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Abstract
Purpose  The primary aim of this study to comparison of reusable and disposable flexible ureterorenoscope (fURS) efficiency 
in lower pole renal stone disease management. In addition, the secondary goal of this study was to evaluate the factors affect-
ing stone-free rates (SFR) in lower pole stones.
Materials and methods  A prospective case–control study utilizing data from 122 consecutive ureteroscopic cases. The 
patients were divided into two groups according to the ureterorenoscope employed in the surgical intervention as dispos-
able fURS (Group1, n:52) and reusable fURS (Group 2, n:70). Demographic characteristics, stone size, infundibulopelvic 
angle (IPA), SFR, hospitalization time, intraoperative complication rate (CR), operative time, preoperative or postoperative 
JJ stenting, and postoperative CR were analyzed.
Results  There was no statistical difference between the demographic and renal stone-related data between the groups. 
Likewise, no difference is observed in term of intraoperative and postoperative outcomes such as fluoroscopy time, CR, 
and hospitalization time between the groups. Although SFR was higher in the disposable fURS group, there was no differ-
ence statistically. However, the operative time was longer in reusable fURS Group (47.02 ± 9.91 min in Group 1, and it was 
57.97 ± 14.28 in Group 2) (p: 0.001). The multivariate regression analysis result to evaluate the factors of effect to operative 
time; the use of disposable fURS was associated with a 10.95-min decrease in procedure duration (p < 0.001).
Conclusions  Disposable fURS and reusable fURS have similar clinical efficiency and complication rates in the treatment 
of lower calyceal stones with RIRS. Nevertheless, disposable fURS is a useful treatment option for increased stone volume 
due to the advantages such as shorter operative time.
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Introduction

Flexible ureterorenoscopy is currently common treat-
ment modality for kidney stone disease [1]. Its use in 
treatment of stone disease has been gradually increas-
ing, due to the growing nephrolithiasis prevalence [1]. In 
addition to these advancements, with the development of 
the holmium laser, retrograde intrarenal surgery (RIRS) 
has taken its place as an important option in kidney stone 
treatment [2]. According to EAU guidelines, RIRS and 
shock wave lithotripsy (SWL) are recommended as first-
line treatment choice for renal stones less than 20 mm [1]. 
They have also become second-line treatment choice for 
stones > 20 mm. In the presence ofunfavorable factors 
for SWL in 10–20 mm lower pole stones, the first recom-
mended treatment modality is RIRS [1]. The success of 
SWL in lower pole stones varies between 25 and 95% and 
several factors affect this success [3–5]. In recent years, in 
meta-analysis comparisons of RIRS and SWL, the needle 
is turning in favor of RIRS every day due to its stone-free 
rate and various advantages [4, 5]. Therefore, the use of 
RIRS in these stones has increased significantly in recent 
years [1].

New generation fURS has exceptional qualities such 
as high digital imaging quality, or high passive and active 
flexion ability [6]. Despite that evolution of fURS, the 
instruments are still fragile and prone to damage. The fra-
gility of fURS and associated maintenance–repair costs 
are still important financial and logistic challenges for 
endourology centers. In the light of frequently usage of 
RIRS, the single use fURS was developed and started to 
be used [7, 8]. The tests between disposable and reusable 
fURS yielded comparable results [9, 10]. However, its 
impact in the lower calyx stones remains uncertain.

The primary aim of the present study is to compare the 
efficacy of reusable and disposable fURS in lower pole 
renal stone disease. A secondary aim is to evaluate the 
factors affecting the stone-free rates (SFR) of lower pole 
stones.

Materials and methods

All RIRS procedures conducted in a tertiary referral 
center in Konya, Turkey between January 2018 and May 
2020 were evaluated in this prospective case–control 
study. Patients aged 18 and above with lower pole stones 
were included in the present study. Patients with isolated 
lower calyceal stones and patients who were unsuitable or 
unwilling for SWL and PNL treatment were included the 
present study. Each session of surgery for patients with 

multiple sessions of RIRS was evaluated as a separate sur-
gical procedure. Patients under 18 years of age, patients 
without stones in the isolated lower calyx, patients who 
had previous open surgery and kidney anomalies were 
excluded from the study. Consequently 122 patients and 
renal units were determined to meet the inclusion criteria. 
Non-contrast abdomen computed tomography (CT) was 
used as the preoperative imaging method. The majority 
of procedures were performed under general anesthesia. 
Twenty-two patients who could not be performed general 
anesthesia were performed spinal anesthesia (9 patients 
in Group 1, and 13 patients in Group 2). All procedures 
were performed in lithotomy position by the same sur-
geons. All surgery sessions performed routinely in two 
operation rooms. One digital disposable fURS (9.5 Fr, 
Uscope 3022®, Zhuhai Pusen Medical Technology Co, 
Ltda., Zhuhai, China) was used between March 2018 and 
December 2019, and one digital reusable fURS (7.5 Fr, 
Flex-X2S®, Karl Storz, Tuttlingen, Germany) was used 
between December 2019 to May 2020 randomly during 
all surgical sessions.

In all cases, a safety guidewire was placed under fluoro-
scopic guidance. Semi-rigid ureteroscopy (URS) (8 Fr Karl 
Storz, Tuttlingen, Germany) was performed to evaluate the 
ureteral pathologies. Afterwards, retrograde pyelography 
was performed for to observe renal and ureteral anatomy. 
In Group two, 9.5/11 Fr ureteral access sheath (UAS) was 
placed via the second guidewire guidance. If the UAS did 
not pass through the distal ureter, a fURS was sent on the 
guidewire immediately and the stone was fragmented. In 
Group one, the UAS was not used due to its large diameter 
(12/14 Fr) not to increase ureteral complications. After semi-
rigid URS, fURS was placed via the second guidewire under 
fluoroscopy. If semi-rigid URS could not be performed in 
both groups or fURS could not be placed into the ureter, JJ 
stent was inserted to ureter and the operation was postponed 
for 2 weeks later.

For laser lithotripsy, a 30-Watts holmium laser (Medi-
las H Solvo®, Dornier MedTech Europe GmbH, Wessling, 
Germany) with 270-micron fibers was used in all cases. All 
procedures were performed uniformly, using intracorpor-
eal lithotripsy laser parameters in dusting or fragmentation 
mode depending on the characteristics of the stone.

At the end of each surgical intervention, JJ stent was 
inserted according to the clinical experience of the surgeon, 
ureteral edema, residual stone presence, and hemorrhage. 
Other patients were followed up without the insertion of 
JJ stent.

The patients were divided into two groups as disposable 
fURS (Group1) and reusable fURS (Group 2).

Analyzed parameters included demographic characteris-
tics, stone size, infundibulopelvic angle (IPA), SFR, hos-
pitalization time, intraoperative complication rate (CR), 
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operative time, preoperative or postoperative JJ stenting, 
and postoperative CR. At the time of the surgery, the meas-
urements of the anatomical characteristics of the lower pole 
(infundibular length, infundibular width and IPA) were 
obtained using a radioscopic retrograde ureteropyelogra-
phy according to the method described by Elbahnasy et al. 
[3]. These parameters were compared as well between both 
groups.

Clavien–Dindo scale was used to classified intra and post-
operative complications [11].

The patients without any postoperative complaints were 
discharged on the first postoperative day. The patients were 
evaluated after 2–4 weeks in outpatients’ clinic. Postopera-
tive imaging methods were X-ray and/or ultrasonography. 
The patients who had 3 mm or smaller stone fragments were 
considered as stone free patients. Patients’ stone free sta-
tus was accepted as surgical success. The surgical time was 
accepted as during between started to the insertion of the 
UAS and end of stone fragmentation.

Statistical analyses

Statistical analyses of the data obtained from these proce-
dures were conducted using 23.0 version of the Statistical 
Package for Social Sciences (SPSS®, IBM in Armonk, New 
York, USA). Chi-square test was conducted for univari-
ate analysis of the groups. An independent T-test was per-
formed to obtain parametric data, and Mann–Whitney U test 
to obtain non-parametric data. We compared demographic, 
kidney stone-related factors (HU, IPA, etc.), pre and post-
operative values between groups.

A multivariate evaluation was conducted with a logis-
tic regression analysis the factors affecting SFR between 
groups. We included factors such as stone size, number of 
stones, UAS use, IPA, Hounsfield units (HU) value, presence 
of preoperative hydronephrosis, gender, and using dispos-
able or reusable fURS in these methods.

Furthermore, we performed univariate analysis for factors 
affecting operative time. Finally, the multivariate analysis 
after univariate analyses was conducted.

Factors that considered being statistically significant in 
the univariate analysis, affecting operative time were also 
included in the multivariate analysis.

A confidence interval of 95% and a threshold level of p 
of less than 0.05 were considered as indicators of statistical 
significance.

Results

Out of the 122 patients, 52 were in Group 1 and 70 in Group 
2. Mean stone size was 11.75 ± 4.89 mm in Group 1 and 
12.17 ± 4.44 in Group 2. There were no differences between 

to the Groups in terms of stone size (p: 0.621). All stones 
were located in the lower calyx. No difference was observed 
among reusable and disposable groups in terms of age, gen-
der, comorbidity, stone laterality, IPA, number of stone, HU, 
and demographic and preoperative parameters (All param-
eters p > 0.05) (Table 1). Preoperative JJ stent was inserted 
in 15 (28.8%) of the patients in Group 1, and 25 (35.7%) of 
the patients in Group 2. This rate was similar statistically 
(p: 0.424).

The UAS could not inserted in any of the patients in 
Group 1. The situation may cause due to the high diameter 
of UAS for disposable URS. Also, we could not place the 
UAS to 51 patients in Group 2. The UAS using was higher 
in Group 2 than Group 1 (p < 0.001).

Postoperative JJ stents were inserted to 98 patients 
(80.3%) in both Groups (45 patient in Group 1; and 53 
patient in Group 2). Other patients (7 patients in Group 1; 
and 17 patients in Group 2) were stentless at the end of sur-
gery. This postoperative stenting’ rate was similar between 
the Groups (p: 0.137).

Among the intracorporeal laser lithotripsy techniques was 
dusting the most frequently used technique in both groups 
(63.9%), in the remaining patients stones were extracted with 
a basket and dusting was performed in the pelvis.

The operative time was 47.02 ± 9.91 min for Group 1, 
and 57.97 ± 14.28 min for Group 2. This time was higher 
in Group 2 (p: 0.001). SFR was achieved in 84.6% of the 
patients (44 patients) in Group 1. This ratio was 80% (56 
patient) in Group 2, and there were no differences between 
the Groups (p: 0.512). The fluoroscopy time was 72 ± 31 s 
in Group 1 and 69 ± 28 s in Group 2 (p: 0.528). The CR 
was seen in 17.3% of (9 patients) Group 1, and in 10% (7 
patients) of Group 2. CR rate was similar for both Groups 
(p: 0237). Most of the complications encountered were of 

Table 1   Patient demographic and preoperative parameters

HU hounsfield unit, IPA infundibulopelvic angle, mm millimeters
p value < 0.05

Group 1 (n:52) Group 2 (n:70) p value

Age (years) 52.4 ± 19.4 48.73 ± 14.7 0.25
Gender n (%) 0.79
 Female 22 (42.3) 28 (40)
 Male 30 (57.7) 42 (60)

Laterality n (%) 0.19
 Right 27 (51.9)

25 (48.1)
28 (40)
42 (60) Left

Stone size (mm) 11.75 ± 4.89 12.17 ± 4.44 0.621
IPA (degrees) 60.15 ± 7.69 58.92 ± 9.80 0.073
Multiple stones (n) (%) 7 (13.5) 10 (14.3) 0.29
HU 961.37 ± 282.35 1053.71 ± 303.99 0.264
Prestenting n (%) 15 (28.8) 25 (35.7) 0.42
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Clavien I–II grade. We did not observe Clavien grade IV–V 
complications in any of the participants. There is no statisti-
cally significant difference in terms of hospitalization time 
between the two groups (p: 0.15) (Table 2).

The results of the multivariate analyses have shown that 
the factors with an impact on SFR after RIRS are IPA (p: 
0.001), stone number (p: 0.04), and stone size (p: 0.001). 
Neither fURS nor the other factors evaluated during the 
multivariate analyses do have an effect on the success of the 

surgery conducted. Factors with an impact on stone clear-
ance are presented in Supplementary Table 2.

The univariate regression result to evaluate the factors 
with an effect of operative time has shown that the use of 
disposable fURS was associated with a 10.95-min decrease 
in the operative time (p < 0.001). Moreover, HU degree 
(p: 0.29), increasing stone size (p < 0.001), stone number 
(p < 0.001), UAS use (p: 0.016) and IPA (p: 0.013) were 
associated with significant increases in the operative time. 
The monovariate analysis results to evaluate the factors with 
an effect of operative time have shown Fig. 1. However, on 
evaluating the factors with an impact on operative time with 
multivariate analyses have shown that HU degree and IPA 
were not associated with operative time. However, like in the 
univariate analyses, the use of reusable fURS (p < 0.001), 
increasing stone size (p < 0.001), presence of multiple stones 
(p: 0.036), were associated with increased operative time.

Factors effecting operative time are presented in Supple-
mentary Table 3.

Discussion

In the present study, disposable fURS and reusable fURS 
were compared in the treatment of lower pole stones. The 
surgical time is shorter with RIRS performed with dispos-
able flexible ureteroscope. Furthermore, the success rate of 
disposable fURS had a higher success rate in lower pole 

Table 2   Intraoperative and postoperative outcomes

SFR stone-free rate, UAS ureteral access sheath

Group 1 (n:52) Group 2 (n:70) p value

SFR n (%) 44 (84.6) 56 (80) 0.512
Operation time (min) 47.02 ± 9.91 57.97 ± 14.28 0.012
Fluoroscopy time (sec-

onds)
72 ± 31 69 ± 28 0.528

The UAS use 0 19 (27.1)  < 0.001
Postoperative stenting 
n (%)

45 (86.5) 53 (75.7) 0.13

Complication rate n (%) 9 (17.3) 7 (10) 0.23
Hospitalization time 

(day)
2.25 ± 2.97 1.57 ± 1.97 0.15

Complication rate n (%) 9 (17.3) 7 (10) 0.237
 Clavien–Dindo 1 2 (3.8) 3 (4.3)
 Clavien–Dindo 2 7 (13.5) 3 (4.3)
 Clavien–Dindo 3A 0 1 (1.4)

Fig. 1   The monovariate analysis results to evaluate the factors with an effect of operative time
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stones operations compared to reusable fURS, this is not 
statistically significant (88% vs 86%).

Flexible ureterorenoscopy in stone management has 
become an indispensable part of daily urology practice. 
SWL and endoscopic modalities are the first recommended 
treatment modalities, especially for lower calyceal stones 
with a diameter less than 2 cm [1]. In systematic review and 
meta-analysis, it has been stated that SFR is higher in RIRS 
compared to SWL, especially in 10–20 mm lower calyceal 
stones [12, 13]. Also in another study, retreatment was less, 
and transition to normal life was earlier in the RIRS group 
[14]. Although the need for more prospective randomized 
studies is obvious, RIRS has an important therapeutic advan-
tage in the treatment of lower calyceal stones.

There are several factors affecting the success of RIRS 
in lower calyceal stone SFR. In the study of Jessen et al., a 
very low IPA (< 30°) and a long infundibulum have a nega-
tive effect on the SFR. However, the same study has also 
stated that even in case of unfavorable anatomic conditions, 
a complete stone clearance is achievable with secondary pro-
cedures [15]. In the present study, IPA, stone load, HU and 
number all affected SFR independent of the tools employed 
in the procedure.

Many authors have determined that RIRS has a high effi-
cacy in treatment for renal stones [12–14]. In spite of the 
technological progression in scope, design, and function, 
durability continues to be main concern in starting and main-
taining this surgery [16]. Due to these advancements, suc-
cess of surgical outcomes were improved [12, 17]. Replace-
ment and repair of these scopes necessitate high costs and 
vitally important time. These instruments may require repair 
after 5–40 usages [16, 18]. One of the most important dam-
age risk factors in fURS, with high maintenance and repair 
costs, is exceeding the deflection limit of the device during 
surgery. This damage was determine to occur most often 
during the treatment of lower pole stones [19].

To overcome these handicaps, disposable fURS have been 
developed [17]. Disposable fURS have been determined to 
be comparable with reusable fURS in terms of image reso-
lution and flexibility [18]. These devices, which have come 
more and more into use in recent years, comparative for 
their in effectiveness compared to reusable devices became 
a necessity [16].

There is no certainty about the economic superiority of 
disposable devices over reusable ones. However, there are 
publications stating that it is more economical in centers 
with a low volume of cases or in large volume lower pole 
stones [20]. In the study of Martin et al., it has been stated 
that the use of disposable equipment is economically supe-
rior in centers where less than 99 flexible ureteroscopy is 
performed annually [21]. In the present study, no cost cal-
culation was made due to the variability in the financial data 
inhibiting a precise calculation of the cost.

In the study of Mager et al., it was stated that no sig-
nificant difference was found between SFR between dispos-
able fURS and reusable fURS in the treatment of kidney 
stones (81% vs 87%) [8]. In the same study, no significant 
difference was observed between the two devices in terms 
of operative time and fluoroscopy time [8]. In the study of 
Usawachintachit M et al., they reported that procedural out-
comes and complications were comparable between dispos-
able and reusable groups. In their study, when they evaluated 
all kidney stones, surgeries performed with disposable fURS 
were statistically significantly shorter than those intervened 
with reusable fURS [20]. In study by Salvadó et al., they 
compared to efficiency of disposable and reusable devices in 
lower calyceal stones. They observed that the surgery time 
and the fluoroscopy time were been shorter in the dispos-
able fURS group [22]. In our study, as in other studies, the 
SFR rate was similar in both fURS groups. HU value, IPA, 
stone size, and stone number were factors affecting SFR in 
our analysis.

The most important difference in both groups was in the 
operative time in our study. The surgery time of disposable 
fURS was 10 min shorter, on average, than reusable fURS. 
In univariate analysis, operative time was affected by stone 
size, stone number, IPA, and HU. We can, however, specu-
late on factors that might account for differences in pro-
cedural time. We think that the operative time is affected 
by technical and surgical factors. The disposable scope is 
lighter than the reusable scope and flexes like a new scope 
with every case. In study by Usawachintachit et al., simi-
lar to our study, intrinsic characteristics may explain the 
faster performance of disposable fURS [20]. Although the 
endoscope angulation and up–down flexion feature of dis-
posible fURS is similar to the reusable fURS in the empty 
working channel, these features of disposable URS are 
better when the insertion of laser fiber (Fig. 2) [23]. Espe-
cially in reusable fURS that has been used many times, 
this difference is obvious. Therefore, disposable fURS may 
be easier to target during fragmentation the stone. Also, 
the reflexes of surgeons to protect the reusable fURS may 

Fig. 2   a The multiple used reusable fURS. b The disposable fURS
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limit the angulation and up–down flex. We think that this 
situation could be effect the operative time. Although we 
are not sure about the explanation of this time difference, 
stone size and stone number are important factors affecting 
the operative time. In addition, these factors are also cor-
relate with multivariate analysis. More studies are needed 
to evaluate the factors affecting the operative time.

The impact of the use of a UAS in RIRS, SFR is con-
troversial [24]. According to EAU Guidelines; the use of 
UAS depends on the surgeon’s preference [25]. Also, the 
association between the use of a UAS and ureteral dam-
age has been underreported for many years. The increased 
diameter of UAS is related to the growing ureteral damage, 
in experimental and human studies, the damage can exceed 
50% [24, 26, 27]. In addition, the short and long-term con-
sequences of UAS are not fully known [24, 27]. Similarly, 
in a meta-analysis, it was stated that adding a UAS when 
performing fURS should not be a systematic step, and this 
decision should be made on a patient-specific basis [28]. 
So, we did not use the UAS in Group 1 due to the large 
diameter of disposable fURS. Moreover, we have also not 
used the UAS the majority of patients in Group 2 (27.1%). 
Also, we have not forced for the placement of UAS, and 
the time of UAS replacement did not exceed a few min-
utes. So, we think that using UAS could not significantly 
affect the operative time in our study.

Urinary tract infection and sepsis can be seen less, 
since the procedure is performed with sterile instruments 
in procedures performed with disposable instruments [29]. 
However, in our study, no significant difference was found 
in both groups in terms of infective complications. The 
underlying reason could be that the reusable device is used 
on two patients a day.

In addition to the fact that our clinic is tertiary health 
center in our region, frequent referral of patients is also 
another factor with an impact on patient numbers. In the 
present study, the results more standardized since the 
fURS were performed by the same surgical team in almost 
the same period and with surgeons who have had similar 
surgical experience. In addition, the selection of patients 
from the same demographic region is one of the factors 
affecting the cohort to be more homogeneous. However, 
one of the main points that should not be forgotten is that 
randomized controlled studies to compare disposable and 
fURS are necessary.

The recently added Moses technology and TFL has 
higher efficiency and lower retropulsion rate during the 
stone fragmentation [30, 31]. Also laser ablation and 
surgery time are shorter than Ho:YAG lasers in vivo and 
in vitro studies [31, 32]. Although we have used 30-W 
holmium laser in our study, it is obvious that the operative 
time and SFR would be better by new laser technologies, 
in the future.

The present study has some inherent limitations. First, the 
limitations of the study that it is a single-center study. Thus, 
the number of patients is not sufficient to generalize to the 
whole population. Second, cost-effectiveness factors could 
not consider in this study. Third, we evaluated only lower 
pole stones. Despite these limitations, this present study pro-
vides important findings on the efficiency of disposable and 
reusable URS in the treatment of lower pole renal stones.

Conclusion

The findings of the present study indicate that disposable 
fURS is a more advantageous technique due to qualities such 
as a shorter operative time in cases with increased stone vol-
ume (> 10 mm sized), and multiple stones. In the treatment 
of lower pole stones the use of disposable fURS present an 
effective alternative to reusable fURS commonly used in 
urological interventions.
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