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Abstract

Purpose Data assessing the effectiveness of single-use flexible ureteropyeloscopy (FURS) are limited. This study evaluates
and compares single-use FURS with conventional reusable FURS.

Methods A systematic search using electronic databases (Pubmed and Embase) was performed for studies evaluating
single-use FURS in the setting of urinary tract stone disease. Outcome measures included a comparative evaluation of their
mechanical, optical and clinical outcomes.

Results Eleven studies on 466 patients met inclusion criteria. In vitro comparative data were available on three single-use
flexible ureteropyeloscopes (LithoVue™, Polyscope™ and SemiFlex™) and clinical data were available on two (LithoVue™
and Polyscope™). The overall stone-free rate and complication rate associated with single-use FURS was 87 + 15% and
9.3 + 9%, respectively. There were no significant differences in procedure duration, stone size, stone clearance and complica-
tion rates when single-use FURS and reusable FURS were compared (duration: 73 + 27 versus 74 + 13 min, p = 0.99; stone
size: 1.36 0.2 versus 1.34 + 0.18 cm, p = 0.93; stone-free rate: 77.8 + 18 versus 68.5 + 33%, p = 0.76; complication rate
15.3 + 10.6 versus 15 + 1.6%, p = 0.3).

Conclusions Single-use FURS demonstrates comparable efficacy with reusable FURS in treating renal calculi. Further studies
on clinical efficacy and cost are needed to determine whether single-use FURS will reliably replace its reusable counterpart.

Keywords Flexible ureteroscopy - Flexible pyeloscopy - Flexible ureteropyeloscopy - Single-use flexible pyeloscopy -
Disposable flexible ureteroscope

Abbreviations
FURS Flexible ureteropyeloscopy

Introduction

The first description of the conventional flexible uretero-
scope was provided by Marshall in 1964 [1]. Limitations
with this model included the absence of a working channel
and restrictions with active deflection. The technique was
refined more than 20 years later when Bagley pioneered the
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disposable flexible ureteroscope for accessing the upper uri-
nary tracts [2]. The rationale behind the disposable flexible
ureteroscope was to counterbalance significant costs that
were associated with repair and sterilisation of conventional
flexible ureteroscopes with a reliable, cost-effective, user-
friendly, single-use alternative [3].

Innovative technical progression in this evolving field of
endourology is reflected by the variety of single-use flexible
ureteroscopes that are commercially available [3—5]. Despite
the progression of single-use FURS into urological clinical
practice, robust comparative data assessing technological
design and clinical efficacy are lacking. The aim of this sys-
tematic review is to comparatively evaluate the mechanical,
optical and clinical outcomes of single-use FURS with con-
ventional reusable FURS for the treatment of stone disease
in patients.
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Methods
Overview of literature search

A systematic literature search was performed using Pub-
med and Embase databases to identify original peer-
reviewed articles that studied outcomes of single-use flex-
ible ureteropyeloscopy for the evaluation and treatment
of urinary tract calculi. The search was conducted using
the following search algorithm: ‘ureteroscopy’ or ‘pyelos-
copy or ‘ureteropyeloscopy’ and ‘single use’ and “flex-
ible scope”. Two authors (NFD and MQ) independently
examined the title and abstract of citations and the full
texts of potentially eligible trials were obtained; disagree-
ments were resolved by discussion. The reference lists of
retrieved papers were further screened for additional eli-
gible publications. If a patient group was reported twice,
the most recent paper was chosen. If data were unclear
or incomplete, the corresponding author was contacted
to clarify data extraction. Institutional review board was
not sought as this study was a systematic review. Case
reports were excluded and the latest literature search was
performed on the 1st of August 2017.

Eligibility criteria

Studies with in vitro (i.e. benchtop), animal, cadaveric
and in vivo data on single-use FURS were included. In
addition, comparative studies between single-use flexible
ureteropyeloscopes and conventional (i.e. non-disposable)
flexible ureteropyeloscopes were included to assess and
compare mechanical, optical and clinical outcomes. The
primary endpoint was to comparatively evaluate the effi-
cacy of single-use FURS. Clinical efficacy was defined as
the percentage of patients that were stone-free after treat-
ment on imaging at follow-up. Exclusion criteria included
single-use FURS without any published in vitro or in vivo
data.

Data extraction and outcomes

The following information regarding each eligible study
was recorded: author’s name, journal of publication, year
of publication, country of origin, study type and total num-
ber of patients. Recorded data relating to FURS included
type of single-use flexible ureteropyeloscope used, cost of
scope, mechanical, irrigation and optical parameters, mean
stone size, duration of surgery, stone-free rate at follow-up
and imaging modality used to determine stone-free rate.
Results for variables are reported as percentages based on
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the number of cases that had relevant data available. Data
are presented as a mean + standard deviation. Student’s
t-tests with unequal variances were performed for pairwise
comparisons. Differences were considered significant at
p < 0.05 (SPSS 16.0 for Windows).

Results
Eligible studies

The search was performed based on the PRISMA statement
[6]. Eleven studies published between 2009 and July 2017
that met inclusion criteria were retrieved. The initial search
identified 234 articles and 80 full-text studies were assessed
for eligibility; 54 of which were excluded (Fig. 1). These
studies were excluded as they did not contain mechanical,
optical or clinical data on single-use flexible ureteropyelos-
copy. Included studies were reflective of modern clinical
practice and are summarised in Table 1. The studies con-
sisted of one randomised controlled trial [7], three single-
centre prospective studies [8—10], two multi-institutional
prospective studies [11, 12], one cadaveric feasibility study
[13], one porcine feasibility study [14] and three compara-
tive benchtop studies [5, 15, 16]. Data were available on
LithoVue™, Polyscope™ and SemiFlex™ single-use flex-
ible ureteropyeloscopes. As only one randomised controlled
trial was retrieved and due to the heterogeneous nature of
the available literature, a formal meta-analysis was not con-
ducted [7].

Mechanical, optical and irrigation properties

Characteristics of single-use flexible ureteropyeloscopes are
summarised and compared in Table 2. Seven studies that
assessed and/or compared mechanical, optical and/or irriga-
tion characteristics met inclusion criteria and were included
in the analysis [5, 10, 12-16]. The LithoVue™ has a 7.7Fr
operating tip diameter, 3.6Fr working channel and costs
approximately $1500 US dollars [17]. It also has a 270°
bidirectional deflection tip, a mean irrigation rate of 40 ml/
min and the ureteroscope working length is 68 cm [3, 18].
Deflection and flow-rate do not decrease when endoscopic
tools are applied [19]. In comparison, the Polyscope™ has
an 8Fr operating tip diameter, 3.6Fr working channel and
costs approximately $700 US dollars [20]. It has a 180° uni-
directional deflection tip, mean irrigation rate of 57 ml/min
and the ureteroscope working length is 70 cm [3]. Deflection
and flow-rate decrease by 10 and 50-68%, respectively, with
application of endoscopic tools [3]. The SemiFlex ™ scope
has a 6.3Fr working channel operating tip diameter, 3.3Fr
working channel and costs approximately $800 US dollars
[5]. It has a 300°/265° bidirectional down/up deflection
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Fig. 1 Preferred reporting items

in systematic reviews and meta- Records identified through
analyses (PRISMA) diagram [6] database searching
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-Editorial (n=4)

review
(n=11)

Studies included in systematic .
y H Total n = 466 patients

tip, mean irrigation rate of 25 ml/min and the ureteroscope
working length is 65 cm. Deflection and flow-rate decrease
with endoscopic tools by 35-39 and 51-65%, respectively
[3, 5].

Clinical outcomes

Six studies on 466 patients described clinical outcomes on
single-use FURS for the treatment of stone disease (Table 3)
[6-11]. Four studies evaluated the clinical effectiveness
of the Polyscope™ [7-10] and two studies assess clinical
outcomes with LithoVue™ [11, 12]. No published clini-
cal data were available on the SemiFlex™ scope. In these
studies, operative duration was 66 + 29 min with a stone
size of 1.13 + 0.26 cm. The stone-free rate postoperatively
was 87 + 15% and complications occurred in 9.3 + 9%
of patients. There were no significant differences in pro-
cedure duration, stone size and stone-free rates when data
on Polyscope™ and Lithovue™ were compared (dura-
tion: 78 + 32 min versus 47 + 10 min, p = 0.29; stone size:

1.05 + 0.27 cm versus 1.28 + 0.34 cm, p = 0.37; stone-free
rate: 90 + 6.4 versus 80 =+ 28%, p = 0.46, respectively).
Two studies prospectively compared clinical outcomes
of single-use FURS with reusable FURS [6, 10]. In these
studies, the mean procedure duration was 73 + 27 versus
74 + 13 min (p = 0.99), the mean stone size was 1.36 + 0.2
versus 1.34 + 0.18 cm (p = 0.93), the complication rate
was 15.3 £+ 10.6 versus 15 + 1.6% (p = 0.3) and the stone-
free rate postoperatively was 77.8 + 18 versus 68.5 + 33%.
(p = 0.76) for single-use and reusable FURS, respectively.

Discussion

We investigated and compared the mechanical, optical and
irrigation properties of single-use FURS for the treatment
of renal calculi. We also compared the clinical effectiveness
of different commercially available single-use flexible ure-
teropyeloscopes with each other and with reusable flexible
ureteropyeloscopes. The main findings were that in vitro,
porcine and/or cadaveric data were available on LithoVue™,
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Table 2 Comparative data on the mechanical, optical and irrigation properties of single-use flexible ureteropyeloscopes

Parameters LithoVue™ Polyscope™ SemiFlex™

Company Boston Scientific© Lumenis© and Polydiagnost© Maxiflex©

Optics Digital Fibreoptic Fibreoptic

Deflection 270° Bidirectional 180° Unidirectional 300°/265°: Down/up

Operating tip diameter (Fr) 7.7 8 6.3 Throughout

Irrigation 40 ml/s 57 ml/min 25 ml/min

Working channel (Fr) 3.6 3.6 33

Handling ability Regular Syringe like a handle Regular

Ureteroscope working length (cm) 68 70 65

Cost of scope $1500 $700 $800

Decrease in deflection with endoscopic tools No decrease 10% 35.7% Downward,
39.3% Upward

Decrease in flow-rate with endoscopic tools No decrease 50-68% 51-65%

Table 3 Summary of clinical outcomes on single-use flexible ureteropyeloscopy for the treatment of stone disease

Author RCT Multicentre Flexible N (Pts) Mean pro- Mean stone  SFR post-op Imaging modality Complication
scope cedure dura- size (cm) (%) for SFR rate (%)
tion (mins)
Huang [8] N N Polyscope™ 86 42 1.23 89.5 KUB at 2-4/52 35
Usawachin- N Y LithoVue™ 115 (vs 65) 54 (vs 64.5) 1.52 (vs 60 (vs 45) US + KUB at 7.8 (vs 13.8)
tachit 1.47) 3/12
(control
arm) [11]
Bansal [9] N N Polyscope™ 16 Not meas- 0.75 100 Not documented  Not measured
ured
Ding (con- Y N PolyscopeTM 180 (vs 180) 92 (vs 83) 1.22 (vs 85.6 (vs CT KUB at4/52  22.8 (vs 16.1)
trol arm) 1.21) 91.1)
(7]
Bader [10] N N Polyscope™ 32 101 1 87.5 KUB+US+CT 125
KUB at 3/12
Doizi[12] N Y LithoVue™ 37 40 1.04 100 Not documented 0
Total (Mean) N/A N/A N/A 466 658V 1.13Vv 87.1V N/A 9.3V15)
73.8) 1.34) 68.05)

Data are presented as a mean + standard deviation. Student’s #-tests with unequal variances were performed for pairwise comparisons. Differ-

ences were considered significant at p < 0.05 (SPSS 16.0 for Windows)

SFR stone-free rate, KUB plain film of kidneys, ureters and bladder, US urinary tract ultrasonography

Polyscope™ and SemiFlex™ single-use flexible ureteropy-
eloscopes. Clinical data on patients undergoing treatment
for stone disease was available with LithoVue™ and Poly-
scope™ single-use flexible ureteroscopes. When the clinical
efficacy of both scopes was analysed, the single-use devices
performed well when complication rates and stone-free rates
were compared. These findings suggest that new disposable
FURS are non-inferior to reusable FURS in terms of clini-
cal outcomes.

The SemiFlex™ single-use flexible ureteroscope was ini-
tially described in 2009 and its basic components include a
semi-flexible shaft, bidirectional deflection and with a 3.3Fr
working channel [5]. Its mechanical, optical and irrigation

characteristics were evaluated in vitro and were found to
be similar to conventional fibreoptic reusable flexible ure-
teroscopes. However, no in vivo evaluation has been per-
formed and the scope is not used in clinical practice. The
PolyScope™ single-use flexible ureteroscope was devel-
oped shortly after the SemiFlex™ scope [9, 10]. The Poly-
Scope™ is fibreoptic and composed of a single-use flexible
catheter. It has a modular design to facilitate the reparation
or disposal of individual components and the scope con-
tains 10,000-pixel fibreoptic bundles. Its optical fibre bundle
appears durable after 100 cycles of sterilisation [16]. An
important limitation of the PolyScope™ is its unidirectional
deflection up to 180°. Despite limited manoeuvrability, Ding

@ Springer



534

World Journal of Urology (2018) 36:529-536

et al. noted similar outcomes when the PolyScope™ was
compared to the Olympus URF-P5 FURS for the treatment
of renal stones except for lower pole stones [7]. The authors
attribute this inferiority to several factors. The degree of
deflection of the PolyScope™ is regulated by the force
to squeeze the handle constantly, so fingers become tired
during prolonged operation in the lower calyces [7]. The
PolyScope™ only possesses a unidirectional active primary
deflection mechanism. This limitation with manoeuvrabil-
ity is negated by rotating the shaft by hand and upper arm
movements while squeezing the handle by fingers simultane-
ously. Increased physical activity for the operator increases
the difficulty level of the operation and leads to loss of navi-
gation control which can lead to withdrawal of the scope for
realignment purposes [7]. It is, therefore, arguable that the
PolyScope™ might not be suitable for treating lower pole
stones among novice endourologists. LithoVue™ is a single-
use digital flexible ureteroscope that was initially trialled
in Europe in 2015 and in the United States in 2016 with
the aim of mitigating costs associated with reusable flexible
ureteroscopes [19]. Benchtop, porcine and cadaveric stud-
ies demonstrated that LithoVue™ is not inferior to reusable
flexible ureteroscopes when image quality, manoeuvrability
and ‘user-friendliness’ were compared [12—15].

Single-use flexible ureteropyeloscopes should demon-
strate characteristics that make them favourable to the opera-
tor. Ideally, they should deliver optimal image quality, good
irrigation, bidirectional manoeuvrability for accessing dif-
ficult calyces and have a relatively small operating tip diam-
eter. Furthermore, they should exhibit minimal decreases in
flow-rates and deflection with the administration of endo-
scopic tools as demonstrated by the LithoVue™ in benchtop,
porcine, cadaver and in vivo studies [13, 15]. Their handles
should be ergonomically user-friendly to allow for torque
and easy handling and they should be financially feasible
among urological departments. From a clinical perspective,
disposable flexible ureteroscopes should demonstrate com-
parable perioperative complication rates and postoperative
stone-free rates. One recent multi-institutional, prospec-
tive, comparative study by Usawachintachit et al. compared
procedural outcomes between LithoVue™ and reusable
ureteroscopes [11]. The authors found that the Lithovue™
was associated with a short learning curve and had com-
parable procedural outcomes and complication rates when
compared with reusable flexible ureteropyeloscopes [11].
A randomised controlled trial by Ding et al. found that the
Polyscope™ performed well with similar overall stone clear-
ance rates to a reusable flexible ureteropyeloscope for renal
calculi < 3 cm in diameter. Notably, the URF-P5 reusable
scope had better results with lower pole stones with a shorter
operating time [7].

Recurring concern over durability and reparation costs
associated with reusable flexible ureteropyeloscopes led
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to the initial development and evaluation of the disposable
ureteroscope [21]. Risk factors that adversely affect reus-
able scope durability include cleaning techniques, surgeon
experience and complexity of endourological procedures
performed [22-24]. Reusable ureteroscopes undergo mul-
tiple reprocessing steps such as precleaning, leakage test-
ing, formal cleaning, disinfection and/or sterilisation, drying
and storage after each use [25]. Muggeo et al. investigated
the costs of two reprocessing techniques by comparing low
temperature sterilisation with high level disinfection. The
costs ranged from $728.24 to $1294.14 per use and these
findings emphasise the additional financial burden of labour-
intensive reprocessing protocols [26].

Financing reusable flexible ureteroscopes is also depend-
ent on the number of uses before repair, the initial purchas-
ing cost and the reprocessing costs [27-29]. Costs of single-
use flexible scopes appear to vary worldwide, and this should
be considered by urology departments when performing a
comparative cost—benefit analysis with reusable scopes. [5,
17, 20]. Martin et al. assessed the economic implications of
reusable flexible ureteroscopes by performing a cost—ben-
efit analysis on all flexible ureteroscopies performed over a
12-month period using Flex XC digital ureteroscopes and
the potential costs of the LithoVue™ [30]. In total, 160 flex-
ible ureteroscopies were performed with damage occurring
in eight reusable scopes. The analysis demonstrated a cost
of $848.10 per use and favoured reusable ureteroscopes after
99 procedures were performed. The authors conclude by
suggesting that high-volume institutions (i.e. > 99 FURS/
year) may find reusable ureteroscopes more cost beneficial
and that disposable flexible ureteroscopes are cost beneficial
in lower-volume centres.

A limitation with the present systematic review is that
the number of studies was relatively small due to the lack
of comparative data on single-use and conventional FURS.
Also, the data was heterogenous and only one randomised
controlled trial was retrieved thereby preventing the feasi-
bility for a formal meta-analysis. To address this limitation,
we advocate additional randomised controlled trials in the
near future to compare clinical outcomes and cost—bene-
fits of reusable FURS with single-use FURS [29, 31, 32].
Such studies would be beneficial in definitively determining
whether single-use FURS are truly equivalent to its reusable
counterpart.

Conclusion

Single-use FURS demonstrates comparable efficacy with
reusable FURS in treating renal calculi as no statistically
significant differences in perioperative complication rates
and stone-free rates were found. Their selective usage in
low-volume endourological centres may limit the costs
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associated with repairing reusable flexible ureteropyelo-
scopes. Further detailed evaluation of clinical outcomes and
cost-benefit analyses in the form of randomised controlled
trials will determine whether single-use FURS can reliably
establish its position in daily endourological practice.
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