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Abstract

Purpose: Proximal stone migration during ureteroscopic procedures increases operative time and risk. This
study was designed to evaluate the ability of a new temperature-sensitive polymer to prevent proximal stone
migration during ureteroscopic procedures.
Materials and Methods: Porcine urinary systems were harvested en bloc. The volume of gel needed to occlude
the ureter, time to achieve a solid state, length of ureter filled, and pressure needed to dislodge the gel from
the ureter were recorded. Radio opacity of the polymer was evaluated. Endoscopic laser lithotripsy was the
performed after deploying the urologic polymer, and, after gel application and stone manipulation, all ureters
were examined for histologic changes.
Results: At 36.7°C, 0.5 mL and 1 mL of polymer sufficiently occluded the ureter. Both amounts solidified in 25
to 40 seconds. The mean length of ureter occluded was 56.3 mm, and the mean pressure needed to dislodge
the polymer was 159.2 mm Hg. The polymer was radiopaque and did not cause histologic alterations in the
ureter. Proximal migration of stone fragments was not observed during any of the procedures performed.
Conclusions: Our in vitro study indicates that this radiopaque, thermosensitive polymer is able to transiently
occlude the ureter without damaging the urothelium while withstanding the pressure of ureteroscopic irriga-
tion, stone motion, and laser energy.

2357

Introduction

UROLITHIASIS, A COMMON HEALTH PROBLEM, occurs in 1% to
14% of the population, depending on sex, age, geo-

graphic distribution, and environmental factors.1–3 Com-
pletely obstructing, infected, or large stones warrant inter-
vention. Minimally invasive management modalities, such
as shockwave lithotripsy, ureteroscopy, and percutaneous
nephrolithotomy, have made open stone surgery virtually
obsolete.4 Because minimally invasive management methods
rely on stone fragmentation, proximal migration of stone
fragments during retrograde procedures is a common prob-
lem that can result in prolonged operative time, decreased
stone-free rates, additional morbidity, and increased costs.

This study was designed to evaluate the safety and effi-
cacy of a novel thermosensitive polymer (UroJel, Fossa Med-
ical, Boston, MA), which is solid at body temperature and
liquid at cooler temperatures. It was created specifically to
temporarily occlude the ureter and prevent antegrade or ret-

rograde stone migration during ureteroscopic or percuta-
neous lithotripsy. 

Materials and Methods

Ureteral occlusion

Upper urinary tracts were harvested from pigs, anchored
to a sponge, and submerged in body temperature (37°C) nor-
mal saline. The temperature was maintained by a heater
(Aquatic Gardens 100 Watt UI Submersible Heater) and
monitored by a digital thermometer (Coralife ESU Reptile
Digital Thermometer). To establish the amount of polymer
needed to completely occlude the ureter, a nephrostomy tube
was inserted into the kidney and connected to a manometer
in a closed-circuit system. A Leveen syringe filled with room
temperature saline colored with indigo carmine was con-
nected to the nephrostomy tube.

Aliquots of polymer, starting with 0.5 mL and increasing
in 0.5 mL increments, were injected into the ureter through
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a 3F catheter in a retrograde manner. Saline colored with in-
digo carmine was then instilled antegrade into the ureter,
and efflux of this fluid past the polymer was used to evalu-
ate whether the ureter was occluded. The time to achieve
solid state and the length of ureter occupied were assessed
by palpation. Once the volume of polymer needed to occlude
the ureter was established, the same system was used to ap-
ply increasing pressure on the polymer within the ureter.

UroJel dislodgment was evaluated by retrograde pressure
infusions. The amount of pressure needed to dislodge the
gel was recorded. Each trial was performed 10 times.

Histology

To determine the impact of this polymer on the ureteral
mucosa, 1.0 mL of polymer was deployed into two harvested
ureters. The polymer was left in situ for 60 minutes, and the
segment of ureter occupied by the polymer was marked. The
polymer was then eluted from the ureter with cold saline ir-
rigation. The portion of the ureter that had been in contact
with the polymer was fixed in formalin for 24 hours, placed
in a paraffin block, sectioned into 4 micron sections, and
stained with hematoxylin and eosin. Each section was then
examined for histologic alterations.

Radio opacity

To assess the radio opacity of this polymer, 1.5 mL of poly-
mer was injected into a harvested porcine ureter. This ureter
was then examined with a standard C-arm (Vascular OEC
9800 Plus, Salt Lake City, Utah). The radio opacity of the
polymer was described qualitatively as being visible, not vis-
ible, or partially visualized.

Surgical efficacy

A 14-cm segment of silicon tubing with a 3-mm lumen was
placed in a warm saline bath and secured to foam. Again,
the temperature of the saline bath was maintained by a
heater (Aquatic Gardens 100 Watt UI Submersible Heater)
and monitored by a digital thermometer (Coralife ESU Rep-
tile Digital Thermometer). Because the current formulation
of the polymer is clear, one ampoule of methylene blue was
added to 200 mL of polymer to aid in endoscopic visualiza-
tion.

After determining the minimum amount of polymer
needed to occlude the silicone tubing, this volume was in-
jected into the tubing through a 4F ureteral catheter. After
waiting 2 minutes for the polymer to solidify, a 2.5-mm hu-
man calcium oxalate dihydrate stone was placed into the lu-
men of the tubing. The proximal edge of the gel in the tub-
ing was marked to monitor for gel migration.

To determine if laser stone ablation would alter the tenac-
ity of the polymer, laser lithotripsy was performed. A flexi-
ble ureteroscope (Gyrus-ACMI DUR-8) was inserted into the
tube, and a Flex Max 365! holmium laser fiber connected to
a 1210-VHPO pulse holmium laser generator (Trymedyne,
Irvine, CA) set at a power of 28W; energy of 0.509J was used
to fragment the stones. 

At the conclusion of the lithotripsy, the position of the
polymer in the tubing was compared with its starting posi-
tion, and the tubing above the polymer was irrigated and in-
spected for stone fragments. The time needed to fragment

each stone and the total energy expended to break the stone
were documented.

After stone fragmentation, cold saline (12°C) was instilled
through a 4F ureteral catheter onto the polymer. Dissolution
of the polymer was indirectly assessed regularly by at-
tempting to pass the ureteral catheter. Once the ureteral cath-
eter was passed through the lumen without resistance, the
lumen was inspected directly with the ureteroscope. Total
time to complete elution of the polymer and the volume of
irrigation needed to dissolve the polymer were documented.
This procedure was repeated five times.

Results

Ureteral occlusion

At a mean temperature of 36.7°C (!0.3°C), 0.5 mL and 1.0
mL of polymer occluded the ureteral lumen. Both quantities
required 25 to 40 seconds to solidify. The mean length of
ureter occupied by 0.5 mL and 1 mL of the polymer was 47
mm (range 45–60 mm) and 65.5 mm (range 55–80 mm), re-
spectively. The mean pressure needed to dislodge the poly-
mer from the ureter was 159.2 mm Hg (range 90.3–251 mm
Hg).

Histology

Despite maintaining the temperature of the ambient saline
bath at 36.7°C, the polymer was no longer palpable in the
ureter after 60 minutes. The segments of the ureter previ-
ously occupied by the polymer showed no microscopic evi-
dence of residual polymer, and no histologic alterations to
the ureteral wall were identified.

Radio opacity

Using standard fluoroscopy, 1.5 mL of polymer was found
to be easily visible within the ureter.

Surgical efficacy

Occlusion testing of the silicone tubing revealed that 1.5
mL was the minimum amount of polymer necessary to oc-
clude the 3-mm lumen of the silicone tube. The longitudinal
length of the tube occupied by polymer was approximately
80 mm. At a mean temperature of 38.6°C (!0.4°C), the mean
energy expended to fragment the stones was 1.7J (range
0.95–2.1J). The average time needed to completely fragment
the stone was 8.2 minutes (range 5–11 min).

There was no gel migration or proximal stone migration
in any of the trials. Complete dissolution of the gel was eas-
ily obtained after irrigating the tubing with an average vol-
ume of 6.2 mL (range 5–7 mL) of 12°C irrigation. The mean
time to dissolution was 15.8 seconds (range 15–17 sec).

Discussion

Proximal migration of stone fragments during uretero-
scopic procedures results in prolonged operative time, in-
creased costs, and increased risk of complications. Clinical
studies have reported stone migration rates of 40% to 50%
for proximal ureteral stones and 5% to 10% for distal ureteral
stones.5,6 To prevent stone migration, surgeons have tradi-
tionally used a number of maneuvers, including reverse
Trendelenberg position, to optimize the effects of gravity and
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decreased irrigation pressure. These techniques, however,
compromise surgeon comfort and visibility and can there-
fore also prolong procedures.

As an alternative, Ali and colleagues7 suggested instilling
lubricating jelly proximal to the stone before applying kinetic
energy. Mohseni and associates8 evaluated the effectiveness
of this method in a randomized clinical trial and found that,
while it did decrease rates of stone migration, it did not im-
pact stone-free rates or operative time. 

More recently, several endoscopic devices have been de-
veloped to prevent stone migration. For percutaneous pro-
cedures, the Lithovac can help reduce the rate of antegrade
migration down the ureter.9,10 For endoscopic procedures,
the Lithocatch, Parachute, 12F balloon catheter,4 Dretler
Stone Cone5,11,12 (all by Boston Scientific, Boston, MA), Perc-
Sys Accordion (Percutaneous Systems Inc., Mountain View,
CA), and NTrap Basket (Cook Medical, Bloomington, IN)
have all been used. All of these devices, however, require
that a wire be left in the ureter during the procedure, which
can reduce luminal working space and ureteroscope ma-
neuverability.

The new urologic polymer that we tested is a combination
of block copolymers with hydrophilic polyethylene oxide
ends, which possess chemical characteristics that render it
thermosensitive. As temperature increases, the viscosity of
this polymer is able to change from a 1 (thin vegetable oil
consistency) to 8 (peanut butter consistency) on a viscosity
scale from 0 to 10. The polymeric compounds are water sol-
uble, and the formulation includes a radiopaque contrast ma-
terial containing organically bound iodine. The polymer is
biocompatible and is supplied sterile.

Our study has demonstrated that before ureteroscopic
procedures, UroJel can be easily deployed through a ureteral
catheter placed proximal to a stone under fluoroscopic guid-
ance. At the conclusion of the procedure, it is quickly and
easily removed from the ureter using a small quantity of cold
irrigation.

During our study, we noted that positioning the ureteral
catheter tip in the center of the polymer was the fastest way
to obtain complete dissolution. Polymer dissolution could
also be achieved by irrigating cold saline through the
ureteroscope. We did notice, however, that even at body tem-
perature, 1 mL of gel would dissolve on its own after 1 hour.
Because of this, deployment of the gel may need to be re-
peated during long ureteroscopic procedures. We also found
that the addition of methylene blue to the polymer made it
more easily visible during ureteroscopy. Both formulations
were easily identified with fluoroscopy.

Our study had several limitations; the in vitro model used
cannot reproduce the changes in urine pH, the effects of more
compliant ureteral walls, and ureteral peristalsis. Another
limitation to this study is the effect of a safety wire on the
effectiveness of the occluding gel. Future studies will be
needed to evaluate the combination of both the gel and a
safety wire.

One of the interesting theoretical benefits of UroJel is that
it may be able to prevent procedure-related elevated intrau-
reteral pressures from being transmitted up to the kidney.
Although the short-term effects of increased intrarenal pres-
sure have not been well described, decreasing the incidence

of pyelovenous backflow and increased stress on systems
that may already be hydronephrotic may reduce extravasa-
tion.

At the time of this study, the cost of UroJel had not been
established, and therefore its cost effectiveness is unknown.
But with potential utility in retrograde procedures as well as
antegrade percutaneous procedures, UroJel may have
broader applications than other available devices. Further
studies are needed to validate its efficacy for these applica-
tions.
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