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Abstract

Flexible ureterolithotripsy is a frequent urological procedure, usually used to remove stones from the kidney and upper ureter.
Reusable uretero-scopes were the standard tool for that procedure, but recent concerns related to sterility and maintenance
and repair costs created the opportunity to develop new technologies. In 2016, the first single-use digital flexible ureteroscope
was introduced. Since then, other single-use ureteroscopes were developed, and studies compared them with the reusable
ureteroscopes with conflicting results. The purpose of this study is to describe the literature that compares the performance
of single-use and reusable flexible ureteroscopes in retrograde intrarenal surgery for urinary stones. A Systematic Review was
performed in October 2022 in accordance with the Cochrane Handbook and the Preferred Reporting Items for Systematic
Reviews and MetaAnalyses (PRISMA). A search in MEDLINE, EMBASE, Web of Science, Google Scholar and LILACS
retrieved 10,039 articles. After screening, 12 articles were selected for the Meta-Analysis. No differences were found in
stone-free rate (OR 1.31, CI1 95% [0.88, 1.97]), operative time (MD 0.12, CI 95% [—5.52, 5.76]), incidence of post-operative
fever (OR 0.64, C195% [0.22, 1.89]), or incidence of post-operative urinary tract infection (OR 0.63 CI 95% [0.30, 1.32]).
No differences were observed in the studied variables. Hence, the device choice should rely on the availability, cost analysis
and surgeons’ preference.
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Introduction

History

Urolithiasis incidence has been increasing worldwide [1].
Flexible ureteroscopy (fURS) is the main surgical treatment
for calculi with less than 2 cm [2]. It presents higher stone-
free rates(SFR), from 80 to 90% [3] than extracorporeal
shock wave lithotripsy (ESWL) and per-cutaneous nephro-
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lithotomy (PCNL) for calculi between 1 and 2 cm [4].

As with many great discoveries, the first ureteroscopy was
performed by accident: in 1912, during a pediatric procedure
for correction of congenital posterior urethral valves,

Hugh Hampton Young inadvertently passed a rigid pedi-
atric cystoscope into the patient’s dilated ureter [5].

During a long time, the potential for ureteroscopy
remained largely unrealized, until 1964, when Victor Mar-
shall used the first fiber optic ureteroscope in humans to vis-
ualize a ureteral stone. This first, 9F, fURS was not capable
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of being directed and did not have a working channel, thus
permitting only the most primitive diagnostic maneuvers [6].

In the next two decades, three major design changes were
implemented. The addition of a working channel allowed
irrigant and endoscopic accessories to be passed directly
through the endoscope. Active tip deflection allowed the
endoscope to be directed or steered to areas of interest.
Finally, altering the stiffness of the endoscope shaft which
increased its deflection capability and provided access to
difficult regions as the lower renal pole. With those improve-
ments, in 1986, Bagley et al [7] used an ureteroscope to
perform the first fURS for the treatment of stone disease.

Since that time, two major advances happened: the use
of digital technology to generate image and the use of sin-
gle-use fURS. Lithovue TM , released in October 2015 in
Europe, was the first f{URS that combined these features [8].
And nowadays, despite being mainly used for kidney stone
removal, fURS is also used for cancer treatment and upper
urinary tract diagnosis.

Vision technology

The new digital fURS offer a better image quality than
fiberoptic ones (which present image distortions as the
Moiré pattern) [9]. Studies argue that poor visibility leads
to impaired diagnosis and poorer outcomes [10], and one
study [11] comparing digital and fiberoptic reusable f{URS
(rfURS) have shown a 9 min shorter fragmentation time with
digital rfURS.

All the single-use fURS (sufURS) are digital, but some
of the rfURS are fiberoptic and others are digital.

Reusable vs single-use

The rfURS have issues related to the high cost of purchase
and maintenance (related to sterilization and repair), infec-
tion risk[12, 13] injury risk [13] and a higher carbon foot-
print [14]. Therefore, sufURS was developed to address
those problems.

As sufURS are less expensive and have no need for steri-
lization or repair, cost comparisons demonstrate high initial
investment and lower cost per procedure for rfURS and low
initial investment and higher cost per procedure for suFURS.
The exact cutoff depends on local reprocessing infrastruc-
ture and acquisition cost, but sufURS seems to be more cost
effective for the majority (non-high volume) of stone centers
[15].

It was observed that damage to rfURS that requires repair
happens after 10 to 27 uses [16, 17] and once repaired a
rfURS is more likely to be damaged again [16]. The rfURS
also gradually loses its image quality and effectiveness [18].

The durability of rfURS is affected by stone location
(usually low pole stones [19] and size, duration of use, use of
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other devices, surgeon’s experience and sterilization meth-
ods [20] (sterilizations seem to be the main cause of damage
[21]). Considering those factors, a suggested strategy is to
apply a hybrid method and use sufURS for procedures with
a high risk of damage (as lower pole stones and for trainees)
and rfURS for low-risk procedures [22], [23]. Reusable ure-
teroscopes have fine mechanics, thin working channels for
laser fibers or baskets and are a challenge for sterilization
[24]. Studies have observed 100% of protein contamination
in rfURS, and various outbreaks of infection were reported
related to contaminated ureteroscopes [13]. A sufURS can
automatically eliminate the possibility of cross-contamina-
tion by bypassing the reprocessing and sterility steps.

Objective

As seen before sufURS seems to provide many benefits over
rfURS, however, most of those studies are in vitro and stud-
ies in vivo present conflicting results. The purpose of this
study is to perform a systematic review and meta-analysis
comparing clinical outcomes of sufURS and rfURS in ret-
rograde intrarenal surgery for nephrolithiasis.

Methods

In October 2022, our team performed a systematic review
comparing single-use vs reusable ureteroscopy for nephro-
lithiasis, in accordance with the Cochrane Handbook and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). Our review was registered at
PROSPERO (CRD42022367287).

We considered inclusion studies with patients who under-
went retrograde intrarenal surgery with flexible ureteroscopy
(single-use ureteroscopes compared to reusable uretero-
scopes) to treat urinary stones.

Our primary outcome is stone free rate. The secondary
outcomes were operative time, postoperative fever and inci-
dence of UTIL.

We searched for all articles in MEDLINE, Embase,
Google Scholar and LILACS. Selection of studies

For this review, two review authors (JA and MB) indepen-
dently selected the trials to be included in accordance with
the aforementioned criteria. We excluded trials from the
review if they made comparisons other than specified above.

Studies were also excluded from if they met the follow-
ing exclusion criteria: (I) the study examined previously
published reviews; and/or (II) the study undertook a meta-
analysis. Letters, comments, and conference abstracts were
also excluded from the meta-analysis

Studies from non-English language journals were trans-
lated if necessary. If a trial was published more than once,
we only included the most complete and up-to-date data.
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Data extraction and management

For this review, two review authors (JA and MB) indepen-
dently extracted the data, resolving any disagreements by
recourse to a third party (CC). We used a data extraction
form designed and piloted by the review authors. The data
collected was either dichotomous or continuous. If studies
had multiple publications, we included only the main trial
report.

Assessment of risk of bias in included studies

We assessed the included trials for risk of bias, using the
Cochrane Rob 2 tool. We evaluated the following seven
domains for possible bias. We judged the different types of
bias using the criteria from the Cochrane handbook. Two
review authors checked these domains of bias independently
and rated them as being at high, low, or unclear risk of bias.
The assessments were compared, and any disagreements
were resolved by consensus or by discussion with a third
review author (CC).

Measures of treatment effect

Where dichotomous data measures were used, we have
expressed the results in the reusable and disposable groups
of each trial as odds ratios (ORs) with 95% confidence inter-
vals (CIs). Where continuous data measures were used, we
have expressed the results in the reusable and disposable
groups of each trial as a mean difference with 95% confi-
dence intervals (CIs).

Dealing with missing data

If data were missing from the included studies, we imputed
individual values for the primary and secondary outcomes
in accordance with the Cochrane Handbook.

Data synthesis

We used a random-effect model to combine data from pri-
mary studies. We conducted statistical analysis with Review
Manager 5" (Review Manager ', version 5.4.3 2020,
Cochrane), in accordance with the guidelines for statistical
analysis developed by Cochrane, comparing disposable to
reusable ureteroscopes for nephrolithiasis

Results
Our research retrieved 10039 studies from which 12 [15,

26-28] were included in the review as described in the
PRISMA workflow (Table 1).

Our study included 5 types of single-use flexible uret-
eroscopes: LithoVue TM (Boston Scientific, Marlborough
USA), Wiscope TM (OTU Medical Inc., Union City, US),
PU3022 TM (Zhuhai Pusen Medical Technology Company
Limited, China), US31B-12 TM (Innovex Anqing Medi-
cal Instrument CO. LTD, Shangai, China), Zebrascope
TM (Happiness Workshop, Beijing, China) and 8 types of
reusable ureteroscopes URF-V TM, URF-V2 TM, URF-P6
TM, URF-P7 TM (Olympus, Tokyo, Japan), Flex-X2 TM,
Flex-XC TM, Flex- X2S TM (Karl Storz SE & Co. KG, Tut-
tligen, Germany), Cobra TM (Richard Wolf, Knit- tlingen,
Germany) as described in Table 2.

While all the single-use ureteroscopes are digital, some
of the reusable ureteroscopes are digital and others use optic
fiber to generate the image (Table 3).

Five studies compared the stone-free rate. In this analysis,
we only included articles that defined stone-free rate (SFR)
as the absence of stones greater than 1 to 4 mm depending
on the study. Evaluation of residual stones was done with a
CT scan or X-ray a month after the procedure. As we see in
Fig. 1, no significant difference was found when comparing
the ureteroscopes (OR 1.31 CI1 95% [0.88, 1.97]).

Twelve articles display information comparing the opera-
tive time between the two types of devices. As we see in
Fig. 2, no significant difference was found when comparing
the ureteroscopes (MD 0.12, CI1 95% [—5.52, 5.76]).

Regarding infectious complications, we compared both
the incidence of postoperative fever (6 studies resulted in
OR 0.64, C195% [0.22, 1.89], Fig. 3) and postoperative uri-
nary tract infection(UTI), (6 studies resulted in OR 0.63 CI
95% [0.30, 1.32] Fig. 4) and no significant differences were
observed.

Our risk of bias analysis showed that only 3 articles have
a low risk of bias. The areas with higher bias are the rand-
omization process as most of the studies are non-randomized
retrospective trials and it is important to consider that it is
impossible to blind the surgeon about the equipment that he
is using. (Fig. 5)

Discussion

As exposed before, single-use ureteroscopes have many ben-
efits: no need for sterilization, no maintenance costs, bet-
ter image quality, and lower weight [16]. Previous studies
assessed whether those improvements affect surgical out-
comes with conflicting results.

All the studies presented the same demographics and
preoperative characteristics. In two studies [28, 29] authors
were able to make the baseline of the two groups equiva-
lent by doing a propensity-score matching analysis. In the
first study, the single-use group initially presented greater
stone diameter and stone volume. In the second study, the
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Table 1 PRISMA workflow

Table 2 Ureteroscope types
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Identification of studies via databases

Records identified from
c databases (10039): Records removed before
.0 Embase (n = 4398) screening:
‘S’ PubMed (n = 2085) Duplicate records removed (n
£ Web Of Science (n = 2475) =2502)
< Google Scholar (n = 1000) Records removed for
k! LILACS (n = 81) publication date before 2010
(n =1709)
\ 4
)
Records screened Records excluded by title
(n =5828) (n=5354)
A 4
Reports screened by abstract Reports excluded by abstract
= (n=474) (n =445)
‘T
(]
5
A \4
Reports assessed for eligibility Reports excluded:
(n=29) Conference abstracts (n = 7)
Missing data (n = 3)
suFURS not included (n = 6)
Not retrieved full text ( n =1)
—
) v
° Co . .
g Studies included in review
= (n=12)
o
i
-~
Author Single-use ureteroscope type Reusable ureteroscope type
Ali 2022 WiScope™ Flex-XC™
Baboudjian 2022 PU3022™ Reusable (not defined)
Bozzini 2021 US31B-12™ Flex-XC™
Huang 2021 Zebrascope™ URF-VT™
Kam 2019 LithoVue™, PU3022A™ URF-vV2™
Mager 2017 LithoVue™ Flex-XC™ and Flex-X2S™
Mourmoris 2021 LithoVue™ Flex-X2™
Qi 2019 Zebrascope™ URF-VT™
Salman 2021 PU3022™ Flex-X2™
Salvado 2019 PU3022™ Cobra™
Takazawa 2022 LithoVue™ URF-P6™, URF-P7™ and
Flex-X2S ™
Usawachintachit 2017 LithoVue™ URF-P6™
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Table 3 Reusable ureteroscope

single-use group had a significantly higher stone burden and

Digital Fiberoptic
subtypes lower mean age.
Flex-XC TM Flex-X2 TM
URFV TM Flex-X2S TM Stone free rate
URFV2 TM URFP6 TM
URFP7TM Regarding SFR, we included only outcomes measured with a
Cobra TM CT scan done after surgery. Some studies [15, 26, 30] meas-
ured SFR intraoperatively using surgeon’s endoscopic and
Single-use Reusable Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2022 116 121 116 121 102% 1.00[0.28, 3.59]
Bozzini 2021 a1 a0 78 90 19.3% 1.38 [0.55, 3.47) Sl
Huang 2021 101 119 98 119 344% 1.20 [0.60, 2.39] -
Qi 2020 49 63 43 63 257% 1.63[0.73,3.61] o
Salvado 2019 29 N 27 30 4.7% 1.61[0.25,10.39]
Takazawa 2019 34 37 34 37 5.8% 1.00[0.19,5.31]
Total (95% Cl) 461 460 100.0% 1.31[0.88, 1.97] >
Total events 410 396
Heterogeneity: Tau?= 0.00; Chi*= 0.68, df=5 (P = 0.98); F=0% 50 o1 U=1 1?0 100=
Testfor overall effect. 2= 1.33 (P=0.18) Favours [Single-use] Favours [Reusablg]
Fig. 1 Stone free rate plot
Single-use Reusable Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ali 2022 65 1852 121 65 17.78 121 9.9% 0.00 [[4.57,4.57] —
Bahoudjian 2021 B0 2296 136 60 2519 186 9.6% 0.00 [-5.29,5.29] .
Bozzini 2021 4271 21.22 90 45.07 18.33 a0 9.5% -2.36[-8.15,3.43) T
Huang 2021 6161 1936 119 6043 2276 119 9.6% 1.18[-4.19, 6.55] N
Kam 2018 86.41 18.11 78 723 1895 59 9.3% 14.11 [7.82, 20.40)
Mager 2018 768 402 62 762 468 60 5.9% 0.60[-14.90,16.10]
Mourmaoris 2021 45 18.32 37 65 18.77 40 8.6% -20.00[-28.29,-11.71]
Qi 2020 4297 19.24 63 4163 17.74 63 9.3% 1.34[[5.12,7.80] N
Salman 2021 731 2186 40 53 174 40 8.5% 2010[11.50,28.70]
Salvado 2019 56.1 348 N 77 347 30 52% -20.90[-38.34,-3.46]) ¢
Takazawa 2019 1005 26.7 37 892 243 37 7.3% 11.30 [-0.33, 22.93)
Usawachintachit 2017 57.3 251 92 703 3689 50 7.4% -13.00[-24.44 -1.56)
Total (95% CI) 906 895 100.0% 0.12[-5.52, 5.76] ?
Heterogeneity, Tau®= 78.57; Chi*= 76.78, df= 11 (P < 0.00001); F= 86% 20 -1’0 3 110 250
Testfor overall effect: Z=0.04 (P = 0.97) Favours [Single-use] Favours [Reusable]
Fig.2 Operative time plot
Single-use Reusable Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2022 0 12 2 121 9.1% 0.20[0.01,4.14] ¢
Bozzini 2021 2 90 14 90 20.0% 0.12[0.03, 0.56] —
Huang 2021 3 119 2 119 171% 1.51[0.25,9.22]
Mourmoris 2021 2 37 6 40 18.4% 0.32[0.06,1.72] ———T]
Qi 2020 4 63 2 63 17.8% 2.07[0.36,11.72] —_—r——
Takazawa 2019 4 37 2 37 17.5% 2.12[0.36,12.36]
Total (95% CI) 467 470 100.0% 0.64 [0.22, 1.89] ‘
Total events 15 28
ity: Tau?= 0.81: Chi*= =5(F= = [ . } f
Heterogeneity: Tau*=0.91; Chi*=10.33,df=5{(P=0.07); F=52% 0.01 01 ; 10 100

Test for overall effect: Z=0.80

Fig.3 Postoperative fever

(P=042)

Favours [Single-use] Favours [Reusablel]
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Single-use Reusable Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Ali 2022 o 121 2 1 52% 0.20[0.01,4.14] ¢

Bahoudjian 2021 13 136 10 186 26.5% 1.86[0.79, 4.38] I

Bozzini 2021 3 90 12 90 181% 0.22[0.06,0.82] - —

Kam 2019 3 78 4 59 149% 0.55[0.12, 2.56] I E—

Qi 2020 B 63 9 63 21.6% 0.63[0.21,1.89] _—

Usawachintachit 2017 3 92 3 50 13.7% 053[0.10,2.72] ——

Total (95% CI) 580 569 100.0% 0.63[0.30, 1.32] g

Total events 28 40

Heterogeneity: Tau®= 0.36; Chi*=8.84, di= 5 (P=0.12); F= 43% =El.01 0f1 1f0 1DU=

Test for overall effect: Z=1.23 (P=0.22)

Fig.4 Postoperative UTI
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000000000000
0000000000 O
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Fig.5 Risk of bias

fluoroscopic views. As the error of this method to evaluate
SFR is unavoidable those studies were excluded during the
assessment of SFR.

Studies that did not specify how the SFR was measured
and were also excluded from our analysis.

Operative time

The theoretical discussion on whether single-use uretero-
scopes increase or decrease operative time has good argu-
ments on both sides. On one hand, the advances of the new
technology could allow faster surgeries. On the other, sin-
gle-use ureteroscopes freed surgeons from anxieties about

@ Springer
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Favours [Single-use] Favours [Reusable]

O] IO (OO} O]

Low risk

Some concerns

High risk

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

breaking the scope. This could allow the surgeon to perform
more meticulous and longer operations [4, 31].

Empirically, most of the studies agree that there is no sig-
nificant difference in operative time. However, two authors
[26, 32] observed shorter operative time with single use
uretero- scopes while two authors [33, 34] observed the
opposite.

Mourmouris et al. [26] used differences are different
proportions of the size of laser fiber between the groups
(270 pm and 365 pum). Usawachintachit et al. [32] had high
levels of bias, probably due to the originality of his work,
being one of the first comparisons of single-use vs reusable
fURS.
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Kam et al. [34] observed that rfURS outperformed
sufURS in visibility and maneuverability.

However, because of missing standard deviation infor-
mation we imputed standard deviation values according
to Cochrane Handbook. In the study itself, the statistical
comparison used three groups (2 single-use and one reus-
able) and no differences were observed. To fit the purpose
of our study we combined the first two groups and as we
see, the difference in operative time has become statistically
significant.

Salman et al. [33] analyzed exclusively patients with
lower pole stones and it was a surprise to see shorter opera-
tive time with reusable ureteroscopes. A factor to bear in
mind is that the not observed differences in stone density
could impact those results.

Infections

As described before, the infectious complications analysis
was done assessing two outcomes: fever and UTI. Consid-
ering biological plausibility, we expected that single-use
ureteroscopes would have lower infection rates, but overall
that was not observed. We believe that the routine use of
preoperative antibiotics, done in all the studies, may play an
important role in that.

The only study that observed higher infection rates (both
fever and UTT) in the reusable group was Bozzini et al [35].
It also presented higher levels of positive blood culture (0 vs
1 patient p < 0.05) and urosepsis (0 vs 1 patient p < 0.05).
It is important to consider that there was no difference in
the operative time, neither in demographic characteristics
between the groups and that the incidence of fever in this
study was higher than in others.

Limitations

Overall, the included studies had non-low levels of bias
due to randomization issues and the impossibility to blind
the surgeon. It is also worth noting that we grouped differ-
ent available options of ureteroscopes under the categories
of single-use and reusable and due to scarce literature, we
could not compare each model to each other.

Our analysis is also limited to ordinary patients and does
not address special situations such as pregnant women,
infants, and horseshoe kidney patients.

We did not consider the cost-effectiveness of each type of
ureteroscope. This kind of analysis is a complex process that
involves acquisition, repair, and reprocessing costs of fURS.
In general, it is demonstrated lower investments and higher
cost per procedure for sufURS and higher initial investments
and lower cost per procedure for rfURS, resulting in a point

of intersection where total investments for single-use instru-
ments exceed the costs for reusable ureteroscopes.

Conclusion

We conclude that flexible ureteroscope choice between sin-
gle-use and reusable for retrograde intrarenal surgery should
be based on surgeon’s preference and local cost-effective
analysis.

Author contributions MB and JPO wrote the main manuscript text,
MB JA and CC worked on data analysis, ELAA and LSM prepared
figures and tables. All authors reviewed the manuscript.

Data availability Data can be available upon request to the correspond-
ing author.
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