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Purpose: The aim of this study was to determine the affinity to crystal, calculi and biofilm deposition on ureteral double-J stents
(DJ stents) after ureterorenoscopic–lithotripsy procedure (URS-L). The analysis was performed in two aspects: to determine which mate-
rial used for fabricating ureteral stents promotes encrustation and which part of the DJ stents is the most vulnerable for blockage. Meth-
ods: One hundred and twenty patients with an indwelling DJ stent duration between 7 and 78 days were included in this study. The en-
crustation of DJ stents was characterized by scanning electron microscopy (SEM), and the mechanical properties of DJ stents were
examined using the standard MTS Micro Bionix tensile test. Results: This study showed that polyurethane catheters have a much higher
affinity for encrustation than styrene/ethylene/butylene block copolymer. Obtained results indicated the proximal (renal pelvis) and distal
(urinary bladder) part is the most susceptible to post-URS-L fragments and urea salt deposition. Both the DJ ureteral stents’ outer and
inner surfaces were completely covered even after 7 days of implantation. Conclusions: Performed analysis pointed out that polyurethane
DJ stents have a much higher affinity for encrustation of calculi and NaCl crystals compared to the silicone-based copolymer. The sur-
face of the ureteral stents needs improvement to minimize salt and kidney stone deposition, causing pre-biofilm formation and the occur-
rence of defects and cracks.
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1. Introduction

A common chronic kidney condition that pertains
to urological patients is urolithiasis, leading to urinary
stones. The mentioned problem is a common problem
with a worldwide estimated 20% prevalence, which is
suspected to grow significantly over the coming years
[11]. This is estimated to a 5-year recurrence rate of
50%, and the incidence and prevalence of kidney
stones are increasing globally [2]. Ureteral obstruction

is caused by kidney stones disorder, renal function,
and intensifies patient pain [35].

A double-J ureteral stent implantation is a com-
mon surgical procedure aiming at ureteral drainage
to assure renal function, treat pain caused by ureteral
obstruction and avoid external or visible devices
[20]. The most common materials used as ureteral
stents are polyethylene, polyurethane, and silicone
[15], [32]. The type of material affects the patient’s
body response, hence, the required characteristics
such as biocompatible, antimicrobial and antifouling
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[28]. Furthermore, materials required for urinal cathe-
terization are defined by their mechanical proper-
ties: low surface roughness [18], high mechanical
strength and flexibility [28]. Among these materials,
silicone stents may be more advantageous than polyu-
rethane stents due to the lower risk of calcification
and prolonged maintenance of tensile strength for up
to 20 months [1]. However, no comparable research
has been performed yet.

Ureteric stents have been deployed for over four
decades, and as their technique is upgrading, their
complications have expanded (e.g., stent migration,
encrustation, stone formation and fragmentation)
[1]. Short-term stenting for stone removal (<6 weeks)
represents an immense economic burden. When in
contact with urine, ureteral stents frequently be-
come covered by calcium phosphate and calcium
oxalate crystal-containing encrustations, which can
damage the uroepithelium and pain and have been
suspected to promote infections [8], [25]. Hitherto,
studies of ureteral stenting included determination
of effective urine flow from the kidney to the blad-
der [13], [14], structural and chemical composition
investigation [9], [32], [33], and shape and size
optimization [24], [31]. The urine flow consists of
in-stent (luminal) and out-of-stent (extraluminal)
flows, whereas lower flow rates were observed in
larger DJ stents [13] and increasing the number of
side holes increased the overall flow rate [14]. En-
crustation and pain increase along with the diameter
of the indwelling ureter stent [24]. It is important to
note that encrustation is a serious complication of
ureteral stent use, affecting the removal procedure.
The encrustation of ureteral stents may be due to
the deposition of organic layers (conditioning film),
uropathogens and salts in the urine. Encrustation at
the distal end is less than the proximal one and cal-
cium content, which is lower in the distal coil [33].
On the other hand, there can be differences in en-
crustation composition at each end of a stent [30],
[32]. Additionally, the deposition of calculi or
crystal promoted biofilm formation, affecting the
urinary tract infection [27].

This paper focuses on determining which materials
among those commonly used in ureteral stents show
the greatest affinity for biofilm formation and which
part of the DJ stent is the most vulnerable to kidney
stone formation in time. Therefore, there is a need to
study the mechanism of formation of kidney stones on
the ureteral stent’s surface and methods to prevent
these processes and study the influence of these
structures on the mechanical properties of a ureteral
stent.

2. Materials and methods

2.1. Materials

In total, 120 double-J ureteral stents (DJ stents)
were removed from renal stone patients and recruited
to the study between January 2019 and May 2021. All
ureteral stents were obtained from patients who had
been diagnosed with calcium oxalate urolithiasis.

First, the most susceptible material for biofilm
formation was indicated. DJ stents of two manufac-
turers were examined 31 days after their initial ure-
teral placement in adult patients after the ureterore-
noscopic – lithotripsy (URS-L) to treat calcium
oxalate stone. The first kind of DJ stent was built with
a proprietary silicone-modified styrene/ethylene/bu-
tylene block copolymer (copolymer DJ stents); the
second was a classic polyurethane stent. The polyu-
rethane DJ stent accounted for 25% of all analyzed
samples (30 pcs).

Second, the influence of implantation time to en-
crustation and biofilm formation was examined. The
copolymer DJ stents after the URS-L, which implantation
period lasted from 7 to 78 days, were examined using
scanning electron microscopy. Each of the polyurethane
stents were implanted for 31 days (25%, 30 pcs.), while
the copolymer DJ stents were implanted for 7 days
(8.3%, 10 pcs.), 17 days (11.7%, 14 pcs.), 25 days
(8.3%, 10 pcs.), 31 days (35.9%, 43 pcs.) and 78 days
(10.8%, 13 pcs.).

2.2. Surface analysis of stents

A microscopic analysis was performed on the
ureteral stents implanted after the URS-L. The micro-
scopic observation was performed by the scanning
electron field emission microscope JEOL JSM 7600F
(SEM). The microscopic analysis of the ureteral stents
required an additional sample preparation procedure
[3], [25]. The ureteral stent surface was sputtered with
a chromium layer with a thickness of 5 nm. Repre-
sentative polyurethane and copolymer DJ stents be-
fore and after implantation for 31 days were charac-
terized by Fourier transform infrared spectroscopy
(FTIR) (Thermo Scientific™ Nicolet™ iS50 FTIR
Spectrometer, Thermo Scientific™, USA). Data were
collected in the absorption mode between 4000 cm–1

and 400 cm–1 with a resolution of 4 cm–1. Room tem-
perature and humidity during all process were main-
tained stable at 23 C and 35%, respectively.
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2.3. Mechanical testing of DJ stents

Tensile strength and stiffness were tested for all DJ
stents before and after urinary exposure. The tensile
strength was measured using an MTS Micro Bionix
Testing System with Testworks II software, using a 5 N
load cell. DJ stents were tested in uniaxial tension at
1 mm/s for 1 second. A preconditioning run was done for
each stent, including a 3-minute hold time at 5 mm with
30 seconds between the preconditioning run and the first
trial. Each DJ stent was examined using the tensile test
minimum times, keeping the same manner of reposi-
tion. Unpaired Student’s t-test was used for the com-
parison of the two groups of implantation time for
each DJ-stent. A value of p < 0.05 was considered
statistically significant.

3. Results

3.1. Influence of DJ stent composition
on encrustation and fracture

In the beginning, it should be noticed that each of
the analyzed DJ stents (120 pct) was divided accord-
ing to the stent material, implantation time. Each group
was managed to the KUB (Kidney, Ureter, Bladder)
encrusted ureteral stent scoring system, while the stan-
dard deviation in each group did not exceed 1. Then,
each DJ stent was divided into three parts (proximal,
middle, distal), and the database of SEM pictures of each
section was analyzed to choose the most similar and
repeated photos, which are presented in this section.

Fig. 1. SEM images of a DJ stent made of styrene/ethylene/butylene block copolymer,
and polyurethane, implanted for 31 days
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The surface morphologies of DJ stents, made of
copolymer and polyurethane, implanted for 31 days in
the patient’s body, have been investigated using scan-
ning electron microscopy, the results of which are
shown in Fig. 1. The proximal part of the DJ stents
means “pigtail”, placed in the renal pelvis, while the
distal coil is placed in the urinary bladder. As shown in
Fig. 1, the copolymer DJ stents are covered with a much
smaller number of crystals than the polyurethane ver-
sion. The distal and proximal part of the polyurethane
DJ stent is covered with the most complex film pre-
senting a multi-layered structure.

In Figure 2, the data for a representative DJ stent
made of styrene/ethylene/butylene block copolymer,
and polyurethane, before and after implantation for
31 days by FTIR is presented.

Before the implantation, several IR characteristic
peaks were observed for copolymer and polyurethane
DJ stents (Figs. 2A, B, respectively). Observed for
copolymer DJ stent, the broad peaks around 2949 and
2917 cm–1 corresponded to the C–H stretching from
the alkyl groups. In the range of 1500–800 cm–1,
peaks at 1453 cm–1 (C–H bending), 1260 cm–1 (C–O
stretching), 1100 cm–1–1000 cm–1 (C–O stretching in
C–O–H groups and COC groups), and 805 cm–1 (C–H
rocking mode) were observed.

After implantation of copolymer DJ stents for 31 days,
new peaks appeared around 3300 cm–1 due to the hydro-
gen-bonded OH stretching vibrations, 1729 cm–1 (car-
bonyl groups), 1697 cm–1 (the C=O stretching), and

1597 cm–1 (N–H plane stretch), the peak 1104 cm–1

(phosphates).
Before the implantation, the IR spectrum for poly-

urethane DJ stents showed characteristic peaks at
3331 cm–1 (stretching of the NH bond), 2948 and
2868 cm–1 (alkane –CH stretching vibration), 1727 cm–1

– 1700 cm–1 (carbonyl absorption band), 1596 cm–1

– 1527 cm–1 (a shoulder) 1220 cm–1 (C–O stretching
of the carbonate group), 1174 cm–1 (C–N and C–O
stretching vibrations), 1111 cm–1 and 1065 cm–1 (ester
C–O–C symmetric stretching vibration).

After implantation for 31 days the new peaks
occured at 2919 cm–1 (NH4

+ stretching), 1623 cm–1

(the C=O stretching), 1452 cm–1 (P=O stretching),
1375 cm–1 (C–N stretching), 803 cm–1 (C–C stretch-
ing), 526 cm–1 (O–C–O bending).

The mechanical properties of unused DJ stents and
stents retrieved from patients following insertion from
7 to 31 days are presented in Fig. 3. The Young’s
modulus (E) was calculated for each DJ stent using
engineering stress, which assumes no cross-sectional
area changes. The DJ stent’s mechanical strength
made of polyurethane (E = 628 ± 21 kPa) was twice
lower compared to copolymer one (E = 1547 ± 129
kPa). After implantation, the copolymer DJ stent was
the stiffest and the DJ stent implanted for 31 days was
characterized by the lowest stiffness (E = 1065 ± 90
kPa). Implantation caused the significant loss of me-
chanical strength of polyurethane DJ stents to a value
of 325 ± 10 kPa. There was no significant change in

Fig. 2. FTIR spectra of a DJ stent made of styrene/ethylene/butylene block copolymer, and polyurethane, implanted for 31 days
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the ultimate force of ureteral stents following implan-
tation during 25 days in comparison to 31 days for co-
polymer DJ stents.

Fig. 3. SEM images of a DJ stent made of styrene/
ethylene/butylene block copolymer, and polyurethane,

implanted for 31 days,
* p < 0.05, ** p < 0.005, *** p < 0.001

3.2. Mechanism of stone formation
on DJ stent surface

The outer and inner side of the copolymer DJ stents
proximal parts, which were removed from the patients’
bodies after 7, 17, and 78 days are shown in Fig. 4. The
outer side of the proximal part of the DJ stents is cov-
ered over time – the thickness of this layer increased
with the implantation period’s increase. The most
extensive agglomeration on the inner side was observed
during the seventh day of implantation (Fig. 4B). The
extension of implantation time leads to a continuous
increase of the multilayer’s thickness on the inner side of
the proximal part of the DJ stents (Fig. 4D) until 17 days
of implantation, and thereafter its further acceleration
(Fig. 4F).

The encrustation of the distal part of the DJ stents
in varying time of implantation was shown in Fig. 5.
During the first day of implantation, the outer (Fig. 5A)
and inner (Fig. 5B) side of DJ stents were completely
covered by the multilayer of calcium oxalate fragments.

Fig. 4. SEM images of a proximal part of DJ stents implanted for 7–78 days
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Extension of implantation time resulted in forming
a compact layer, leading to pain and difficult removal.
After 78-days implantation, the outer (Fig. 5E) and
inner (Fig. 5F) side was completely covered by small
calculus growing on one another.

4. Discussion

Prevention of stone-crystal-layer formation on DJ
stents is essential due to increased pressure in the
blocked stent, causing many clinical problems, such
as vesicoureteral reflux, migration, encrustation, uri-
nary infection, stent fracture, necrosis and ureteroarte-
rial fistula [28], [35].

The first stage of research was to determine the
influence of DJ stents composition on encrustation. As
shown in Fig. 1, the distal and proximal part of the
polyurethane DJ stent is covered with the most com-
plex film presenting a multi-layered structure. This
encrustation was classified as score 4 for polyurethane

stents and as score 2 for copolymer stents on a scale
for scoring encrustations on ureteral double-J stents
elaborated by Roupret [30].

Further, the FTIR analysis (Fig. 2) was performed
to characterize encrustations, especially identifying
the calculi adsorbed components onto the DJ stent’s
surface. According to the literature, about 30 distinct
components have been found in urinary calculi [36].
Thus, we decided to compare the obtained IR spec-
trum only for the main component of urea and urinary
calculi.

For copolymer DJ stent before implantation, as it
can be seen in Fig. 2A, the main absorption peak in IR
spectrum appeared in the wavenumber: 2429 cm–1,
1453 cm–1, 805 cm–1 confirmed the styrene/ethylene/
butylene structure, and the silicone covering by the pres-
ence of a peak in 2917 cm–1, and 1100 cm–1 – 1000 cm–1.
The FTIR spectra of the polyurethane DJ stents (Fig. 2B)
confirmed the polyurethane structure with the typical
carbonyl absorption band of the ester bond located at
1729 cm–1, and a shoulder at 1697 cm–1, which can be
attributed to the urethane and urea carbonyl groups.

Fig. 5. SEM images of a distal part of DJ stents implanted for 7–78 days
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The absorbance at 3300 cm–1 is consistent with the
stretching of the NH bond and is characteristic for the
urethane and urea groups. The other characteristic bands
are 2900 cm–1 due to the alkane –CH stretching vibra-
tion, 1174 cm–1 due to the coupled C–N and C–O
stretching vibrations, and 1062 cm–1 due to the ester
C–O–C symmetric stretching vibration.

As shown in Figs. 2A and B, the peak intensity of
the IR spectra changed significantly after the implan-
tation of copolymer and polyurethane DJ stents. After
the implantation of copolymer DJ stent for 31 days,
the absorbed encrustation was identified mainly as
calcium oxalate dihydrate (weddellite), characterized
by four sharp peaks between wavenumbers 1600 cm–1

– 777 cm–1. Furthermore, the peak of 2918 cm–1 (N–H
stretching) indicated the presence of NH4+ (ammo-
nium ion); therefore, the stone may be included in the
type of ammonium ion calcium oxalate dihydrate, or
the uric acid crystal may be absorbed onto the DJ
surface. A peak that characterizes calcium oxalate
kidney stone type was also found in the encrusted
layer after 31 days of polyurethane DJ stents implan-
tation.

Secondly, the influence of implantation time on
mechanical degradation was briefly described in the
literature comparing the tensile strength of varying
types of DJ stents [12], [29]. To the best of our knowl-
edge, only Gorman et al. [10] performed an analysis of
the influence of implantation time on the mechanical
strength of DJ stents. However, this research was car-
ried out on polyethylene stents and in artificial fluid.
In this paper, the preconditioning procedure relied on
the results presented in the literature [21]. Subjecting
the samples to cyclic loads that do not break them sta-
bilizes their reactions before tested tension. Precondi-
tioning helps to eliminate variable sample responses
to a given load and achieve a steady state. The proce-
dures applied to provide a reproducible mechanical
response that is the basis of reliable results for analy-
sis. Obtained results showed that increased implanta-
tion time caused a decrease in Young’s modulus (Fig. 3),
indicating that decreased stent rigidity had occurred.
Loss of mechanical properties of polyurethane DJ stents
results in lower ultimate force at its break. These ob-
servations clearly indicate higher stability and less deg-
radation of copolymer DJ stents implanted for 31 days. It
also excludes the possibility of long-term use of polyu-
rethane DJ stents. Moreover, the build-up of deposits
on the stent surface causes increasing stiffness and
greater susceptibility to cracks and fractures. These
results are in accordance with several studies [7], [12],
[25], [29]. Highly elastic and flexible materials are
more likely to crack or bend in vivo, while more rigid

materials could cause severe bladder urgency, hema-
turia, or fracture during long-term stenting [23], [34].

Additionally, the proximal and distal parts (Fig. 1)
are more likely to be exposed to contact with the urea,
which results in its element deposition. According to
the lower encrustation of copolymer DJ stents, these
stents were chosen to further research. The previous
investigation on flow and encrustation of DJ stents
pointed out that long-term stent use is associated with
precipitation of salts from the urine and infection,
leading to a build-up of crystalline deposits on the
stent surface, resulting difficult and painful stent re-
moving [8], [20], [28], [30], [32].

The obtained results showed that the DJ stents’ in-
ner and outer surfaces were covered and deposited
with the crystals of urea and, more importantly, by the
post-URS-L fragments. The outer and inner side of
the proximal (Fig. 4) and distal (Fig. 5) parts of the
copolymer DJ stents, which were removed from the
patients’ bodies after 7, 17, and 78 days were covered
with a more complex, multilayer consisting mostly of
precipitated crystals (NaCl) and post-URS-L frag-
ments (calcium oxalate stone). Performed analysis
showed that the encrustation at the distal end (Fig. 5)
was less than the proximal one (Fig. 4) and calcium
content, which was lower in the distal coil. This hy-
pothesis is confirmed by the work of Sighinolf et al.
[33] and Kim et al. [14], who suggest that the last side
hole in the proximal coil of the stent, located in the
renal pelvis and the first side hole of the shaft of the
stent, located in the even side hole throughout the
ureter is critical to a DJ stent to maximize its role in
the upper urinary system. Similar observations were
made with hemodialysis catheters in our previous
research [15], [25]. The encrustation on the distal and
proximal parts of copolymer DJ stents formed during
the first 17 days after implantation was classified as
score 6 on a scale for scoring encrustations [30]. Such
a distribution of film components suggests that the
ureteral stent’s blockage is due to not only large kid-
ney stones but also a continuous flow of small calculi
growing on one another. The most extensive agglom-
eration was observed during the seventh day of im-
plantation (Fig. 4B), which could be the result of
cleaning the kidney of post-URS-L residues. This is
a crucial moment in the blockage of the DJ stents. If
the DJ stent diameter is too large, the flow rates are
too low, extending the contact time of post-URS-L
fragments with the surface of DJ stents, resulting in its
blockage. If the diameter of the DJ stent has been
chosen correctly, the extension of implantation time
results in a continuous increase of the thickness of the
multilayer on the inner side of the proximal part of the
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DJ stents (Figs. 3D and 3F). Additionally, the calculi
or crystal deposition promotes biofilm formation,
which affects the urinary tract infection [13]. Per-
formed results and previous research [6], [22] indicate
the necessity to use antibacterial and anticoagulation
coatings of DJ stents, such as nano-silver [4], metallic
nanoparticles [26], nitrofurazone [19], chlorhexidine
[37], polytetrafluoroethylene (PTFE), hydrogel [17],
lysostaphin [16] and antibacterial and anticoagulation
coatings [5].

5. Conclusions

Previous studies of DJ stents were performed to
the material selection for biocompatibility and optimi-
zation of their shape to ensure free urine flow. The
literature indicates the importance of side holes in the
DJ stents and their impact on stents clogging, how-
ever, ignoring the impact of the material itself and
implantation time.

This study showed that polyurethane DJ stents
have a much higher affinity for encrustation of calculi
compared to the silicone-based copolymer. Residues
deposited on the surface form a homogeneous multi-
layer, mainly composing of weddellite and uric acid
crystal, which close the DJ stents’ lumen and signifi-
cantly affect the flow of urine. Further analysis showed
that the most vulnerable segment is the proximal part
of the DJ stent (the part located in the renal pelvis).
Slightly fewer fragments of kidney stones and sodium
crystals are deposited in distal section of the stents.
Studies have shown that as soon as seven days after
implantation, the DJ stents may be completely blocked
if its diameter is not properly adjusted. It has been
observed that the layer formed on the outer surface of
the catheter increases with longer implantation time,
which occurs faster than for the inner layer. Implanta-
tion results in loss of mechanical strength of polyure-
thane DJ stents after just 31 days, what explains the
problem of cracking/damage of DJ stents in patients’
body or in removing procedure.

The surface of the ureteral stents needs improve-
ment to minimize salt and kidney stone deposition,
causing pre-biofilm formation and the occurrence of
defects and cracks.
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