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Patency period of a metallic ureteral stent 
and its determinants in patients with malignant 
ureteral obstruction: a prospective review
Yasuyuki Kobayashi* , Hiroki Arai and Masahito Honda 

Abstract 

Background: Malignant ureteral obstruction caused by extrinsic compression of a primary malignant tumour or by 
metastatic disease is an indicator of poor prognosis with a median life expectancy of about one year. We examined 
clinical outcomes following Resonance Metallic Ureteral Stent (Cook Medical, Bloomington, IN) placement in patients 
with malignant ureteral obstruction.

Methods: This was a prospective study of patients with malignant ureteral obstruction who underwent Resonance 
Metallic Ureteral Stent placement from April 2016 to March 2021. We registered 21 patients (27 collecting systems) 
with malignant ureteral obstruction and observed them prospectively. The patients first underwent polymer ureteral 
stent placement followed by replacement with a metallic ureteral stent one month later. Primary outcome was the 
metallic ureteral stent patency period based on both serum creatinine and the level of hydronephrosis; secondary 
outcomes were factors affecting patency period and stent-related complications such as symptoms of obstruction 
(flank pain), bladder irritation, haematuria, and urinary tract infection (presence or absence of fever).

Results: The study comprised 21 patients (six men, 15 women) with a mean age of 72 years. The median stent 
patency period in days was not available (NA) (95% CI 210–NA) due to the inability to extract this value from the 
Kaplan–Meier curve because the event rate did not reach 50%, and the one-year patency rate was 59.2% (95% CI 
23.2–82.9). A normal serum creatinine (0.65 to 1.07 mg/dL for men and 0.46 to 0.79 mg/dL for women) one week 
after polymer ureteral stent placement was a significant factor affecting the long-term metallic ureteral stent patency 
period. There were no major complications.

Conclusion: The Resonance Metallic Ureteral Stent was effective and safe for patients with malignant ureteral 
obstruction. A normal serum creatinine level one week after placement of a polymer ureteral stent may predict a 
longer patency period of metallic ureteral stents in patients with malignant ureteral obstruction.

Keywords: Malignant ureteral obstruction, Metallic ureteral stent, Patency period, Resonance Metallic Ureteral Stent, 
Stent obstruction
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1  Background
Malignant ureteral obstruction (MUO), which is histori-
cally confirmed as upper urinary tract obstruction with 
hydronephrosis resulting from malignant disease, is 

caused by extrinsic compression from a primary malig-
nant tumour or by metastatic disease [1]. MUO is an 
indicator of poor prognosis, and the median life expec-
tancy is about one year [2]. Patients with MUO should 
be treated to prevent renal failure, flank pain, and urinary 
tract infection (UTI) [3, 4]. The final treatment goals are 
to preserve renal function, especially in patients requir-
ing further chemotherapy, and to prevent localised pain 
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and UTI to help maintain quality of life (QOL). Many 
types of polymer ureteral stents are available to relieve 
obstruction as an initial approach, but they have a high 
rate of obstruction and require periodic exchange every 
three to six months [5, 6]. Nephrostomy can also be used 
to relive obstruction because of its high success rate, but 
it tends to deteriorate patient QOL because of the exter-
nal drainage tube and its risk of dislodgment [7].

The Resonance Metallic Ureteral Stent (Cook Medi-
cal, Bloomington, IN, USA), a completely unfenestrated, 
coiled, all-metallic double-pigtail ureteral stent, has been 
used as an efficacious alternative. The metallic ureteral 
stent is highly resistant to extrinsic compression com-
pared with polymer ureteral stents and has a longer 
indwelling time of up to 12 months [8]. As the stent has 
no side ports, urine drainage is maintained by urine drip-
ping into its inner lumen or around its coils and by drain-
age along the outside of the stent, as with the polymer 
ureteral stent [9].

Although there are several reports of obstruction rates 
and factors related to metallic ureteral stents, there are 
few retrospective studies on the patency period and 
factors affecting this period in patients with MUO [4, 
10, 11]. One recent prospective observational study on 
metallic ureteral stents unfortunately did not report the 
precise patency period or factors affecting the period in 
patients with MUO [12]. We aimed to determine which 
characteristics of these patients lead to longer patency 
periods. Therefore, we conducted a single-centre pro-
spective study to examine the patency period of metallic 
ureteral stents and its determinants in 21 patients with 
MUO.

2  Methods
This was a prospective study of patients with MUO who 
underwent Resonance Metallic Ureteral Stent placement 
from April 2016 to March 2021. The ethics committee of 
our institution approved this prospective study on 18 Jan-
uary 2016 (approval no. 276), 27 October 2018 (approval 
no. 364), and 18 June (approval no. 421). This study com-
plied with the international ethical recommendations of 
the Declaration of Helsinki [13]. Written informed con-
sent was obtained from all patients studied. The authors 
confirm the availability of, and access to, all original data 
reported in this study.

A flow chart of the present study is shown in Fig.  1. 
We consider the metallic ureteral stent to be standard 
care in patients with MUO in our institution and pro-
ceed with therapy according to the flow chart in Fig.  2. 
Eligible patients were aged 20 years or older and had not 
undergone previous therapy for MUO. We performed 
stent placement in all patients with MUO except those 
with unilateral mild hydronephrosis, no deterioration 

of renal function, no flank pain, and no infection. We 
excluded patients with primary urinary tract (pelvis, ure-
ter, and bladder) cancer and prostate cancer. Between 
April 2016 and March 2021, we registered 21 patients 
with MUO referred to our outpatient department. We 
treated bilateral ureters in the same patient as individual 
ureters, following previous studies [4, 10]. Patients had 
upper urinary tract obstruction with hydronephrosis as 
revealed by computed tomography. We performed stent 
placement in 21 patients, bilaterally in six and unilaterally 
in 15 patients. We classified the cause of MUO as a solid 
mass (direct compression by tumour or lymph node dis-
semination) or peritoneal metastasis.

The primary outcome was the patency period of the 
metallic ureteral stent based on both serum creatinine 
and the level of hydronephrosis. The secondary outcomes 
were factors affecting the patency period of the metal-
lic ureteral stent and stent-related complications such as 
symptoms of obstruction (flank pain), bladder irritation, 
haematuria, and UTI (presence or absence of fever). We 
defined stent obstruction based on not only deterioration 
of renal function as assessed by serum creatinine but also 
progression of hydronephrosis considering ultrasonog-
raphy results during follow-up. We assessed hydrone-
phrosis according to the Classification of the Japanese 
Society of Pediatric Urology as defined in Table  2 [14]. 
We defined the patency period as the time from the day 
of initial metallic ureteral stent placement to the day of 
stent obstruction or last follow-up without obstruc-
tion. We did not consider stent migration with sufficient 
urine drainage to be stent obstruction and calculated the 
patency period until the day of stent removal in this case. 
We defined overall survival as the time from first visit to 
our outpatient department to death.

We performed retrograde pyelography at initial stent 
placement to confirm the ureteral anatomy (including 
ureter length by direct measurement, stricture posi-
tion, and length). Referring to a previous study [15], we 
measured ureter length with a 5-Fr 70-cm ruled ureteral 
catheter (Flexima Ureteral Catheter Open End, Bos-
ton Scientific Corporation, Spencer, IN, USA). We then 
inserted a 6-Fr multi-length (22–32 cm) polymer ureteral 
stent (INLAY OPTIMA; C.R. Bard, Inc. Covington, IN, 
USA) per the manufacturer’s recommendation. We per-
formed follow-up at one week and one month after stent 
placement.

One month after placement of the polymer ureteral 
stent, we replaced it with a metallic ureteral stent (Fig. 3). 
We performed retrograde pyelography again if re-evalua-
tion was considered necessary, such as for a tortuous ure-
ter noticed at the initial stent placement. We inserted the 
8.3-Fr metallic ureteral stent introducer over the guide-
wire under fluoroscopic guidance and advanced it to the 
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ureteropelvic junction. We confirmed that the proximal 
curl of the stent was located in the renal pelvis and the 
distal curl was located in the bladder. The length of the 
metallic ureteral stent was determined according to the 
length of the ureter. We did not perform balloon dilation 
of ureteral strictures. We performed follow-up at one 
week and one month after stent placement.

Thereafter, we performed follow-up every month until 
death. In case of metallic ureteral stent obstruction, we 
planned to exchange the stent, perform a nephrostomy, 
or provide best supportive care according to the patient’s 
wishes. All patients were instructed to visit the emer-
gency department if experiencing symptoms such as 
flank pain, fever, remarkable macroscopic haematuria, 
and voiding disorders.

The patency period and overall survival were calculated 
using the Kaplan–Meier method. The log-rank test was 
used to evaluate the relationship between the patency 
period and causes of ureteral obstruction (solid mass 
or peritoneal metastasis), side of obstruction (unilateral 
or bilateral), UTI (with or without after placement of a 
metallic ureteral stent), normal serum creatinine one 
week after polymer ureteral stent placement, patient age 
(< 70 years old or not), performance status (0 or not), and 
serum creatinine before metallic ureteral stent placement 
(< 2  mg/dL or not). All P-values were two-sided, and a 
value of < 0.05 was considered statistically significant. 
All statistical analyses were performed with open-source 
software EZR version 1.27 (Saitama Medical Center, Jichi 
Medical University, Saitama, Japan), which is a graphical 

Placement of 
polymer ureteral stent

(N=21, 27 ureters)

Registered
(N=21)

Placement of metallic
ureteral stent

(N=21, 27 ureters)

Alive without obstruction
(N=3, 5 ureters)

Obstruction
(N=5, 5 ureters)

Stent exchange (N=2, 2 ureters)
No further treatment (N=3, 3 ureters)

Died of disease without obstruction 
(including one case of

stent migration)
(N=13, 17 ureters)

Diagnosis of malignant
ureteral obstruction

Excluded because of
Refusal to participate in study (N=2) 

Bladder cancer (N=2)
Ureteral cancer (N=1)

Fig. 1 Study design
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Patients <20 years old or with 
urinary tract or prostate cancer
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Obstruction
at 1 week

Yes

No

Nephrostomy

Obstruction
at 1 month

No
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at 1 week
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No

No
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exchange of metallic ureteral stent
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Fig. 2 Flow chart of patients’ clinical outcomes
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user interface for R (The R foundation for Statistical 
Computing, Vienna, Austria). We analysed the data as of 
17 June 2021.

3  Results
We registered 21 patients in the present study and 
a placed metallic ureteral stent in 27 collecting sys-
tems. The characteristics of the 21 patients (six men, 
15 women) are listed in Table  1. None of the patients 
received radiotherapy before enrolment.

In the case of obstruction of either the polymer or 
metallic ureteral stent at one week or one month after 
stent placement, we planned to perform a nephros-
tomy, but no obstruction occurred in any of the patients. 
Changes in the serum creatinine level and hydrone-
phrosis before and one week after placement of a poly-
mer ureteral stent, and one week after placement of the 
metallic ureteral stent, are shown in Table 2. The median 
serum creatinine level (range) at each stage was 1.04 
(0.58–5.27), 0.86 (0.5–3.79), and 0.99 (0.6–3.89) mg/dL, 
respectively, and did not change significantly. All patients 
obtained relief of hydronephrosis after placement of the 
polymer stent and maintained relief after placement of 
the metallic stent.

The complications associated with the metallic ureteral 
stent are also shown in Table 2. Among those with blad-
der irritation, three patients had mild bladder irritation 
one month after placement of the metallic ureteral stent 
that resolved spontaneously. The remaining two patients 
experienced bladder irritation at two and six months, 
respectively, after stent placement that was resolved with 
the administration of solifenacin succinate. The patient 
with macroscopic haematuria had mild haematuria after 
placement of the metallic stent that resolved spontane-
ously. UTI resolved in all patients after the administra-
tion of oral antibiotics. The patient with stent migration 

had no subjective symptoms when the proximal curl of 
the stent moved to the upper ureter, and no progres-
sion of hydronephrosis or deterioration of renal func-
tion occurred. We exchanged the metallic ureteral stent 
according to the patient’s wish, and migration never 
recurred. No major complications or visits to the emer-
gency room occurred as a result of the stent-related 
complications.

The clinical outcomes of the patients are shown in 
Fig.  4. Obstruction occurred in five patients, of whom 
two easily underwent stent exchange. The patient in case 
5 experienced disease progression and stent obstruction 
after chemotherapy withdrawal. Although she resumed 
chemotherapy after stent exchange, she was eventu-
ally diagnosed as having progressive disease and stent 
obstruction occurred thereafter. One patient did not 
require stent exchange due to best supportive care. The 
other two patients were in poor general condition and did 
not require additional treatment. The extracted metal-
lic ureteral stents did not display apparent encrustation 
macroscopically. Three patients were still alive without 
obstruction at the time of data analysis. The median over-
all survival time was 209 days (95% confidence interval [CI] 
92–389), and the one-year survival rate was 32.6% (95% 
CI 13.1–53.8) (Fig.  5a). The median stent patency period 
in days was not available (NA) (95% CI 210–NA), and the 
1-year patency rate was 59.2% (95% CI 23.2–82.9) (Fig. 5b). 
We did not find significant differences in either the stent 
patency period between patients with direct compression 
by solid mass versus peritoneal metastasis (Fig.  5c), that 
between patients with unilateral obstruction versus bilat-
eral obstruction (Fig. 5d), or that between patients with or 
without UTI after placement of the metallic ureteral stent 
(Fig. 5e). However, there was a significant difference in the 
patency period between patients with a normal creatinine 
one week after placement of the polymer ureteral stent 

Fig. 3 a One month after placement of the polymer ureteral stent. b We performed retrograde pyelography again if re-evaluation was considered 
necessary, such as for a tortuous ureter noticed at the initial stent placement. c We confirmed that the proximal curl of the stent was located in the 
renal pelvis, and the distal curl was located in the bladder
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(P = 0.0336) (Fig. 5f). We found no significant differences in 
the stent patency period between the patients in regard to 
age (< 70 years old or not) (Fig. 5g), performance status (0 
or not) (Fig. 5h), and serum creatinine before placement of 
the polymer ureteral stent (< 2 mg/dL or not) (Fig. 5i). Due 
to the small number of cases, we could not conduct Cox 
proportional multivariate analysis.

4  Discussion
The polymer ureteral stent is used when treating patients 
with MUO because of its familiarity and ease of use [11]. 
Despite its superiority, the rate of obstruction is 35–45% in 
patients with MUO treated with this stent [16]. In contrast, 
the rate of obstruction with the metallic ureteral stent is 
relatively low at 15.4–17% [17] and was 19% in the present 
study, similar to that of the previous study.

It is noteworthy that upper urinary flow with a metallic 
ureteral stent may be slower compared with that with a pol-
ymer ureteral stent [18]. Hsu et al. reported that the early 
patency rate of metallic ureteral stents was 80% in patients 
with no prior ordinary stent and 95.3% in those with prior 
ordinary stent implantation [19]. They found that prior 
ordinary stent implantation was associated with the early 
patency rate of metallic ureteral stents in a univariate 

analysis [19], and in the present study, all patients main-
tained early patency of their metallic ureteral stents. As a 
technical point, Liatsikos et al. reported that they needed 
to dilate the obstructed ureter with a balloon catheter to 
insert the metallic ureteral stent in 35% of their patients 
[20]. In contrast, we could insert a polymer ureteral stent 
without the need of a balloon catheter in all patients. Wang 
et al. reported a 15% rate of technical failure when insert-
ing a metallic ureteral stent because they did not dilate the 
obstructed ureter with a balloon catheter [21]. They sug-
gest that in certain cases it may be difficult to initially per-
form metallic ureteral stent placement. In contrast, Chow 
et  al. reported that they could replace a polymer ureteral 
stent with a metallic ureteral stent in patients with MUO 
without difficulty [11]. We also could replace the polymer 
ureteral stents with metallic ureteral stents in our patients 
without the need of a balloon catheter. Chow et  al. also 
reported the outcome of MUO patients who received a 
polymer ureteral stent and subsequently a metallic ure-
teral stent [11]. Their reported patency periods for the 
polymer and metallic ureteral stents were 1.7 months and 
5.3 months, respectively. All patients in the present study 
could maintain patency of their polymer ureteral stents one 
month after placement, and the median patency period for 
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the metallic ureteral stent was NA (95% CI 210–NA) due 
to the inability to extract this value from the Kaplan–Meier 
curve because the event rate did not reach 50%. Because 
we wanted to strongly ensure that urinary tract obstruction 
would be released by polymer ureteral stent placement, 
which would help not only to maintain renal function but 
also prevent flank pain and UTI associated with hydrone-
phrosis, we first inserted a polymer ureteral stent and then 
replaced it with a metallic ureteral stent one month later. 
We tried to relieve any potential obstruction of the poly-
mer ureteral stent at its initial insertion and to maintain 
long-term patency with the metallic ureteral stent in our 
patients with MUO.

It is well known that an indwelling ureteral stent 
including the metallic ureteral stent can potentially cause 
urinary symptoms such as bladder irritation, haematuria, 
and UTI [22]. Previous studies suggested that placement 
of a stent of the appropriate length might reduce stent-
related complications [9, 17, 22]. Brown et al. noted that 
direct intraoperative measurement of the ureter length 
was the superior method [22], but in some patients, 
including those with a tortuous ureter, it is difficult to 
measure ureter length appropriately at the first retro-
grade pyelography. We performed repeat retrograde pye-
lography at placement of the metallic ureteral stent if we 
thought re-examination to be necessary.

The risk factors affecting the patency period were 
reported to be older age, preoperative high serum cre-
atinine level, no lower gastrointestinal cancers, abdomi-
nal level obstruction, lymphatic metastasis, and bilateral 
ureteral obstruction [4, 10, 11, 23]. In the present study, 
abnormal serum creatinine one week after placement of 
the polymer ureteral stent might be a risk factor affect-
ing a shorter patency period. Asakawa et al. investigated 
the cause of ureteral obstruction but found no significant 
factors affecting the patency period [4]. We hypothesised 
that MUO caused by peritoneal metastasis rather than a 
solid mass would have a shorter patency period because 
it disturbed a wide range of ureteral peristaltic move-
ment. However, we found no significant difference in 
the patency period between a solid mass and peritoneal 
metastasis. Of note, however, we did find a difference in 
the patency period between patients with and without 
a normal serum creatinine one week after placement of 
the polymer ureteral stent. Although this result was only 
obtained by univariate analysis, a normal serum creati-
nine after polymer ureteral stent placement might pre-
dict the success of therapy because the polymer ureteral 
stent releases upper urinary tract obstruction and helps 
to prevent postrenal problems and the resonance stent 
maintains this condition, indicating that both are fulfill-
ing their function as stents. Although further studies are 

required to prove the result with Cox proportional mul-
tivariate analysis, we think that the present results may 
help urologists determine optimal therapy.

All of our patients obtained relief from hydronephro-
sis one week after placement of the polymer ureteral 
stent. Patients without a normal serum creatinine one 
week after polymer ureteral stent placement might also 
have intrarenal or prerenal causes that were induced 
by progressive disease and that eventually led to stent 
obstruction. Many patients with early metallic ureteral 
stent obstruction were reported to undergo conversion 
to nephrostomy [24]. We might be able to predict poor 
outcome by checking the serum creatinine level one week 
after placement of a polymer ureteral stent.

Generally, our patients with MUO had a short life 
expectancy, with a median overall survival of 209  days, 
and this result was similar to that of previous reports [4, 
12]. We defined the patency period as the time from the 
day of initial metallic ureteral stent placement to that of 
obstruction or last follow-up without obstruction, and 
not death, because we wanted to ascertain the metallic 
ureteral stent patency period more precisely. The median 
patency period was NA (95% CI 210–NA), and the one-
year patency rate was 59.2% (95% CI 23.2–82.9), which 
are similar to those of previous studies [24, 25]. Consid-
ering the remaining lifetime of patients with MUO and 
the patency period of metallic ureteral stents, many of 
these patients will likely not require exchange of their 
metallic ureteral stent.

Compared with other studies, the present study had 
two advantages. First, the close follow-up interval 
allowed more precise ascertainment of the clinical out-
come of the patients with MUO. Second, we could select 
the length of the metallic ureteral stent more accurately, 
which might have reduced stent-related symptoms.

The present study has some limitations. Our sample 
size was too small to analyse the factors affecting patency 
period with Cox proportional multivariate analysis, and 
thus, the results must be interpreted with caution. Sec-
ond, we could not compare our study cohort with the 
standard treatment cohort (insertion of a metallic ure-
teral stent from the beginning) by randomised study. 
Third, we did not evaluate QOL with the Ureteric Stent 
Symptom Questionnaire (USSQ) [26], and we could not 
use the Japanese version of the USSQ because it was still 
undergoing validation. Fourth, we did not analyse cost-
effectiveness. The cost of our method is higher because 
we initially place a polymer ureteral stent to provide early 
relief of the obstruction and then more accurately select 
the length of the metallic ureteral stent to help reduce 
any stent-related symptoms.
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5  Conclusion
The Resonance Metallic Ureteral Stent was effective and 
safe for treating patients with MUO. A normal serum 
creatinine one week after placement of the polymer ure-
teral stent may predict a longer patency period of metal-
lic ureteral stents in patients with MUO.
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