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US (3, 4). Technological advances have contributed to the
development of new technologies and techniques, that
play a major role in the management of this disease.
Semirigid and flexible ureteroscopes constitute a basic
component of endourologist armamentarium.
After the first appearance of digital technology in uretero-
scopes in 2004 (5) many more followed. Reusable instru-
ments offer repeatability but with uncertain endurance.
Legemate et al. (6) report that shaft bending, kinking and
dent of coating is an issue that appears not seldom in
everyday use. Moreover sterilization procedures that
apply for reusable instruments are accompanied by
increased costs, necessary time intervals between opera-
tions and trained staff members (7). The first single-use
digital flexible ureteroscope, was launched back in 2015
(8). Equipped with a tip diameter of 7.7 Fr, outer diame-
ter of 9.5 Fr, a wide enough working channel for baskets
and laser fibers (3.6 Fr), digital imaging and deflection
angle up to 270 degrees, it is a great aid for the endourol-
ogist 8. A wide variety of movements, such as pronation/
supination, downward and upward deflection, along with
back and forth movements, offers a great degree of free-
dom for the operator (8).
Literature search revealed data of in vitro/in vivo studies
(8) and cadavers (9), while initial results on comparison
with reusable fiberoptic ureteroscope showed better
results in the single-use group regarding procedural time,
failure of procedure and complications. Despite the con-
vincing results more studies should be conducted to
reach safe conclusions. The aim of this study is to com-
pare intra- and postoperative complications and parame-
ters while using a single-use, digital flexible ureteroscope,
in comparison with a reusable fiberoptic ureteroscope in
a prospective cohort of matched population for their
baseline characteristics and their disease.

PATIENTS AND METHODS

Study design
Data collection was performed from an ongoing prospec-
tive database regarding patients treated for urolithiasis with
a single-use, digital or reusable fiberoptic ureteroscope.

Objectives: Ureteroscopy is one of the com-
monest procedures performed to manage

urolithiasis. Flexible ureteroscopy has been traditionally based
on reusable, fiber-optic ureteroscopes. Technology advance-
ments permitted the development of single-use scopes with digi-
tal image. The aim of this study is to compare efficacy and safe-
ty between a reusable, fiberoptic ureteroscope with a single-use,
digital scope.
Patients and methods: We collected data based on chart review
from a prospectively collected database on a tertiary, high-vol-
ume hospital in Greece. Baseline, perioperative and postopera-
tive data were gathered and analyzed. Chi-square and Fisher's
exact test was used to compare qualitative data and unpaired 
t-test for continuous data, with a statistical significance set at
a = 0.05.                           
Results: 40 patients underwent flexible ureteroscopy with a sin-
gle-use digital scope, while 37 with the reusable scope. The two
groups were matched regarding baseline characteristics and
stone-related parameters. After data analysis, a shorter opera-
tive time in favor of single-use flexible ureteroscope was detect-
ed (45 vs 65 min, p = 0.001), while safety was also in favor of
this type of scope with a significantly higher immediate stone-
free rate (70% vs 43%, p = 0.005). Overall complications did not
differ between the two groups, although a lower sepsis rate was
detected in patients treated with single-use scope.
Conclusions: Our findings indicate that single-use, digital
ureteroscopes are a viable alternative for flexible ureteroscopy
and management of urolithiasis, especially in centers with defi-
cient facilities for sterilization and ensured funds for more
expensive reusable scopes.
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INTRODUCTION
Geography and climatic changes along several regions
affect kidney stone disease prevalence. In Greece, urolithi-
asis is found to affect around 15% of population (1),
while in contrast US citizens suffer from kidney stones to
a lesser extent of around 9% (2). The total annual cost
directed to this condition reaches around 5.3 billion $ in
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Chart review for patient demographic characteristics, stone
disease parameters and perioperative details was per-
formed. Cross-match of patients for confounders was also
performed (stone disease parameters, age, ASA score).

Settings
Data were derived from Second Urology Department in
Sismanoglio, a tertiary Hospital in Greece, which is con-
sidered a reference center for stone disease, between a 12-
month period (06/2017-06/2018). A high volume of
fURS cases is performed yearly at out center (> 100).

Participants
Inclusion criteria were: patients older than 18 y/o with
diagnosed stone disease based on imaging studies (ultra-
sound, CT scan or x-Ray). Patients with non-radiopaque
stone disease, history of urinary tract neoplasm or those
undergoing a diagnostic workup for hematuria were
excluded. The Ethics Committee of Hospital approved study
protocol and patients were informed about inclusion and
signed informed consent in case of participation. The study
was conducted according to the principles of Helsinki
Declaration. Assignment to the specific treatment arm was
done according to patient choice after being informed for
the potential choices and availability of equipment.

Variables
The demographic profile of patients was based on collec-
tion of data like age, gender, American Society of
Anesthesiologists (ASA) score according to anesthesiologic
evaluation, side of disease, presence of bacteriuria and
potential anatomic malformation of kidneys. 
Perioperative variables like operation room time, tech-
nique and equipment used during ureteroscopy, compli-
cations and duration of hospital stay, stone free rates, as
well as stone disease characteristics were also gathered
(stone location, maximum diameter, and total burden).

Data sources and measurements
In the study six experienced urologists performed the
total number of cases either with LithoVueTM (Boston
Scientific) single-use, digital ureteroscope or the Flex X2
(Karl Storz) fiberoptic, reusable fiberoptic ureteroscope.
The exact same equipment was used between the two
groups concerning laser fiber, baskets and other retrieval
devices, as well as access sheaths in order to minimize
confounding effect. Antibiotic prophylaxis was adminis-
tered to all patients according to existing EAU Guidelines
and preoperative urine culture results.            
Data regarding perioperative details were recorded by the
urologist, the residents who were present in the operating
room or by scrub nurses. The total operative time was
defined as the length of time from ureteroscope entry
until completion of stone pulverization. The patient stone
burden was determined based on the most accurate imag-
ing modality, while in order to categorize a patient stone
free, no fragments of residual stone disease or clinically
insignificant fragments < 2 mm (CIFRs) should have been
identified during patient follow-up with imaging tests.

Bias
In order to limit confounding bias, we performed a cross-

matching of cases regarding baseline characteristics and
stone disease parameters.

Statistical methods
Categorical variables are described as proportions, while
Fisher’s exact test or chi-square test were used for com-
paring them. Continuous data are presented as mean ±
standard deviation or medians and analyzed using
unpaired Student’s t-test or Mann-Whitney U test. The
choice of Mann-Whitney or t-test according to normal
distribution was determined based on assessment of Q-Q
plots and Shapiro-Wilk test. Statistical significance was
set at a = 0.05. All analyses were done with IBM SPSS
Statistics 25.0 software (SPSS Inc., Chicago, IL.).

RESULTS
During the study recruitment period, 77 patients were
treated, including 40 in the single-use scope group and
the rest 37 in reusable scope group. The two groups were
balanced with respect to mean age (55.73 ± 13.47 vs 55
± 11.2, p = 0.797), use of access sheath (88% vs 92%,
p = 0.713) and semirigid ureteroscope (60% vs 59%,
p > 0.99) but more men (55% vs 38%) and more patients
with positive urine culture preoperatively (23% vs 11%)
were included in the single-use scope group, although
this did not reach statistical significance (Table 1).
Maximum stone size didn’t differ between the groups
(12.63 vs 12.52 mm, p = 0.914), while the most common
stone location was renal pelvis and lower pole calyces. CT
scan was used more frequently for diagnosis in the single-
use scope group (78% vs 57%, p = 0.087) and
hydronephrosis was more frequent, but this didn’t reach
statistical significance (Table 2).
Regarding the laser fiber used from stone fragmentation,
in single-use scope group the 270 μm was more fre-
quently used (57.5% vs 30%, p = 0.092) but results did-
n’t differ significantly. All patients received post-operative
insertion of a double-J stent and a similar proportion in
both groups was pre-stented. Ancillary use of basket for
stone removal and laser setting use for stone fragmenta-
tion were also similar between the two groups (Table 3).
Median operative time (45 vs 65 min, p < 0.001), sepsis rate
(0% vs 11%, p = 0.049) and stone free rate at day one after
surgery (78% vs 43%, p < 0.001) favored use of single-use
scope. No intraoperative complications were observed in
both groups. Finally, length of hospital stay and rates of

Table 1. 
Baseline demographic characteristics of patients.

Characteristic Single-use, Reusable, fiber-optic P-value
digital (n = 40) ureteroscope (n = 37)

Mean age  ± SD 55.73 ± 13.47 55 ± 11.2 0.797

Male sex - no. (%) 22 (55) 14 (38) 0.172

ASA Score ≤ 2 - no. (%) 39 (98) 34 (22) 0.441

Positive urine culture - no. (%) 9 (23) 4 (11) 0.228

Kidney laterality left - no. (%) 19 (47) 17 (46) > 0.999

Present renal anomaly - no. (%) 4 (10) 1 (3) 0.359

Use of semirigid ureteroscope - no. (%) 24 (60) 22 (59) > 0.999

Use of access sheath - no. (%) 35 (88) 34 (92) 0.713
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post-operative fever and macroscopic hematuria didn’t dif-
fer significantly between the two groups (Table 4).

DISCUSSION
Innovations in equipment technology resulted in
improvement of clinical outcomes and rendered endo-

scopic management of stone disease the gold-standard
(10). In this study we performed a comparison of clinical
outcomes with the use of a disposable, single-use and dig-
ital flexible ureteroscope or a re-usable, fiber-optic flexi-
ble ureteroscope. The single-use ureteroscope perform-
ance in animal studies showed promising results regard-
ing its efficacy and safety. The risk of transmitting poten-
tially fatal infections with repeated use of duodenoscopes
(11) or ureteroscopes (12), along with the associated
costs for sterilization and maintenance, favor the adop-
tion of single-use scopes, when efficacy is similar. A mean
maximum deflection of 270 degrees when used with an
empty working channel was found by Winship (13), while
after insertion of a laser fiber, an 8.3 degrees reduction in
deflection angle was noted. Duration of this type of scope
proved satisfying since after 200 full deflections, a mean
21.8 degrees loss was detected, thus maintaining the
desired deflection of > 250 degrees (13). This bench-top
study also indicates no distortion of digital imaging after
laser insertion through the working channel (13). 
In our study, we found a significant reduction in operative
time equal to 20 minutes, although the two groups were
similar in term of demographic characteristics, stone size
and location. The reduction of operative time by 30% can
save time for completion of further cases, reduce the phys-
ical burden of staff and the total associated costs. The lower
weight of the single-use scope, which adds dexterity to the
operator and reduces physical strain during ureteroscopy
can be a possible explanation for these findings (6).
Endourologists frequently suffer from orthopedic problems
in wrists/upper arms, as reported by Healy et al. (14) in
their survey, where 32% of urologists performing fURS
responded dealing with such issues. Proietty et al. (15)
reported that such a single-use scope is 10-300% lighter
with camera head and light cable attached when compared
to its counterpart reusable digital/fiberoptic scopes. Less
physical strain of endourologist might contribute to
reduced operating time detected to our study. Improved
visual field during use of digital imaging also contributes to
reduction of operative time and increases safety intraoper-
atively, according to Somani et al. (16). Another important
advantage offered by the single use nature is that inexperi-
enced users like residents, can handle it without the excess
fear of scope breakage. According to Mager et al. (17) and
Kam et al. (18), low-volume centers (< 51-60 fURS yearly)
might benefit from establishing a single-use scope based
program, while high-volume centers (> 10/month) are
more likely to save costs with reusable scopes, especially
when they are handled properly. Of course, current local
market prices in each country may dictate different adap-
tations in a case-specific scenario. To ensure the superiori-
ty of a single-use scope regarding cost-effectiveness, further
dedicated studies are needed.
Results of the CROES Global study (19) imply an 80%
stone-free rate (SFR) for stones < 15 mm after a single
fURS, which is comparable with the 78% SFR found in
this study sample when using a single-use scope, for a
median stone size of 12.63 mm. Of course, the several
definitions used for stone-free rate across studies, may
weaken these results, but the increased SFR seems prom-
ising, since this is the main primary outcome and the
main determining factor to guide future management of

Table 2. 
Stone characteristics.

Parameter Single-use, Reusable, fiber-optic P-value
digital (n = 40) ureteroscope (n = 37)

Median number of stones (mm) 1.07 1.65 0.625

Median maximum stone diameter (mm) 12.63 12.52 0.914

Median total stone burden (mm) 17.36 15.22 0.284

Present pre-operative hydronephrosis -  no. (%) 20 (50) 15 (41) 0.494

Use of CT scan for diagnosis - no. (%) 31 (78) 21 (57) 0.087

Pelvicalyceal location of stones - no. (%) 0.698
Upper ureter 2 (5) 7 (19)
Renal pelvis 16 (40) 10 (27)
Middle renal pole 2 (5) 2 (5)
Lower renal pole 5 (12.5) 4 (11)
Renal pelvis/Upper pole 1 (2.5) 1 (3)
Renal pelvis/Middle pole 2 (5) 11 (30)
Renal pelvis/Lower pole 10 (25) 0 (0)
Multiple calyces 1 (2.5) 1 (3)

Table 3. 
Procedural characteristics.

Characteristic Single-use, Reusable, fiber-optic P-value
digital (n = 40) ureteroscope (n = 37)

Use of basket for remaining stone 
fragments - no. (%) 12 (30) 13 (35) 0.902
Pre-operative JJ stent - no. (%) 14 (35) 13 (35) > 0.999
Post-operative JJ stent - no. (%) 40 (100) 37 (100)
Size of laser fiber used for stone  
fragmentation - no. (%) 0.092

270 μm 23 (57.5) 11 (30)
365 μm 9 (22.5) 15 (41)
270 & 365 μm 6 (15) 8 (20)

Laser settings used -  no. (%) 0.092
Dusting 25 (62.5) 14 (38)
Chipping 2 (5) 2 (5)
Dusting & Popcorn 6 (15) 9 (24)
Chipping & Popcorn 5 (12.5) 10 (27)

Table 4. 
Intraoperative and postoperative outcomes.

Outcome Single-use, Reusable, fiber-optic P-value
digital (n = 40) ureteroscope (n = 37)

Median operative time (min) 45.00 65.00 < 0.001
Mean length of stay in hospital ± SD (days) 1.75 (1.96) 1.38 (0.64) 0.261
Immediate stone free status - no. (%) 28 (70) 16 (43) < 0.005
Stone free status 24 hours postoperatively 
- no. (%) 31 (78) 16 (43) < 0.001
Intraoperative complications - no. (%) 0 (0) 0 (0)
Postoperative complications - no. (%) 2 (5) 6 (16) 0.144
Postoperative fever - no. (%) 2 (5) 6 (16) 0.144
Postoperative hematuria - no. (%) 2 (5) 3 (8) 0.667
Postoperative sepsis -  no. (%) 0 (0) 4 (11) 0.049
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patients with urolithiasis. The fact that this a relatively
new equipment and learning curve did not negatively
impact perioperative results, further strengthens its use.
Post-operative fever shows a reported incidence equal to
0-10.8% (20-23) after operating in the urinary tract for
stones less than 20 mm, using fURS. The main contribut-
ing factors are female gender, increased body mass index,
positive pre-operative urine culture, increased operative
time and increased renal pelvic pressure. In our study we
detected a rate of 5% in single-use scope group, which lies
in agreement with existing literature. The reduction in
operative time can be a protective factor for post-operative
fever and sepsis when using single-use scopes, mainly due
to less extend increase of renal pelvic pressure. Patients in
single-use scope group also suffered less hematuria and
sepsis, which is quite important considering morbidity
and mortality of urosepsis. This study has certain limita-
tions. Since this is not a randomized controlled trial, there
is the possibility for selection bias, which we tried to min-
imize by cross-matching the groups for baseline demo-
graphic characteristics and stone disease parameters. The
learning curve and the limited follow-up could also
obscure the results regarding stone-free rates. 

CONCLUSIONS
This study compares a single-use, digital flexible uretero-
scope with a re-usable, fiber-optic flexible ureteroscope
for treatment of stone disease. The fact that single-use
scope significantly decreases procedural duration and
sepsis rates, while increased immediate-stone free rates,
makes it a viable option for management of stone disease.
Further randomized trials and cost-effectiveness studies
are needed to confirm these results.
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