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Introduction:

While laser fragmentation during ureteroscopy (URS) and percutaneous nephrolithotomy (PCNL) has
traditionally utilized a holmium laser, the thulium fiber laser (TFL) has recently emerged as a promising
new laser system?®. While the holmium laser emits pulsatile energy, TFL generates continuous energy?.
This laser has a higher absorption of energy and ablation capacity than the holmium laser, increasing its
efficiency in breaking up stones®. However, despite its ability to effectively break stones, the current TFL
has the potential to generate damage to the urothelial tissue due to its high heat and energy transfer®®. It
is known that thermal heat beyond 43°C causes thermal tissue damage and above 60°C causes irreversible
cell damage, protein denaturation, and initiation of cell death >6. A new TFL has been developed that
attempts to reduce heat generation by a proprietary modification of the laser activation duty cycle. There
is no current literature, benchtop evaluation, or clinical trial comparing the novel TFL to the conventional
TFL. The purpose of our study is to conduct a benchtop study comparing the thermal safety of this novel
TFL with a modified duty cycle to the conventional platform.

Methodology:

The thermal temperatures generated by the conventional Soltive SuperPulsed laser (Olympus, Center
Valley, PA) was compared to the novel OPTICA XT laser (Convergent, Oakland, CA) in a benchtop
model. A 3D kidney and ureter model were constructed based on a patient's computer tomography (CT)
imaging. Identical 10 mm BegoStones (Bego GmbH, Germany) were created with a calcium oxalate
monohydrate consistency to simulate ureteral stones. These stones were then submerged in a saline bath
for 24 hours before each trial and positioned 2 cm distal to the ureteropelvic junction of the kidney to
simulate an impacted proximal ureteral stone. The kidney model was placed in a 35.5°C saline bath to
mimic core temperature during endoscopic surgery. To monitor ureteral fluid temperatures, a type T
needle thermocouple (ThermoWorks, American Fork, UT) was placed in the ureter wall 2 mm from the
200 um laser fiber tip. A digital data acquisition system, including a MAX31855 T-Type Thermocouple
Sensor breakout board (ThermoWorks, American Fork, UT), recorded temperature data with readings
every 6.0 seconds. Continuous saline irrigation was maintained at 15 mL/minute at room temperature
(22°C) using the Thermedx FluidSmart System (Thermedx LLC, Solon, OH).

Intraluminal temperatures were recorded during 60 seconds of continuous laser activation for each of the
specified power settings: 3 W (0.3 J/10 Hz), 10 W (1 J/10 Hz), 20 W (1 J/20 Hz) and 30 W (0.6 J/50 Hz).
The order of the lasers and power settings were randomized, with five trials performed for each power
setting. The analysis included a comparison of average and maximum temperatures of ureteral fluid
between the two laser systems at each power output. Statistical analyses, including Kruskal-Wallis and
Mann-Whitney U tests, were conducted with a significance level set at p<0.05.

Results:



Both the conventional TFL and the novel TFL reached extremely low temperatures at 3 W, with the novel
TFL reaching a maximum of 27.7°C at 30 seconds and the conventional TFL reaching a maximum of
27.3°C at 30 seconds (p<0.05, Figure 1). The highest temperature achieved at 10 W was lower in the
novel TFL reaching 36.9°C at 48 seconds compared to the conventional TFL reaching 42.1°C at 54
seconds (p<0.01, Figure 2). Neither laser at the 3 W or 10 W setting went above 43°C. At the 20 W
setting, the novel TFL reached a maximum temperature of 38.1°C at 54 seconds, whereas the
conventional TFL laser reached a maximum temperature of 44.6°C at 48 seconds (p<0.01, Figure 3). The
CEM.s of the conventional TFL reached 0.9 equivalent minutes, whereas the novel TFL did not exceed
43°C at the 20 W setting. At the 30 W setting, the thermal heat of the novel TFL laser reached a
maximum of 52.5°C at 12 seconds whereas the conventional TFL reached a maximum of 63.6°C at 42
seconds (p<0.05, Figure 4). The CEMa.s of the novel TFL laser reached 425 equivalent minutes and
275,919 equivalent minutes for the conventional TFL at 30 W. At 30 W, the novel TFL did not reach
above 60°C, but the conventional TFL laser exceeded 60°C for at least 13 seconds.

Discussion:

Our study was the first to compare the thermal dose between the novel TFL laser with modified duty
cycle to the conventional TFL laser. Prior studies have compared the Holmium to the standard TFL,
concluding that the TFL generated higher temperatures during ureteral lithotripsy although the Thulium
had lower rates of residual stone fragmentation and less heat dissipation” 8 However, there have been no
studies comparing the thermal safety of the conventional TFL to the novel TFL with modified duty cycle.
Our results were consistent with the study by Belle et al. demonstrating that the temperatures did not rise
above 30°C at 3 W and 43°C at 3 W, 10 W, and 20 W, but that both lasers exceeded 43°C at the 30 W
settings®.

Our study demonstrated that the novel duty cycle modification generated less thermal heat compared to
the conventional TFL system. Because the Convergent laser produces lower thermal heat at the same
setting as the conventional TFL, there is less potential to damage the tissue of the ureter. The Convergent
laser spent significantly less cumulative equivalent minutes above 43°C compared to the conventional
TFL, and did not exceed 60°C. These results suggest that the Convergent laser is less likely to damage
tissue and incite cell death in the ureter compared to the conventional TFL. Our study results suggest the
Convergent laser may be a safer alternative to standard conventional TFL in the ureter. Next steps in
comparing the lasers include investigating comparisons in ablation rates as well as stone fragmentation
performance.

Conclusion:

The novel TFL was superior to the conventional TFL in minimizing thermal heat emission, thus
minimizing the potential of tissue damage and cell death. Urologists may benefit from using the novel
TFL as a safer alternative to the conventional TFL to prevent ureteral damage in patients due to its lower
thermal heat emission.

Figures:



3W (0.3J/10Hz)

[ I
= )

Temperature [ “C)

]

0 6 12 18 24 30 36 42 438 ¥ &0

—— Soltve i Convergent

Figure 1

10 W (1J/10H2)

0 & 12 18 24 30 3k 42 48 M &0

e S0OIWE (O] i Comwsrgent (C)

Figure 2



20W
50

Temperature ( °C)

0 6 12 18 24 30 36 42 48 54 60

—@— Standard —e— Novel -_____ 43 °C

Figure 3

30 W (0 6J/50H2)

Temperature { “C)
= n [=}]
wn hn hn

Lad
L

[
h

0 &6 12 1% 24 30 3 42 43 54 &0

—a— Soltive () —ea— Convergent () ———__ A3 =C

Figure 4



References:

1. Belle JD, Chen R, Srikureja N, Amasyali AS, Keheila M, Duane Baldwin D. Does the Novel
Thulium Fiber Laser Have a Higher Risk of Urothelial Thermal Injury than the Conventional
Holmium Laser in an In Vitro Study? J Endourol. 2022;36(9):1249-1254.
doi:10.1089/END.2021.0842

2. Pirola GM, Saredi G, Codas Duarte R, et al. Holmium laser versus thulium laser enucleation of
the prostate: a matched-pair analysis from two centers. Ther Adv Urol. 2018;10(8):223-233.
doi:10.1177/1756287218779784

3. Okhunov, Z., Jiang, P., Afyouni, A. S., Ayad, M., Arada, R., Brevik, A., Akopian, G., Patel, R.
M., Landman, J., & Clayman, R. v. (2021). Caveat Emptor: The Heat Is “ON”—An In Vivo
Evaluation of the Thulium Fiber Laser and Temperature Changes in the Porcine Kidney During
Dusting and Fragmentation Modes. Https://Home.Liebertpub.Com/End, 35(11), 1716-1722.
https://doi.org/10.1089/END.2021.0206

4. McAteer JA, Evan AP. The acute and long-term adverse effects of shock wave lithotripsy. Semin
Nephrol. 2008;28(2):200-213. d0i:10.1016/J.SEMNEPHROL..2008.01.003

5. Sapareto SA, Dewey WC. Thermal dose determination in cancer therapy. Int J Radiat Oncol Biol
Phys. 1984 Jun;10(6):787-800. doi: 10.1016/0360-3016(84)90379-1. PMID: 6547421.

6. Leber, B. et al. Impact of Temperature on Cell Death in a Cell-culture Model of Hepatocellular
Carcinoma. Anticancer Research. 2012; 32(3).

7. Buell MI, Amasyali AS, Chen N, Belle JD, Keheila M, Baldwin EA, Ritchie C, Baldwin DD.
Thulium versus holmium for in situ lower pole laser lithotripsy. Can J Urol. 2022
Dec;29(6):11371-11377. PMID: 36495579.


https://doi.org/10.1089/END.2021.0206
https://doi.org/10.1089/END.2021.0206
https://doi.org/10.1089/END.2021.0206

8. Schembri M, Sahu J, Aboumarzouk O, Pietropaolo A, Somani BK. Thulium fiber laser: The new
kid on the block. Turk J Urol. 2020 Nov;46(Supp. 1):S1-S10. doi: 10.5152/tud.2020.20093. Epub
2020 May 27. PMID: 32479257; PMCID: PMC7731960.



