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Results  A total of 40 procedures were performed (five per 
institution). The indication for FURS was treatment of renal 
stones in 92.5 % of the cases. Before LithoVue™ usage, the 
median measured upward and downward deflections were 
both 270°. Image quality was rated as “very good” in 65 % 
of cases and “good” in 30  %. Maneuverability was “very 
good” in 77.5 % and “good” in 17.5 %. At the final evalu-
ation, median upward and downward deflections were both 
270°. Image quality was still “very good” in 65 % of cases 
and “good” in 30 % with no significant difference compared 
with preoperative data (p = 1). Maneuverability was “very 
good” in 72.5 % and “good” in 17.5 %, with no significant 
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difference compared with preoperative data (p = 0.92). Two 
LithoVue™ broke during surgery (5  %): one occurring in 
extreme deflection with acute infundibulopelvic angle and 
spontaneous loss of vision for the second one.
Conclusion  The LithoVue™ displayed good image quality, 
active deflection and maneuverability. Further evaluation of 
surgical outcomes and cost analysis will help to present the 
best utility of this single-use FURS in current practice.

Keywords  Digital flexible ureteroscope · Disposable · 
Single use · Flexible ureteroscopy

Introduction

It was as early as 1964 that Marshall presented the first flex-
ible ureteroscope (FURS). This instrument did not gain 
popularity since it was only passively deflectable and did 
not include a working channel. Although the first successful 
procedure using FURS with active deflection in humans has 
been reported by Takayasu, it was not until 1987 that Dem-
etrius Bagley introduced flexible ureteroscopy as we know it 
today [1–3]. FURS currently firmly positioned in the urolo-
gists’ armamentarium for modern stone management [4, 5]. 
Since its introduction, FURS developed in many aspects such 
as fiberoptic bundles for light transmission and image relay, 
miniaturization of the outer diameter, passive and active 
deflections in upward and downward directions and working 
channel. One of the latest developments was the introduction 
of a digital imaging system which has improved the image 
quality substantially. Currently, FURS is fiberoptic or digi-
tal. The difference between these two types of endoscopes is 
the light transmission and image relay. In fiberoptic scopes, 
light and image are transmitted in analog format through 
fiberoptic whereas illumination in digital scopes is made by 
fiberoptics or by a diode (DEL) and image capture charged 
by a digital sensor located at the distal end of the endoscope: 
either complementary metal oxide semiconductor (CMOS) 
or charged coupled device (CCD). In both cases, most manu-
facturers have fiberoptic and digital models with a working 
channel of 3.6 Fr (for irrigation and the use of accessory 
instruments) and at least one 270° active deflection of the 
tip. Despite advancements in the durability of ureteroscopes, 
they are nonetheless fragile instruments and must be handled 
with care. Several studies evaluated the durability of FURS 
and reported variable usage time before breakage or repair 
[6–15]. The economics of reuseable flexible ureteroscopy use 
is dependent on the number of uses before repair is required 
and is also affected by the initial purchase cost, and these 
costs may limit its use in centers [16, 17]. Besides the finan-
cial aspect, reusable FURS undergoes high-level disinfection 
between procedures, requiring a dedicated staff and equip-
ment and resulting in the use of a non-sterile instrument [18].

For these reasons, single-use endoscopes have been 
developed. The most recent one is the LithoVue™ (Boston 
Scientific).

The objective of the current study was to evaluate the 
first clinical performance of the LithoVue™ endoscope.

Materials and methods

Study design and participants

A prospective cohort study was conducted in eight tertiary 
reference centers in Europe (Denmark, France, Germany, 
two in Italy, Spain, the Netherlands, and UK) in December 
2015 and January 2016. All consecutive patients included 
were 18 years or older and underwent a flexible ureteroreno-
scopic procedure (either diagnostic or therapeutic). The 

Fig. 1   LithoVue™ flexible ureteroscope

Fig. 2   Upward (left) and downward (right) deflections
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following preoperative data were prospectively collected 
(see “Appendix”): gender, age, indication for flexible ureter-
oscopy (stone or tumor), location and size of stone or tumor 
evaluated by preoperative CT scan, anatomical specificities 
and presence of preoperative ureteral stent. All patients gave 
informed consent to undergo an ureterorenoscopic proce-
dure, and instead of a formal ethics committee approval, the 
principles of the Declaration of Helsinki were followed.

LithoVue™

LithoVue™ is a single-use digital FURS, CE approved, with 
a 7.7-Fr tip diameter, 9.5-Fr outer diameter at the main part, 
a 3.6-Fr working channel for insertion of instruments and 
irrigation, 270° deflection in upward and downward direc-
tions and a length of 68 cm (a total of 82 cm with handle) 
(Figs. 1, 2). This digital camera is made of a complementary 
metal oxide semiconductor (CMOS) sensor located at the tip 
of the endoscope and provides 0° direct view with 85° field 
of vision. The scope can be connected via a cable to an all-
in-one touchscreen computer, which includes monitor work-
station and image processing software (Fig. 3). If preferred, 
it can be connected to the operating room’s monitor via a 
DVI connection (Fig.  3). The LithoVue™ cannot be steri-
lized, and the usage time available per scope is limited to 4 h.  

Procedures

Preoperative urine analysis and culture were performed, 
and appropriate antibiotics were given before intervention 

following local protocol. Patients were placed in the lithot-
omy position under spinal or general anesthesia. All pro-
cedures were conducted by experienced endourologists. 
Each procedure began with the placement of a hydrophilic 
guidewire in the renal pelvis under fluoroscopic guidance. 
According to local protocol, a retrograde pyelography and/
or a semirigid ureterorenoscopy and/or directly placement 
of ureteral access sheath (UAS) were performed. Sub-
sequently, the LithoVue™ was placed. In case of UAS 
use, size, length and location of the tip were recorded. 
Otherwise, the scope was placed besides or over a safety 
guidewire.

Evaluation criteria

A checklist with the different criteria to evaluate was pro-
vided to each participant (see “Appendix”). The following 
data were collected: use of ureteral access sheath, use of 
laser fiber, laser fiber size, single use or reusable fiber, num-
ber of passes with fiber, laser settings (energy, frequency 
and pulse duration), laser time, total laser energy usage, use 
of basket, number of passes with basket, breakage of scope, 
operative time (from the time of cystoscope insertion to the 
completion of ureteral stent placement), number of passes 
through the UAS with scope, irrigation. Also, the following 
criteria were evaluated before and after procedure:

•	 Image quality: evaluated by a picture taken with the 
endoscope before and after the procedure using the 
monitor from the manufacturer and rated according to a 
Likert scale by two independent urologists experienced 
in endourology.

•	 Active deflection: Upward and downward deflections 
were calculated before and at the end of the procedure 
by photographing the ureteroscope while completely 
deflected in both directions (Fig.  2). Two independent 
urologists experienced in endourology measured the inter-
section angle between the tangents to the active deflection 
segment and the deflected tip with a protractor. The final 
angle values were the mean angle measured by reviewers.

•	 Maneuverability: Participants rated the maneuverability 
on a Likert scale of "bad" to "very good".

No data were captured on stone-free rate or postopera-
tive complications.

Statistical analysis

Qualitative variables were described as numbers and per-
centage. Quantitative variables were described as median 
[interquartile range] values. Univariate analysis was con-
ducted using the Fisher’s exact test in case of qualitative 
explaining variables. The Wilcoxon rank sum test was used 

Fig. 3   LithoVue™ connected via its cable to the all-in-one touch-
screen computer including monitor workstation (right)  and image 
processing software and simultaneously connected to the operating 
room’s monitor (left) via a DVI connection
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for repeated measures. All tests were conducted using the R 
Software, version 3.2.4. A p value of 0.05 or less was con-
sidered significant.

Results

A total of 40 procedures were performed (five per institu-
tion) with LithoVue™. The study included 24 men (60 %) 
and 16 women (40  %). The indication for FURS was 
treatment of stone disease in 92.5 % of the cases (37/40). 
Median stone size and density were 104.5  mm2 [60.25; 
212.5] and 1034 Hounsfield units [522; 1257], respec-
tively (Table 1). In two cases, the LithoVue™ was unable 

to reach the target because of a tight ureter in one case 
and a narrow ureteropelvic junction in the second one. 
Laser lithotripsy was performed in 30 cases (79  %) and 
stone basketing without the need for laser lithotripsy in 4 
patients (11 %) (Table 2). In one case, no stone was found 

Table 1   Demographic characteristics

Data are presented as median with interquartile range

* In four cases, patients had both ureteral and kidney stones

Characteristics

Number of patients 40

Male/Female 24:16

Age (years) 58 [42; 68]

Affected side, n (%)

 Left 21 (52.5)

 Right 17 (42.5)

 Bilateral 2 (5)

FURS indication

 Stone disease 37/40 (92.5)

 Upper urinary tract tumor 3/40 (7.5)

Preoperative condition, n (%)

 Ureteral stenting 22/40 (55)

Stone characteristics, n (%)

 Single stone 25 (67.6)

 Multiple stones 12 (32.4)

 Stone size, %

  <10 mm 35.5

  10–20 mm 45.2

  >20 mm 19.3

 Stone burden (mm2) 104.5 [60.25; 212.5]

 Stone density (Hounsfield units) 1034 [522; 1257]

Stone location*, n

 Kidney 32/37

  Upper 7

  Middle 12

  Lower 18

  Pelvis 9

 Ureter 12/37

  Proximal 4

  Middle 4

  Distal 5

Table 2   Intraoperative characteristics

Data are presented as median with interquartile range

* The two cases where the target could not be reached were excluded 
from these analyses

Characteristics

LithoVue insertion, n (%)

 Besides safety guidewire 0

 Over the guidewire 9 (22.5)

 Through UAS 31 (77.5)

LithoVue insertion, n (%)

 Easy 36 (90)

 Fair 1 (2.5)

 Difficult 3 (7.5)

Ureteral access sheath

 Tip location, n (%)

  Renal pelvis 0

  Ureteropelvic junction 0

  Proximal ureter 31 (100)

 Diameter, n (%)

  10/12 Fr 7 (22.6)

  11/13 Fr 18 (58)

  12/14 Fr 6 (19.4)

Irrigation, n (%)

 Very good 30 (75)

 Good 10 (25)

 Fair 0

 Poor 0

 Bad 0

Number of passage of LithoVue through UAS 4 [1; 13.75]

Operative time (min) 40 [20; 55]

Laser characteristics, n (%)

 Use of laser fiber 30/38 (79)*

 Laser fiber type

  Single use 17 (57)

  Reusable 13 (43)

Size

 200 µm 25 (83)

 260 µm 5 (17)

Laser settings

 Energy (Joules) 1 [1]

 Frequency (Hertz) 10 [10; 18.5]

Basket characteristics, n (%)

 Use of basket 26/38 (68)*

 Number of passages through the working channel 3.5 [1; 10.25]
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during the procedure. Diagnostic procedures for upper uri-
nary tract tumor were performed in the remaining 7.5 % of 
the cases (3/40). Fifty-five percentages of the patients was 
pre-stented, and an UAS was used in 77.5 % of the proce-
dures (11/13 Fr in 58 %, 10/12 Fr in 22.6 % and 12/14 Fr 
in 19.4 %).

Two LithoVue™ endoscopes broke during surgery 
(5 %). One occurred secondarily to high pressure applied 
on the deflection in a narrow lower calyx (225°). The 
consequence of this breakage was a loss of visibility and 
deflection (180°/180°). The second endoscope broken 
resulted in a spontaneous loss of vision after 39 min of use.

The median energy used was 1 Joule, and the frequency 
was 10  Hertz. The mean total energy used was 3.67  kV. 
The median operative time was 40 min [20; 55] (Table 2).

Before LithoVue™ usage, the median measured upward 
and downward deflections were 270° and 270°, respec-
tively. Image quality was rated as “very good” in 65  % 
of cases and “good” in 30 %. Maneuverability was “very 
good” in 77.5 % and “good” in 17.5 % (Table 3).

At the final evaluation, median upward and downward 
deflections were both 270°. Image quality was still “very 
good” in 62.5  % of cases and “good” in 30  % with no 
significant difference compared with preoperative data 
(p = 0.7). Maneuverability was “very good” in 72.5 % and 
“good” in 17.5 %, with no significant difference compared 
with preoperative data as listed in Table 3 (p = 0.92).

Overall performance satisfaction was “very good” in 
70 %, “good” in 17.5 % and “acceptable” in 12.5 %.

Discussion

Despite the technological improvements in FURS since the 
first models, there is still concern regarding their durability. 
Durability relates also to quality of image and/or deflection 
and/or torque of ureteroscopes. Several factors can influ-
ence the resistance of these instruments including clean-
ing process, experience of the surgeon and operating room 
team and type of procedures performed [6, 9, 11, 13, 16, 
19, 20]. Recent studies evaluated and compared the dura-
bility of the new generation of FURS, either fiberoptic or 
digital, and a huge variation in time of usage before repair 
can be noted [9–17]. Concerning the fiberoptic FURS, 
Knudsen et  al. compared four current FURS in 2010: the 
Wolf Viper, Olympus URF-P5, Gyrus-ACMI DUR-8 Elite 
(DUR-8E) and Stryker FlexVision U-500 [10]. The average 
number of cases before a scope was damaged to an extent 
that repair was needed ranged from an average of 17.3 for 

the Viper, 17.6 for the FlexVision U-500, 5.3 for the DUR-
8E and 18 cases for the URF-P5. The average time of usage 
before repair was 107.6 min for DUR-8E, 624 min for the 
FlexVision U-500, 600.3 min for the Viper and 456 min for 
the URF-P5. Recently, Kramolowsky et al. presented data 
on the Olympus URF-P5 which needed repair after an aver-
age of 21 procedures [12]. With the introduction of digi-
tal FURS, an increased durability was expected compared 
to the fiberoptic endoscopes because of the replacement 
of fiberoptic bundles. In 2015, Shah et  al. prospectively 
compared the durability and the quality of imaging of two 
digital FURS: The (CMOS) GyrusACMI/Olympus Invisio 
DUR-D and the (CCD) URF-V1 obtained an average num-
ber of procedures between repair of 11.25 and 14, respec-
tively [15]. Karaolides et al. demonstrated that the overall 
longevity of the digital FURS Olympus URF-V1 depends 
on the correct handling of the scopes [12]. With the intro-
duction of thorough guidelines for usage in their clinic, 

Table 3   Comparison before and after LithoVue™ usage

Data are presented as median with interquartile range

* Wilcoxon rank sum test
ǂ  Fisher’s exact test

LithoVue  
characteristics 
before usage

LithoVue  
characteristics  
after usage

p value

Deflection

 Upward 270° 270° [180; 270] 0.06*

 Downward 270° 270° [180; 270] 0.37*

Image quality, n (%)

 Very good 26 (65) 25 (62.5)

 Good 12 (30) 12 (30)

 Fair 2 (5) 1 (2.5) 0.7ǂ

 Poor 0 0

 Bad 0 2 (5)

Maneuverability, n (%)

 Very good 31 (77.5) 29 (72.5)

 Good 7 (17.5) 7 (17.5)

 Fair 2 (5) 3 (7.5) 0.92ǂ

 Poor 0 1 (2.5)

 Bad 0 0

Overall performance satisfaction, n (%)

 Very good 28 (70)

 Good 7 (17.5)

 Acceptable 5 (12.5)

 Poor 0

 Bad 0
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they were able to double the number of uses before dam-
age occurred to the scope (10.6 vs. 21.6 uses). In another 
study evaluating the digital FURS Olympus URF-V1, the 
latter needed repair after 59 procedures [21]. Multescu 
et  al. evaluated the use of Flex-XC FURS and found that 
the average number of cases performed before repair var-
ied from 96 to 159 [14]. Compared to the recent genera-
tion of fiberoptic FURS, the digital ureteroscopes did not 
appear to provide a durability advantage. Furthermore, 
because of the frequency of FURS repairs, several studies 
focused on the cost of the procedure. Kramolowsky et al. 
found an average cost of $7521 per repair and an average 
cost of repair per procedure of $355 [17]. Another study 
evaluated direct and indirect costs associated with ureter-
oscopy, and the authors reported an average cost of $4852 
per procedure and a cost of endoscope repair reaching $605 
per case [22]. On the other hand, net revenue generated per 
procedure was $5446. The total cost per procedure was 
found to be $4470 in the study performed by Cone et  al. 
[23]. For these reasons, as well as the limited availability of 
repair options for FURS in developing countries, there has 
been a drive to develop a single-use FURS. Bagley firstly 
described the concept of a disposable flexible ureteroscope 
in 1987 with the use of disposable flexible tips [24]. Sub-
sequently, Boylu et  al. evaluated in 2009 the SemiFlex™ 
Scope, a disposable fiberoptic ureteroscope made of a reus-
able eyepiece and a semiflexible shaft with a 3.3-Fr work-
ing channel and deflections in upward and downward direc-
tions [25]. They concluded that the SemiFlex™ Scope had 
acceptable active tip deflection, field of view and flow rate 
compared to conventional fiberoptic FURS. However, this 
scope did not gain in popularity, and no further evaluation 
has been done. The second ureteroscope introduced on 
the market was the PolyScope™ [26, 27]. This fiberoptic 
endoscope has a modular design, which allows the repair of 
individual parts, without disturbing the other components. 
PolyScope™ is composed of a single-use flexible catheter, 
reusable 10,000 pixel fiberoptic bundles but only has a uni-
directional deflection of 180°. Ding et  al. compared this 
endoscope to the Olympus URF-P5 for the treatment of 
renal stones and found similar results except for lower pole 
stones where the URF-P5 had better results [28]. Finally, 
Cook Medical launched in 2013 the Flexor Vue™ includ-
ing a one-time-use disposable sheath and a visualization 
source that may be reused up to ten times with careful han-
dling. However, no evaluation has been published regard-
ing this endoscope.

As the evolution of conventional FURS shifted from 
fiberoptic to digital technology, disposable FURS has also 
moved to digital components. The only digital single-use 
FURS currently available on the market is LithoVue™. 
Compared to the previous disposable FURS, LithoVue™ 
does not have a modular design. This endoscope is made of 
one single-use piece. The present study confirmed that the 
LithoVue™ performed very well in terms of image quality, 
active deflection and maneuverability. However, two Litho-
Vue™ endoscopes broke during surgery. Both cases were 
challenging cases with the need of extreme deflection due 
to acute infundibulopelvic angles which is also known to 
severely challenge the durability of reusable FURS. Might 
reusable FURS have also broken in these situations, result-
ing in significant repair costs. Did the operators stress the 
scope more than they would have done usually because it 
was single use? Did the procedures need to be completed 
with another scope? Did other LithoVue™ endoscopes 
break if more complex and longer cases performed in the 
cohort? The two endoscopes were sent back to the manu-
facturer in order to analyze the causes of breakage.

Our study has several limitations. We did not compare 
the LithoVue™ to the current digital FURS, which may 
impact the robustness of our results. However, this study 
should be considered a preliminary evaluation of this new 
endoscope. Furthermore the number of procedures per-
formed was limited, which may affect the number of issues 
encountered.

With the release of LithoVue™, some questions may 
be addressed. First of all, what place will LithoVue™ 
take compared to conventional FURS? As discussed ear-
lier, reusable FURS indeed is fragile instruments that need 
to be handled carefully. In complex cases where dam-
age to a reusable scope is most likely, such as in patients 
with calyceal diverticula, non-relocatable large lower pole 
stones or cases with an acute infundibulopelvic angle, 
LithoVue™ could be an alternative to conventional FURS. 
Furthermore, in countries with limited resources where 
there is limited manpower and where facilities for endo-
scope repair are limited, LithoVue™ could provide an 
option to allow FURS. In numerous endourology depart-
ments, urologists have access to 1–2 FURS at a time. 
Since repair and replacement is not always time efficient, 
the use of the LithoVue™ could be an alternative in such 
cases. And finally, and importantly reusable FURS can only 
undergo high-level disinfection (HLD) rather than steri-
lization between patients. The question of whether this is 
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safe given that there is now an alternative and that the uri-
nary tract, unlike many other body cavities where scopes 
which undergo HLD are used, is sterile, needs to be fur-
ther explored [29, 30]. These concerns highlight the need 
of a cost-effectiveness analysis of LithoVue™ compared to 
conventional FURS. Furthermore, prospective randomized 
trials comparing this new single-use FURS with traditional 
digital FURS are needed to find the place for LithoVue™ 
in current practice.

Conclusions

This study evaluated the first digital single-use FURS 
LithoVue™. The endoscope had good image quality, active 
deflection and maneuverability. Further evaluation of surgi-
cal outcomes and cost analysis will help delineate the posi-
tion of this single-use FURS in current practice.
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Appendix: Checklist used during each procedure for LithoVue™ evaluation
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