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Biomaterials for Ureteral Stents: Advances 
and Future Perspectives

Margarida Pacheco, Joana M. Silva, Ivo M. Aroso, Estêvão Lima, 
Alexandre A. Barros, and Rui L. Reis

1  Introduction

Ureteral stents play a fundamental role in the relief of several symptoms associated 
with common urinary diseases in the modern society, such as strictures, obstruction 
or promotion of ureteral healing [1, 2]. Even though ureteral stents have been used for 
more than 40 years and their performance had a huge development over time, they are 
still related with complications that include stent encrustation and urinary tract infec-
tions [1, 2]. Therefore, efforts from the research community still continue to better 
meet the clinical needs. Ureteral stent’s materials have a great influence on their effi-
cacy, mostly in terms of mechanical and physicochemical properties [3]. Thus, under-
standing the stent material’s properties is fundamental to address problems of 
encrustation, bacterial adhesion, patient discomfort and the troubles during insertion, 
by working on the softness, flexibility and surface properties of the device [3].

Ureteral stents were described for the first time by Herdman back in 1949 [4]. 
Among the various biologically and chemically inert polymers that were popular at 
that time, polyethylene was used owing to its considerable tensile strength, flexibil-
ity, biocompatibility and hydrophobic properties. However, during the first animal 
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studies tube blockages and hydronephrosis were detected as the main drawbacks 
[4]. Another suitable polymer that was at the time used for the manufacture of ure-
teral stents was silicone, which can withstand high temperatures, facilitating the 
sterilization process that, in turn, prevent infections [5, 6]. Silicone based stents 
were less likely to promote encrustations and infections while still being effective in 
different urological conditions. Nonetheless, due to the low radial strength, silicone- 
based stents were inefficient in bearing with high external compression [5, 6]. 
Thereby, the research efforts have turned the tide to merge the flexibility and elastic-
ity of silicone with the rigidity of polyethylene, which resulted on the development 
of polyurethane as raw material for ureteral stents. Indeed, polyurethane mechanical 
properties were promissory, but this polymer also demonstrated higher predisposi-
tion for encrustation than silicone-based materials [7]. Metals and biodegradable 
materials have been also used for ureteral stents manufacturing due to their remark-
able properties. Metallic ureteral stents are very efficient in situations of high com-
pression forces and when long term treatments are required [1]. A recurrent 
disadvantage with metallic stents is tissue hyperplasia and increased propensity to 
develop encrustation due to longer indwelling time periods [3]. On the other side, 
biodegradable ureteral stents (BUS) provide the uniqueness of self-degradation but 
obtaining a controlled and homogeneous is still the main obstacle for development 
of BUS (Fig.  1). On the next sections of this chapter, the three main classes of 
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class, the main advantages and disadvantages and how the different materials’ properties comple-
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materials used for ureteral stents manufacture will be individually addressed and 
most recent findings will be discussed in order to shed the light on the advances and 
future perspectives in this field.

2 Materials for Ureteral Stents

2.1  Polymeric Materials

Polymers are attractive base materials for biomedical applications due to their inert 
nature, and constitute the first materials explored for ureteral stent development [8]. 
Currently, polymeric ureteral stents are the most common in the market, known by 
being inexpensive and well-tolerated by patients [3]. Certainly, the extensive 
research on polymers lead to a widespread understanding of their properties, the 
companies developed proprietary blends and high-quality polymeric ureteral stents 
are now commercially available [9]. The aim of the current studies on polymeric 
ureteral stents are focused on improving the biocompatibility, the indwelling time 
without significant encrustations and infections, and the ease of insertion and 
retrieval, maintaining the appropriate mechanical properties and radiopaque nature 
[3, 8]. Polyethylene was the first material employed on the design of ureteral stents, 
that is not used anymore due to the substantial drawbacks associated to it, namely 
the easy fragmentation caused by the brittleness of the material and the high rates of 
encrustation and infection [3, 10]. Currently, silicone and polyurethane are the most 
used polymers for ureteral stents manufacture [3, 8] (Fig.  1). Silicone has been 
extensively used, since the earlier beginning of ureteral stents production. Zimskind 
and colleagues, in 1967, studied for the first time the suitability of silicone for ure-
teral stents, describing the application of a piece of silicone tube with open ends and 
side holes to promote long term ureteral drainage of compromised ureters [6]. 
Nowadays, silicone is considered as a gold standard due to its unique properties, 
such as the less propensity of encrustation and bacteria contamination, non-toxicity 
and the improved comfort due to its softness and high lubricity [3, 11, 12]. Besides 
the aforementioned features, silicone is also easy to shape and process, facilitating 
the production phase. However, the high flexibility and elasticity is also a disadvan-
tage during the placement on tight and tortuous ureters or when high compression 
(e.g. tumours) is present [3]. Additionally, difficulties in manoeuvring it with the 
guidewire were also reported [10]. The use of polyurethane in the urologic field is 
popular since the earlier beginning due to the suitable mechanical properties, how-
ever, as a stiff material, causes discomfort and pain to the patients, being also 
reported epithelial erosion and ulceration when compared to other materials [2]. 
The problems encountered in ureteral stents also instigated companies to develop 
optimized polyurethane-based proprietary formulations, like Sof-Flex®, Tecoflex®, 
Hydrothane® and ChronoFlex® [13]. Nowadays, polyurethane’s chemical character-
istics can be tuned, such as the surface wettability and surface energy, which allows 
the control of other properties like encrustation and bacterial adhesion propensity 

Biomaterials for Ureteral Stents: Advances and Future Perspectives



200

[14]. Other polymers were also developed, such as the polyester copolymer, Silitek®, 
a proprietary polymer that becomes soft and flexible at body temperature, with a 
reported excellent biocompatibility, Perculfex®, polyethylene-vinyl acetate and sty-
rene/ethylenebutylene/styrene block copolymers, F-Flex®, and poly(methyl meth-
acrylate)/poly(hydroxyethyl methacrylate) (PMMA/pHEMA) with improved 
mechanical properties than silicone [15]. Albeit all the reported polymer’s formula-
tions, the available ureteral stents are not devoid of clinical complications, thereby, 
investigations aiming to modify the base polymers are still on going. A recent work 
presented by Rebl et al. addressed the influence of physical properties of different 
polymers’ samples on their propensity to develop encrustation [14]. The data 
revealed that the encrustation degree is correlated with the surface charge and 
hydrophobicity of the polymer samples, a lower encrustation propensity was 
observed for polymers with strong negative surface charge and good hydrophilicity 
[14]. This behaviour is justified by the fact that the most common components of the 
infectious urinary stones are negatively charged, and, consequently, can be repelled 
by strongly negative charged polymers’ samples [14]. Rosman et al. also explored 
the bacterial resistance and anti-biofilm properties of a polyacrylonitrile based ure-
teral stent (pAguaMedicina™, Pediatric Ureteral Stent, Q Urological) where a con-
siderable reduction on bacterial colonization and biofilm formation in Broth 
(Trypticase Soy Agar broth), Broth with human urine, and Broth with swine blood 
was observed when compared with a commonly used commercial ureteral stent 
(Boston Scientific, USA) [16]. An interesting approach is a combinatorial approach 
of different materials, taking advantage of the properties of the individual counter-
parts. For example, Silhouette® ureteral stent consist on a nitinol wire covered with 
a synthetic polymer, thus this stent present an improved resistance due to the pres-
ence of metal on its structure and a good biocompatibility provided by the 

Table 1 Polymeric ureteral stents available on the market

Commercial name Company Material

LithoStent OLYMPUS Tecoflex®

Classic closed tip ureteral stent OLYMPUS Silicone
UroGuide OLYMPUS Silicone
Lubri-Flex OLYMPUS Tecoflex®

Classic Double Pigtail OLYMPUS Tecoflex®

Sof-Curl™ OLYMPUS Tecoflex®

Endosil® Silicone double loop 
ureteral stent

ROCAMED Silicone

Amecath double loop stent Amecath 
Medical 
Technologies

Tecoflex® (short term use) or Carbothane 
(long term use)

Silhouette® ureteral stent Applied Medical Synthetic polymers, proprietary materials 
and coil reinforced nitinol

Yellow Star Tumour Stents
Green Star Stents
White Star Stents

GBUK 
Healthcare

Aliphatic polyurethane

Ureteral stent medadvDJ MEDAS INC Polyurethane
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Commercial name Company Material

Double pigtail ureteral stent MEDNOVA Polyurethane
MEDpro Ureteral Stents MEDpro Tecoflex® for short term use and 

Carbothane for tumour compression cases
Biosoft® duo ureter stent Coloplast Rigid proprietary material
Silicone double loop ureteral 
stent

Coloplast Silicone

Polyurethane (PU-R and PU-S) 
double loop ureteral stents

Coloplast Soft or rigid, proprietary polyurethane

Tumor stent Coloplast Proprietary formulation with a reinforced 
internal layer for excellent resistance to 
compression

Ureteral stent Polaris™ Ultra Boston Scientific Percuflex with dual durometer
Pyelostent Coloplast Silicone
Sof-Flex® Double Pigtail Stent COOK Medical® Proprietary radiopaque soft polyurethane
Percuflex® Boston Scientific Proprietary copolymer—modified 

polyurethane
Single J Urinary Diversion Stents OLYMPUS Silitek®

Table 1 (continued)

polymeric revetment [3, 17]. Table 1 presents examples of the polymeric commer-

cial ureteral stents available on the market.

2.2  Metallic Materials

Metallic based ureteral stents were developed to treat ureteral obstruction caused by 
a malignant external compression, usually a tumour, and for patients needing chroni-
cal indwelling ureteral stents [18, 19]. In this context, polymeric ureteral stents are 
ineffective due to the inadequate drainage and requirement of replacement in a short 
time period, causing discomfort and extra hospital costs [19, 20] (Fig. 1). A metallic 
ureteral stent has an improved radial strength that provides long-lasting ureteral 
patency—12 months to 2 years—tackling the problem of low compression strength 
and shorter indwelling time—usually 3 months—of polymeric stents [21, 22]. The 
success rate of a treatment with a metallic stent is between 37 and 100% [19, 22, 23]. 
Current metallic ureteral stents could be double-J shaped as the traditional polymeric 
ones (Resonance®), self-expandable (Wallstent™, Allium), balloon expandable 
(Uventa™), thermo-expandable (Memokath 051) and/or covered with a polymer 
(Uventa™) [1, 24]. Resonance® has a double-J shape with an occluded lumen and, 
even though this exclusive design makes the stent insertion and retrieval more diffi-
cult, it assures ureteral patency and urine flow under high external compression [25]. 
Blaschko et  al. have reported a significant higher flow rate for Resonance® when 
compared with a 6F standard stent under high extrinsic compression, 5.15 mL/min 
and 0.64  mL/min respectively [26]. In another exciting study, Christman et  al. 
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compared the radial compression resistance of different ureteral stents—Silhouette®, 
Sof-Curl™, Resonance®, Polaris™ Ultra, and Percuflex®. The data indicated that 
Resonance® had a significant higher resistance to compression, followed by 
Silhouette®, which could be justified by the nitinol wire coil present on Silhouette® 
[17]. Resonance® is currently seen as a reference for malignant ureteral obstructions 
owing to the numerous advantages already reported, such as good biocompatibility, 
suitability for magnetic resonance imaging examination, inhibition of endogenous 
tissue growth and high flexibility due to the tightly coiled wire of the spiral shaped 
design [3, 27, 28]. Additionally, Resonance® is soft and, more importantly, has an 
indwelling time of more than 12 months, during which it retains its suitable features 
[27]. Chen et  al. conducted a study where they compared the performance of 
Resonance® with an ordinary polymeric stent on patients with malignant ureteral 
obstruction [22]. The authors confirmed that after 1 year of stent placement, the stents 
patency decreased 60% in the polymeric stent group and only 9.3% metallic stent 
group, indicating that metallic stents with good drainage effect for a long period of 
time are superior to the traditional polymeric stents for patients who require long term 
stenting [22]. Up to now, different metallic ureteral stents were developed and acces-
sible on ureteral stents market. Memokath 051 is a thermo- expandable nickel tita-
nium alloy with a very tight coil design [20]. Memokath 051 deploys in warm saline 
and shrinks in cool saline, which is an attractive benefit for placing and retrieving 
them from the body [3]. Complications such as stent migration and encrustation were 
reported, together with tissue ingrowth and stent occlusion [15, 29]. Uventa is another 
commercially available metallic ureteral stent composed of a double layer of nickel 
and titanium alloys with polytetrafluoroethylene (PTFE) layer between them, 
designed to prevent migration and tissue adhesion [30]. The success rates of Uventa 
for malignant ureteral obstructions are between 64.8–81.7% and the associated com-
plications include tumour progression beyond the stent, tissue ingrowth and pain [31]. 
Another metallic stent model is Wallstent, a self-expanding stent composed of cobalt-
based microfilaments woven in crisscross pattern [32]. Unfortunately, Wallstent is 
also associated with pain, stent migration and tissue ingrowth [30]. Allium Ureteral 
Stent is made of nitinol and covered with a copolymer, with the purpose to prevent 
encrustation and tissue growth [33]. The major advantage of Allium Ureteral Stent is 
the easy removal owing to its particular design [33]. Passage™ is a coil-based metal-
lic ureteral stent with improved flexibility and comfort and higher resistance to radial 
compression when compared with Resonance® and Silhouette® [1, 34]. Nitinol is a 
biocompatible material, composed of titanium oxide and nickel with a better 

Table 2 Metallic ureteral stents available on the market

Commercial name Company Material

Resonance® Cook Medical Nickel–cobalt–chromium–molybdenum alloy
Allium Ureteral Stents Allium™ Medical Nitinol wire covered with a polytetrafluoroethylene 

(PTFE)
Passage™ Prosurg Nitinol
WALLSTENT™ Boston Scientific Cobalt-based microfilament
UVENTA™ Ureteral 
Stent

TaeWoong 
Medical

Double layer of nickel and titanium alloys with a 
layer of PTFE in between

Memokath 051 Memokath™ Nickel and titanium alloys
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corrosion resistance than stainless steel—a material that was previously seen as a 
reference for stents—possessing also memory shape, i.e. it can be manipulated as 
needed for stent insertion and afterwards recovers its original shape [21]. Most of the 
currently available metallic ureteral stents are made of nitinol. Table 2 presents metal-

lic ureteral stents currently available on the market and their composition.

2.3  Biodegradable Materials

Biodegradable ureteral stents are an appealing alternative since its use eliminates 
the need of a second surgery for the stent removal, avoid additional ureter damage, 
pain and discomfort, and diminishes the treatment costs [1, 3, 21], Table 3. These 
exceptional features and decreased propensity for bacterial adherence and encrusta-
tion motivated the investigations on biodegradable materials for ureteral stents 
development [1, 21] (Fig. 1). A crucial concern when producing a BUS is that the 
degradation profile of ureteral stents should occur in a controllable and adequate 
form, i.e. efficient mechanical properties must be assured during the treatment time 
and the degradation has to occur in an homogeneous way, avoiding additional ure-
teral obstruction [9, 21, 35]. In fact, these are very challenging features to obtain and 
constitute a critical point during the development process [3, 35]. BUS have been 
fabricated from synthetic polymers, naturally origin polymers, biodegradable met-
als or a combination of biodegradable polymers and metals [3, 35]. The concept of 
biodegradable material applied for ureteral stents date back to 1997, in which 
Schlick and Planz evaluated the degree of dissolution in acidic and alkaline artificial 
urine of two polymers (G100X-15LB and G100X-20LB) [36]. With these raw 
materials, they aimed at producing an ureteral stent with controlled degradation by 
alkalinizing the urine through medication. However, in clinical practice this concept 
is risky as a basic urine pH can lead to extra complications, such as precipitation of 
urine salts and also the development of a suitable environment for the growth of 
uropathogens growth [1, 21]. Olweny et al. in 2002 introduced the use of poly- l- 
lactide-co-glycolide (PLGA) as BUS material in a porcine model [37]. Other stud-
ies followed this direction and BUS were developed using PLGA, Poly-l,d-lactide 
(PLA), poly-l-lactic acid (PLLA), polycaprolactone (PCL) and poly-dl-lactic acid 
(PDLLA), nonetheless problems of inadequate degradation and toxicity were fre-
quently found, with the exception of some promising results obtained in dogs with 
poly-l,d-lactide (SR-PLA96) where reduced inflammation and good biocompati-
bility was obtained [1, 21, 38–40]. Some concerns affecting the stent degradation 
are the size and shape, the molecular weight of the polymer, the presence of other 
ingredients and the respective proportions, among others, and improvements of 

Table 3 Biodegradable ureteral stents available in the market

Commercial name Company Material

BraidStent n/a Glycomer-631™ and polyglycolic acid (PGA)
Uriprene™ Poly-Med Inc. l-Glycolic acid
HydrUStent™ HYDRUMEDICAL Natural origin polymers
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BUS’s characteristics are made by optimizing these features [1, 35]. Yang et  al. 
proposed the use of PLGA for ureteral stents with a particular stent design that is 
different from the ones usually employed for BUS-braided and spiralled. The data 
suggested an homogeneous and controllable degradation and better radial compres-
sion strength when compared with a commercial stent [41]. This design is based on 
a multilayer immersion method using PGLA, zein-a natural protein- and barium 
sulfate [41]. Later on, Zhang et al. reported the use of a novel biodegradable poly-
mer, methoxypoly(ethylene glycol)-block-poly(l-lactide-ran-Ɛ-caprolactone) 
(mPEG-PLACL), that present less propensity for encrustation and superior biocom-
patibility [42]. Soria et al. scrutinised the performance of an innovative anti-reflux 
BUS, BraidStent, in 24 female pigs where only part of the ureter was intubated [43]. 
The stent degraded in 3–6 weeks without obstructive fragments and favourable anti- 
reflux properties [43]. Uriprene™ is a radiopaque glycolic acid-based stent that start 
the degradation process after 3 weeks, while after 7 and 10 weeks 60% and 100% of 
the stent was degraded, respectively, in porcine models [44]. This stent was designed 
to degrade in a specific direction, from the bladder to the kidney end, thereby pre-
venting also the obstruction-formation fragments [1]. Uriprene™ provides similar 
drainage capacity as ordinary stents with less ureteral dilatation and microbial con-
tamination [44]. The reported problem associated with this stent is the difficulty of 
insertion [21]. An improved version was later developed with a shorter degradation 
time (i.e., 4 weeks) [45]. Lingman et al. conducted clinical trial studies using a BUS 
produced from a proprietary formulation based on the natural origin polymer algi-
nate [21, 46, 47]. The stent was biocompatible and presented appropriate patency up 
to 48 h, after that time the stent starts to degrade. The main problem of these stents 
is the permanence of fragments inside the patients for long periods, which required 
surgical intervention for removal. Recently, Barros et al. successfully reported the 
use of gelatin and alginate to produce an hydrogel BUS using the supercritical car-
bon dioxide technology in the production process, which proved to be beneficial for 
the mechanical properties [48]. In the first studies encouraging results in terms of 
biocompatibility and low propensity for bacterial contamination and encrustation 
were reported [48]. This model then showed good performance in vivo, in pig mod-
els, with better biocompatibility than a commercial ureteral stent and an homoge-
neous degradation profile [49, 50]. These works resulted in a patented BUS and the 
development of HydrUStent™, a biodegradable hydrogel stent for temporary treat-
ments. HydrUStent™ was already validated in porcine model and is being currently 
preparing to start clinical trials [51].

Biodegradable metals can be used for prolonged time treatments, given the 
slower degradation rate when compared with biodegradable polymers. The poten-
tial of biodegradable metals for ureteral stents was studied for the first time by Lock 
et al. that investigated the antibacterial activity of magnesium (Mg)–4%Yttrium(Y), 
the Mg alloy AZ31 and commercially pure Mg. A decrease in Escherichia coli via-
ble colonies was observed for all the tested Mg alloys when compared with com-
mercial polyurethane stents [52]. Zang et al. studied the alloy ZK60 and pure Mg in 
terms of corrosion, in artificial urine, and histocompatibility in rat’s bladder where 
they verified that ZK60 had a faster degradation both in vitro and in the animal’s 
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bladder and both metals reveal to be biocompatible [53]. Recently, Tie et al. reported 
for the first time the use of a Mg based alloy, ZJ31, in a large animal model for ure-
teral stent application [54]. The data indicated an homogeneous corrosion rate, good 
biocompatibility and antibacterial activity, when compared with stainless steel. The 
studies conducted up to now using biodegradable metals for ureteral stents applica-
tion are still very scarce but promising. Thereby, it is envisioned the clinical transla-
tion of a biodegradable metallic ureteral stent in a near future.

Another appealing approach to improve the mechanical properties and degrada-
tion time of BUS is the combination of biodegradable polymers with biodegradable 
metals. Jin et al. evaluated the performance of a BUS based on filaments of Mg 
alloys covered with biodegradable polyurethane and a coating composed of a biode-
gradable polymer and barium sulphate [55]. The stents started to degrade after 
1 week implantation on pig’s ureter and degraded completely after 4 weeks. The 
degradation process is not explained but the authors highlight the better drainage 
ability of the developed stents [55].

3  Conclusions and Future Perspectives

Considerable progress has been done on ureteral stent’s properties with the aim to 
meet the clinical problems encountered. Even though this progress does not end up 
with an ureteral stent without associated complications, it allows to understand the 
behaviour of different materials and designs in the urologic environment. Indeed, the 
vast amount of work done and respective outputs have been proven that the different 
materials can complement each other’s disadvantages, for example, the metals can 
bear with the high compression that polymeric stents cannot. The goal is to combine 
the advantages of each material without their associated complications. Indeed, prom-
ising works have been validating the success of this approach, such as the combination 
of polymers and metals (Silhouette®) or biodegradable polymers and biodegradable 
metals. Biodegradable materials seem to be a superior alternative due to their undoubt-
edly outstanding advantages, the only concern that still needs to be optimized thor-
ough is the degradation rate. However, it should be highlighted the outstanding 
progresses that have been made in the design of ureteral stents by tailoring their com-
position. Therefore, the use of biodegradable materials and combination of different 
raw materials and design adjustments appears to be the future of ureteral stents design.
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