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Purpose: Traditionally, bilateral urolithiasis treatment involved staged interventions due to safety concerns. Recent studies have
shown that same-sitting bilateral retrograde intrarenal surgery (SSB-RIRS) is effective, with acceptable complication rates. However,
there’s no clear data on the optimum laser for the procedure. This study aimed to assess outcomes of SSB-RIRS comparing thulium
fiber laser (TFL) and high-power holmium:yttrium-aluminum-garnet (Ho:YAG) laser in a multicenter real-world practice.

Materials and Methods: Retrospective analysis was conducted on patients undergoing SSB-RIRS from January 2015 to June 2022
across 21 centers worldwide. Three months perioperative and postoperative outcomes were recorded, focusing on complications
and stone-free rates (SFR).

Results: A total of 733 patients were included, with 415 in group 1 (Ho:YAG) and 318 in group 2 (TFL). Both groups have similar de-
mographic and stone characteristics. Group 1 had more incidence of symptomatic pain or hematuria (26.5% vs. 10.4%). Operation
and lasing times were comparable. The use of baskets was higher in group 1 (47.2% vs. 18.9%, p<0.001). Postoperative complica-
tions and length of hospital stay were similar. Group 2 had a higher overall SFR. Multivariate regression analysis indicated that age,
presence of stone at the lower pole, and stone diameter were associated with lower odds of being stone-free bilaterally, while TFL
was associated with higher odds.
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Conclusions: Our study shows that urologists use both lasers equally for SSB-RIRS. Reintervention rates are low, safety profiles

Chai etal

are comparable, and single-stage bilateral SFR may be better in certain cases. Bilateral lower pole and large-volume stones have

higher chances of residual fragments.
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INTRODUCTION

The worldwide incidence of nephrolithiasis has signifi-
cantly risen over the past twenty years [1] According to re-
search by Boyce et al. [2], 10% of patients with asymptomatic
renal stone disease presented with stones in both kidneys.
It has been observed that up to one-third of asymptomatic
kidney stones eventually necessitate medical intervention
[3], and those with bilateral stones face a heightened risk of
recurrence and the need for surgical procedures [4]

Traditionally, the treatment of bilateral kidney stones
involved staged interventions due to safety concerns associ-
ated with increased complications when performing simul-
taneous bilateral surgeries. Castellani et al. [5] have shown
that same-sitting bilateral retrograde intrarenal surgery
(SSB-RIRS) is an effective treatment method for patients
with bilateral kidney stones, with an acceptable complication
rate of fever/infection needing prolonged stay (55%), sepsis
(2%), and blood transfusion (1.3%).

Urologists have recently faced the introduction of new
lasers for lithotripsy, each with its own proprieties. Par-
ticularly, the new high-power lasers, such as thulium fiber
laser (TFL), have shown potential for better stone-free rate
(SFR) and more efficient fragmentation rate as compared to
the holmium:yttrium-aluminum-garnet (Ho:YAG) laser [6,7]
Moreover, there are discordant outcomes of studies compar-
ing high-power Ho:YAG versus TFL in renal and ureteral
lithotripsy. A randomized study showed no difference in
terms of SFR and complications [8], whilst a real-life retro-
spective study using propensity score matching demonstrat-
ed higher SFR for TFL [9]

In the clinical scenario of bilateral renal stones being
managed under the same sitting, no clear data is indicating
if TFL outperforms high-power/pulse-modulated Ho:YAG
lasers. Comparative studies assessing outcomes of SSB-RIRS
using Ho:YAG laser and TFL are currently lacking. Hence,
we aimed to assess the outcomes of SSB-RIRS comparing
TFL and high-power Ho:YAG laser in a multicenter real-
world practice.
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MATERIALS AND METHODS

As part of the Team of Worldwide Endourological Re-
searchers of the Endourological Society (TOWER), a retro-
spective analysis was conducted on all consecutive patients
who underwent SSB-RIRS for renal stones from January
2015 to June 2022 across 21 centers worldwide. The con-
sultant surgeons who contributed data for this study had
extensive experience, each having performed over 100 RIRS
procedures.

The inclusion criteria for the study were patients aged
18 years and older, with bilateral kidney stones of any
size and location, diagnosed due to unilateral or bilateral
symptomatic presentation who underwent bilateral RIRS
under the same anaesthesia with either TFL or high power
Ho:YAG lasers (>60 W or Ho:YAG laser with Moses technol-
ogy). Exclusion criteria comprised cases involving concomi-
tant ureteral lithotripsy, stones located in a calyceal diver-
ticulum, anomalous kidney, and in-tandem procedures like
RIRS performed as part of a joint procedure for endoscopic
combined intrarenal surgery. Patients were categorized into
two groups: group 1 included patients treated with the high-
power Ho:YAG laser, while group 2 consisted of patients
treated with TFL.

Stone size was determined based on the largest diameter
measured in a preoperative non-contrast computed tomog-
raphy (NCCT) scan, and in instances with multiple stones,
data from the largest stone were reported. Antiplatelet and
anticoagulant medications were discontinued at least 3—7
days before surgery and resumed according to each center’s
protocol. Antibiotic prophylaxis was administered in each
center with a single dose during surgery, selected based on
local pathogen prevalence and antibiotic susceptibility pro-
files. Lithotripsy was performed using either the Ho.YAG
laser or TFL, following the current standard RIRS tech-
nique [6] Laser machines used were the Lumenis (Boston
Scientific) high power >60 W holmium laser machine with
and without MOSES technology or the Urolase 60 W (IPG
Photonics) or Fibre dust (Quanta System) TFL machine.
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Table 1. Baseline characteristics

TFL vs. Ho:YAG in bi-RIRS: A multicenter study

Group 1 (n=415) Group 2 (n=318) p-value

Age (y) 50.1+16.5 45.4+15.4 0.810
Sex

Male 143 (34.5) 103 (32.4) 0.581

Female 272 (65.5) 215 (67.6) 0.581
Presentation <0.001*

Hematuria only 64 (15.4) 9(6.0)

Pain only 222 (53.5) 196 (61.6)

Hematuria and pain 110 (26.5) 33(10.4)

Incidental 9 (4.6) 70 (22.0)
Recurrent stone former 219(52.8) 110 (34.6) <0.001*
Urine culture positive 206 (49.6) 161 (50.6) 0.823
Pre-stented 270 (65.1) 184 (57.9) <0.0071*
Preoperative antibiotics 409 (98.6) 314 (98.7) 0.828
Stone parameters

Left kidney stone size (mm) 11.20+6.24 10.46+5.59 0.133

Right kidney stone size (mm) 10.25+5.28 10.07+4.80 0.661

Hounsfield units 1,095.54+373.37 1,045.39+378.77 0.860

Bilateral multiple stones 175 (42.2) 148 (46.5) 0.312

Bilateral single stones 131(31.6) 100 (31.4) 0.972

Values are presented as meanzstandard deviation or number (%).

Group 1: patients treated with the high-power Ho:YAG laser, Group 2: patients treated with thulium fiber laser.

*p<0.05.

Perioperative and postoperative outcomes up to 3 months
were recorded for any complications and SFR. Any cases
in which bilateral RIRS could not be completed and the
reasons for same were also documented. Surgical time was
measured from the start of cystoscopy to the placement of
a bladder catheter. Sepsis was defined as “life-threatening
organ dysfunction caused by a dysregulated host response to
infection” [8] SFR was evaluated within three months post-
surgery using a NCCT scan and defined as the absence of
any residual fragment (RF) larger than 3 mm and was inde-
pendently assessed for each renal unit.

The study was approved by the institutional review
board of the principle site: the Asian Institute of Nephrol-
ogy and Urology (AINU #13/2022). Each participating center
provided anonymized data and obtained approval from their
respective institutional review boards if necessary. The writ-
ten informed consent was waived due to the study’s retro-
spective design.

Categorical data are expressed as absolute numbers and
percentages, while continuous data are reported as mean
along with their standard deviations. To determine inde-
pendent predictors of achieving bilateral stone-free status,
univariate analysis was performed and factors associated
with lower or higher odds of bilateral stone-free status were
included in a multivariable logistic regression model. The re-
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sults are presented as odds ratios (ORs) with 95% confidence
intervals (CIs). Statistical significance was set as a two-tailed
p-value of less than 005. All statistical tests were conducted
using IBM SPSS software, version 250 (IBM Corp.).

RESULTS

Seven hundred thirty-three patients who fulfilled the
criteria for inclusion were incorporated into the analysis.
There were 415 patients (56.6%) in group 1, whilst group 2
comprised 318 patients (434%).

As this study assesses bilateral renal stone, a similar dis-
tribution for both groups was seen for age, sex proportion, or
stone-related parameters such as stone diameter, Hounsfield
units, stone location, and multiplicity (Table 1). However, pa-
tients in group 1 reportedly had a higher incidence of symp-
tomatic pain or hematuria at presentation (265% vs. 104%)
and there was a higher proportion of pre-stented patients
(651% vs. 579%) in group 1. Additionally, a significantly
higher proportion of recurrent stone formers was observed
in group 1 (528% vs. 34.6%) (Table 1).

SSB-RIRS was mainly performed under general anaes-
thesia in both groups (Table 2). In the majority of patients,
the utility of bilateral ureteral access sheath placement
(UAS) was reportedly higher in group 2 (65.4% vs. 699%) but
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Table 2. Operative characteristics

ICUROLOGY

Group 1 (n=415) Group 2 (n=318) p-value
Spinal anesthesia 6(1.4) 4(1.3) 0.828
UAS used on either side 344 (82.9) 283 (89.0) 0.236
Bilateral UAS 290 (69.9) 208 (65.4) 0.228
Reusable scope 154 (37.1) 234 (73.6) <0.001*
Stone basketing (for removal or relocation) 196 (47.2) 60 (18.9) <0.001*
Total operation time (min) 76.49+28.77 74.17+25.98 0.286
Laser time (min) 38.44+14.04 36.97+15.56 0.326
Values are presented as number (%) or meanzstandard deviation.
Group 1: patients treated with the high-power Ho:YAG laser, Group 2: patients treated with thulium fiber laser.
UAS, ureteral access sheath.
*p<0.05.
Table 3. Operative outcomes
Group 1 (n=415) Group 2 (n=318) p-value
Stone clearance
SFR bilateral multiple stones 139 (33.5) 130 (40.9) 0.044*
SFR bilateral single stones 87(21.0) 89 (28.0) <0.001*
SFR overall 226 (54.5) 219 (68.9) <0.001*
Ancillary procedures
SWL 4(1.0) 0(0.0) 0.790
RIRS 42(10.1) 26 (8.2) 0.368
PCNL 0(0.0) 1(0.3) 0.253
ECIRS 3(0.7) 0(0.0) 0.129
Postoperative complications
Bleeding requiring transfusion (CD II) 4(1.0) 2(0.6) 0.618
PCS injury needing stent (CD Il) 6(1.4) 0(0.0) 0.031*
Ureteric injury needing stent (CD II) 14 (3.4) 5(1.6) 0.128
Postoperative fever (CD II) 14 (3.4) 12(3.8) 0.772
Postoperative sepsis (CD IlI) 4(1.0) 7(2.2) 0.290
Postoperative hematuria not needing transfusion (CD [) 8(1.9) 2(0.6) 0.133
Length of hospital stay (d) 1.84+0.97 1.50+1.16 0.772

Values are presented as number (%) or meanzstandard deviation.

Group 1: patients treated with the high-power Ho:YAG laser, Group 2: patients treated with thulium fiber laser.
SFR was assessed 3 months after surgery according to local standard of care with non-contrast computed tomography, and was defined as ab-

sence of any residual fragment >3 mm.

SFR, stone-free rate; SWL, shock wave lithotripsy; RIRS, retrograde intrarenal surgery; PCNL, percutaneous nephrolithotripsy; ECIRS, endoscopic
combined intrarenal surgery; CD, Clavien-Dindo classification; PCS, pelvic-caliceal system.

#p<0.05.

the difference did not reach statistical significance. Opera-
tion time and lasing time were comparable between both
groups. The usage of baskets for either repositioning or re-
trieval of fragments post-laser lithotripsy was significantly
higher in group 1 (47.2% vs. 189%, p<0.001).

Postoperative complications are presented in Table 3. In
group 1, six patients (14%) experienced pelvic-caliceal system
(PCS) injuries that required prolonged stenting, whereas no
patients in group 2 suffered PCS injuries. Other postopera-
tive complications, including bleeding requiring transfusion,
ureteric injury needing stenting, postoperative fever, post-
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operative sepsis, and postoperative hematuria not requiring
transfusion, were similar between the groups, occurring at
rates ranging from less than 1% to 4%. The length of hospi-
tal stay was comparable for both groups (1.84+097 days in
group 1 and 150+1.16 days in group 2, p=0.772).

SFR is reported in Table 3. RF as reported on NCCT
done anytime between 6 weeks to 3 months postoperatively
were lesser in group 2. Group 2 patients had a higher overall
SFR when cumulatively assessed for both kidneys whether
it was for bilateral multiple stones (409% vs. 335%), or bilat-
eral single stones (280% vs. 21.0%). Reintervention by redo
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Table 4. MVA on factors affecting overall bilateral SFR

Bilateral SFR OR (95% ClI) p-value
Age 0.979 (0.965-0.994) 0.006*
Pre-stenting 1.049 (0.823-1.336) 0.700
Use of UAS 0.953 (0.509-1.785) 0.880
Bilateral single stone 0.902 (0.327-2.488) 0.842
Bilateral multiple stone 0.756 (0.429-1.330) 0.332
Bilateral lower pole stone 0.523 (0.381-0.719) <0.001*
Stone diameter 0.917 (0.868-0.970) 0.002*
TFL 1.686 (1.021-2.784) 0.041*

MVA, multivariate analysis; SFR, stone-free rate; OR, odds ratio; Cl, con-
fidence interval; UAS, ureteral access sheath; TFL, thulium fiber laser.
*p<0.05.

RIRS for either 1 kidney or both kidneys within 3 months
was reportedly 101% in group 1 versus 82% in group 2.

In multivariate analysis on factors affecting bilateral
SFR, age (OR 0979, 95% CI 0965-0.994, p=0.006), presence of
stone at the lower pole (OR 0523, 95% CI 0.381-0.719, p<0.001),
and stone diameter (OR 0917, 95% CI 0.868—0.970, p=0.002)
were factors associated with lower odds of being stone-free
bilaterally in a single setting, while the use of TFL with
higher odds (OR 1686, 95% CI 1021-2784, p=0041) (Table 4).

DISCUSSION

Since its launch in 2018 in Russia [9], TFL has gained
significant popularity, challenging the long-standing gold
standard, Ho:YAG laser [10,11], as an alternative choice for
laser lithotripsy. Several prospective studies and systematic
reviews with meta-analyses have since been conducted to
compare Ho:YAG and TFL [6,12-14] To our knowledge, this
is the first study to specifically compare the safety and ef-
ficacy of these two lasers in SSB-RIRS procedures.

Traditionally, the approach to treating bilateral renal
stones has been to address one kidney at a time in a staged
manner [15] Despite recent advancements in endourology,
including the miniaturization of instruments and improve-
ments in laser technology, clear guidelines for the manage-
ment of bilateral renal stones remain lacking. This uncer-
tainty precludes many surgeons from performing bilateral
RIRS, as theoretically, it can double the risk of complications
and may not achieve the desired bilateral SFR [16] However,
recent publications have demonstrated that SSB-RIRS is
feasible and effective, with an acceptable rate of complica-
tions [35,16], even in carefully selected elderly populations [17]

In our cohort, group 1 had a higher proportion of pa-
tients who were symptomatic at initial presentation, with
154% experiencing hematuria and 265% experiencing both
hematuria and pain. This symptomatic presentation likely

Investig Clin Urol 2024;65:451-458.

TFL vs. Ho:YAG in bi-RIRS: A multicenter study

contributed to the higher rate of pre-stenting in group 1 be-
fore definitive RIRS.

Intraoperative characteristics, including total operation
and laser time, were similar between the two groups. Even
though our study reports this for bilateral RIRS, interest-
ingly this finding aligns with a recent systematic review
meta-analysis (SRMA) investigating both lasers used for
singleside RIRS that reported no significant differences in
total laser time and operating time between these two la-
sers [12] In our study, the use of reusable scope was higher
with TFL (736% vs. 371%). We postulate that this is due to
surgeon preference and differences across centers. However,
two recent SRMAs have shown no differences in the SFR,
operation time, length of hospital stay, and complication
rate between reusable and disposable ureteroscopes [18,19].
The use of a stone basket to remove stone fragments and/
or relocate stones for laser lithotripsy was significantly
higher in group 1 (472% vs. 189%, p<0.001). This reduction in
the need for a stone basket as an adjunct to stone removal
when using TFL has also been observed in other SRMAs
[13] We acknowledge that with regards to baskets and ac-
cessories we can only report the utility, this definitely could
be influenced by surgeons own bias and intraoperative de-
cisions. However, this could also be related to the fact that
the primary advantage of TFL lies in its versatility across
various parameters, including pulse energies (range, 0.025—6
dJ), frequencies (up to 2400 Hz), and a peak power [20] which
generates twice the amount of dust and has 4 times more
ablation efficiency compared to even high power Ho.YAG
laser in generating lesser and smaller fragments during lith-
otripsy, making it an ideal laser for dusting [20-22] Despite
the large variance in energy and frequency levels for TFL,
recent studies have shown that a low power setting of 10 W
or less is effective and has a lower risk of thermal injury [23]
Regarding the safety data of TFL in terms of mucosal dam-
age, we have reported that the complication rate of ureteric
injury requiring a stent is lower among TFL users (1.6%)
compared to Ho:-YAG users (34%) despite this difference did
not reach statistical significance. Regardless, we should also
acknowledge that both lasers if used carelessly can cause
mucosal damage and users must take every precaution to
avoid this.

Perhaps these different laser setting might have contrib-
uted to the higher overall SFR achieved in group 2 in our
series (689% vs. 54.5%, p<0.001). Similarly, when analyzing
SFR for both bilateral multiple stones (409% vs. 335%) and
single stone disease (280% vs. 21.0%), group 2 outperformed
group 1 in achieving a higher stonefree status. The supe-
rior SFR associated with the use of TFL compared to the
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Ho:YAG Laser is supported by multiple studies. Uleri et al.
[12] in their SRMA explained that the significantly better
SFR of TFL is due to its ability to perform effective dusting,
producing smaller fragments (the so-called “microdust”) and
leaving no clinically significant RFs behind. This clinical
effectiveness of TFL in achieving better SFR is also corrobo-
rated by earlier in vitro studies, which demonstrated that
TFL produces higher ablation rates and smaller fragments
compared to Ho:YAG across various settings [24] As this is
a retrospective study, some patients had an NCCT 6 weeks
after and some only 3 months post primary RIRS. This could
have influenced the reporting of overall SFR. Since a NCCT
was uniformly used, it helped in more accurate reporting
RFs in both groups. Most studies agree on 2-3 mm as an ac-
ceptable RF size to avoid reintervention. Hence, this study
also chose strict criteria of 3 mm or smaller on either or both
sides using a NCCT scan as the definition for being stone-
free [25] Using an NCCT scan is the current best imaging
not only to measure RF but also is highly recommended be-
fore any reintervention is planned [26]

Although the SFR for SSB-RIRS was 545% in group 1
and 689% in group 2, the re-intervention rates remained low
in both groups. The most common re-intervention procedure
for residual stones was repeat RIRS, with rates of 101% in
group 1 and 82% in group 2. These re-intervention rates
are comparable to a recent global study on unilateral RIRS,
which recorded a re-intervention rate of 1117% among 6,669
patients [27] Whilst the overall RF may suggest that SSB-
RIRS is not a good surgery to achieve single-stage complete
clearance, we feel that with properly timed imaging in the
hands of sufficiently experienced urologists, this could be
improved and we think this is an important aspect for fu-
ture studies to focus upon.

Postoperative complications were comparable between
both groups, except for mild PCS injury in six cases but in
one kidney only. There were no bilateral PCS or ureteric
injuries. All six injuries were recognised during surgery on a
retrograde pyelogram and required prolonged stenting only.
We attribute these complications to various procedural fac-
tors, including stone size, location, and stone density [28]

Our multivariate analysis revealed that age, the pres-
ence of bilateral lower pole stones, and larger stone size
are factors that reduce the odds of achieving a high single-
stage bilateral stone-free status when dealing with a same-
sitting RIRS, whilst the use of TFL was associated with
higher odds. We acknowledge that a lack of information
on the settings used, and the inability to measure efficacy
based on stone volume could be limitations. However, it is
perhaps difficult to independently assess these factors and
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not feasible to easily infer these aspects when dealing with
bilateral stones of different configurations and compositions
being managed in the same sitting, unlike when done in a
well-matched cohort for single-side RIRS.

The main limitation of this study is its retrospective
nature. Hence, the choice of scope is entirely up to the treat-
ing physician, influenced by the available resources and the
center’s practices. The variability in NCCT timing according
to each center’s follow-up protocol is also a result of the ret-
rospective nature of the study. As NCCT timing can influ-
ence the reporting of RF and it was done as per individual
institutions protocol. However, on review with the centers
in our study, all patients had NCCT after 6 weeks of index
procedure. In view of the retrospective nature we could not
gather data on exact timing of NCCT.

As the first study to compare the safety and efficacy of
different high-power lasers in SSB-RIRS, it could serve as a
prerequisite for initiating further prospective studies that
could provide an in-depth comparison of the ideal laser type
for SSB-RIRS. In our study, stone size was measured based
on its maximum diameter and unfortunately we don’t have
data on stone volume which is a better measure to under-
stand laser efficacy. In future a prospective study evaluating
different laser efficiency based on stone volume can perhaps
overcome this limitation. However, considering this is a real-
world study, it shows that TFL laser is equally comparable
in safety and perhaps better than a high-power Ho:YAG
laser for achieving bilateral stonefree status in patients un-
dergoing SSB-RIRS. We must acknowledge that this study
was performed only by sufficiently experienced urologists.
Perhaps given this, a bilateral UAS was also preferred in
both groups to avoid inadvertent damage due to increased
intra-renal pressure or temperature when using high-power
lasers [29] As technology improves and suction aspiration
shows much promise as a possible game changer in improv-
ing all aspects of RIRS, it will perhaps equally benefit sur-
geons doing SSB-RIRS [30]

CONCLUSIONS

Our real-world study shows that urologists are keen
to use TFL as much as high-power Ho:YAG laser for SSB-
RIRS. The reintervention rates are low, the safety profile is
comparable, and single-stage bilateral SFR may be better in
certain cases where stones are in a favourable position. Bi-
lateral lower pole and large volume stones will have higher
chances of RF and it remains to be assessed if indeed either
laser can outperform the other to improve the SFR.
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