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Ureteral stents are useful devices in urological surgery. The main objective of a ureteric stent is to allow 
passage of urine and reduce early or late complications related to obstruction in the urinary tract.
Despite their widespread use, there is a general lack of knowledge and awareness in stent composition 
and indication of application. 
We represented a synthesis of our extensive research over materials, coatings and shapes available  
on the market and then analyzed the main characteristics and peculiarities of ureteral stents. We have 
also focused our attention over the side effects and complication that must be considered when placing 
a ureteral stent. Encrustation, microbial colonization, stent-related symptoms and patient’s history must 
always be evaluated when there is the need for a ureteral stent. 
The perfect stent should have many characteristics including easy insertion and removal, easy manipu-
lation, resistance to encrustation and migration, lack of complications, biocompatibility, radio-opacity, 
biodurability, affordability (cost-effectiveness), tolerability and optimal flow characteristics.
Nevertheless, further research and studies need to be done to provide more information about stent 
composition and efficacy in vivo.
In this narrative review, we covered the basic information and main characteristics of ureteral stents,  
in order to help clinicians choose the appropriate device needed for a given situation.
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INTRODUCTION

Ureteral stents are useful devices in urological sur-
gery. Their placement is useful to facilitate passage 
of stone fragments after treatment and to prevent 
ureteral obstruction or delayed formation of ureteral 
stricture [1]. Stents may also be placed in an emer-
gency to drain obstructed infected kidneys or before 

surgical procedures to passively dilate the ureter  
in preparation for subsequent surgery. The main ob-
jective of a ureteric stent is therefore to allow passage 
of urine, and to reduce early or late complications re-
lated to obstruction in the urinary tract [2, 3]. 
The main matter of concern about stents is their toler-
ability. Stents may cause encrustation and microbial 
colonization and may therefore lead to symptomatic  
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Figure 1. Overview of the most common materials for ureteral stents.

guidewire is removed. The strength of this memo-
ry can vary within the same material. 

2. Tensile strength and elongation capacity: crystal-
lization and crosslinking of biomaterials cause 
variations in tensile strength. When a stent has  
a high tensile strength, internal and external di-
ameters can be wider, and they can have more 
side-holes that improves urine passage. Elonga-
tion capacity is the degree of elongation at stent 
rupture, a feature that is high in thermoplastic 
elastomers [4].

3. Biodurability: this is the stent’s ability to remain 
within the body without being degraded in struc-
ture and function. The urinary tract is a hostile 
environment and unpredictable variations may 
occur within the interface between the body and 
the stent, determining different levels of dura-
bility [4].

4. Biocompatibility: measures the stent tolerance 
and the problems caused by the interface between 
the stent and the body, issues such as encrusta-
tion and infection. Hydrophilic polymers make  
a stent more biocompatible because they cause 
lower protein absorption and bacterial adherence 
[4]. Ideally, the presence of the stent should not 
affect the patients’ quality of life, thus tolerance 
is a key issue that must be considered [3]. 

5.	 Coefficient	 of	 friction:	 determines	 how	 easily	 
a stent passes or is exchanged. Hydrophilic coat-
ings	are	useful	to	reduce	the	coefficient	of	friction	

urinary tract infections. Other stent-related symp-
toms (SRS) may be caused by the presence of the 
stent itself or by its misplacement or migration. 
The perfect stent should have many characteristics 
including easy insertion and removal, easy manip-
ulation, resistance to encrustation and migration, 
lack of complications, biocompatibility, radio-
opacity, biodurability, affordability (cost-effective-
ness),	 tolerability	and	optimal	flow	characteristics	 
[1, 2]. 

MATERIAL AND METHODS

Materials

A fundamental characteristic of the urinary system 
is its poor stability with an environment of many 
chemical changes. The biodurability and biocompati-
bility of the stents are attacked by the changes in the 
grade of saturation of the surface protector proteins 
between its outer layer and the urine. Hence these 
stent characteristics need to be considered when-
ever there is the need to deploy a ureteral stent [4].  
The key features to create the ideal stent that needs 
be taken into consideration are:
1. Elasticity and memory: this feature determines 

the ability of the stent to maintain its position 
within the ureter. Polymeric elastomers have  
a memory that allows the construction of elastic 
stents that reform the coils when the insertion 
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that favor bacterial adhesion and encrustation [12]. 
On	the	other	hand,	urine	flow	ameliorates	this	and	
modification	of	 the	urothelium	in	terms	of	hyper-
plasia	or	inflammation	should	be	reduced	[12].	

Shape

Many shapes have been developed over the years 
with the aim of creating a perfect stent with the least 
number of complications [13].
Figure 2 represents the usual structure of a ureteral 
stent. Urine passes not only through the holes but 
also alongside the stent, between it and the ureteral 
internal wall. Side holes, which are useful to allow 
urine	flow	[2],	may	be	present	only	at	the	extremities	
of the stent.
Owing to the fact that the distal ureter has the high-
est	 nerve	 density,	 modifications	 of	 the	 distal	 part	 
of the stent have been studied to reduce SRS [10]. 
Examples of different shapes are displayed and de-
scribed in Table 1.

[4]. Insertion and removal processes should there-
fore be easy and should not lead to any discomfort 
in patients [3]. 

6. Radio-opacity: this is needed to see the stents ra-
diologically,	which	are	usually	placed	under	fluo-
roscopic	visualization.	Some	stents	may	have	fill-
ers that enhance their radio-opacity [4]. 

The	incidence	of	stent-related	symptoms	is	influenced	
by the stent composition. Soft ureteral stents might 
reduce SRS when compared to hard ones, even if the 
quality of evidence is low [5]. SRS are also determined 
by the encrustation rate and the bacterial adhesion 
incidence [5].
Figure 1 shows the most common materials for ure-
teral stents.
Polyurethane (PU) is biocompatible, has good me-
chanical properties and a high drainage capacity, but 
it is prone to encrustation, especially by calcium oxa-
late, struvite, hydroxylapatite and cystine [1, 6]. 
Silicone, owing to its softness and durability, and 
because	 it	 is	 inert,	 non-toxic,	more	 flexible,	 elastic	
and softer compared to other polymers (e.g. polyure-
thane), seems to be the most suitable material for 
stents [7]. It has the lowest encrustation rate [1] and 
seems to be the best choice for stenting for stone dis-
ease after ureteroscopy (URS) [7]. 
Copolymers	 like	 Cflex®, Silitek®,	 Percuflex®, Teco-
flex®, Hydrothane®, ChronoFlex®, Aquavene® and 
Soft-Flex® have been studied by different companies 
to overcome the disadvantages of the other polymers 
and to provide a better biocompatibility and toler-
ance, although this has yet to be proven [2].
Metallic stents can resist high compression forces 
and are useful in long-term drainage [2]. Many  
of them are self-expandable, balloon-expandable, 
or thermo-expandable with shape memory [2]. 
Metals make stents ductile, malleable, easy-to-
mold and resistant to compression [2]. Despite the 
ideal replacement time of six months, the majority  
of them have been designed to remain in place  
for	up	to	1–3	years	[2,	8,	9].	Scientific	evidence	sug-
gests that these stents when compared to other 
double J (DJ) stents provide less morbidity, a lon-
ger indwelling time, a greater patency rate and  
a better management of the strictures [2]. Howev-
er, they cause epithelial hyperplasia and ingrowth  
of this hyperplastic tissue [2], and stent exchange 
may be challenging [9]. Biodegradable stents may 
cause reduced morbidity with less SRS and less 
hassle for removal [10]. Resistance of biodegrad-
able stents, if compared to conventional ones,  
is	 high	 in	 the	 first	 three	 weeks	 after	 positioning	
and then gradually decreases [11]. They do not nec-
essarily need to be removed [2] but the degradation 
can determine the formation of stent fragments 

Figure 2. Ureteral stent anatomv. Some stents do not have 
side holes.
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Table 1. Examples of different stent shapes
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Hydrogel coated stents are highly biocompatible and 
have	a	low	coefficient	of	friction;	with	the	addition	 
of an antimicrobial, they may reduce bacterial 
growth [5, 27]. Hydrophilic gel alone, however, does 
not reduce bacterial adhesion [28]. A single study 
shows	 that	 SRS	 seems	 not	 to	 be	 modified	 by	 the	
presence or lack of hydrogel [29]. 
Heparin used as a coating can theoretically resist 
encrustation and adhesion of cellular organisms  
[1, 27]. In vitro studies did not demonstrate a reduc-
tion of bacterial adhesion [27].
Polyvinylpyrrolidone-coated stents have a soft, 
smooth and non-adhesive surface, that makes them 
highly lubricious. Even bacterial adhesion seems to 
be reduced [1].
PTFE	(Teflon™)	has	a	low	friction	coefficient	n	[12]	
and has been studied as slow-release storage for the 
delivery of liposomal lipid and liposomal drugs [30].
Silver inhibits enzyme activity and destabilizes 
bacterial	membranes	 thereby	 reducing	 biofilm	 for-
mation [3]. It has a broad-spectrum antimicrobial 
activity without being toxic as other heavy metals 
[27]. Actually, this coating has been widely studied 
for urethral catheters, but information about its use  
in ureteral stents are still lacking [28].
Anti-fouling coatings create a hydrophilic envi-
ronment on the stent surface that reduces bacte-
rial and cell adhesion [1, 3]. Irregularities over the 
stent surface in fact, create a favorable substrate for  

Size

The length is usually between 12 and 30 cm (5–12 inch-
es) and the diameter varies from 4.5 to 18 Fr (0.06–0.2 
inches) [1]. Multi-length stents have been developed to 
minimize stent-associated problems caused by the idea 
that	a	fixed	size	should	fit	every	patient	[15].	By	the	
way, symptoms do not appear to be reduced [21].
Many studies revealed that the stent diameter is not 
associated	with	 its	 function	 and	 success;	 a	 smaller	
diameter does not increase stent-associated compli-
cations [22, 23, 24]. Two meta-analyses showed that 
the incidence of ureteral stent-related symptoms  
is inversely proportional to the stent diameter [25, 
26];	 on	 the	 other	 hand,	 the	 diameter	 seems	 not	 
to affect the incidence of stent migration, analgesic 
use and stone-free rate [26].

Coating

Stent coating could be a solution to reduce stent-as-
sociated complications. Coatings can be divided into 
four categories: lubricating, antimicrobial, anti-foul-
ing and drug-eluting (Figure 3).
Evidence on stent coating is variable [5].
Lubricating coatings are made of a hydrophilic mate-
rial	that	provide	a	low	surface	friction	[1];	hydrophi-
licity discourages the adhesion of hydrophobic bacte-
rial surfaces [28].

Figure 3. Overview of different coatings for ureteral stents.
PTFE – TeflonTM; SIPNS – sequential interpenetrating polymer networks; PVP – polyvinylpyrrolidone, PEI – polyethyleneimine
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the adhesion of crystal, biological molecules and mi-
croorganisms [28].
Drug-eluting coatings have been developed to avoid 
microbial adhesion and to overcome stent-related 
discomfort and complications like cellular hyperpla-
sia. A special stent coating can be made with anti-
biotics and antimicrobials (Tachyplesin, Triclosan), 
nonsteroidal	 anti-inflammatory	 drugs	 (ketorolac),	
Povidone-iodine, chlorhexidine and anti-tumor 
drugs [1, 2, 10, 27].

DISCUSSION

This review covers the basic information and main 
characteristics of ureteral stents. Additionally,  
it is fundamental to know the patients’ history 
and	 search	 for	 clinical	 and	 radiological	 findings	
that can help to decide if there is a real need for  
a ureteral stent. Secondly, to choose the best stent 
in each situation, it is necessary to know their 
characteristics. Patient comfort must also be con-

Figure 4. How to choose the right stent. 
BUO – benign ureteral obstruction; MUO – malignant ureteral obstruction; UPJ  – ureteropelvic junction; PU – polyurethane; SJ – single J; DJ – double J;  
PSS – pigtail suture stent



55
Central European Journal of Urology

sidered in order to reduce hospital readmissions 
and the need for medications to treat stent-related 
symptoms.
We have made an attempt to cover all aspects  
of	stents,	yet	 it	 is	difficult	 to	represent	every	stent	
shape, composition and feature of all available stents 
worldwide. It is fundamental to remember that 
there is not a broad evidence around the best choice  
for each patient. Particularly for coating, many  
of them have been studied only in vitro and may 
have a potential favorable effect in vivo, but demon-
strations are still needed.
Figure 4 merely represents a suggestion based on the 
current available literature and on our experience, 
and not a recommendation or guideline. We hope  
to implement and correct this vademecum in the fu-
ture, based on new evidence.

CONCLUSIONS

Ureteral stents constitute a fundamental instrument 
in urologic surgery. Stent placement is still one of the 
most commonly practiced procedures in urologists’ 
everyday work. According to this, it is fundamental 
for physicians to know every aspect connected with 
stent design, material, type and positioning. Besides, 
stent-related symptoms and complications are chal-
lenging, and our guide can help clinicians choose the 
best stent needed for a given situation. We should 
consider, though, that many studies and research still 
need to be carried out in order to provide more infor-
mation	about	stent	composition	and	efficacy	in	vivo.
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