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Purpose: Encrustation is a common phenomenon that can occur following
placement of a ureteral stent into the urinary tract, and it can lead to serious
complications. The following review addresses the mechanism of encrustation,
the management of these stents and the newest technology developed to mitigate
this issue.

Materials and Methods: We performed a comprehensive literature search on
stent encrustation including peer-reviewed publications, public product listings,
and material on current and future stent technology.

Results: The mechanism of encrustation is complex and multifaceted, including
dwell time, patient specific risk factors, conditioning film formation, biofilm
formation and mineral deposition. Several technological developments in stent
materials and coatings may have a role in reducing the risk of stent encrustation.
It is important to identify the extent of stent encrustation and plan treatment
strategies accordingly. We propose a novel treatment algorithm for the man-
agement encrusted ureteral stents.

Conclusions: The ubiquity of ureteral stents in urology practice mandates
updated knowledge about the prevention of stent encrustation, identification of
high risk patients and preparedness for removal using multimodal techniques.

Key Words: ureter, stents, ureteral obstruction, urine, risk factors

URETERAL stents are important uro-
logical tools that can stabilize the
ureters and assist outflow of urine
from the kidney to the bladder.’
Stents are inserted to decompress
ureteral obstruction, to dilate the
ureters to aid instrumentation, to
prevent occlusion following proced-
ures and to provide a scaffold for
healing.? However, stent placement
can be a double-edged sword, poten-
tially causing side effects and com-
plications. Introduction of a foreign
object into the wurinary tract can
result in discomfort, infection, and
encrustation of the surface and/or
lumen of a stent.> These issues not
only impact the quality of care, but
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can also exert a significant economic
toll. Multiple additional procedures
may be required to remove an
encrusted stent, and up to 16% of
endourology lawsuits are related to
retained stents.*

Encrustation is the deposition of
mineral crystals onto the surface and
lumen of a ureteral stent. This can
create serious problems, especially for
chronically indwelling stents or
forgotten/retained stents, which can
occur in up to 13% of cases.® When
stents become encrusted, they
become calcified and brittle and lose
their tensile strength, raising the risk
of stent fracture or ureteral avulsion
during removal. Crystal deposition
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can obstruct drainage through the stent lumen and
can also interact with the urothelial lining of the
ureters, leading to ureteral trauma.® Additionally
prolonged retention of ureteral stents has been
shown to confer an increased risk of chronic kidney
disease and hospitalization for urinary tract infec-
tion or sepsis after stent removal.”

The following is a review of the most recent
literature regarding stent encrustation and man-
agement. First, the risk factors and mechanisms of
encrustation are explored. Next, current stent
technology and strategies for prevention are
reviewed. Then, clinical guidelines for diagnosing
and managing encrusted stents are summarized.
Finally, emerging areas of research are discussed.

RISK FACTORS

Encrustation occurs when minerals from the urine
deposit on the surface of an indwelling stent. Risk
factors include duration of stent indwelling time,
bacterial colonization, patient specific factors and
physical characteristics of the stent.

The key risk factor for development of encrusta-
tion has been shown repeatedly to be the duration of
stent indwelling time. A 1991 study by el-Faqih et al
evaluated polyurethane stents removed from pa-
tients at a single institution and reported that 9% of
stents showed signs of encrustation by 6 weeks, 48%
by 6 to 12 weeks and 77% after 12 weeks.® A 2012
study by Kawahara et al similarly reported
encrustation rates of 27%, 57% and 76% at equiva-
lent time intervals.® Moreover, 30% of stents
retrieved before 12 weeks showed evidence of
luminal encrustation but only 4% of patients had
clinical symptoms of stent obstruction.® While the
ideal indwelling time is not strictly known for many
urological procedures, the temporal risk of encrus-
tation is clear.

Bacterial biofilm may also have a critical role in
encrustation. A commonly cited study from 1996
showed that 90% of ureteral stents retrieved from
patients had colonized pathogens and 55% had
adherent biofilms.’® An analysis of bacterial colo-
nization performed by Shabeena et al found that
duration of catheter placement was linearly related
to colonization rates, with 90% of stents colonized by
120 days.!' Major pathogens included Escherichia
coli, Streptococcus and Pseudomonas. However, the
clinical significance of bacterial colonization and
biofilm formation on ureteral stents is poorly
understood—there is no consensus on which specific
pathogens, if any, increase risk of encrustation.
Additionally it is unclear how biofilm formation on
the surface of the stent may precipitate minerals
and trigger encrustation. Furthermore, new un-
derstanding of the wurinary microbiome may
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implicate commensurate bacteria instead of these
uropathogenic strains.'?

Conditions that increase susceptibility to bacteri-
uria and urinary lithiasis predispose patients to
encrustation as well. Recurrent urinary tract in-
fections, diabetes mellitus and chronic renal failure
are conditions that can increase urinary bacterial load,
and may increase the risk of stent encrustation.'
Pregnant patients are similarly high risk—possibly
secondary to absorptive hypercalciuria and hyper-
uricosuria associated with pregnancy—and are
encouraged to undergo frequent stent changes every 4
to 6 weeks to avoid encrustation.'* Other well-known
patient specific risk factors include history of urolith-
iasis, diet, malabsorptive disorders and cancer, all
which exert pro-encrustation effects by increasing
urinary concentrations of calcium, oxalate and uric
acid. Finally, low health literacy and poor patient
compliance naturally increase the risk of chronically
retained stents.>1?

Risk of encrustation is also related to the stent’s
physical characteristics. Kawahara et al evaluated
330 stents placed at a single institution and found
that, while stent length and patency did not corre-
late with risk of encrustation, stent caliber did, with
catheters smaller than 6Fr exhibiting significantly
higher rates of encrustation and those 7Fr or larger
exhibiting significantly lower rates.® Furthermore,
as will be discussed in more detail below, stent
material composition can significantly influence the
risk of encrustation, with different compounds and
polymer blends facilitating or hindering stone for-
mation on the stent surface. In the future identi-
fying optimal materials for different types of stone
formers may allow for more personalized decision
making in the management of urological conditions
requiring stent placement.

MECHANISM OF ENCRUSTATION

The mechanism of encrustation is complex and
multifaceted. Once a stent is inserted, it is imme-
diately coated with a conditioning film made up of
glycoproteins specific to the patient’s tissue and
urinary composition, after which one of 3 potential
outcomes can occur: 1) the stent can remain un-
changed, 2) the stent can be further coated with a
bacterial biofilm (predisposing the patient to uro-
sepsis) or 3) the stent can develop encrustation
(fig. 1).151® An analysis by Wollin et al used x-ray
photoelectron spectroscopy to evaluate the surface
composition of indwelling stents in 64 patients,
finding that 100% of stents had been coated, to
some degree, by a conditioning film.!” Further
analysis of these stents showed that 47% had
developed some encrustation on the surface and
13% had been coated by a bacterial biofilm.
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Figure 1. Mechanism of stent encrustation

Stent encrustation is invariably due to the depo-
sition of minerals on its surface. Encrustation can
occur spontaneously due to the presence of elevated
levels of minerals in the urine (eg calcium, oxalate,
phosphorus) or it may be catalyzed by the presence
of urease producing organisms, similar to the
mechanism of urolithiasis formation. The urease
producing organisms (Proteus, Pseudomonas,
Klebsiella etc) cleave urea into ammonia, elevating
the pH of the urine and allowing for the precipita-
tion of struvite (NH;MgPO,-6H50) on the stent
surface.'®

The relationship between encrustation and bac-
terial biofilm formation is poorly understood. Bac-
terial biofilms may facilitate precipitation of
crystals, allowing for encrustation. Conversely
encrustation may serve as a nidus for bacteria and
bacterial biofilm formation, which can cause uro-
sepsis in patients with indwelling stents.'® Never-
theless, any material coating a stent changes its
inherent physical characteristics (ie a protein con-
ditioning film or bacterial biofilm) and may allow for
the deposition of crystals on the stent surface.
Furthermore, the longer the indwelling time of the
stent, the more time there is for the surface char-
acteristics to change and crystallization to develop.

CURRENT STENT TECHNOLOGY AND
ENCRUSTATION PREVENTION

The design and technology of ureteral stents, as well
as their market, have advanced dramatically. Ac-
cording to a recent analysis, the global market for
ureteral stents in 2018 was about $360 million and
it is forecasted to surpass a global valuation of $564
million by 2026.2° Since a key component in the
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development of urosepsis and encrustation is bac-
terial colonization, previous and current research
has focused on developing materials and/or stent
coatings that inhibit this process. However, this has
proven difficult as bacterial adhesion is a complex
process. Organisms exhibit a variety of adhesion
mechanisms that vary between species, making it
challenging to pinpoint a wuniversal treatment.
Furthermore, urinary components can alter the
biological activity of surface coatings and reduce
anti-adhesive properties.?! Nevertheless, a variety
of different technologies have been developed to
reduce the burden of stent encrustation (Appen-
dixes 1 to 4).

Most stents in use are made of polymer blends
with encrustation reducing properties that may or
may not be coated with bioactive compounds (Ap-
pendix 1).22 These blends are often proprietary but
are generally based on polyurethane. Other polymer
combinations also exist, such as hydrogel plusur-
ethane/silicone/polyvinyl chloride (Aquavene®),
styrene/ethylene-butylene/styrene block copolymers
(C-Flex®) and polyester (Silitek®).2? Products like
Silhouette®, Bardex® and Tecoflex® are all exam-
ples of stents comprised of proprietary copolymer
mixtures that report polyurethane as the primary
composite material.

Recently there has been renewed interest in devel-
oping silicone based ureteral stents, with research by
Tunney et al demonstrating silicone’s ability to deter
encrustation in vitro.!® In this study ureteral stents
comprised of 5 different biomaterials—silicone, poly-
urethane (with and without hydrogel coating),
Percuflex™ and Silitek® —were placed in an artificial
urine solution for 14 weeks to assess for differential
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rates of encrustation. Using scanning electron micro-
scopy to measure rates of stent surface coverage, the
silicone stents demonstrated 69% coverage at 10
weeks, while all other materials showed 100% surface
coverage within a similar interval. Concurrent
compositional analysis of the surface depositions using
atomic absorption spectroscopy found that silicone
stents were least susceptible to both calcium and
magnesium deposition over a 14-week indwelling
period.'®?3 Another study by Bouzidi et al prospec-
tively analyzed 658 encrusted stents and found that,
compared to polyurethane stents, silicone stents
demonstrated a 20% lower rate of biofilm formation
and a 35% lower rate of mineral deposition.?* Popular
silicone based stents include the black silicone stent
(Cook Medical, Bloomington, Indiana), Imajin®, Dou-
ble-J® and UroGuide™ (Appendix 2). A new combined
approach is Heparius®, which is a polyurethane based
stent that is treated with a silicone coating surface,
thereby minimizing biofilm formation and reducing
encrustation.

Many leaders in ureteral stent development have
opted to make products comprised of proprietary
copolymer mixtures, for which there is little
detailed, publicly available information regarding
the material composition. Products include Percu-
flex, C-Flex, Sof-Flex®, Universa®, InLay® and
Lubri-Flex®.2® Furthermore, there are almost no
head-to-head data comparing encrustation suscep-
tibility of these new materials. Although many
companies advertise maximal indwelling times up-
ward of 3 months, there is little evidence validating
these claims. As such, this gap in the literature
poses a unique challenge for urologists who hope to
optimize ureteral stent selection for their patients.
Ultimately while polymer stents have properties
that may reduce the rates of encrustation, the
existing literature suggests that prolonged stenting
will most likely result in an encrusted stent,
regardless of stent composition.

Patients with malignant obstruction requiring
long-term stenting pose a unique challenge. One
method that has been explored for improving ability
to withstand extrinsic compression and reducing
encrustation is the use of metallic stents (Appendix 3).
The Silhouette stent has a standard polyurethane
external surface and a lumen reinforced with a
metallic coil. Furthermore, when the Silhouette was
compared head-to-head with the Amplatz ultra-
thane ureteral stent (Cook Medical) in assessing
resistance to external radial compression, the flow
rate of the Amplatz dropped 4 times faster than
that of the Silhouette, indicating superior stent
patency.%’26

Resonance® is a fully metallic stent comprised of
a proprietary nickel-cobalt-chromium-molybdenum
alloy. In a retrospective analysis of 92 patients
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with malignant extrinsic wureteral obstruction
Resonance was shown to provide superior 1-year
patency when compared with a standard polymeric
stent.2” An analysis of 13 patients who underwent
long-term Resonance placement for benign ureteral
obstruction (mean indwelling time 11.6 months)
revealed a 43% reduction in average annual stent
maintenance costs in comparison to traditional
polymer stent, amounting to $10,362 per patient
annually.?® Yet this study is limited by both its
small sample size and its broader clinical applica-
bility regarding the number of patients with benign
ureteral obstruction requiring yearlong stenting. A
separate study of the Resonance revealed similar
concerns regarding encrustation; on removal of the
stents following an indwelling time ranging from 8
to 14 months, encrustation was macroscopically
detectable on 12 of 54 stents (22%) and microscopi-
cally detectable on all studied stents.?*3° An in vitro
study of the Allium® URS—a nitinol stent coated
with a proprietary polymeric biomaterial—-
demonstrated up to 80% surface coverage with en-
crustations consisting of calcium and magnesium
phosphate after 5 weeks of bathing in an artificial
urine solution.?! Other fully metallic stents include
the Memokath™051 and Uventa™.

Another avenue for reducing encrustation rates
is through coating stent surfaces with various ma-
terials that inhibit bacterial adhesion or mineral
deposition. One option has been hydrogel, a polymer
network of hydrophilic gels that can swell and
retain water and are thought to diminish bacterial
adhesion and therefore reduce stent encrustation.>
Some companies have produced proprietary hydro-
gel solutions, like HydroPlus™ and AQ®. One
company, Q Urological, converted this hydrogel
technology into a novel stent material, which it is
marketing with its Aguamedicina™ stent, although
this product is not yet approved by the U.S. Food
and Drug Administration and has little available
public information.

Attempts have been made to develop drug coated
or drug eluting stents that can prevent the encrus-
tation process. A study of silver nitrate and oflox-
acine coated copolymer stents placed in rabbit
urethras preliminarily demonstrated decreased
rates of biofilm formation and stent encrustation
when compared with uncoated stents.?® However,
this treatment failed to yield similar results in
subsequent clinical trials. Antibiotic infused cathe-
ters have also been studied over the years but these
products proved unsuccessful due to antibiotic
resistance and the ability to infuse only 1 drug on a
single catheter.?* Watterson et al found that coating
of stents with oxalate degrading enzymes signifi-
cantly decreased the rate of stent encrustation,
although these have never been taken to market.?®
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A potentially fruitful opportunity for reducing
stent encrustation emerged through treating stents
with glycosaminoglycan coatings. Heparin—a
naturally occurring glycosaminoglycan commonly
used as an anticoagulant—exhibits anti-adhesive
properties that could theoretically reduce bacterial
adhesion on the stent itself, thereby preventing
biofilm formation and encrustation.?® However, the
data supporting this hypothesis remain inconclu-
sive. In a case study of 5 patients with bilateral
obstructions Cauda et al placed 1 heparin coated
and 1 uncoated polyurethane stent in each
obstructed ureter for 1 month, after which the
composition and extent of encrustation were
analyzed using electron microscopy, spectroscopy
and spectrophotometry.?” The layer of encrustation
found on the uncoated stents was, on average, both
thicker (17.0 ym vs 8.5 um) and more extensive
(86% vs 67% stent coverage) when compared to the
heparin coated stents. Riedl et al performed a
similar prospective randomized study in which 20
uncoated and 20 heparin coated polyurethane
stents were placed in patients for an indwelling
period of 2 to 6 weeks; subsequent microscopic an-
alyses of encrustation revealed significantly
decreased encrustation burden in the heparin
coated stents.?! Conversely Lange et al found that
heparin coating did not significantly decrease bac-
terial adherence to stents.®® Currently the only
stent that utilizes this technology is Endo-Sof®
Radiance®, whose proprietary material is
comprised of covalently bonded heparin mimetic
molecules. That this technology occupies a small
share of the stent market may reflect the conflicting
nature of the literature.

As mentioned previously, elevated urinary pH
can promote crystal deposition and cause encrusta-
tion. Thus, researchers postulate that increasing
fluid intake and citrate supplementation can alter
urinary chemistry and prevent encrustation similar
to urolithiasis.>® This is supported by a 2016 retro-
spective study, which found that citrate supple-
mentation decreased the incidence of ureteral stent
encrustation, thought to be secondary to citrate’s
effect on increasing the urinary nucleation pH (ie
pH at which crystals deposit out of urine), thereby
making it harder for encrustation to form.*® Despite
these promising results, a prospective trial would be
necessary to draw more definitive conclusions on
the efficacy of this prevention strategy.

Finally, perhaps the best option for preventing
stent encrustation is to avoid placing a stent alto-
gether, with some urologists advocating for
increased adoption of stentless ureteroscopy in
select patients. However, in a 2019 systematic re-
view comparing postoperative outcomes of patients
who did vs did not receive a stent following
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uncomplicated ureteroscopy mno high quality
evidence-based conclusions could be drawn. As
such, further high quality research is required to
optimize patient selection and define associated
risks and benefits of foregoing stent placement after
ureteroscopy.41

DIAGNOSIS AND MANAGEMENT

While the majority of stents can be removed without
prior imaging, in patients with risk factors for
encrustation imaging is useful to evaluate the
severity and location of encrustation along the stent
(fig. 2). Standard KUB x-ray is often sufficient to
diagnose the extent of encrustation. However, ul-
trasound or CT may be necessary to more defini-
tively evaluate the extent of encrustation and
develop a strategy for extracting an encrusted
stent.*?

After defining the extent of encrustation on im-
aging several grading systems exist to define the
extent of pathology and predict surgical complexity
for stent removal. One system proposed by Acosta-
Miranda et al, the FECal (“Forgotten, Encrusted,
Calcified”) system, classifies encrustation on a scale
of 1 to 5 depending on the size, location and degree
of encrustation.*> Another system, proposed by
Arenas et al, is the KUB system, which grades each
portion of the stent individually on a scale of 1 to 5
based on encrustation extent.** The proximal renal
coil (“K” score), the ureteral shaft (“U” score) and
the distal bladder coil (“B” score) are combined to
form a cumulative KUB score (maximum score 15).
In an analysis of 110 retained encrusted stents
higher KUB scores correlated with increased risk of
stone formation following stent removal, while total
KUB score 9 or higher was associated with an
approximately fourfold increase in risk of requiring
multiple surgeries for stent removal. Importantly
the authors propose 2 metrics for distinguishing
mild vs moderate/severe pathologies, ie less than
50% stent coverage of encrustation and a cutoff
encrustation diameter of 5 mm.**

In an effort to integrate the clinical applicability
of the FECal system treatment algorithm with the
criteria defined in the KUB system we propose a
new treatment algorithm (fig. 3). Using KUB, CT or
ultrasound imaging, encrustation should be evalu-
ated for a diameter of 5 mm or larger anywhere
along the course of the stent. If encrustation burden
does not exceed 5 mm and covers less than 50% of
the stent, then the burden is classified as mild and
cystoscopic stent removal should be attempted
initially. If encrustation burden is 5 mm or greater
anywhere along the stent and/or if extent of
encrustation exceeds 50% stent coverage, then the
pathology is classified as severe, at which point
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Figure 2. Stent retained for 3 years shows significant encrustation and associated bladder calculus. A, coronal view of abdominal CT
demonstrates left encrusted ureteral stent, bladder calculus and staghorn renal calculus. B, abdominal x-ray reveals retained stent.
C, gross image of extracted stent and bladder stone removed via robotic pyelolithotomy and cystolithotomy. Reproduced with

permission.32

surgical management should be pursued following
the proposed algorithm. If encrustation spans less
than 1.5 cm, consider an initial extracorporeal
shock wave lithotripsy, and if encrustation spans
1.5 ¢cm or more, escalate directly to percutaneous
nephrolithotomy.*?

FUTURE RESEARCH

As companies continue to expand their product lines
and introduce new stent technology, further
research will be needed to elucidate the roles of
these stents in urology. Furthermore, comparative
effectiveness studies and cost analyses are required
to clarify the best options for patients.

A currently fertile area of research is that of
biodegradable stents, which theoretically offer an
economical upside by eliminating both the need for
a second procedure to remove the stent and the
opportunity for stents to be forgotten/retained
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(Appendix 4). Another potential edge toward hin-
dering encrustation is the constantly changing
shape of the stent surface, which could prevent
bacterial adhesion.?® A 2013 in vivo study of
Uriprene™ showed favored physiological responses
in comparison to Polaris™ but the study did not
comment on differential rates of encrustation, nor
did it show statistically significant differences in
rates of positive urine cultures (thought by the re-
searchers to be related to encrustation rates).*®
Currently a biodegradable stent by HydrUStent
(Guimaraes, Portugal) is marketed as an alterna-
tive to the traditional stents, although there is
limited research available supporting this claim.
The need to prevent urosepsis and encrustation
have driven researchers to explore new opportu-
nities for preventing bacterial adhesion and biofilm
formation. In response to concerns of bacterial
resistance to antibiotic eluting stents, some have
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Stent Encrustation Management Pathway

Suspect stent encrustation Legend

l —— Escalate to

Imaging
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l Assess encrustation burden l
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<50% stent coverage) 250% stent coverage)

| * |

Attempt Proximal Stent shaft Distal

cystoscopic stone burden stone burden stone burden
stent removal
<1.5¢cm 21.5¢cm
l l Ureteroscopy and
laser lithotripsy
ESWL +/- PCNL +/- Cystolitholapaxy
ureteroscopy antegrade +/- ureteroscopy
ureteroscopy

Pyelolithotomy or Nephrectomy

Figure 3. Diagnosis and treatment algorithm. ESWL, extracorporeal shock wave lithotripsy. PCNL, percutaneous nephrolithotomy.

explored coating stents with biomaterials such as
antimicrobial peptides, bacteriolytic enzymes and
essential oils.*” A novel study by Hazan et al showed
that, when placed in male rabbit urethras, Foley
urinary catheters attached to low energy sound
wave generators maintained urine sterility for up to
7 days longer than control animals, with further
electron microscopy confirming the decreased bio-
film burden on the treatment catheters.*® However,
the clinical utility of these strategies has not yet
been elucidated. One series of 10 patients with
recurrent, heavy encrustation burdens reported no
crystalline biofilm formation in vivo after ureteral
stents coated in diamond-like carbon coatings
(mean indwelling time 97 days), although the power
of this study is limited given the cohort size and
disease burden described.*?

Companies are also exploring new coating sub-
stances to complement their existing stent technol-
ogies that specifically target inhibiting mineral
deposition or bacterial adhesion. pHreeCoat coating,
which is offered with the InLay Optima® ureteral
stent, is marketed as a pH stabilizing solution that
inhibits urinary calcium salt accumulation. Mean-
while, Boston Medical’'s recently announced
PercuShield™ technology will be available with the
upcoming line of Tria™ ureteral stents. The Per-
cuShield inner and outer coatings are hydrophobic
and claim to significantly reduce urinary calcium and
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magnesium adhesion and deposition. The design of
the Tria is also geared toward reducing risk of
encrustation, as the stent features hydrophobic outer
and inner surfaces to reduce calcium and magnesium
salt adhesion.

Finally, in lieu of pursuing novel stent technolo-
gies, some researchers are exploring opportunities
to reduce the indwelling time of the ureteral stents.
One proposed solution was to create a national stent
registry where all stent placements are logged and
reminders are sent to providers to contact patients
who need stent removal to reduce the rate of
forgotten stents leading to encrustation.’® Unfortu-
nately this registry failed to gain traction and has
not been deployed on a large scale. A mobile appli-
cation, the Ureteral Stent Tracker app (Visible
Health Inc., Austin, Texas and Boston Scientific
Corp, Boston, Massachusetts), was created to track
stent placement at the point of care but, despite its
preliminary successes, the app was discontinued.®

CONCLUSIONS

While ureteral stent placement is meant to alleviate
symptoms and complications associated with
various urological conditions, stent encrustation is a
serious complication that can adversely impact pa-
tient quality of life and safety, particularly in those
who require long-term stenting. The development of
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new ureteral stent technology is a rapidly growing
field that offers an arena for clinicians, researchers
and medical device manufacturers to collaborate in
order to minimize encrustation and improve patient
outcomes. The current ureteral stent market offers
a variety of products available that allow providers
to tailor stent selection in order to optimize and
personalize the management of each patient. Mov-
ing forward, future research will center on defining
the pathophysiology of stent encrustation, opti-

Appendix 1. Current polymer stent models

mizing biomaterial propertie, and understanding
the role of the urinary microbiome. Such research
will enable physicians to prevent encrustation and
make it a problem of the past.
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Maximum
Stent Indwelling
Company Product Name(s) Composition Coating Composition Time Notable Features
Boston Contour (SL, ML), Percuflex, Percuflex  Percuflex HydroPlus (proprietary) 365 days Pliable Percuflex material softens at body
Scientific Plus, Polaris Ultra, Polaris Loop, temperature, maximizing comfort and
Retromax biocompatibility. Large inner lumen offers
improved Inner Diameter/Outer Diameter ratio
Boston Stretch VL Flexima Flexima HydroPlus (proprietary) 90 days
Scientific
Boston Tria Proprietary ~ PercuShield (proprietary) 365 days PercuShield technology on inner and outer surfaces
Scientific polymer protect against urinary Ca and Mg salt
blend deposition. Reduction in stiffness at body
temperature
Becton Bardex double pigtail soft Polyurethane Not
Dickinson specified
(+ Bard)
Becton InLay ureteral (SL, ML) Proprietary  Hydrophilic coating 365 days Hydrophilic coating maximizes patient comfort.
Dickinson polymer Softens up to 50% at body temperature
(+ Bard) blend
Becton InLay Optima ureteral (SL, ML) Proprietary  Proprietary pHreeCoat coating 365 days Biocompatible and ultra smooth for patient comfort.
Dickinson polymer (stabilizes pH level on stent Softens up to 49% at body temperature.
(+ Bard) blend surface) pHreeCoat offers superior prevention of urinary
Ca salt deposition vs. leading competitve stents
Coloplast Polyurethane double loop Polyurethane Not Offered as soft or rigid
specified
Cook C-Flex double pigtail (SL, ML) C-Flex 6 months
Cook Endoureterotomy ultrathane Ultrathane 2 months
Cook Endo-Sof Radiance Endo-Sof 12 months  Softens at body temperature. Heparin-bonded stent
that reduces bacterial adhesion, slowing stent
encrustation
Cook Sof-Flex, Kwart Retro-inject double Sof-Flex 6 months
pigtail (SL, ML)
Cook Universa with/without hydrophilic Universa AQ Hydrophilic Coating 6-12 months Offered as soft or firm formulation. Softens up to
coating (SL, ML; with or without 42% at body temperature
tether)
Olympus Classic double pigtail, Lithostent, Multi-  Tecoflex Hydrophilic coating Not Softens at body temperature
America Flex, Quadra Coil ML, Sof Curl specified
Olympus Lubri-Flex Lubri-Flex Hydrophilic coating Not Softens at body temperature
America specified
Appendix 2. Current silicone stent models
Maximum

Company Product Name(s) Stent Composition

Indwelling Time

Notable Features

Becton Dickinson Fluoro-4 silicone (SL, ML)  Silicone/tantalum

(+ Bard) formulation

Coloplast Imadin silicone ureteral  Silicone 12 months
stent kit

Coloplast Silicone double loop Silicone 12 months
ureteral stent

Cook Black silicone double Silicone Not specified
pigtail

Olympus America  Double-J, UroGuide Silicone Not specified

Not specified

The insertion advantages of urethane stents with the biocompatibility of
silicone stents. Highly radiopaque

Greater patient comfort. Improved encrustation resistance compared to
polyurethane

Compromise of patient comfort and tolerance. Less prone to encrustation

Provides maximum patient comfort while minimizing stent encrustation
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Appendix 3. Current metallic and reinforced stent models

Maximum
Company Product Name(s) Stent Composition Coating Composition Indwelling Time Notable Features
Allium Medical Allium URS Nickel-titanium alloy (nitinol) ~ Proprietary polymer 3 years Excellent patient comfort.
coating Self-expanding. Coated in
non-permeable,
biocompatible polymer to
prevent tissue ingrowth
and early encrustation
Applied Medical Silhouette (Pediatric, Polyurethane with metal-coil ~ With/without Not specified Superior compression

comfort, XtraFlo,
Scaffold; SL, ML)

reinforcement hydrophilic coating

resistance with
exceptional patient
tolerance. 30% larger
inner lumen with
increased inner diameter/
outer diameter ratio

Coloplast Tumor stent Undisclosed internal 12 months Internal layer of the stent is
reinforcement layer reinforced for
compression resistance
Cook Resonance metallic Proprietary nickel-cobalt- 12 months Maintains patency under
chromium-molybdenum severe extrinsic
alloy compression. Prolonged
indwelling time reduces
stent changes, decreasing
infection risk
PNN Medical Memokath-051 metallic Nickel-titanium alloy (nitinol) Not specified Protective inner titanium

Taewoong Medical Co.

Uventa ureteral

Metallic stent with
polytetrafluoroethylene
and nickel-titanium alloy
(nitinol) inner membrane

oxide layer to prevent
nickel allergy.

Not specified

Appendix 4. Other stent models

Company

Product Name(s)

Stent Composition

Coating Composition

Notable Features

HydrUStent

HydrUStent

Biodegradable material

Offers 60% reduction in medical
treatment cost. Avoids bacterial
infections and need for a second
surgery

Q Urological Stent Structural hydrogel Proprietary Proprietary structural hydrogel promotes
ureteral Aguamedicina patient comfort and reduces
hydrogel encrustation via natural antifouling
qualities
UROMED Kurt Drews KG Heparius Polyurethane Hydroxiorganofunctional Reduced bacterial adherence.
polydimethylsiloxane Encrustation-reducing additive. Lower
(silicone) copolymers strain on patient due to reduced
number of surgeries
UROMED Kurt Drews KG Hydropur Aromatic polyurethane Manufacturing procedure and stent

material causes low encrustation rates

Maximum indwelling time is not specified for any of the stents listed.
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