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Introduction: We present our experience of
the endourological management of encrust-
ed ureteral stents (EUS) and a literature review on forgotten
encrusted ureteral stents.

Methods: A total of 13 encrusted ureteral stents from 12
patients were removed in two hospitals. The medical records
were retrospectively analyzed for stent indication, indwelling
time, clinical presentation, investigations, type and the number
of surgical procedures, operative time, complications, duration
of hospital stay, and the follow-up.

Results: Five ureteral stents (US) inserted before ESWL
(extracorporeal shockwave lithotripsy) for renal stones, seven
US for ureteric stones with ureteric colic, and one ureteral
stent for post ureteroscopy procedure. The mean indwelling
time was 15.07 = 7.34 months with a range from 6 to 24
months.

The mean Kidney,Ureter and Bladder (KUB) score of encrusta-
tion grading was 11.84 + 2.07 with a range from 9 to 15.

The encrusted stents were removed by a combination of
cystolithotripsy, semi-rigid ureteroscopy (URS), retrograde
intrarenal surgery (RIRS), percutaneous nephrolithotomy
(PCNL), and ESWL. The average total number of procedures
to remove one EUS was 3 + 1.08 with a range of 2 to 5 proce-
dures. Six encrusted stents were removed in one, five stents
required two, one stent required three and one stent required
four hospital admissions. The median operative time was 210
minutes with a range of 60 to 660 minutes per EUS removal
and the mean hospital stay was 2.69 + 1.43 days with a range
of 1 to 6 days. All patients had successful removal of encrusted
stent and complete stone clearance with no major complica-
tions. In the follow-up, one patient had recurrent ureteric
stone, one patient on regular stent exchange due to poor renal
function and one patient developed significant ureteric stricture
referred for reconstruction.

Conclusions: Removal of forgotten encrusted impacted ureteral
stents is challenging and requires a multimodal surgical
approach. It adds significant costs to the health care system
and in addition it affects patient safety and quality of life.
Patient education, avoiding unnecessary ureteral stent place-
ment and a computerized stent monitoring system reduces the
incidence of forgotten ureteral stents and their complications.

Summary

Kty worDS: Encrusted ureteral stent; Bioflim; KUB score;
Encrustation risk factor; Computerized stent registry.
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INTRODUCTION

Ureteral stents are commonly used implants in urology
practice mainly to relieve the ureteral obstruction due to
stones, fibrosis, malignancy, and extrinsic compression. It
is also used in ureteral reconstructive surgery and iatro-
genic ureteral injuries to promote ureteral healing (1).
The ureteral stents are intended for temporary use and
should be removed or replaced within a specific time
frame; otherwise prolonged stent presence beyond the
specific time known as forgotten stents can lead to com-
plications like stent encrustation, fragmentation, obstruc-
tion, urosepsis, renal failure, and mortality (2).

The incidence of forgotten ureteral stents is approximate-
ly 12% (2) and in the UK, a study reported that 13.6% of
postoperative urology negligence claims are due to forgot-
ten ureteral stents (3). Divakaruni et al. (2) quote that men
are 2.8 times more likely to have forgotten stents than
females and patients without health insurance are 6 times
more likely to have forgotten stents. Alnadhari et al. (4) in
their study of the management of 40 forgotten encrusted
ureteral stents found that in 47.5% of forgotten EUS were
due to poor patient compliance and either patient ignored
or forgot the physician’s advice about the timely removal
of the ureteral stents; 30% of the cases failed to attend hos-
pital for stent removal due to financial reasons, 12.5% of
cases were due to delay in the endourological procedure
following ESWL, and 10% of cases were due to poor com-
munication between the doctor and the patient. The cost
of removal of forgotten encrusted stents is 6.9 times high-
er than the cost of timely stent removal because of addi-
tional costs involved in multiple interventions and it
affects patient safety and quality of life (5).

METHODS

A retrospective analysis of 13 encrusted impacted ureteral
stents in 12 patients treated in two hospitals between 2014
to 2021 was done. The inclusion criterion was failed
ureteral stent removal by flexible cystoscopy under local
anesthetic and clear evidence of stent encrustations on X-
ray KUB (Kidney, Ureter, and Bladder) or Computed
Tomogram Kidney Ureter and Bladder (CT-KUB). The pri-
mary outcome was successful removal of the encrusted
impacted stent and the secondary outcome was the num-
ber and type of surgical procedures, operative time, hospi-
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tal stay, perioperative complications, and stone and stent
free rates. All patients had preoperative renal function tests,
urine cultures, X-ray KUB, CT KUB and in selective cases a
DMSA (Dimercaptosuccinic acid) renal radionuclide scan
was done for patients with poor renal parenchyma.

The degree of encrustation was graded by the KUB score
system based on imaging. Treatment was planned based
on the degree and location of stent encrustation (KUB
Score), renal function, presence of urinary tract infection,
and other comorbid conditions. Appropriate antibiotics
were administered prior to surgical intervention for posi-
tive urine cultures.

Initially, ESWL was given a maximum of 3 sittings for
proximal coil encrustations < 15 mm. All invasive
endourological procedures started with clearing the blad-
der end encrustation by mechanical cysotolithopaxy by
stone punch and some cases with LASER energy through
the cystoscope. For the ureteral body encrustation, a 7.5
Fr semirigid ureteroscope was passed beside the encrust-
ed stent from the ureteric orifice to work the way up
towards the pelvicalyceal system using Holmium Laser
energy for fragmentation. After clearing the ureteral body
encrustation, a ureteral access sheath was placed and the
proximal coil encrustation was cleared by a flexible
ureteroscope (Storz Flex X2) and Holmium Laser. For
denser and larger calcification of the proximal end, PCNL
was done as a second sitting. Stent fragmentation occurred
during the retrograde ureteroscopy and the pieces were
left in the pyelocaliceal system which were later retrieved
during PCNL or RIRS. For non-capacious ureter, addi-
tional (Tandem) stents were inserted followed by
ureteroscopy in 2 weeks. No undue force was used to pull
the encrusted stent during any of the above procedures.
All patients had postprocedural ureteral stent insertion
which was removed in 2 weeks. In all our patients we
dealt with the bladder and ureteral body encrustation first
before dealing with proximal end encrustation with RIRS
or PCNL; only in a few patients ESWL was given first for
mild to moderate proximal end encrustation.

The postoperative complications were graded according to
the modified Clavien Dindo classification. All patients had
postoperative X-ray KUB before discharge and follow-up
non-contrast CT KUB and renal function in 4 months.

Table 1.

Demographic details.
Variables Total No. Mean Range
Encrusted stents/patients 13/12
Males/females 11/1
Age-years 61.15+1322 | 291084
Side - right/left 1/6

Stent indwelling time - months 15,07 +7.34 61024

Stent indication

Pre ESWL for renal stones 5

Ureteric stones - colic 7

Post ureteroscopy 1

Reasons for delayed stent removal

Forgotten 9

Delay in the secondary procedure 4

EGFR (ml/min) 61.07+2328 | 28t090
Urine culture (positive/no growth) patients 51
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Table 2.
Operative and postoperative details.

Variables

Encrustation grading - KUB score

Total number of procedures per encrusted
stent removal 3+1.08 2105
Total number of hospital Admissions per
encrusted stent removal

Total number of hospital stay per
encrusted stent removal - days

Total operative time per encrusted stent
removal - minutes

Post operative complications

No of pts. Mean Range
11.84 £ 2.07 9t015

1.76 £ 0.92 1tod

269+ 143 1106
249,61 + 169.19
Median - 210 min | 60 to 660

(Clavien Didno grade 1 6
Clavien Didno grade 2 3
12 months Follow up - Patients

Stone/stent free 8
Recurrent stone 1
Ureteric stricture 1
Lost follow up 2

Combination of procedures per stent removal

Cystolithotripsy/URS/RIRS/ESWL 1(7.6%)

Cystolithotripsy/URS/ESWL 2 (15.3%)

Cystithotripsy/URS/PCNL 2 (15.3%)

Cystolithotripsy/URS/RIRS 8 (61.5%)
RESULTS

In our study 13, encrusted stents were removed from 12
patients with one patient with bilateral stents (Table 1).
The average encrustation grading score at the proximal
end (K) was 3.15 + 1.62, at the stent body (U) was 4.3 =
0.85 and at the distal end (B) was 4.38 = 0.76. The aver-
age overall Arenas KUB score was 11.84 + 2.07 (Table 2).
In our study 3 patients with EUS had ESWL for the prox-
imal end with poor results, and the majority of the stents
were removed by cystolithoripsy, rigid URS, and RIRS, and
two stents had PCNL for the proximal end (Figures 1-4).
All the encrusted stents in our study were radio-opaque
and 5 patients had a course of antibiotics for symptomatic
UTIs with positive urine cultures prior to the procedure.
The mean total number of procedures carried out was 3
+ 1.08 with a range of 2 to 5 per encrusted stent removal.
All patients after the removal of the encrusted stent had
post-operative ureteral stent which was removed with a
flexible cystoscope within 14 days.

The median operative time was 210 minutes with a range
of 60 to 660 minutes and the mean hospital stay was 2.69
+ 1.43 days.

No significant immediate postoperative complications
were noted apart from mild haematuria in 6 and fever in
3 patients. Three patients had insignificant residual stone
fragments (< 3 mm) treated conservatively. At 12 months
of review, 8 patients were stone-free, 2 patients lost fol-
low-up, 1 patient required repeated stenting of a renal
unit due to pre-existing poor renal function and 1 patient
developed significant ureteric stricture referred for recon-
struction surgery.

DiscussioN

Risk factors and mechanism of encrustation
Stent encrustation occurs when minerals from the urine
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Figure 1.
Xray KUB - Right whole ureteral stent encrustation.

Figure 2.
X ray KUB - Fine fragmentation and removal of the encrusted
stent with ureteric catheter in place.

Figures 3, 4.
Endoscopic picture of lower end ureteral stent encrustation.

deposit on the outer and inner surface of the stent in both
infected and non-infected urine environments. Various
factors like stent material, bacterial colonization, and
patient-specific factors influence stent encrustation but
the main risk factor is the duration of stent indwelling
time. El-Faquith et al. (6) in their study in 1991, reported
stent encrustation rates of 9.2 % in 6 weeks, 47.5%
between 6 to 12 weeks, and 76.3 % after 12 weeks of
indwelling time. Kawahara et al. (7) reported similar
encrustation rates of 27%, 57%, and 76% at equivalent
time intervals; 30% of the stents removed before 12
weeks showed luminal encrustation but only 4% of the
patients had clinical symptoms of stent obstruction (6).

Bacterial colonization and bacterial biofilm play a critical
role in stent encrustation but how it exactly triggers the
encrustation process is poorly understood. Tunney et al.
reported (8) that 90% of the removed ureteral stents had
bacterial colonization and 55% had adherent biofilm.
Shabeena et al. (9) reported 90% colonization rates in 120
days of wureteral stent insertion. Escherichia coli,
Streptococcus spp, and Pseudomonas spp are commonly iso-
lated but no specific pathogens have been attributed to
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triggering encrustation. Newer studies on the urinary
microbiome implicate that commensurate bacteria in
urine rather than the pathogenic strains facilitate urolithi-
asis and stent encrustation (10).

Conditions like recurrent UTI, chronic kidney disease,
and diabetes mellitus increase the urinary bacterial load
or the presence of urolithiasis risk factors like specific
diets, history of stone disease, malabsorption disorders,
and cancer chemotherapy facilitate stent encrustation
(11). Stent encrustation risk is high in pregnancy due to
absorptive hypercalciuria and hyperuricosuria which
require frequent stent changes in 4 to 6 weeks to avoid
encrustation resulting in blocked stents. Urinary infection
with urease-producing bacteria like Pseudomonas, Proteus,
and Klebsiella spp hydrolyze urea into ammonia and car-
bon dioxide making urine alkaline and resulting in pre-
cipitation of ammonium, magnesium phosphate (stru-
vite) on the stent surface.

The encrustation rates correlated with stent diameter
rather than stent length or patency and a study (7) report-
ed 6 F stent developed more encrustation than the 7 F
stent. The mechanism of stent encrustation is complex
and all stents after insertion are immediately coated with
a conditioning film made of patient-specific glycoproteins
and materials from the urinary composition. Further, the
conditioning film may remain stable or could develop a
bacterial biofilm that precipitates minerals on the stent
surface causing stent encrustation; this provides a nidus
for bacterial infection leading to urosepsis, obstruction,
or renal failure (1, 12).

Presentation and complications

The clinical presentation of the forgotten encrusted stent is
variable. Abdelaziz et al. (13) reported that predominant
symptoms of forgotten stents were storage bladder symp-
toms, haematuria; other symptoms such as gross haema-
turia, flank, urethral and suprapubic pain were minimal as
these patients tolerated the stent-related symptoms for more
than 6 months. The asymptomatic patients are more prone
to neglect or forget the stent and therefore develop serious
complications that are time-related, such as encrustation,
fragmentation, and obstruction. In our study 80% of
patients with encrusted stents presented with intermittent
haematuria, recurrent urinary tract infection (UTIs), storage
urinary symptoms, flank pain, and no symptoms in 20%.

Challenges in the management of encrusted stents

Plain X-ray underestimates the stone burden and non-
contrast computed tomography (CT) is essential for plan-
ning the treatment. The extent and location of encrusta-
tion, associated stone burden, renal function, and pres-
ence of urinary infection determine the treatment
approach. Active urinary infection should be treated
appropriately and urosepsis due to obstructed infected
kidney may require an initial percutaneous nephrostomy
to stabilize the patient before any intervention.
Nephrectomy may be considered if there is poor renal
parenchyma with a split function < 20%.

Arenas et al. (14) developed a KUB grading system for
encrusted ureteral stents. This system grades 1 to 5
according to the size of the calcification in or around the
stent in the region of the kidney (K), ureter (U), bladder
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(B), and the total score represented as the KUB score.
They noted that the K score > 3 was associated with mul-
tiple surgeries, multimodal surgery, operative time > 180
min, and lower stone-free rate, while the U score > 3 was
only associated with longer operative time and the B score
> 3 was associated with a lower stone-free rate. Overall
KUB score > 9 requires multiple surgeries, longer opera-
tive time and lower stone-free rates. Our study results
agree with the finding that multiple endourological pro-
cedures are required for total KUB scores > 9.

The proximal stone burden is the main factor that deter-
mines the requirement of multiple surgeries and associated
complications. In the presence of normal renal function,
ESWL is indicated for mild to moderate encrustation of
renal end and proximal ureteral body encrustation. The
lower encrusted segment in the bladder and in the ureter-
al part was always released first before dealing with surgi-
cal removal of the proximal end (15) apart from giving
ESWL for the proximal end of the encrusted stent. The
bladder end and ureteral part of the encrusted stent were
removed in pieces after releasing encrustation and cutting
the stent with a Holmium LASER during URS, to create
space for ureteral access sheath placement and RIRS to deal
with the proximal coil encrustation. PCNL is reserved for
complex proximal end encrustation and for cases of RIRS
or ESWL failures. Open pyelolithotomy, cystolitotomy, or
laparoscopic surgeries are sometimes required following
the failure of endourological management.

The treatment described is used as a guideline and should
be tailored according to the individual patient, clinical
assessment, surgeon's experience, and available resources.
The approach should be in a stepwise multimodal fashion
to remove the encrusted stent and achieve stone and stent-
free status with the preservation of renal function (16).
Although majority of the encrusted ureteral stent need
multimodal management, Lio et al. (17) in their case series
described a minimally invasive technique under fluo-
roscopy of removing and replacing obstructed encrusted
ureteral stents in female patients under local anaesthetic,
however the obstructed ureteral stents removed with this
technique had obstruction mainly caused by intraluminal
incrustation.

Monga et al. (18) reported a series of 22 forgotten ureteral
stents left in situ for over 6 months and found that 68%
were calcified, 18% fragmented, and 14% fragmented and
calcified. In their series, which included 22 forgotten and
9 migrated stents, procedures to render stent free were
ureteroscopy 52%, PCNL 26%, ESWL 32%, cystolithotrip-
sy 19%, open cystolithotomy 3%, simple nephrectomy 3%
and multiple procedures were necessary in 19% of the
patients.

In our study of 13 encrusted ureteral stents, 50% had sig-
nificant proximal encrustation, and all of them had blad-
der end and ureteral body encrustation; 61.5% of EUS
were removed by cystolithotripsy, URS and RIRS, 15.3%
by cystolithotripsy, URS and ESWL, 15.3% by cys-
tolithotripsy, URS and PCNL, 7.6% by cystolithotripsy,
URS, RIRS, and ESWL. None of the encrusted stents were
removed by open surgery in our study.

From our results, the average total number of procedures
carried out was 3 + 1.08 with a range of 2 to 5 per EUS
removal and the average time of hospital stays was 2.69 =
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1.43 days with a range of 1 to 6 days per EUS removal.
Alnadhari et al. (4) in their study reported a mean of 2.25
urologic procedures needed per EUS removal with a range
of 1 to10 procedures performed in a single or multiple anes-
thetic sessions.

Encrustation prevention: stent materials and technology:
Stent biomaterials and coating substances could potential-
ly alter bacterial adhesion thereby reducing bacterial colo-
nization, bacterial biofilm formation, stent encrustation,
and urosepsis. Silicone is a highly biocompatible material
that resists encrustation and biofilm formation but is not
commonly used because of low tensile strength, higher
friction co-efficiency, and its softness prone to kinking and
compression (8, 19). The majority of currently used ureter-
al stents are made of polyurethane-based material with co-
polymers because of their favorable mechanical properties
and low manufacturing cost (20). In vitro study by Tunney
et al. (8) compared encrustation rates of five different mate-
rials with an artificial solution similar to the urinary com-
position for 14 weeks. All developed some encrustation but
silicone developed the least encrustation by 10 weeks fol-
lowed by polyurethane, Silitek, Percuflex, and hydrogel
coated polyurethane.

Stents coated with various materials could alter the stent
surface to reduce bacterial adhesion and encrustation.
Hydrogel-coated polyurethane stent swells on contact
with water and retains water to alter the stent surface to
reduce bacterial adhesion and encrustation along with
reduction of friction coefficiency for easier stent insertion
(21). Drug coated stents with silver nitrate, and ofloxacin
have not proved to reduce biofilm or encrustation in clin-
ical trials, moreover antibiotic-infused stents have the
potential risk of developing antibiotic resistance (22).
Coating with heparin, a naturally occurring glycosamino-
glycan anticoagulant exhibits antiadhesive properties
which could reduce bacterial adhesion and prevent bac-
terial biofilm formation and encrustation (23) but results
from clinical trials are contradictory and heparin- coated
stents are not regularly used in the clinical practice.
Silicone-coated polyurethane stents, newer stent coating
materials like bacteriolytic enzymes, peptides, oxalate
degrading enzymes, and essential oils have been explored
(24), and all aimed to alter bacterial adhesion, biofilm for-
mation, and reduce stent encrustation and urosepsis.
Metallic ureteral stents made of alloy are used in malig-
nant ureteric obstruction has provided superior patency
rates at 12 months compared with polyurethane stents
requiring less frequent stent changes but still, stent
encrustations occurred macroscopically in 22% and
microscopically in all after an indwelling time between 8
to 14 months (25).

Biodegradable ureteral stents by constantly altering the
stent surface could prevent bacterial adhesion and encrus-
tation and it also eliminates the need for stent removal.
Currently available biodegradable materials made of natu-
ral or synthetic polymers have excellent biocompatibility
with faster degradation which also reduces tissue inflam-
mation useful in relieving the benign urinary obstruction.
Prospective multicenter human trials are required before
routine use in clinical practice (26). Similar to the preven-
tion of urolithiasis, increased fluid intake and citrate sup-
plements decreased the incidence of stent encrustation.

Computerized stent registry

Even in current times, ureteral stent logbooks and track-
ing cards are maintained for monitoring however, human
error and negligence are fundamental causes for the fail-
ure of these manual systems. Monga (27) reported that
10% of patients with forgotten stents fail to show up for
scheduled stent retrieval despite being educated by physi-
cians. Similarly, 8.66% of patients were aware that they
had ureteral stents but did not attend for stent removal
(28). Therefore patient education and awareness alone
are not sufficient to prevent forgotten stents and related
complications.

The treating doctor and the hospital are responsible for
both the monitoring and removal of ureteral stents and
multiple level safety precautions should be implemented
for the timely removal or replacement of the stent.
Computerized applications and electronic reminders
appear to be reliable and efficient, and the utilization of
automated algorithms has reduced the incidence of for-
gotten stents (28).

Lin et al. (28) retrospectively analyzed the monitoring of
12.440 ureteral stent placements in 10.105 patients reg-
istered on the Auto registration monitoring system (ARMS)
an automated program closely tied with the hospital
billing system in Taipei Veterans General Hospital over a
period of 8 years. They reported 85.07% of patients who
had their stents removed before the deadline were auto-
matically detected. In the rest 14.93% of patients whose
stents were not registered as removed it was found that
1.2% of patients had stents removed in other hospitals,
4.85% had died, 8.66% patients were aware of ureteral
stents but did not come for stent removal and 0.21% of
patients were not aware that they have ureteral stent
which was placed in the operating room in non-urologi-
cal patients. They reported that there were no new for-
gotten ureteral stents after the introduction of ARMS.
Development of a universally acceptable automated stent
registry interface which could integrate with the existing
hospital patient management system but also linked to
the regional database would be ideal to monitor the
ureteral stents after their insertion till their removal or
replacement after the specific time interval.

The Healthcare Safety Investigation Branch (HSIB) from the
UK published a report on the unplanned delayed removal
of ureteric stents in October 2020 (29). The report
showed the seriousness of the problem and made four
safety recommendations including the development of a
stone pathway, the use of a stent registry database,
reviewing the British Association of Urology surgeons
(BAUYS) stent information leaflet, and clear communica-
tion with the general practitioner following patient dis-
charge with stents.

CoNCLUSIONS

Avoidance of unnecessary stent insertion is the key to the
prevention of stent-related complications. Patient educa-
tion, judicious follow-up arrangements, computerized
stent registry warning system could help in the timely
removal of the stents, avoiding prolonged indwelling time
which is the main risk factor for encrustation.

Removal of encrusted impacted stents requires a multi-
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modal approach adding significant costs to the health
care system and more importantly affecting patient safety
and quality of life. Ureteral stent technology is continu-
ously evolving and current research should focus on
developing biocompatible materials, newer coating sub-
stances, surface engineering, and stent design to reduce
stent-related symptoms and complications.
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