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Comparing dusting and fragmenting efficiency 
using the new SuperPulsed thulium fiber laser 
versus a 120 W Holmium:YAG laser
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Purpose: Holmium:YAG laser lithotripsy requires high amperage power and has an upper limit of frequency and a minimal fiber 
size. The technology utilizing thulium-doped fiber offers low pulse energy settings and high pulse frequencies up to 2,400 Hz. We 
compared the novel SuperPulsed thulium fiber laser (SOLTIVETM; Olympus) to a commercially available 120 W Ho:YAG laser.
Materials and Methods: Bench-top testing was conducted with 125 mm3 standardized BegoStones (Bego USA). Time to ablate 
the stone into particles <1 mm was recorded for efficiency calculations. Finite energy was delivered, and resulting particle sizes 
were measured to determine fragmentation (0.5 kJ) and dusting (2 kJ) efficiencies. Remaining mass or number of fragments were 
measured to compare efficacy.
Results: SOLTIVETM was faster at ablating stones to particles <1 mm (2.23±0.22 mg/s, 0.6 J 30 Hz short pulse) compared to Ho:YAG 
laser (1.78±0.44 mg/s, 0.8 J 10 Hz short pulse) (p<0.001). Following 0.5 kJ of energy in fragmentation testing, fewer particles >2 
mm remained using SOLTIVETM than Ho:YAG laser (2.10 vs. 7.20 fragments). After delivering 2 kJ, dusting (1.05±0.08 mg/s) was 
faster using SOLTIVETM (0.1 J 200 Hz short pulse) than 120 W 0.46±0.09 mg/s (0.3 J 70 Hz Moses) (p=0.005). SOLTIVETM (0.1 J 200 Hz) 
produced more dust particles <0.5 mm (40%) compared to 24% produced by the P120 W laser at 0.3 J 70 Hz Moses and 14% at 0.3 
J 70 Hz long pulse (p=0.015).
Conclusions: The efficacy of SOLTIVETM is superior to the 120 W Ho:YAG laser by producing smaller dust particles and fewer frag-
ments. Further studies are warranted.
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INTRODUCTION

Innovations in laser technology and flexible uretero-
scopes have expanded the role of retrograde intrarenal sur-

gery (RIRS) for urolithiasis. The advantages of RIRS include 
minimally invasive, low complications, and short hospitaliza-
tion [1]. The use of laser lithotripsy is an essential component 
for the high efficiency of RIRS.
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The holmium:YAG (Ho:YAG) laser was a major leap 
forward in ureteroscopic kidney stone treatment since its 
introduction in the 1990s. Improvements have been made, 
including widening the pulse width to decrease retropulsion 
and the addition of pulse modulation technology [2,3]. The 
Ho:YAG laser has been the standard of care for the uretero-
scopic treatment of urolithiasis. However, there is room for 
improvement in dusting and fragmentation capabilities that 
may improve the efficacy of RIRS.

The thulium fiber laser (TFL), not to be confused with 
the Thulium:YAG (Tm:YAG) laser, employs an alternative 
laser technology to Ho:YAG. Utilizing energy input from di-
ode lasers paired with a long silica fiber doped with thulium 
ions, TFL moves away from the flashlamp excited crystal in 
a laser cavity model seen with both Ho:YAG and Tm:YAG 
lasers [4]. TFL operates at a 1,940 nm wavelength which is 
closer to water absorption, thus producing different charac-
teristics in how it fragments stones. The peak power is also 
much lower than Ho:YAG and can be delivered at higher 
frequencies.

In this study, we compared the fragmentation capabili-
ties of the novel SuperPulsed thulium fiber laser (SOLT-
IVETM; Olympus) to a commercially available 120 W Ho:YAG 
laser (Lumenis PulseTM 120H; Boston Scientific) in a con-
trolled bench setting using various settings and techniques. 

MATERIALS AND METHODS

1. Stone samples
Standardized, homogeneous BegoStones (Bego USA) (n=10 

per parameter) were utilized in this experiment and con-
structed in uniform silicone cubic molds with a 2:1 ratio of 
BegoStone Plus (Bego USA) powder to water, and hydrated 
for up to one hour in room-temperature normal saline. A 
standard process for fabricating the BegoStones was used. 
This process included using a vacuum pump and vibration 
table to ensure that stones of consistent density were pro-
duced from the BegoStone Plus mixture. The stones were 
cubic in shape, measuring 5 mm in linear dimensions (5×5×5 
mm, volume=125 mm3). Each stone was placed individually 
into a square cylindrical test cuvette, measuring 1×1 cm in 
axial dimensions. Irrigation was performed using a peristal-
tic pump for consistency in irrigation when conducting a 
side-by-side test at room temperature with normal saline. To 
ensure an adequate supply for the comparative arms of the 
study, more than 300 stones were produced in each lot of the 
silicone mold. Any defective or cracked BegoStones were dis-
carded and deemed unsuitable for use in the study.

2. Laser parameters
1) Ho:YAG laser
The commercially available Ho:YAG laser (Lumenis Pul-

seTM 120H) was paired with a 272 μm core fiber or a 230 μm 
core diameter fiber when using Moses Dusting mode (at 0.3 
J×70 Hz). The laser can operate at a maximum power of 120 
W with a pulse frequency of up to 80 Hz. It is also equipped 
with a novel laser pulse modulation setting (MOSES®) to 
decrease retropulsion and increase stone ablation efficiency 
[3]. Optimal settings for pulse energy and frequency using 
the P120 laser have been widely studied and were utilized in 
these experiments [2,5-8].

2) SuperPulsed thulium fiber laser
The SOLTIVETM laser produces an average power of 

(60 W) and a peak power of (500 W). Laser settings for the 
SOLTIVETM laser can be adjusted up to 2,400 Hz frequency, 
and energy settings from 0.025–6.0 J. Pulse width has three 
settings: short, medium, or long. Pulse width is manually 
controlled and ranges from between 0.2 ms and 48 ms (200 
μs and 48,000 μs), depending on the selected pulse energy.

3. Experimental setup
The three tests assessed three parameters: (1) ablation 

rate; (2) fragmentation; and (3) dusting ability of the two 
lasers. The parameters for each of the experiments are pre-
scribed by the manufacturer for maximal efficiency with 
each of those techniques (Table 1). The first test determined 
the time and ablation rate to dust a stone into fragments 
<1 mm. BegoStones (125 mm3) were placed in 3 mm cuvettes 
with a sieve at the bottom with 1 mm holes (similar to geo-
logical sieves previously described) [9]. Once the stone was 
completely ablated into fragments that were <1 mm, the 
time to a achieve complete reduction of the BegoStone was 
recorded, and an ablation rate was calculated (mg/s). The 
second test of  fragmentation used 0.5 kJ of total energy 
delivered to the BegoStone in a cuvette with a sieve at the 
bottom with 2 mm holes, allowing fragments <2 mm to pass 
through. Pre-specified energy output of 0.5 kJ was used as 
the endpoint rather than time to ensure standardization. 
All remaining particles >2 mm pieces that remained inside 
the cuvette were categorized by size and counted using a 
progressive mesh system after desiccating the stone for 24 
hours at 40ºC. New fibers were used for each of the ten 
stones in each trial. The fibers were cleaved and stripped if 
the fiber started to burn back.

For the third test to assess dusting capability, 2.0 kJ of 
total energy was delivered to BegoStones in cuvettes with 
a sieve at the bottom with 1 mm holes. The resulting pieces 
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of BegoStones >1 mm that remained in the cuvette were 
categorized by size and counted using a progressive mesh 
system. The settings evaluated in this study were considered 
the optimal settings for each laser. The lasers were placed in 
a handheld laser holder, and they were maintained in con-
tact with the BegoStone under direct visualization through 
the glass cuvette to maximize ablation efficiency; however, it 
was not always feasible to accomplish due to the challenges 
posed by stone retropulsion and stone breaking. Each test 
was repeated ten times for each laser at each testing param-
eter, and the mean and standard deviation were reported. To 
minimize the differences in technique from different opera-
tors, the testing in each arm of the comparative study was 
conducted by the same operator (Fig. 1).

4. Statistical analysis
The Student’s t-test was used with a significance set at 

p<0.05. For the analyses of two or more groups, ANOVA was 
used with a significance set at p<0.05. Statistics were per-
formed using SPSS software version 27.0 (SPSS Inc.).

RESULTS

1. Ablation rate
In the first test to determine the rate to ablate a stone 

into fragments <1 mm, the P120 laser had a significantly 
slower ablation rate than the SOLTIVETM laser using both 
fragmenting (p<0.001) and dusting settings (p<0.001) (Fig. 2). 

2. Fragmentation
Part 2 evaluated the fragmentation ability of the lasers. 

The number of particles produced by the P120 laser was sig-
nificantly more than the SOLTIVETM laser (7.20 vs. 2.10 frag-
ments, respectively; p<0.001, Fig. 3). The majority of the stone 
treated with SOLTIVETM turned into dust that was smaller 
than 0.5 mm, hence the fewer fragments. Clinically, this may 
result in fewer passes of the basket to remove stones when 
using SOLTIVETM.

3. Dusting
For the third test, dusting settings were used in both 

lasers and 2.0 kJ of total energy was delivered. There was 
no significant difference for the fragments in the 1.4–2 
mm (p=0.106) or 0.5–1 mm (p=0.261) ranges (Fig. 4). How-
ever, there were significant differences between the 1–1.4 

Table 1. Laser settings for the three different experiments

Energy (J) Frequency (Hz) Pulse width Laser fiber size (µm) Outcome
Part 1. Ablation-fragmentation settings
    Ho:YAG 0.8 10 Short pulse 272 Time to ablate stone into frag-

ments <1 mm to report an abla-
tion score (mg/s)

    SOLTIVETM 0.6 30 Short pulse 200
Part 1. Ablation-dusting settings
    Ho:YAG 0.3 70 Moses mode 230 Time to ablate stone into frag-

ments <1 mm to report an abla-
tion score (mg/s)

    SOLTIVETM 0.1 200 Short pulse 200
Part 2. Fragmentation
    Ho:YAG 0.8 10 Short pulse 272 0.5 kJ total energy delivered with 

sieve allowing <2 mm to pass 
through to assess fragmenta-
tion. Particles >2 mm were 
weighed and counted

    SOLTIVETM 0.6 30 Short pulse 200
Part 3. Dusting
    Ho:YAG (Moses) 0.3 70 Moses mode 230 2.0 kJ energy delivered to cu-

vettes with 1 mm holes in the 
sieve. Remaining stones >1 mm 
in cuvette were weighed

    Ho:YAG 0.3 70 Long pulse 272
    SOLTIVETM 0.1 200 Short pulse 200

Ho:YAG, holmium:YAG; SOLTIVETM, SuperPulsed thulium fiber laser.
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mm (p=0.005) and<0.05 mm (p<0.001) groups. Specifically, 
there was less dust in the <0.5 mm size range in both the 
long pulse (LP) mode (p<0.001) and the P120 in Moses mode 
(p=0.003) compared to the SOLTIVETM laser. For the 1–1.4 
mm fragment size, the P120 in long pulse width duration 
had significantly more fragments in this range than in the 
Moses mode (p=0.015) and the SOLTIVETM (p=0.009). For the 
SOLTIVETM laser, approximately 40% of the stone was made 
into dust smaller than 0.5 mm in size.

DISCUSSION

The Ho:YAG laser is the current gold standard. It re-
quires high amperage current due to an electrical efficiency 
of  approximately 1%. This results in generation of  heat, 
requiring a large internal water cooling unit to prevent 
overheating [10]. Laser fibers larger than 200 microns in 

diameter are required due to the spatial beam profile of 
the Ho:YAG, potentially limiting irrigation flow through 
ureteroscopes [10]. The 150 μm core fibers are available for 
Ho:YAG lasers that can deliver up to 6W of average power. 
In addition, high-power Ho:YAG lasers utilize multiple laser 
cavities, which require internal alignment mirrors that can 
be damaged or misaligned by shocks or vibration [4]. 

The newer TFL technology has increased electrical effi-
ciency and can be plugged into a regular 20 A, 120 V or 240 
V outlet, allowing for its use in any operating room without 
power modifications [10,11]. Utilizing an air cooling system 
instead of water, the dimensions, weight, and noise are re-
duced compared to high power HO;YAG machines [10]. It has 

Fig. 1. Photograph of the experimental setup.
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the capacity for lower pulse energies than Ho:YAG in addi-
tion to much higher pulse frequencies [11]. The spatial pro-
file of the laser beam can be narrowed down to couple with 
fibers smaller than those used for Ho:YAG lasers [11,12]. The 
TFL, with a wavelength of 1,940 nm, more closely targets 
a water absorption peak than the Ho:YAG laser, providing 
a comfortable safety margin for endourological procedures 
[4,10,11].

The first use of a TFL for stone treatment was published 
in 2005 by Fried [12]. At that time, technological advances in 
TFLs allowed for increased maximum power output to 100 W. 
While successful at fragmenting stones in an ex-vivo model, 
concerns were raised as to the safety profile and efficiency 
due to the longer pulse width. These authors published 
that the heat generated by SOLTIVETM is equivalent to the 
Ho:YAG for the same amount of energy delivered. Heat, and 
thus safety profile, is dependent on average power deliv-
ered to the fluid surrounding the stone and independent of 
wavelength or source of energy (i.e. Ho:YAG or TFL) [12].

Redevelopment and further modifications to the tech-
nology were introduced, enabling the current SOLTIVETM 
laser to operate with a maximum power output of 500 W 
and variable pulse widths. Early studies comparing TFLs to 
Ho:YAG laser showed promising results. In 2010, Blackmon 
et al. [13] performed the first direct comparison of the TFL 
and the Ho:YAG laser. The experiment utilized a 100 W TFL 
coupled with a 100 µm core fiber at settings of 10 Hz and 
0.070 kJ. Each laser was tested on human calcium oxalate 
monohydrate (COM) and uric acid (UA) stones. TFL abla-
tion rates were five times faster for UA stones and 10 times 
faster for COM stones. In a follow-up study from the same 
group, the ablation threshold, defined as the lowest incident 
fluence at which stone material is removed, was four times 
lower for TFL compared to Ho:YAG laser [14]. Stone abla-
tion rates were similar between the TFL and Ho:YAG lasers 
when the optimal settings to minimize retropulsion were 
used.

In a 2017 publication, Hardy et al. [15] investigated the 
proposed mechanisms behind the TFL’s theoretical advan-
tages over the Ho:YAG laser. Both lasers act via a photo-
thermal mechanism but the authors anticipated that three 
primary characteristics of the TFL would differentiate it 
from the Ho:YAG laser. First, TFL operates at 1,940 nm, 
which more closely aligns with a water absorption peak. 
Second, the temporal beam profile of the TFL distributes 
energy in a more uniform fashion. Finally, the ability to fo-
cus the laser beam of the TFL would enable a more energy-
dense delivery mechanism. What they discovered was that 
the cavitation bubble formed with the TFL was one quarter 

the size of that produced by the Ho:YAG laser. In addition, 
the pressure transient at the tip of the laser fiber was ten-
fold lower in the TFL compared to the Ho:YAG laser. Both 
of these characteristics would theoretically lead to reduced 
retropulsion and the ability to increase the efficiency of 
lithotripsy. 

A preclinical stuy published in 2020 highlights the new 
SOLTIVETM laser which possesses superior specifiations 
compared to prior models. Andreeva et al. [16] investigated 
both dusting and fragmentation settings using a 100 W and 
120 W Ho:YAG laser against the SOLTIVETM laser. The 
fiber diameters used were 200 µm and 275 µm for the SOL-
TIVETM and Ho:YAG, respectively. For COM stones, ablation 
rates for the SOLTIVETM were threefold faster in dusting 
mode than the Ho:YAG laser though no difference was 
seen in fragmentation mode. SOLTIVETM proved superior in 
treating UA stones with ablation rates 2.5 times and twofold 
higher in both dusting and fragmentation settings, respec-
tively. Retropulsion was also decreased for SOLTIVETM at 
equivalent settings to the Ho:YAG laser, and there was no 
difference in water temperature elevation between the two 
modalities. Hardy et al. [17] focused solely on the dusting 
technique looking at ablation rate and fragment size. The 
experimental model was similar to the study by Andreeva 
et al. [16], but they used only COM stones and added 1.0 
mm and 0.5 mm sieves to collect and measure stone frag-
ments after ablation. Ablation rates were lower with the 
Ho:YAG laser at all three experimental settings though not 
statistically significant at the highest power setting. The 
TFL produced a greater volume of dust <0.5 mm in each 
group which was statistically significant in two of the three 
groups. Overall, 9 out of 15 stones in the TFL group (60.0%) 
compared to 1 out of 15 stones in the Ho:YAG group (6.7%) 
were completely fragmented in five minutes or less. These 
findings correlate with the results found in our current 
study.

In our study with the lasers at optimal fragmentation 
settings, the SOLTIVETM laser proved to be 25% more ef-
ficient at ablating stones. This is in contrast to the findings 
from Andreeva et al. [16] where there was no difference seen 
in the fragmentation of COM stones. In clinical practice, 
the improved efficiency would lead to a reduction in laser-
ing time, leading to decreased operating room times or the 
ability to treat larger stones without extending operating 
room times. In addition, after delivering 0.5 kJ of energy the 
SOLTIVETM left fewer fragments >2 mm behind than the 
Ho:YAG laser. A recently published randomized controlled 
trial showed that TFL lithotripsy resulted in a significantly 
higher stone free rate (SFR) and shorter operative time 
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compared to Ho:YAG [18]. In the pediatric population, a 
higher SFR was also observed in the TFL cohort compared 
to Ho:YAG [19]. Confirming the efficacy of TFL in clinical 
settings, Ryan et al. [20] showed a significant reduction of 
operative time (12.9 minutes per case) in favor of TFL which 
resulted in cost savings USD 440 per case with a total saving 
per year between USD 294,000 to USD 381,900 on the insti-
tutional level. For urologists who prefer the basketing tech-
nique, this would decrease the number of passes required 
with the basket. The reason for this difference between the 
two modalities is that significantly more dust is produced by 
the SOLTIVETM.

The results from the dusting settings were surprising. 
Due to the characteristics of the SOLTIVETM laser, this is 
likely where it will provide the most clinical benefit over the 
Ho:YAG laser. We showed a greater than twofold increase 
in ablation rate with the SOLTIVETM laser along with im-
proved dusting capability into fragments less than 0.5 mm. 
What separates our study from those by Andreeva et al. 
[16] and Hardy et al. [17] is that we were able to compare to 
the latest Ho:YAG pulse modulation (MOSESTM) technology. 
MOSES technology is a novel, pulse modulating system for 
the Ho:YAG laser that minimizes laser energy dissipation 
into irrigation, enabling more energy to be delivered directly 
to the stone. It has been shown to increase ablation rates 
over a standard Ho:YAG laser at equivalent settings [3,21]. 
Despite the use of MOSES technology in our study, the SOL-
TIVETM laser exhibited superior ablation rates and smaller 
fragment sizes compared to the Ho:YAG laser.

With the ability to use smaller laser fibers than Ho:YAG, 
miniaturization of scopes will be possible and is under inves-
tigation by Wilson et al. [22]. This could allow easier access 
to tight ureters and improved drainage around the scope. 
The alternative is to use current ureteroscopes with smaller, 
SOLTIVETM laser fibers allowing for increased irrigation 
and better visualization. 

While our results for the SOLTIVETM laser, along 
with those from other groups, are promising, the experi-
ments were carried out in a highly controlled environment. 
Theoretically, based on a similar safety margin and more 
maneuverability with smaller fibers, we would expect the 
advantages seen with the SOLTIVETM laser in bench test-
ing to translate to clinical studies. We utilized only one type 
of simulated stone, which is similar to COM stones, so we 
were not able to verify prior findings in UA stones or other 
softer stone types. The advantage of testing only one stone 
type in a highly controlled environment is that we can at-
tribute any differences in performance specifically to the 
laser platform and settings used. Lastly, our settings tested 

were different for the two machines in some of the tests. 
For instance, in the ablation testing, the Ho:YAG was set 
to 8 W (0.8 J, 10 Hz) compared to 18 W (0.6 J, 30 Hz) for the 
SOLTIVETM at fragmentation settings. These settings were 
chosen because they are the recommended settings by the 
manufacturer. For the dusting portion, the P120 was set to 
the recommended setting for Moses mode at 21 W (0.3 J, 70 
Hz) and the SOLTIVETM was similar at 20 W (0.1 J, 200 Hz), 
and the ablation rate was still more than twice as fast with 
SOLTIVETM. This could be addressed in future studies with 
tests of the exact same wattages, but we felt justified in our 
use as the total wattage used may not be reflective in the 
clinical performance, and we used settings recommended by 
the manufacturer. Because each laser has different char-
acteristics, including differences in pulse shape and peak 
power, simply choosing the same wattages would still not 
equate to an equal comparison [23]. We believed that follow-
ing the recommended settings optimized for each of these 
lasers produced a more balanced comparison.

CONCLUSIONS

The super-pulsed TFL is emerging as a promising alter-
native to the current gold standard Ho:YAG laser. Increased 
fragmentation rates for the SOLTIVETM laser in our study 
corroborate findings from prior pre-clinical research and 
recent clinical studies. Clinical data is needed and further 
research is warranted to determine which clinical circum-
stances each laser is advantageous.
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