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Abstract

Purpose: To evaluate LithoVue, the new single-use digital flexible ureteroscope, in a human cadaveric model
and compare it with a nondisposable fiber optic and digital flexible ureteroscopes.

Materials and Methods: LithoVue, a conventional fiber optic, and digital flexible ureteroscopes were each
tested in four renal units of recently deceased female cadavers by three surgeons. The following parameters
were analyzed: accessibility to the kidney and navigation of the entire collecting system with and without
ureteral access sheath (UAS), lower pole access measuring the deflection of the ureteroscope with the working
channel empty, and with inside two different baskets and laser fibers. A subjective evaluation of maneuver-
ability and visibility was assessed by each surgeon at the end of every procedure.

Results: Kidney access into the Renal unit 1 was not possible without UAS for all ureteroscopes because of
noncompliant ureter at the level of sacroiliac joint. The reusable digital ureteroscope was unable to reach one
calix of the lower pole and one calix of the upper pole (Renal units 2 and 3) without UAS placement. Lower
pole access with baskets and laser fibers was possible for each ureteroscope after UAS placement. No statis-
tically significant differences were detected in angle deflection between ureteroscopes. The digital ureteroscope
was preferred for visibility in all procedures: LithoVue for maneuverability in six procedures, fiber optic in five
procedures, and the digital ureteroscope in one procedure.

Conclusions: LithoVue seems to be comparable with conventional ureteroscopes in terms of visibility and
manipulation into the collecting system in fresh human cadavers. Further studies in humans are needed to
determine the clinical value of this new instrument.

Introduction

WITH THE ADVANCEMENT of technology, flexible ur-
eteroscopy (fURS) has become an attractive option for
surgical management of kidney stones. Published by Ordon
and coworkers, a population-based case series analysis of
kidney stone treatment in Canada showed that from 1994 to
2010, fURS has become the most used surgical treatment
modality, exceeding external shock wave lithotripsy by more
than 30%." Flexible ureteroscopes have been used to access
the upper urinary tract by Marshall in 1964,% and in clinical
practice they were promoted by Bagley and Rittenberg who
first reported their preliminary outcomes of stones treated by

means of these instruments.> As a matter of fact, by the end of
the 20th century, several publications demonstrated the ad-
vancement of the technique®* and fURS became popular
worldwide. Currently, there is a variety of flexible uretero-
scopes available, including fiber optic and digital uretero-
scopes. Despite the technologic advancement of flexible
ureteroscopes, durability remains a major concern.” Due to
the high cost and limited durability, the cost—benefit of these
permanent, nondisposable ureteroscopes continues to be the
most important factor for initiating and maintaining fURS
programs worldwide, especially in developing countries.
LithoVue (Boston Scientific, Marlborough, MA) is the first
disposable digital flexible ureteroscope developed to access
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the upper urinary tract. It claims to be cost-effective but there
is sparse data regarding its performance, image quality, and
accessibility to the entire collecting system.

The aim of this study was to evaluate LithoVue in a human
cadaveric model and compare it with a nondisposable fiber
optic and digital flexible ureteroscopes.

Materials and Methods

LithoVue, a conventional fiber optic flexible ureteroscope
(URF-P5; Olympus, Tokyo, Japan), and digital (URF-V;
Olympus) ureteroscope were each tested in four renal units
(two right and two left) of recently deceased female cadavers
by three surgeons (one senior, two junior). The cadavers were
used according to all legal, public health, and ethical stan-
dards. All the characteristics of ureteroscopes used are re-
ported in Table 1. The following parameters were analyzed:
accessibility to the kidney and navigation of the entire col-
lecting system with and without ureteral access sheath (UAS),
lower pole access measuring the deflection of the ureteroscope
with the working channel empty and with inside two different
baskets (1.9F Zero-tip; 1.3F Optiflex—Boston Scientific), and
laser fibers (AccuTrac 200 micron—Boston Scientific; stan-
dard laser fiber 272 micron—Rocamed, Monaco, MC). The
ureteroscopes were used in the following sequence:

Renal unit 1: LithoVue; URF-V; URF-P5

Renal unit 2: URF-P5; LithoVue; URF-V

Renal unit 3: URF-V; URF-P5; LithoVue

Renal unit 4: LithoVue; URF-P5; URF-V

The purpose of modifying the sequence of the uretero-
scopes for each renal unit was to avoid any influence on
surgeons’ perception by the first image seen with the same
instrument. Each surgeon performed one trial per instrument
for each renal unit.

A new LithoVue was used for each renal unit; it was
connected to its specific monitor for viewing (Figs. 1 and
2). P5 and URF-V were not new ureteroscopes; their per-
formance in terms of visibility and maneuverability was
checked before every use in every renal unit.

The visibility was assessed with a subjective assessment in
terms of quality image. Similarly, the maneuverability was
evaluated by means of a subjective perception on approachability
of all targeted areas of the collecting system, both expressed by
each surgeon as a preference at the end of every procedure.

Data are presented as mean and standard deviation. Between-
groups comparisons were made using Kruskal-Wallis test. A p
value <0.05 was considered significant. Statistical analyses were

TABLE 1. CHARACTERISTICS OF LITHOVUE,
URF-P5, anD URF-V

Characteristics LithoVue URF-P5 URF-V

Use Single use  Reusable Reusable

Optical system Digital  Fiber optic Digital (CCD)

(CMOS)

Tip diameter 7.7F 5.3F 8.5F

Shaft diameter 9.5F 8.4F 9.9F

Working channel 3.6F 3.6F 3.6F
diameter

Deflection 270°/270°  180°/275° 180°/275°
(up/down)
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FIG. 1. LithoVue: single-use digital flexible ureteroscope.

performed using GraphPad Prism version 6.00 for Mac OS X,
GraphPad Software.

Technique

The experiment started with a rigid cystoscopy. The ureteral
orifice was identified and a hydrophilic guidewire under fluo-
roscopy was placed into the kidney as a safety wire to mimic
the clinical scenario. Then, a second working wire was placed
into the collecting system. Through this wire, the flexible ur-
eteroscope was inserted into the urethra, bladder, then ureter all
the way into the renal pelvis. Irrigation was performed with
saline, using the gravity system. At this point, the working wire
was removed. A retrograde pyelogram was performed using 20
cc of contrast as a guide. Then, the entire collecting system and
all calices were navigated through a nephroscopy (Fig. 3). The
duration of the nephroscopy was recorded. A wire was placed
again into the collecting system through the working channel
and left inside the kidney while the flexible ureteroscope was
removed. Next, 12—-14F by 36 cm UAS (Navigator HD; Boston
Scientific) was placed through the wire under fluoroscopy
guidance, with its tip located just below the ureteral-pelvic
junction. Next, lower pole access was evaluated. A flexible
ureteroscope was placed at the lower pole calix and fluoros-
copy was recorded and saved for lower pole angle measure-
ments. At the beginning of each procedure, no instruments
were inserted into the working channel of the ureteroscopes.
Two baskets and two laser fibers were inserted into the working
channel of the ureteroscope and the lower pole deflection angle
was measured again. The model of the flexible ureteroscope
was changed and the procedure was started over again.

All fluoroscopic images were recorded and saved for
evaluation.

Results

Kidney access into Renal unit 1 was not possible without
UAS for all ureteroscopes because of noncompliant ureter at
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FIG. 2. LithoVue’s monitor.

the level of sacroiliac joint. The reusable digital ureteroscope
was unable to reach one calix of the lower pole (Renal unit 2)
and one calix of the upper pole (Renal unit 3) without UAS
placement, probably because of the large diameter of the
ureteroscope and the reduced shaft rigidity. Lower pole ac-
cess with baskets and laser fibers was possible for each ur-
eteroscope after UAS placement (Table 2). No statistically
significant differences were detected in angle deflection
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between ureteroscopes in all circumstances (p>0.05)
(Table 3). The digital ureteroscope was preferred for visi-
bility in all procedures, LithoVue for maneuverability in six
procedures, fiber optic in five procedures, and the digital
ureteroscope in one procedure.

Discussion

Flexible ureteroscopes were first introduced by Marshall in
1964 and in clinical practice they were promoted by Bagley
and Rittenberg, who first reported their preliminary outcomes
of stones treated by means of these instruments.> Since then,
several advancements have occurred such as smaller ur-
eteroscopes, greater deflection in both directions (ventral and
dorsal), and digital technology. All these improvements have
made fURS increasingly appealing for the management of
renal stones, even in special and complicated circumstances.

Several flexible ureteroscopes are available in the market,
including fiber optic and digital ureteroscopes. The digital
flexible ureteroscope has a ““chip at the tip”’ technology that
claims to provide better image quality than the conventional
fiber optic flexible ureteroscope.’ Although the digital ur-
eteroscopes have better image quality, both fiber optic and
digital ureteroscopes can be used efficiently with comparable
results. Somani and coworkers published a study comparing
digital vs fiber optic ureteroscopes, and the results were
similar in terms of accessibility to the entire collecting system
and stone-free rates (SFRs). The only advantage of the digital
ureteroscope in cases of stone treatment was the decreased
operative time by 20%.%

Despite the technologic advancement that improved sur-
gical performance, durability remains a major concern.

High cost of the ureteroscopes, maintenance, repair, and
short life spans remain critical components for expanding the
technique worldwide.>”

Several authors have studied the durability of different
instruments, reporting a wide range in the number of proce-
dures performed before there was a need for repair, proce-
dures varying from 5 to 113.%1%12

FIG. 3. Navigation of the entire collecting system by LithoVue.
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TABLE 2. KIDNEY ACCESS, NAVIGATION OF COLLECTING SYSTEM, AND NAVIGATION TIME BY LITHOVUE,
FiBER OPTIC, AND DIGITAL REUSABLE URETEROSCOPES
Ureteroscopes
Parameters LithoVue URF-P5 URF-V
Kidney access (without/with UAS)
Renal unit 1 (L) Nol/yes Nol/yes No/yes
Renal unit 2 (R) Yes/yes Yes/yes Yes/yes
Renal unit 3 (L) Yes/yes Yes/yes Yes/yes
Renal unit 4 (R) Yes/yes Yes/yes Yes/yes
Navigation (without/with UAS)
Renal unit 1 (L) Yes/yes Yes/yes Yes/yes
Renal unit 2 (R) Yes/yes Yesl/yes No (lower pole)/yes
Renal unit 3 (L) Yes/yes Yes/yes No (upper pole)/yes
Renal unit 4 (R) Yes/yes Yes/yes Yes/yes

Navigation time (minutes) (Surgeon 1/2/3)
Renal unit 1 (L) 2.30/2.35/2.10
Renal unit 2 (R) 1.25/2.10/1.18
Renal unit 3 (L) 0.38/1.16/1
Renal unit 4 (R) 0.52/1.33/1.08

2.10/4.43/3.42
1.17/2.48/2.02
0.51/1.33/1.53
0.58/1.03/0.56

1.38/3.11/1.45
1.13/2.08/1.55
0.45/0.55/0.54
0.49/1.42/1.09

Bold text underlines every time an instrument was unable to reach a renal unit or a calix.

UAS =ureteral access sheath.

Regardless of the manufacturer, the durability of the ur-
eteroscope depends on the overall time of usage, location,
size of the stone or tumor, use of other devices (UAS, laser
fiber, and basket), surgeons’ experience, and the steriliza-
tion method used. Furthermore, it has been demonstrated
that brand-new flexible ureteroscopes are more resistant to
damage than devices refurbished by original manufacturer
and by outsourced vendors (mean of 44 usages vs 11.1 vs 6.9,
respectively).'® Therefore, the cost of maintaining an older
ureteroscope should be considered in addition to the overall
cost of the equipment maintenance.

The sterilization process is an important factor when
considering ureteroscope damage.

Abraham and coworkers studied two identical fiber optic
ureteroscopes that underwent two different sterilization
processes (Steris 1™ and Cidex OPA). They demonstrated
that after 100 cycles, the first ureteroscope, which was ster-
ilized in the Steris system, had a 12-mm tear on its shaft, 297
damaged fibers, and a 37% drop in resolution. The second
ureteroscope, sterilized with Cidex, had no visible external
damage and had only 10 damaged fibers.'* Finally, preven-
tion of contamination and infection is pivotal and an efficient
sterilization method is mandatory.

Therefore, a single-use flexible ureteroscope may be a cost-
effective alternative to prevent problems related to transmis-
sion of pathogens.

The concept of disposable flexible ureteroscope is not new.
In fact, some models have reached the market in the past,
including Maxiflex and Polyscope. Maxiflex has a 180° bi-
directional deflection and a working channel of 3.3F; no data
were encountered in the literature regarding its performance.
Polyscope is a semi-disposable flexible ureteroscope; it has a
reusable fiber optical core and a disposable 8F outer sheath,
featuring a 265° unidirectional active deflection with a 3.6F
working channel. Even though the fiber optic core does not
need to be sterilized between procedures, sterilization be-
comes necessary in cases of inadvertent contamination dur-
ing surgery. Gu and coworkers reported a primary SFR of
89.5% in 86 patients with renal stones treated by Polyscope
and holmium laser lithotripsy.'> In our experience (unpub-
lished data), maneuverability and vision of the Polyscope
were not good enough to perform a satisfactory procedure.
LithoVue is the first digital single-use flexible ureteroscope in
the market, with a 9.5F outer diameter and 7.9F on the tip; the
working channel is 3.6F and the tip deflection in both di-
rections is 270°. When comparing LithoVue with the other
disposable flexible ureteroscopes available in the market, it
embodies an important step forward.

In addition, all reusable ureteroscopes, once used after the
first time, should be considered already ‘‘used’’ and poten-
tially not at their top in terms of performance, but this is just
one of the major advantages of a disposable flexible

TABLE 3. LOWER POLE ANGLE MEASUREMENTS

LithoVue URF-P5 URF-V p
No UAS/working channel empty 179+12.7 179.5+£9.2 168.5+0.7 0.33
Yes UAS/working channel empty 176.7+5.9 178+3.5 170+4.1 0.21
Optiflex 1753+2.1 176.3£2.1 168+7.5 0.24
Zero-tip 173£3.6 175£2.6 167.3+8.1 0.23
Ball tip laser fiber 174.7+£4.9 177.3£2.9 168.31£4.9 0.11
Standard laser fiber 174.3+5.7 176.6+£3.2 167.3+4.9 0.14
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ureteroscope. Moreover, of course, to use every time a new
reusable ureteroscope is not economically sustainable.

This study describes the initial experience in using Li-
thoVue in a cadaveric model. Our results showed that Li-
thoVue is comparable with the other ureteroscopes in terms
of maneuverability, navigation of the entire collecting sys-
tem, and angle of deflection in the lower pole with or without
devices inside the working channel.

A good ureteroscope should have the following properties:
good image quality, optimal maneuverability with full torque
stability for easy access to the entire collecting system, ad-
equate maximal deflection and irrigation flow when inserting
a device into the working channel, and long durability.'®

Based on our experiment, LithoVue seems to meet all the
criteria for being a good ureteroscope with an additional
advantage of disposability, eliminating the durability con-
cerns. Further investigation regarding financial analysis and
cost is necessary as LithoVue needs to also be financially
viable when competing against reusable flexible
ureteroscopes.

The concept of disposable ureteroscopes represents a break-
through in the endourologic community. In fact, single-use in-
struments may provide a worldwide dissemination of fURS,
including areas with limited possibilities for the acquisition and
maintenance of endourologic armamentarium. In addition, in
centers where fURS is already a standard procedure, disposable
ureteroscopes may decrease overall cost. In conclusion, Litho-
Vue has proved its efficacy in this study regarding maneuver-
ability and visibility in cadaveric models. Clinical trials are
needed to confirm the characteristics of this innovative dispos-
able ureteroscope and to validate its cost-effectiveness.

Conclusion

LithoVue seems to be comparable with conventional ur-
eteroscopes in terms of visibility and manipulation into the
collecting system in fresh human cadavers. Further studies in
humans are needed to determine the clinical value of this new
instrument.
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