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ABSTRACT
Background: Managing large renal stones presents challenges. While percutaneous nephrolithotripsy (PCNL) is the gold 
standard, flexible ureteroscopy (f-URS) with laser technology has emerged as a minimally invasive alternative.
Objective: To evaluate the outcomes of f-URS for renal stones larger than 20 mm in three centers and identify factors 
that influence stone-free rates (SFR).
Patients and Methods: A retrospective analysis of 423 patients who underwent f-URS with holmium laser lithotripsy 
for renal stones greater than or equal to 20 mm between January 2021 and October 2023 was conducted. Data from 
three centers in UAE, Canada, and Egypt were analyzed. Stone size, site, density, preoperative stenting, operative time, 
postoperative complications, and SFR at 30 days were assessed. Univariate and multivariate analyses were performed to 
identify factors influencing SFR.
Results: A total of 103 patients met the inclusion criteria. The median stone size was 25 mm. Preoperative stents were 
inserted in around half of the cohort. Disposable f-URS and ureteral access sheath were used in the majority of patients. 
Median operative time was 94 min. Postoperative complications occurred in 21%. Significant residual fragments were 
assessed 30 days postoperatively, around 50% of the study cohort required auxiliary procedures. Univariate analysis 
revealed no significant associations between SFR and stone size, location, number, density, or preoperative stenting.
Conclusion: In this multi-center study, f-URS with holmium laser lithotripsy could not achieve decent early stone-free 
rates for large renal stones, further research is needed to optimize treatment strategies for large renal stones.
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INTRODUCTION                                                                 

The primary objective of every urologist is to achieve 
optimal stone clearance with minimal morbidities[1]. 
Managing large renal stones (>20 mm) presents a 
considerable challenge, with factors including but not 
limited to stone composition, density, location, shape, 
patient anatomy, comorbidities, and availability of 
suitable armamentarium, guiding the choice of treatment 
modality[2].

For many years, percutaneous nephrolithotripsy 
(PCNL) has been considered the gold standard for managing 
large upper urinary tract stones due to its reliability, 
effectiveness, and favorable safety profile, with stone-
free rates (SFR) exceeding 88%[3]. Recent advancements, 
including changes in patient positioning from prone to 

supine, instruments miniaturization, and innovations 
in lithotripsy energy sources have further improved the 
safety profile of PCNL while maintaining excellent SFR. 
However, PCNL still has its challenges including bleeding, 
infection, organ injury, and relatively long hospital stay[4].

Flexible ureteroscopy (f-URS), along with high-power 
laser technology, has revolutionized the management 
of upper urinary tract stones as a minimally invasive 
technique[5]. Initially, retrograde intrarenal surgery (RIRS) 
has been utilized for small to medium-sized stones (<20 
mm), but recent technological advancements and increased 
experience have encouraged urologists to offer it for larger 
stones (≥20 mm), yet with nonuniform results[3].

Compared with PCNL, RIRS is less invasive and, 
when combined with laser technology, allows for precise 
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fragmentation of stones of almost any composition with 
minimal damage to surrounding tissues[6]. This was the 
rationale that prompted urologists to consider it as a viable 
option for managing stones larger than 20 mm[7]. Several 
studies have reported SRF ranging from 60 to 90% for 
stones up to 4 cm after one or more sessions[8]. However, 
f-URS for large renal stones does have its limitations, 
including longer operative time, higher cost, limited 
availability, and technical complexity[7,8].

In a recent real-world practice study evaluating the 
outcomes of f-URS for renal stones, stone-free rates were 
significantly lower than those reported in earlier studies 
even with a median stone size lower than 20 mm[8,9].

Our study aims to evaluate the results of f-URS for 
renal stones larger than 20 mm in three different centers 
and identify factors that may enhance SRF.

PATIENTS AND METHODS:                                                                               

A multicenter retrospective outcome analysis was 
conducted in 3 different centers in United Arab Emirates 
(UAE), Canada, and Egypt between January 2021 and 
October 2023. 

Our retrospective analysis focused on patients with renal 
stones (≥20 mm) who underwent flexible ureteroscopy and 
Holmium laser lithotripsy. The study received institutional 
review board approval for the conduction of clinical 
research and adhered to the ethical standards outlined 
in the 1964 Declaration of Helsinki and its subsequent 
amendments.

Data from three participating centers were evaluated 
for this study. Inclusion criteria comprised patients over 
18 years old with stone sizes greater than or equal to 20 
mm who underwent flexible ureteroscopy with holmium 
laser lithotripsy as the primary treatment. Patients with 
associated active urinary tract infections, associated 
ureteral stones, renal and/or musculoskeletal abnormalities, 
and patients undergoing bilateral simultaneous procedures 
were excluded. Patients with prior stenting were not 
excluded.

Stone size was determined by measuring the largest 
anteroposterior diameter (AP). In cases of multiple stones, 
the sum of their largest AP diameters was calculated. 
Alongside routine demographic information and 
preoperative tests, all patients underwent noncontrast-
enhanced computerized tomography of the urinary tract 
(noncontrast CT-UT) to register stone size, site, number, 
and density. The presence of a preoperative stent was also 
recorded.

Flexible ureteroscopy with holmium laser lithotripsy 
was performed on all patients using high-power machines 

(>80W), following the standard of care and surgical 
practices of each institute. All three centers used both 
disposable and reusable f-URS as outlined in the results 
section, laser power, and frequency were adjusted 
according to the surgeon’s preference, but all surgeons 
utilized combined dusting/fragmentation techniques, and 
stone retrieval was performed when deemed necessary by 
the surgeon.

Operative time, the need for postoperative stenting, 
and intraoperative complications were documented, with 
postoperative complications graded using the modified 
Clavien–Dindo classification[10]. Operative time was 
defined as the time from the cystoscope introduction to 
stent insertion. The primary endpoint of our study was the 
SFR at 30 days postoperative. To determine SFR, fragments 
smaller than 4 mm were considered insignificant residual, 
and due to the retrospective nature of the study, residual 
fragments were assessed using combined renal ultrasound 
with plain films of the urinary tract or noncontrast CT-UT.

Secondary endpoints included evaluating perioperative 
factors that affect SFR.

Statistical analysis

We used IBM SPSS Software version 26 for our 
statistical analysis. We described continuous variables 
using medians and ranges, while categorical variables 
were expressed as numbers and percentages. To examine 
the connection between SFR and potential influencing 
factors, we employed a binary logistic regression model. 
These influencing factors encompassed age, sex, stone 
characteristics (side, size, density), as well as the number 
and location of stones. All parameters with a P less than 0.1 
would enter a multivariate analysis. A P value of less than 
0.05 was considered statistically significant.

RESULTS:                                                                          

A total of 423 adult patient files were included in this 
study, focusing on f-URS with holmium laser lithotripsy 
for treating stones larger than 20 mm.

Among the initial patient files, 320 patients were 
excluded for various reasons: 93 patients had a preoperative 
planned staged f-URS, 17 had associated ureteral stones, 
and 81 had bilateral stones. In addition, 11 patients had 
their procedure changed to PCNL, 58 patients did not 
reach 30 days postoperatively, 42 patients did not have a 
postoperative imaging study, and 18 patients were lost to 
follow-up.

A total of 103 patients remained for evaluation, and 
their baseline characteristics are presented in (Table 1). The 
cohort consisted of 61.2% male patients, with a median 
age of 52 years. The median stone size was 25 mm, with a 
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density ranging from 353 to 1384 Hounsfield Units (HU). 
Fifty-four patients presented with a single stone, while 
multiple stones were found in 49 patients. Renal pelvic 
stones were found in 50 patients, and calyceal stones, 
including staghorn stones, were found in 52 patients. 
Preoperative stents were inserted in 49 patients (47.6%) 
either to relieve an obstruction or as a preliminary step 
before f-URS. 

Intraoperative characteristics are shown in (Table 2). 
Disposable f-URS was used in 78 patients, and a ureteral 
access sheath was inserted in 80% of the cases, even in 
the presence of preoperative stents. The median operative 
time was 94 min. All patients had a postprocedure ureteral 
stent inserted, and the median hospital stay was 1 day. 
Postoperative complications developed in 34% of the 
patients, as recorded using the modified Clavien–Dindo 
classification[10]. 

Table 1: Baseline characteristics

Parameter Values
Total number of participants n (%) 103 (100)
Sex
 Male n (%) 63 (61.2)
 Female n (%) 40 (38.8)
Age median (range) 52 (19–81)
Stone diameter (mm) median (range) 25 (20–40)
Stone density (HU) median (range) 824 (353–1384)
Laterality
 Left n(%) 53 (51.5)
 Right n(%) 50 (48.5)
Stone number
 One n(%) 54 (52.4)
 Two n(%) 30 (29.1)
 Three n(%) 12 (11.7)
 Four or more n(%) 7 (6.8)
Stone site
 Upper pole n(%) 2 (1.9)
 Middle pole n(%) 8 (7.8)
 Lower pole n(%) 26 (25.2)
 Pelvis n(%) 50 (48.5)
 Staghorn n(%) 17 (16.5)
Presence of ureteral stent preop n(%) 49 (47.6)

Table 2: Intraoperative parameters

Postoperative results are presented in (Table 3). 
Evaluation of residual fragments was performed using 
either a CT-UT or a combined radiography KUB and renal 
ultrasound protocol at least 30 days postoperatively. Fifty-
three patients showed significant residual fragments greater 
than or equal to 4 mm, and auxiliary procedures were 
required in 52 of these cases. A second session of f-URS 
was performed in 35 patients, 13 patients underwent shock 
wave lithotripsy (SWL), and four patients had semirigid 
ureteroscopy with stent exchange for persistent ureteral 
fragments.

In an attempt to evaluate factors that affect the SFR 
univariate analysis was conducted (Table 4). However, 
we found that factors like stone size, location, number, 
density, and whether a preoperative stent did not show 
any significant association to the SFR. Therefore, the 
multivariate analysis was not carried out.

Type of ureteroscope n (%)
 Disposable 78 (75.7)
 Reusable 25 (24.3)
Access sheath insertion n(%) 82 (79.6)
OR time (min) median (range) 94 (35–140)
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DISCUSSION                                                                  

The management of large renal stones presents a 
significant challenge for urologists, and the choice of 
treatment modality is influenced by various factors[1,3]. 
PCNL has long been considered the gold standard for 
treating large upper urinary tract stones due to its high 
SFR[11]. However, PCNL is not without limitations, 
including bleeding, infection, organ injury, and 
prolonged hospitalization[12]. In recent years, RIRS 
has emerged as a minimally invasive alternative 
for managing upper urinary tract stones, including 
larger stones. While f-URS offers advantages such as 
precision and minimal damage to surrounding tissues, 
its efficacy for stones larger than 20 mm remains 
uncertain[13].

Our retrospective analysis included 103 patients 
from three different centers who underwent f-URS with 
holmium laser lithotripsy. The baseline characteristics 
of the cohort revealed a median stone size of 25 mm, 
with a density ranging from 353 to 1384 Hounsfield 
Units. The majority of patients had a single stone, 
although 48% of the cohort presented with multiple 
stones

Although several research studies have favored the 
use of RIRS over PCNL for stones greater than 20 mm; 
in a real-world setting, recent large-scale retrospective 
and prospective studies failed to support this practice. 
In a retrospective analysis of more than 2000 f-URS 
for renal stones in both general and specialized urology 
centers, Ghani et al.[9] reported a median stone size of 
9 mm, multiple stones present in 22% of patients and 
25% of the study cohort were stented preoperatively; 
even with this relatively small stone size and number, 
UAS was used in around 60% of the cases. 

These results surprisingly showed the same trend 
in a prospective pattern when the global Flexible 
Ureteroscopy Outcomes Registry (FLEXOR)[14] 

reported their results including more than 6000 patients 
with renal stones of any size who underwent RIRS as a 
primary treatment or after failure of other modalities. 
The mean stone size of 10.4 mm, yet multiple stone, 
and preoperative stenting were present in 41 and 47% 
of the study cohort, respectively, with UAS used in 
93% of procedures. We believe that the use of UAS 
even in presented patient have to be the standard 
practice in larger stones, although does not affect SFR, 
use of UAS helps to reduce intrarenal pressure during 
prolonged procedures[5].

Residual ≥4 mm after 30 days n (%) 53 (51.5)
Axillary procedure n (%) 52 (50.5)
 2nd session f-URS n(%) 35(33)
 SWL n(%) 13 (12.6)
 Semirigid URS n(%) 4 (3.8)

Table 3: Postoperative results

Postop ureteral stent n(%) 103 (100)
Complications n (%)
 None 68 (66)
 Clavien I 27 (26.2)
 Clavien II 8 (7.8)
Hospital stay (days) median (range) 1 (0.5–8)

Table 4: Univariate analysis

Univariate analysis
Parameters OR CI (95%) P value
Age 1.014 0.99–1.042 0.29
Side 1.474 0.675–3.219 0.33
Sex 1.707 0.763–3.82 0.2
Stone size 1.043 0.967–1.126 0.272
Stone number 1.147 0.563–2.335 0.706
Preopertative stent 1.089 0.491–2.419 0.833
Stone density HU 1 0.998–1.002 0.914
Stone location 1.052 0.673–1.645 0.823
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In our study, the median operative time was 94 
min. Operative duration was previously proven 
directly related to stone burden[15]. In an evaluation of 
f-URS in patients with large renal stones, Huang JS                           
et al.[16] reported 126 min as the mean operative time 
per procedure. However, it is important to note that the 
stone size can not be an independent predictor for an 
operative time as many various factors, including stone 
composition, density, location, surgeon experience, 
and the need for additional procedures such as stone 
extraction or stent placement usually play roles.

Disposable f-URS are gaining territories against 
reusable ones, according to a market projection study, 
the market share of disposable f-URS will reach 80% 
by 2025[17]. This was reflected in recent studies, which 
showed a shift from reusable to disposable f-URS, 
especially for large stone burdens[5,17]. 

Large stone size and the possible need for an 
auxiliary procedure was the main reason for insertion 
of ureteral stent post any type of stone management 
procedure[18] including our study, the same rationale 
was adopted by Huang JS et al.[16] who stented all cohort 
of their study; even for small stones, postprocedure 
stents were inserted in more than 90% of the patients 
the FLEXOR study[14].

The median hospital stay was 1 day, confirming 
the minimally invasive nature of the procedure, and 
the possibility to perform f-URS for larger stones in 
a daycare setting. Postoperative complications were 
observed in 34% of patients but were mostly of low 
severity (Clavien I or II)[10].

Evaluation of postoperative results revealed that 
51.5% of patients had residual fragments larger than 
4 mm, requiring auxiliary procedures. The most 
common auxiliary procedure was a second session of 
f-URS, followed by SWL and semirigid ureteroscopy 
with stent exchange. These findings are aligned with 
previous reports that have demonstrated variable SFR 
for f-URS in larger renal stones. Huang JS et al.[16] 

reported a 61% SFR after the first procedure, using a 3 
mm cutoff for residual fragments, in their analysis of 
their cohort.

Even with smaller stones, SFRs was frustrating, 
in their study that included more than 2000 patients, 
Gandi et al.[9] reported a 50% SFR at a follow-up 
of 60 days using a zero fragment policy yet with a 
median stone size of 9 mm, the same as reported in the 
FLEXOR study[14] which reported a 71%SFR using a 2 
mm cutoff residual, and a mean stone size of 10.4 mm

In our analysis we used a 30 days postoperative 
to assess residual fragments, this may explain the 
relatively lower SFR. We opted for this relatively short 
time frame to assess the results of a single-session 
f-URS and to avoid delaying auxiliary procedures.

In an attempt to identify factors influencing the 
stone-free rate, univariate regression analyses failed 
to identify significant correlations between stone size, 
site, number, density, location, or the presence of a pre/
postoperative stent to stone-free rate. We believe that 
SFR would not be associated with the size of the stone 
if it goes beyond a certain limit. In another way, this 
research focused only on stones larger than 2 cm, and 
it is not surprising that SFR was not influenced by this 
factor for stones above this size.

It is important to note that our study has certain 
limitations. First, it is a retrospective analysis, which 
may introduce bias in patient selection and data 
collection. We only used high power holmium laser 
machines, the presence of Thulium Laser Fiber was 
not tested. Additionally, the study was conducted 
across three different centers, which may introduce 
variability in surgical techniques and outcomes. New 
forms of UAS including suction and bendable types 
were also not used, theoretically, they may positively 
affect SFR but further independent studies are needed 
to confirm. Furthermore, the study only evaluated the 
stone-free rate at 30 days postoperative, this may be a 
relatively short time for analysis, the effect of a longer 
time for residual fragment follow-up may be needed.

CONCLUSION                                                                                                        

Our study assessed the outcomes of f-URS with 
holmium laser lithotripsy for renal stones larger than 20 
mm and identified factors that may enhance SFR. It seems 
that up till this moment, RIRS for stones larger than 20 mm 
presents a step beyond the limits, and can not be presented 
as primary treatment option for standard patients.

ABBREVIATION LIST                                          

AP, antroposterior; CT-UT, computarized 
tomography of the urinary tract; f-URS, flexible 
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bladder; PCNL, percutaneous nephrolithotomy; RIRS, 
retrograde intrarenal surgery; SFR, stone free rate; 
SWL, shock wave lithotripsy; UAE, United Arab 
Emirates; UAS, ureteral access sheath.
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