et al. Urologic complications following pel-
vic radiotherapy. Urology. 2018;122:1-9. https://doi.org/10.1016/j.urology.
2018.07.017.

Li X, ZhuW, Zeng Z, et al. Bilateral ileal ureter substitution for patients
with ureteral strictures secondary to gynecological tumors radiotherapy:
a multi-center retrospective study. Transl Androl Urol. 2021;10(8):3226-38.
https://doi.org/10.21037/tau-21-255.

Wit EM, Horenblas S. Urological complications after treatment of cervical
cancer. Nat Rev Urol. 2014;11(2):110-7. https://doi.org/10.1038/nrurol.
2013.323.

Gellrich J, Hakenberg OW, Oehlschldger S, et al. Manifestation, latency
and management of late urological complications after curative radio-
therapy for cervical carcinoma. Onkologie. 2003;26(4):334-40. https://doi.
0rg/10.1159/000072091.

Hsu L, Li H, Pucheril D, et al. Use of percutaneous nephrostomy and ure-
teral stenting in management of ureteral obstruction. World J Nephrol.
2016;5(2):172-81. https://doi.org/10.5527/wjn.v5.i2.172.

Chew BH, Lange D. Advances in ureteral stent development. CurrOpin
Urol. 2016;26(3):277-82. https://doi.org/10.1097/MOU.0000000000
000275.


https://doi.org/10.6004/jnccn.2020.0027
https://doi.org/10.1016/s0360-3016(99)00383-1
https://doi.org/10.1016/s0360-3016(99)00383-1
https://doi.org/10.1002/1097-0142(19950201)75:3%3c836::aid-cncr2820750315%3e3.0.co;2-a
https://doi.org/10.1002/1097-0142(19950201)75:3%3c836::aid-cncr2820750315%3e3.0.co;2-a
https://doi.org/10.1016/s0167-8140(96)01881-6
https://doi.org/10.1016/s0167-8140(96)01881-6
https://doi.org/10.1016/j.ejso.2021.03.238
https://doi.org/10.1016/j.ygyno.2019.10.032
https://doi.org/10.1002/ijgo.12611
https://doi.org/10.1002/ijgo.12611
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S2214-109X(19)30482-6
https://doi.org/10.1016/j.jmig.2014.01.006
https://doi.org/10.1111/jog.13238
https://doi.org/10.1111/jog.13238
https://doi.org/10.1016/j.ajog.2010.02.027
https://doi.org/10.1016/j.ajog.2010.02.027
https://doi.org/10.1016/j.ygyno.2015.07.010
https://doi.org/10.1016/j.ygyno.2015.07.010
https://doi.org/10.1097/00003081-200206000-00015
https://doi.org/10.1097/00003081-200206000-00015
https://doi.org/10.1097/GRF.0000000000000159
https://doi.org/10.1097/IGC.0000000000001266
https://doi.org/10.1097/IGC.0000000000001266
https://doi.org/10.1016/j.ijrobp.2015.02.025
https://doi.org/10.1016/j.ijrobp.2015.02.025
https://doi.org/10.1148/radiol.2281011963
https://doi.org/10.1148/radiol.2281011963
https://doi.org/10.1016/j.urology.2018.07.017
https://doi.org/10.1016/j.urology.2018.07.017
https://doi.org/10.21037/tau-21-255
https://doi.org/10.1038/nrurol.2013.323
https://doi.org/10.1038/nrurol.2013.323
https://doi.org/10.1159/000072091
https://doi.org/10.1159/000072091
https://doi.org/10.5527/wjn.v5.i2.172
https://doi.org/10.1097/MOU.0000000000000275
https://doi.org/10.1097/MOU.0000000000000275

Liu et al. BMC Urology

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

(2022) 22:106

Cordeiro MD, Coelho RF, Chade DC, et al. A prognostic model for survival
after palliative urinary diversion for malignant ureteric obstruction: a
prospective study of 208 patients. BJU Int. 2016;117(2):266-71. https://
doi.org/10.1111/bju.12963.

Ganatra AM, Loughlin KR. The management of malignant ureteral
obstruction treated with ureteral stents. J Urol. 2005;174(6):2125-8.
https://doi.org/10.1097/01.ju.0000181807.56114.b7.

Hwang JH, Lim MC, Joung JY, et al. Urologic complications of laparo-
scopic radical hysterectomy and lymphadenectomy. Int Urogynecol J.
2012;23(11):1605-11. https://doi.org/10.1007/500192-012-1767-2.

Merritt AJ, Crosbie EJ, Charova J, et al. Prophylactic pre-operative bilateral
ureteric catheters for major gynaecological surgery. Arch Gynecol Obstet.
2013;288(5):1061-6. https://doi.org/10.1007/500404-013-2853-5.

Chou MT, Wang CJ, Lien RC. Prophylactic ureteral catheterization in
gynecologic surgery: a 12-year randomized trial in a community hospital.
Int Urogynecol J Pelvic Floor Dysfunct. 2009;20(6):689-93. https://doi.org/
10.1007/500192-008-0788-3.

Demanes DJ, Banerjee R, Cahan BL, et al. Ureteral stent insertion for
gynecologic interstitial high-dose-rate brachytherapy. Brachytherapy.
2015;14(2):245-51. https://doi.org/10.1016/j.brachy.2014.11.013.

Monsky WL, Molloy C, Jin B, et al. Quality-of-life assessment after pallia-
tive interventions to manage malignant ureteral obstruction. Cardio-
vasc Intervent Radiol. 2013;36(5):1355-63. https://doi.org/10.1007/
s00270-013-0571-9.

Ku JH, Lee SW, Jeon HG, et al. Percutaneous nephrostomy versus indwell-
ing ureteral stents in the management of extrinsic ureteral obstruction in
advanced malignancies: are there differences? Urology. 2004,64(5):895-9.
https://doi.org/10.1016/j.urology.2004.06.029.

Guachetd-Bomba PL, Echeverrfa-Garcia F, Garcia-Perdomo HA. Predictors
for failure of endoscopic ureteric stenting in patients with malignant
ureteric obstruction: systematic review and meta-analysis. BJU Int.
2021;127(3):292-9. https://doi.org/10.1111/bju.15237.

Donat SM, Russo P. Ureteral decompression in advanced nonurologic
malignancies. Ann Surg Oncol. 1996;3(4):393-9. https://doi.org/10.1007/
bf02305670.

Hao P, Li W, Song C, et al. Clinical evaluation of double-pigtail stent

in patients with upper urinary tract diseases: report of 2685 cases. J
Endourol. 2008;22(1):65-70. https://doi.org/10.1089/end.2007.0114.
Izumi K, Mizokami A, Maeda Y, et al. Current outcome of patients with
ureteral stents for the management of malignant ureteral obstruction. J
Urol. 2011;185(2):556-61. https://doi.org/10.1016/}juro.2010.09.102.
Goldsmith ZG, Wang AJ, Bafez LL, et al. Outcomes of metallic stents for
malignant ureteral obstruction. J Urol. 2012;188(3):851-5. https://doi.org/
10.1016/jjuro.2012.04.113.

Rosevear HM, Kim SP, Wenzler DL, et al. Retrograde ureteral stents for
extrinsic ureteral obstruction: nine years' experience at University of
Michigan. Urology. 2007;70(5):846-50. https://doi.org/10.1016/j.urology.
2007.07.008.

Wang JY, Zhang HL, Zhu Y, et al. Predicting the failure of retrograde
ureteral stent insertion for managing malignant ureteral obstruction in
outpatients. Oncol Lett. 2016;11(1):879-83. https://doi.org/10.3892/0l.
2015.3961.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/bju.12963
https://doi.org/10.1111/bju.12963
https://doi.org/10.1097/01.ju.0000181807.56114.b7
https://doi.org/10.1007/s00192-012-1767-2
https://doi.org/10.1007/s00404-013-2853-5
https://doi.org/10.1007/s00192-008-0788-3
https://doi.org/10.1007/s00192-008-0788-3
https://doi.org/10.1016/j.brachy.2014.11.013
https://doi.org/10.1007/s00270-013-0571-9
https://doi.org/10.1007/s00270-013-0571-9
https://doi.org/10.1016/j.urology.2004.06.029
https://doi.org/10.1111/bju.15237
https://doi.org/10.1007/bf02305670
https://doi.org/10.1007/bf02305670
https://doi.org/10.1089/end.2007.0114
https://doi.org/10.1016/j.juro.2010.09.102
https://doi.org/10.1016/j.juro.2012.04.113
https://doi.org/10.1016/j.juro.2012.04.113
https://doi.org/10.1016/j.urology.2007.07.008
https://doi.org/10.1016/j.urology.2007.07.008
https://doi.org/10.3892/ol.2015.3961
https://doi.org/10.3892/ol.2015.3961

	Can preoperative ureteral stents reduce the incidence of ureteral stricture after radiotherapy in patients with cervical cancer?
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	General information
	Inclusion and exclusion criteria
	Treatment
	Placement of ureteral stents
	Surgery
	Radiotherapy

	Follow-up
	Diagnosis of ureter stricture

	Statistical analysis

	Results
	Comparison of the baseline data between the two groups
	Ureteral stricture
	Complications related to stent placement
	Stent removal and follow-up

	Discussion
	Limitations of the study
	Conclusion
	Acknowledgements
	References


