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ABSTRACT

Introduction: The limitations of traditional ureteral stents in patients with deficiencies
in ureteral drainage have resulted in frequent stent exchanges. The implementation of
metallic stents was introduced to improve the patency rates of patients with chronic
upper urinary tract obstruction, obviating the need for frequent stent exchanges. We
report our clinical experiences with the use of metallic ureteral stents in the manage-
ment of poor ureteral drainage.

Materials and Methods: Fifty patients underwent metallic ureteral stent placement from
2009 to 2012. Stent failure was defined as an unplanned stent exchange, need for ne-
phrostomy tube placement, increasing hydronephrosis with stent in place, or an elevation
in serum creatinine. Stent life was analyzed using the Kaplan-Meier methodology, as this
was a time dependent continuous variable. A cost analysis was similarly conducted.
Results: A total of 97 metallic stents were placed among our cohort of patients: 63 in
cases of malignant obstruction, 33 in the setting of cutaneous ureterostomies, and 1 in
an ileal conduit urinary diversion. Overall, stent failure occurred in 8.2% of the stents
placed. Median stent life was 288.4 days (95% CI: 277.4-321.2 days). The estimated
annual cost for traditional polymer stents (exchanged every 90 days) was $9,648-
$13,128, while the estimated cost for metallic stents was $4,211-$5,313.

Conclusion: Our results indicate that metallic ureteral stent placement is a technically
feasible procedure with minimal complications and is well tolerated among patients.
Metallic stents can be left in situ for longer durations and provide a significant finan-
cial benefit when compared to traditional polymer stents.
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INTRODUCTION

Long-term ureteral patency often presents
a difficult therapeutic challenge in patients with
chronic ureteral obstruction. Traditional polymer
ureteral stents have been the mainstay of thera-
py; however, primary patency of polymer ureteral
stents has been suboptimal due to tumor compres-

sion and encrustation (1,2). Additionally, standard
of care recommends regular stent replacement at
3-month intervals to prevent failure (3,4).
Methods of managing poor ureteral drai-
nage include percutaneous nephrostomy tube pla-
cement and internal drainage with double pigtail
stent insertion. Many of these patients, however,
experience recurrent urinary tract infections, tube
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migration, bladder irritation, local urinary symp-
toms (e.g. frequency, urgency, dysuria, etc.), or
require daily care of a nephrostomy tube site, cau-
sing reduced quality of life (5).

Metallic ureteral stents consist of spirally
coiled metal constructed to optimize compressive
and radial strengths. Their ability to resist encrus-
tation allows them to remain in situ for up to 12
consecutive months (6). The implementation of
metallic stents was introduced to improve techni-
cal feasibility and patency rates for management
of patients with upper urinary tract obstruction,
obviating the need for frequent stent exchanges.

Prior literature on metallic stents has re-
ported equivocal results. Most retrospective stu-
dies have been somewhat limited by their small
study populations, as metallic stenting is a rela-
tively recent procedure. Failure rates anywhere
from 7% - 66% have been reported in the few re-
trospective series currently available (5,7-11).

We report our clinical experience with the
use of metallic ureteral stents in the management
of poor ureteral drainage. We also present a com-
parative cost analysis of patients managed with
such stents, as opposed to patients treated with
traditional polymer ureteral stents.

MATERIALS AND METHODS

After institutional review board approval
was obtained, 50 patients were retrospectively
identified to have who had undergone metallic
ureteral stent placements in the management of
ureteral drainage deficiencies at two of our aca-
demic facilities in Tampa, Florida (Moffitt Cancer
Center and Tampa General Hospital). A total of
97 metallic stents were placed between January
2009 and September 2012. The same two surge-
ons placed these stents at both hospitals. All stents
had a diameter of 6 French and length, ranging
from 20 to 30cm. All patients who had metallic
ureteral stents placed, had chronic ureteral obs-
truction in the context of a malignancy or requi-
red chronic ureteral stenting in the setting of a
cutaneous ureterostomy or ileal conduit. Exclu-
sion criteria included patients that had a previous
ureteral balloon dilation or retrograde/antegrade
endopyelotomy. Covariates assessed in our Cox
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univariate/multivariate analysis of potential pre-
dictors of metallic ureteral stent failure included
patient age at diagnosis, gender, body mass in-
dex, underlying malignancy, cancer stage, site of
ureteral obstruction, prior radiation therapy, and
serum creatinine/creatinine clearance (calculated
by the Cockcroft-Gault formula).

The Resonance Metal Stent® (RMS; Cook
Urological®, Bloomington, IN) was designed to
provide long-term drainage of chronic upper uri-
nary tract obstruction. All metallic ureteral stents
were placed while the patient was under general
anesthesia, in a retrograde manner, with both flu-
oroscopic and cystoscopic guidance in patients
with an intact bladder. Patients undergoing a me-
tallic ureteral stent placement, in the management
of chronic ureteral obstruction, had an initial
stenting using a polymer ureteral stent to ensu-
re the ureteral obstruction was in fact chronic in
etiology, and that patient tolerated internal urete-
ral stenting with minimal urinary symptoms, thus
making this a feasible long-term treatment option.
In the patients undergoing chronic ureteral stent
placement in the context of a cystectomy and uri-
nary diversion, consisting of either a cutaneous
ureterostomy or ileal conduit, ureteral stents were
placed under local, regional, or general anesthesia
with the assistance of fluoroscopy. Once a retro-
grade pyelogram was performed, a guidewire was
successfully placed into the collecting system, the
cylindrical outer sheath was passed into the renal
pelvis, and the wire was removed. The proximal
stent was uncurled, and then advanced through
the sheath using a pusher. Under fluoroscopy, a
push-pull technique was used to overly advance
the sheath while placing the stent. The proximal
stent curl was noted in the renal pelvis, and the
outer sheath was removed, causing the distal curl
to uncurl. At the completion of the procedure,
the final fluoroscopy image was shot and saved
to confirm proper placement of the stent. Medical
agents were not used to alleviate irritative or voi-
ding symptoms unless symptoms were severe, in
which case, oral anticholingeric medications were
prescribed. Patients were seen at 6 months post-
-metallic stent placement to assess symptomato-
logy, as well as a serum creatinine. If there were
no issues at that visit, patients were scheduled for
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metallic stent exchange between 9-12 months. If
patients were symptomatic (i.e. flank pain, rising
serum creatinine), a KUB and renal ultrasound
were obtained to rule out stent migration, encrus-
tation and non-functional stents, which would be
suspected based on new or worsening hydrone-
phrosis. If this was seen, patients then underwent
an earlier stent exchange (within 1-2 weeks of that
visit). In equivocal cases of a possible obstructed
stent, a MAG-3 renal scan was obtained.

Stent failure was defined as: 1) an unplan-
ned stent exchange, 2) the need for nephrostomy
tube placement, 3) increasing hydronephrosis with
metallic ureteral stent in place, or 4) a deterio-
rating renal function, as determined by serum
creatinine or worsening creatinine clearance, sus-
pected to be post-renal in nature. In patients tole-
rating the metallic ureteral stents, stent exchanges
were scheduled at 9 to 12 months-time intervals
to optimize stent function/drainage and decrease
the likelihood of stent encrustation. Median stent
life was calculated from date of stent placement
to date of stent exchange using the Kaplan-Meier
method. Stent exchanges were treated as separate,
individual events in this statistical analysis. Pre-
dictors of stent failure were assessed using Cox
regression univariate/multivariate modeling with
a robust covariance matrix estimator.

The present cost analysis accounted for
stent cost, mean operating room fees (billed 1
hour), mean anesthesia costs, and the annual
stent exchange rate. The annual exchange rate
for metallic stents was derived from data collec-
ted from this retrospective study, and the annual
exchange rate from conventional polymer stents
was extrapolated from previously published data
(3,4). The cost analysis does not include any
other direct or indirect cost, with the exception
of assigning an economic loss to the patient for
missed work. Economic loss was calculated based
on Florida’s Bureau of Labor Services mean daily
wage of $157 US dollars.

RESULTS

A total of 97 metallic stents were placed
in 50 patients (27 men, 23 women) during the
45-month accrual period. The mean patient age at
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diagnosis was 63.0 years (22-88 years). 37 patients
(749%) had stents placed due to malignant ureteral
obstruction, 12 patients (24%) had stents placed
in the setting of cutaneous ureterostomies, and 1
patient (29) had stent placement in the context
of an ileal conduit. 14 patients (28%) had stents
placed for genitourinary malignancies, 7 patients
(149%) had stents placed for gastrointestinal malig-
nancies, and 16 patients (32%) had stents placed
for other malignancies, including lymphoma and
sarcoma. A full breakdown of the indications for
chronic ureteral stent placements is reported in
Table-1. 13 patients (10 men, 3 women) had stents
placed in the context of a cystectomy and urinary
diversion. A total of 19 patients died with stents in
situ. The patient characteristics of our study popu-
lation are shown in Table-2.

At a mean patient follow-up of 303.2
days, stent failure occurred in 8 of the 97 stents
placed among 16% (N = 8) of the total patients.
The most common signs of stent failure were
hydroureteronephrosis (N = 3, 37.5%) and re-
current urinary tract infection (N = 3, 37.5%). 1
stent failure (12.5%) was attributed to deteriora-
ting renal function suspected to be post-renal in
etiology, and 1 stent (12.5%) failed due to stent
migration in a patient with a cutaneous ureteros-
tomy diversion. Median time to stent failure was
68 days. Stent failures were managed by placing
new metallic stents in 3 patients (37.5%), place-
ment of a nephrostomy tube in 3 patients (37.5%),
and exchange to a conventional polymer ureteral

Table 1 - Indications for Stent Placement.

Reason for Stent Number of Patients

GU Malignancy 28%
Gl Malignancy 14%
Ureteral Stricture 8%
Other Malignancy* 24%
Cutaneous Ureterostomy 24%
lleal Conduit 2%

*Consists of sarcoma, lymphoma, small cell carcinoma, malignant breast cancer,
primary peritoneal cancer, hemangiopericytoma
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Table 2 - Patient Characteristics.

Number of Patients Age BMI Length of
Follow-Up (days)
Total Women Men Mean Range Mean Range Mean Range
All Metallic Stents 50 23 27 62.96  22-88 27.86  18.04-47.12 273 19-1211
For Obstruction 37 20 17 61.41 22-88 27.79  18.04-47.12 297 19-1211
For Patients with No 13 3 10 67.38 45-75 28.04 20.62-39.17 203 41 - 659

Bladder

stent in 2 patients, who appeared not tolerate the
composition of the metallic stents (25%).

Eighteen of the 50 patients (36%) had
stents exchanged during the study period of 45
months, with a median stent life of 288.4 days
(95% CI: 277.4-321.2 days). Kaplan Meier analysis
of stent life is shown in Figure-1. This analysis
takes into account those stents that failed prema-
turely from the anticipated time of exchange.

The Cox wunivariate and multivariate
analysis of potential predictors of metallic stent
failure did not yield any endpoints of statistical
significance including gender, age at diagnosis,

body mass index, prior external radiation therapy,
site of ureteral obstruction, and underlying malig-
nancy (Table-3).

In our cost analysis, we determined that
the mean cost for a single traditional polymer ure-
teral stent exchange is between $2,255 and $3,125
US dollars, while the mean cost for a single me-
tallic ureteral stent exchange is between $3,170
and $4,040 US dollars, with their only difference
being the cost of the actual stent being placed.
The estimated annual cost for traditional polymer
stents (exchanged every 90 days (3,4)) is betwe-
en $9,648 and $13,128 US dollars, while the esti-

Figure 1 - Kaplan-Meir Analysis Median stent life calculated by Kaplan-Meier method: 288.4 days (95% Cl=277.4-321.2 days).

Product-Limit Survival Estimate
with Number of Subjects at Risk

0.8 -
=
5 06—
£2
o
a@
s
S 04+
3

0.2 =

00 & 33

| 1 | 1
0.0 0.5 1.0 1.5

228

Stent Life (Years)



IBJU I A COST-EFFECTIVE METHOD OF MANAGING DEFICIENCIES IN URETERAL DRAINAGE

Table 3 - Predictive factors of metallic stent failure with
p-values.

Variable p value
Age at diagnosis 0.50
BMI 0.23
Malignancy Stage 0.38
Prior XRT 0.18
Sex 0.32
Site of Obstruction 0.94
Underlying malignancy 0.62

BMI = body mass index; XRT = radiotherapy

mated annual cost for metallic stents (exchanged
every 288.4 days as noted in the present study)
is between $4,211 and $5,313 US dollars. The
Medicare cost of anesthesia for this procedure is
estimated to be $130 US dollars, and the mean
private health care insurance cost for anesthesia is
$1,000 US dollars, which were used separately in
these cost analysis calculations, hence the presen-
ted range of cost. Data used for the cost analysis
is presented in Table-4. This results in between a
56.4% and 59.5% reduction in cost per patient-
-year, with the use of metallic ureteral stents in
the management of poor ureteral drainage.

Table 4 - Cost Analysis.

DISCUSSION

Deficiencies in upper tract drainage are a
frequent problem encountered in routine urologic
practice today. Conventional approaches in the
management of chronic ureteral obstruction have
been to place percutaneous nephrostomy drainage,
which significantly decreases quality of life of the
patient ailing from their malignancy (2). In addi-
tion, polymer ureteral stents have been used but
have had disappointing results due to the frequency
of stent exchanges (approximately every 3 months),
stent encrustation, and pelvic tumor compression
(1,2,12). Failure rates for traditional polymer stents
in the setting of malignant ureteral obstruction are
estimated to be between 40% and 60% (6,13). The
use of metallic ureteral stents in the setting of defi-
cient ureteral drainage obviates the need for an ex-
ternal urinary drainage bag, as well as decreasing
the frequency of stent exchanges.

Metallic ureteral stents have been studied
in a limited number of retrospective studies. Overall
failure rates of metallic ureteral stents have ran-
ged from 7% - 66% (5,7-11); however, most studies
have been limited by low statistical power, with
study populations as low as 14 patients. The pre-
sent study is one of the largest single-institution
studies, encompassing 50 patients, undergoing pla-
cement of 97 metallic ureteral stents. Our results
show a failure rate of these stents of only 8.2%,

Metallic Stent Polymer Stent
Stent Cost $1,040 $125
Anesthesia Costs (Medicare) $130 $130
Operating Room Fees $2,000 $2,000
Average Lost Wages ($/day)® $157 $157
Total Cost Per Stent Insertion $3,327 $2,412
Stent Life (in years) 0.79 0.25°
Total Cost Per Year $4,211 $9,648

aFrom Florida’s Bureau of Labor Services
® From previously published literature (3,4)
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exemplifying their clear benefit. Currently, metallic
ureteral stents are indicated that they can be left
in situ for up to 12 months (6). Our data shows a
median stent life of 288.4 days before necessitating
exchange. This is over three times longer than the
average polymer stent life (3,4). In addition, althou-
gh stents were elected to be exchanged between 9
to 12 months, we are now changing subsequent
stents at 12 months with no additional sequelae
(e.g. encrustation, decreased function, etc.). Longer
stent in situ durations lead to less frequent trips
to the operating room, decreased patient morbidity,
decreased healthcare costs, and improved overall
quality of life for the patient.

In addition, metallic ureteral stent place-
ment procedures had minimal complications and
were well tolerated by patients. Some patients com-
plained of mild flank pain and/or dysuria directly
after stent placement. This phenomenon was usu-
ally self-limiting, and probably due to expanding
forces of the endoprosthesis (5). Goldsmith et al.
described subcapsular hematoma formation follo-
wing metallic stent placement in 12% of their study
cohort. They argued that this was likely “related to
the excessive length of the inner cannula relative
to the outer sheath in the supplied introduced sys-
tem” (8). In our larger single institution series, we
did not experience any such complications and re-
commend gentle manipulation of the upper tracts
during stent placement to avoid this issue.

To help predict treatment success or failu-
re, we based our research on previously published
peer reviewed scientific literature. As previously
shown in Ganatra et al., the type of underlying
malignancy did not predict stent success or failure
in our series (13). Ganatra et al. also reported that
gross tumor invasion noted at cystoscopy was a
significant risk factor for stent failure and requi-
rement of percutaneous nephrostomy (p = 0.008)
(13). In addition, Goldsmith et al. reported that
prostate cancer invading the bladder was a risk
factor for stent failure (8). Bladder invasion was
not specifically assessed as a risk factor for stent
failure in our study. Wang et al. also showed that
patients who had received previous radiation the-
rapy had a significantly lower stent patency rate
than those who did not receive previous radiation
therapy. They hypothesized that radiation therapy

causes ureteral fibrosis and impairs ureteral pe-
ristalsis, ultimately leading to more encrustation
and a smaller ureteral lumen (11). Other studies
nevertheless, have shown no difference in stent
patency rates whether or not patients had received
radiation therapy (8,10). Previous radiation thera-
py did not appear to predict stent outcome in our
present series (p = 0.18).

We provide the first documented experien-
ce of metallic ureteral stents in the setting of cuta-
neous ureterostomies. Recent literature established
that long term stenting (defined as greater than
3 months) of cutaneous ureterostomies improves
their clinical outcome, decreasing stenosis in the
left crossover ureter in the urinary diversion (14).
12 patients in our single institution series had me-
tallic ureteral stents in the setting of cutaneous
ureterostomies. The failure rate in this cohort was
16.7%, with a mean exchange rate of 220.3 days.
The use of metallic ureteral stents in the setting
of cutaneous ureterostomies appears to be a cost
effective management for chronic stent placement
in this population.

Metallic ureteral stents, when used in ma-
naging poor ureteral drainage, not only improved
quality of life, but also is a cost-saving service.
Despite the initial higher cost of the individual
metallic stent versus traditional polymer ureteral
stents ($1040 versus $125 US dollars, respective-
ly), we report fewer surgical procedures (i.e. stent
exchange) needed, which accounted for this cost
difference. The overall cost reduction was estima-
ted to be between 56.4% and 59.5% per patient-
-year, not taking into account other cost savin-
gs, including reduced post-operative office visits,
fewer follow-up imaging studies, and any unfore-
seen operative complications.

We recognize several limitations to the
present study, including the retrospective cons-
titution of this single institution study design.
Although larger (multicenter) studies have been
conducted, our sample size of only 97 stent pla-
cements made our univariate and multivariate
Cox regression analyses somewhat limited. Addi-
tionally, our study did not look at bladder tumor
invasion as a risk factor for premature stent failu-
re and also did not specifically characterize AUA
symptom scores pre- and post-stent placement
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within our study cohort. Furthermore, although
our cost analysis examines the major variables of
stent placement, it does not include data on failu-
re and follow-up costs, such as repeat procedures,
subsequent admissions, and necessary imaging.
Cost analysis for patients with cutaneous urete-
rostomies and ileal conduits would differ slightly,
however, these were not analyzed. Costs were cal-
culated in patients with intact bladders. Lastly, the
analysis took into account operating facility fees
and anesthesia fees charged at our institutions,
but these were not standardized across other insti-
tutions or regions.

CONCLUSIONS

In conclusion, this study highlights that
metallic ureteral stents constitute a technically fe-
asible solution for the management of deficiencies
in ureteral drainage, while being well tolerated
and imparting minimal complications to appro-
priately selected patients. Metallic ureteral stents
can be left in situ for longer durations than tradi-
tional polymer ureteral stents and result in an es-
timated cost benefit of between 56.4% and 59.5%.
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