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Abstract

Polyurethane, due to its low cost, high versatility and availability,
it commonly used for ureteral stents. Spontaneous fracture of these
stents is rare, and the most dreaded complication. We present four
cases of spontaneous fracture of indwelling polyurethane ureteral
stents and review the literature to identify potential factors and
preventive strategies.

Introduction

Since 1967," the indwelling ureteral stent has become a
fundamental part of urology practice in an era of expand-
ing endourological procedures. Ureteral stents are used
in a variety of indications for renal transplantation, geni-
tourinary oncology, trauma and reconstructive surgeries.?
Polyurethane, due to its low cost, high versatility and avail-
ability, is commonly used for ureteral stents. Since its intro-
duction, complications had been encountered and resulted
in significant morbidity. Pain, bladder irritative symptoms
and fever are signs of early complications related to polyure-
thane ureteral stents; moreover, late complications, such as
encrustation, infections and fragmentation, are more trouble-
some.>*® Cases of fragmented ureteral stents are rare” '>and
are classified as grade 3 on the Clavien Classification of
Surgical Complications.'®We present 4 cases of spontaneous
polyurethanene ureteral stent fragmentation and review the
literature to generate a summary for its risk factors as well
as preventive strategies.

ties consulted at our outpatient clinic due to stenturia. Five
months earlier, she had two Fr 6 x 26-cm Tecoflex polyure-
thane double pigtail ureteral stents (R&D Tech Inc., Groton,

MA) inserted bilaterally for temporary relief of post-intracor-
poreal lithotripsy ureteral edema on the left and for ureteral
healing on the right post-ureterolithotomy. We requested a
follow-up for J stent removal within a month, however, she
was lost to follow-up.

Now, she presented with gross hematuria, concomi-
tant right flank pain and occasional dysuria. On physical
examination revealed low grade fever (38°C), with right cos-
tovertebral angle tenderness, other systemic examination
was unremarkable. Routine biochemical parameters were
normal: urinalysis revealed proteinuria (300 mg/dL), leuko-
cyte esterase positive (+3); hematuria red blood cells (RBC)
(3825/hpf) and bacteruria (300/hpf). Urine culture requested
revealed Enterococcus sp about 40 000 cfu/mL. A computed
tomography (CT) stonogram showed an indwelling left ure-
teral stent in place and a retained fragmented piece at the
right pelvis (Fig. 1), while dilated pelvocalyceal system of
the right kidney was noted with perinephric fat stranding.
She was hospitalized, started culture-guided intravenous (IV)
antibiotics and underwent cystoscopy and J stent on the left
ureter; these were uneventful. Retrieval of stent fragment
on the right was done video-assisted using Fr 9 semi-rigid
ureteroscope with the patient placed on lithotomy Fowler’s
position. On ureteroscopy, the ureteral mucosa on the right
proximal segment of the ureter appeared edematous and
erythematous. Using a ureteral foreign body grasper, we
removed the stent fragment under direct visualization on
the camera monitor. Right ureteral intubation was then done
to alleviate the ureteral edema. No serious complications
were noted (Table 1). Open ureteral catheter was removed
after 72 hours. The patient recovered well and discharged
on postoperative day (POD) 4.

A 62-year-old male, known hypertensive non-diabetic, con-
sulted at our outpatient clinic for cystoscopy J stent removal
after 6 months of indwelling. Before the insertion, he was
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Fig. 1. Computed tomography scout film showing a fragment of stent left at the
right renal pelvis and an indwelling left ureteral stent.

diagnosed with obstructive uropathy (creatinine 1.02 mg/dL)
secondary to left proximal ureterolithiasis (0.8 cm) and cys-
tolithiasis (1.5 cm), which was a result of his non-compliant
follow-up after an extracorporeal shockwave lithotripsy
(ESWL) of left nephrolithiasis a year earlier. He underwent
cystoscopy, retrograde pyelogram, ureteroscopy, intracorpo-
real lithotripsy and cystolitholapaxy. A Fr 6 x 24-cm Tecoflex
polyurethane double pigtail ureteral stents (R&D Tech Inc,
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Groton, Massachusetts, USA) was inserted due to compli-
cated ureteroscopy. He was advised to follow-up within 3
months for removal of the stent. The patient followed-up
with plain kidney urinary bladder (KUB) x-ray showing an
intact indwelling left ureteral stent (Fig. 3). He was advised
to remove the J stent; yet due to his financial constraints, he
deferred procedure and lost to follow-up.

Now, he presented with persistent dysuria and left flank
pain, which he attributed to stent irritation. On physical
examination, there was left costovertebral tenderness;
other systemic examinations were unremarkable. Routine
biochemical parameters were normal: urinalysis revealed
proteinuria (100 mg/dL), nitrites and leukocyte esterase posi-
tive (+3), hematuria RBC (1070/hpf), pyuria white blood
cells (WBCQ) (425/hpf) and bacteruria (5465/hpf). Urine cul-
ture revealed Escherichia coli about 50,000 cfu/mL. Plain
KUB x-ray revealed a fragmented left ureteral stent, point
of fracture noted at the proximal renal end (Fig. 3). He was
hospitalized, administered culture-guided IV antibiotics, and
underwent video-assisted ureterscopy using Fr 9 semi-rigid
ureteroscope. Upon retrieval of the stent fragments, the ure-
teral mucosa was diffusely edematous and erythematous and
more extensive at proximal ureteral segment. Ureteral intu-
bation was done to alleviate ureteral edema (Table 1). Open
ureteral catheter was removed after 48 hours. He recovered
well and was discharged on POD 2.

Table 1. Summary of cases

Case 1 Case 2 Case 3 Case 4
Age/Sex 31/F 62/M 41/M 48/F
Prior indication for Promote ureteral healing post Relief of ureteral P (.)f U] Bypass extrinsic ureteral
. . . obstruction sec to .
insertion of stent ureterolithotomy edema e compression
ureterolithiasis
Biomaterial stent Tecoflex Tecoflex

composition

Ureteral stent calibre
and length

Indwelling period of time

Presenting symptoms
Physical exam findings

Remarkable laboratories

Mode of stent retrieval

Stent findings

Tecoflex Polyurethane

Fr6x 26 cm #2

5 months
Stenturia, gross hematuria,
flank pain, dysuria
Low grade fever, right CVA
tenderness
UTI on urinalysis, Enterococcus
sp on urine Culture

Ureteroscopy, foreign body
grasper

Moderately encrusted,
breakage line along stent side
hole at proximal renal end,
right, weak point line on the left
distal bladder end side hole

Polyurethane
Fr6x24 cm
6 months
Dysuria, flank pain

Left CVA
tenderness
UTI on urinalysis, E.
Coli on urine CS
Ureteroscopy,
foreign body
grasper
Moderately
encrusted, breakage
line along stent side
hole at proximal
renal end

Polyurethane
Fr6 x 24 cm
11 months
Hematuria, flank pain

Mild right CVA
tenderness
UTI on urinalysis, E.
Coli on urine CS

Ureteroscopy, foreign
body grasper

Severely encrusted,
breakage line along
stent side hole at
distal bladder end

Tecoflex Polyurethane

Fr7 x24cm #2

5 months

Stenturia,* gross hematuria,
dysuria, low back pain

Bilateral CVA tenderness

E. Coli on Urine CS

Ureteroscopy, foreign body
grasper and endonephroscopy
percutaneous

Slightly encrusted with
breakage lines along stent side
holes, right renal proximal end

and left distal bladder end

M: male; F: female; CVA: costovertebral angle; UTI: urinary tract infection; CS: culture & sensitivity. Stenturia: excretion of stent fragments in the urine.
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Fig. 2. Kidney, ureter, bladder x-ray showing an indwelling left ureteral stentin
place.
Case 3

A 41-year-old male without medical comorbidities or prior
open surgeries consulted due to 2 weeks of right flank pain
and occasional hematuria. Eleven months prior to consult,
he was diagnosed with obstructive uropathy (creatinine
1.0 mg/dL) right, secondary to right proximal ureterolithia-
sis (1.3 cm). He was managed with cystoscopy and retro-
grade pyelogram; a Fr 6 x 24-cm Tecoflex polyurethane
double pigtail ureteral stents (R&D Tech Inc, Groton, MA)
was inserted at that time to bypass ureteral obstruction. He
then had two sessions of ESWL within a month. Two months
after, he was diagnosed with pulmonary tuberculosis disease
and the ureteral J stent removal was deferred. The patient
opted to complete his 9-month treatment regimen.

On this consult, physical examination revealed mild right
costovertebral angle tenderness; other systemic examina-
tions were unremarkable. Routine biochemical parameters
were normal: urinalysis revealed proteinuria (30 mg/dL),
leukocyte esterase positive (+2); hematuria RBC (60-80/
hpf), pyuria WBC (60-80/hpf) and bacteuria (300/hpf). Urine
culture revealed Escherichia Coli about 50 000 cfu/mL. A
CT stonogram revealed a fragmented right ureteral stent,
point of fracture at the distal bladder end (Fig. 4, Fig. 5, Fig.

Fig. 3. Kidney, ureter, bladder x-ray showed a fragmented left ureteral stent,
with the point of fracture at the proximal renal end.

Fig. 4. Computed tomography scout film showing a fragmented ureteral stent
point of fracture at the distal bladder end.

6). No hydronephrosis was noted on the right kidney. He
was hospitalized, started on culture-guided IV antibiotics,
underwent ureterscopy and retrieval of stent fragment using
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Fig. 5. Actual retrieved fracture stent.

Fr 9 ureteroscope and ureteral foreign body grasper. Intra-
operatively, ureteral stent fragment was removed without
resistance; the ureteral lumen was mildly edematous (Table
1) (Fig. 7). He recovered well and was discharged on POD 1.

A 48-year-old female with no known medical comorbidi-
ties consulted due to complaints of stenturia in a span of
1 month. She had persistent gross hematuria, dysuria and
concomitant lower back pain. Five months before, she was
diagnosed with obstructive nephropathy bilateral (creatinine
11.39 mg/dL), secondary to extrinsic compression (retro-
peritoneal mass, about 8 cm and 9 cm). She underwent
bilateral oophorocystectomy and retroperitoneal mass inci-
sion biopsy due to its anatomic difficulty for complete exci-
sion; also, cystoscopy and retrograde pyelogram were done.
Two Fr 7 x 24-cm Tecoflex polyurethane double pigtail
ureteral stents (R&D Tech Inc, Groton, Massachusetts, USA)
were also inserted bilaterally to bypass ureteral obstruction.
She was advised to follow-up for J stent removal within 3
months for ureteral stent replacement; however, she was
lost to follow-up.

Now, her physical examination revealed bilateral costo-
vertebral angle tenderness. Other systemic examination was
unremarkable. Routine biochemical parameters were normal:
urine culture revealed Escherichia Coli about 80 000 cfu/
mL. A CT stonogram revealed bilaterally fractured stent, a
piece of retained right ureteral stent on the right pelvis and
a retained segment of left ureteral stent with a missing distal
bladder end (Fig. 7). Moderate hydronephrosis was noted

Spontaneous fracture of indwelling polyurethane ureteral stents

Fig. 6. Microscopic imaging of the stent fragment (magnification x500) showing
line of breakage traversing the polyurethane ureteral stent side hole near the
distal bladder end.

on the right kidney, while dilated pelvocalyceal system on
the left. She was admitted and treated with culture-guided
IV antibiotics. The left retained ) stent was removed using
Fr 7 ureteroscope and ureteral foreign body grasper. The
ureteroscope was not able to advance through middle seg-
ment of the right ureter due to extrinsic compression of the
retroperitoneal mass. The patient underwent endonephros-
copy percutaneous retrieval of stent fragment. A superior
pole renal access was done under fluoroscopy using a 2-stick
technique; a Nephromax balloon dilator was used to dilate
the fascia prior to placement of the access sheath. Fr 24
nephroscope was inserted and the retained stent fragment
was retrieved under direct visualization. She was retained
with a draining nephrostomy tube postoperatively (Table 1)
(Fig. 8). She recovered well and was discharged on POD 8.

Discussion

Ureteral stent placement is common.'”'* The ideal bioma-
terial includes biological inertia, chemical stability in the
urine, resistance to infection and encrustation, long-term
urinary flow, stability, no discomfort and affordability." At
present, biomaterials commonly used in the urinary tract
include polyurethrane, silicone, Silitek, C-Flex, Percuflex
and metals, and have their own inherent advantages and
drawbacks. 1820

Polyurethrane is highly versatile and inexpensive. Its
use in ureteral stents increases their luminal urine flow and
improves drainage due to large side holes. Polyurethrane
is widely used in Asia for different indications. However,
like other biomaterials it is associated with several com-
plications. After studying 290 stone patients, El-Faqih and
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Fig. 7. Second image: microscopic imaging of the stent fragment (magnification
x500) showing line of breakage traversing the polyurethane ureteral stent side
hole near the distal bladder end.

colleagues noted that when stents are left indwelling for
more than 12 weeks, the incident rate of encrustation was
76.3%, stent migration 3.7%, infection 6.7% and fragmen-
tation 0.3%.° Spontaneous ureteral stent fragmentation is
rare.’'> We present four cases of spontaneous fracture of
double J polyurethane ureteral stents; these were all placed
for different indications and the patients experienced spon-
taneous fracture preoperatively.

Forgotten ureteral stents are observed in urologic prac-
tice because of poor compliance or failure of the physician
to adequately counsel the patient. El-Faqih and colleagues
demonstrated that the rate of complication for polyurethane
stents indwelling for less than 6 weeks was 9.6%, whereas
the rate increased to 47.5% for stents left for 6 to 12 weeks
and even increased to 76.3% for stents left more than 12
weeks.® The findings were supported by Kumar and col-
leagues; they found that stents had fragmented into multiple
pieces over a mean indwelling time of only 14 weeks."
A common characteristic of our cases was the prolonged
indwelling time of the stents, with an average indwelling
time of 47 weeks and median time of 20 weeks. When the
stent is exposed to different factors in the urine and the
urothelium for a long time, it may lead to loss of strength,
elasticity and flexibility of the stent;' the degradation of
stent polymers leads to loss of tensile strength and harden-
ing of the stent. The optimal indwelling period is at 8 to 16
weeks.>®1321 [f stents were to be placed for prolonged peri-
ods, it is recommended that they are evaluated and changed
periodically (8 to 12 weeks), particularly for polyurethane
stents or as per manufacturer’s instructions.>*!

The common presentations in our patients were flank pain
with costovertebral angle tenderness, followed by hema-

Fig. 8. Computed tomography scout film showing bilateral fractured stent; a
piece of retained right ureteral stent on the right pelvis and a retained segment
of left ureteral stent with a missing bladder end.

turia, dysuria and stenturia. Similar clinical presentations
were reported by other authors.®*'""> Various mechanisms
have been proposed to explain ureteral stent fragmentation.
In most cases of fractured stents, many leukocytes in the
urine with or without infection were identified; this leads to
depolymerization of biomaterials.” Such findings were also
observed in our cases.

Encrustations of the ureteral stents are associated with
urinary infection.'? Encrustations are often composed of cal-
cium oxalate which is enhanced by rough surfaces, cath-
eter holes and edges (major characteristics of polyurethane
stents).” Singh and colleagues noted that the most dense
and thickened encrustations were seen in the upper curl
with minimal encrustation in the lower curl, which may be
due to the effective peristalsis in the lower and intramural
part of the stent.?? Due to the encrustations, both ends of
the stent were retained in situ and the central shaft may be
degraded and vanished due to hostile urine environment
cause by infections.'

The aging of the stent may lead to its mechanical fail-
ure. Zisman and colleagues demonstrated that stent material
changed from ductile to brittle during exposure to a harsh
urine environment.® The accelerated aging is an important
factor leading to early mechanical failure of poor biodu-
rable polymers, such as polyurethane biomaterials.?* With
continuous mechanical failure, stent fragmentation was
also common in areas allowed to kink during stent inser-
tion.> Fragmentation of polyurethrane stent is 4 times as
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Fig. 9. Removed polyurethane ureteral stent fragments were noted moderately
encrusted and breakage lines are noted along the stent side hole.

frequent as silicone and other biomaterial stents. Fracture
of the polyurethane stents may also be caused by repeated
mechanical stress, especially along the side holes.? It has
been reported that most fracture points were also along the
drainage holes; therefore, the incidence of ureteral stent
fracture can be decreased by eliminating these holes.?°In our
cases, most fractures were at the proximal renal end and, on
the microscopic finding of the retrieved stents, the breakage
line traverses the ureteral stent side holes. Upon preopera-
tive radiological workup of our patients, we found that most
of the inserted polyurethane ureteral stents lengths were
longer than appropriate; this may have led to an increase
in mechanical stress to the stent.

Generally, transurethral intervention is enough to remove
the bladder stents; this was applied to our cases and only one
patient needed a percutaneous endorenoscope to retrieve
a proximal renal ureteral stent fragment. Retrieving a proxi-
mally fragmented double-] ureteral stent can be frustrating
and technically challenging. In previous reports, ureterore-
noscopy and percutaneous procedures were used to remove
fractured stents in the renal pelvis,'” while midureteral stents
fragments can be removed using a stone basket under fluo-
roscopic guidance.® Endourological techniques promotes the
preservation of renal function and would render the patient
stent-free.'?

It is better to prevent the occurrence of fracture stents
rather than to struggle in removing them. Timely cystoscopic
removal or exchange of the ureteral catheter would mini-
mize stent calcification and fragmentation. Most manufac-
turers of polyurethrane stents recommend changing them
every 2 to 3 months.’ Poor compliance is the most impor-
tant risk factor for stent fragmentation. This can be prevented
by using a computerized registry system to track patients,
using a distal traction suture to a ureteral stent and using
a ureteral catheter.”'”?> These methods have been demon-

Spontaneous fracture of indwelling polyurethane ureteral stents

Fig. 10. Second image: Removed polyurethane ureteral stent fragments were
noted moderately encrusted and breakage lines are noted along the stent side
hole.

strated to lower the incidence of overdue ureteral stents from
12.5% to 1.2% over a year.?® Synthesized poly-L,D-lactide
ureteral stents are able to dissolve in 6 to 12 weeks without
significant obstruction during the biodegradation process."

A hostile urine environment may accelerate the poly-
mer degradation and enhance encrustation leading to stent
fragmentations. Therefore, this risk may be minimized by
controlling urinary tract infections, ensuring good hydra-
tion, instituting dietary modifications, minimizing compli-
cations of chronic renal failure, and administering thiazide,
xanthine-oxidase inhibitors and potassium citrate in patients
with idiopathic recurrent calcium oxalate urolithiasis.'*?*!
Also, choosing the correct stent length may reduce the risk
of stent fracture.?

Conclusion

We present four cases of spontaneous fracture of indwell-
ing polyurethane ureteral stents. Strategies to prevent stent
fracture include: decreasing the time of the indwelling stent
by increasing patient follow-up using a computerized patient
registry to track patients; instituting dietary modifications
to decrease the hostile urine environment of the urine and
encouraging hydration and control of urinary tract infec-
tion. Using the right stent length for each patient would also
reduce the risk of stent fracture.
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