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Study of Temperature Changes Around Fibres in Super Pulse Thulium Fibre Laser in Vitro Lithotripsy

Ding Tianfu', Xiao Bo', Zeng Xue', Liang Lei', Ji Chaoyue', Li Jianxing'*

Purpose: To investigate temperature changes around the fibres of the super pulse thulium fibre laser (SP-TFL)
during in vitro lithotripsy.

Materials and Methods: Stones were placed in the in vitro model. The laser was continuously excited for 180 s;
the probe was positioned 5 mm around the fibre; the laser power was set at 10, 15, 20, 25, and 30 W; and the irri-
gation rate was set at 0, 15, 25, 35 ml/min, using a domestic SP-TFL. The temperature variations around the fibre
under different power settings and different irrigation rates were compared.

Results: Without irrigation, the temperature around the fibre rapidly reached the safety threshold of 43°C at 24
s. At an irrigation rate 15 ml/min and laser power <15 W, the temperature around the fibre was < 43°C. Once the
laser power increased to > 20 W, the temperature around the fibre increased to >43°C at its lowest plateau. At
irrigation rate 25 ml/min and laser power < 25 W, the temperature around the fibre was < 43°C. At irrigation rate
35 ml/min and laser power < 30 W, the fibre temperature was < 43°C. When laser power was > 30 W, the fibre
temperature was > 43°C.

Conclusion: In extracorporeal ureteroscope SP-TFL lithotripsy, when the laser power is < 15 W, < 25 W, and <

30 W, the irrigation rate should be maintained at > 15 ml/min, = 25 ml/min, and 2 35 ml/min, respectively.

Keywords: Super-pulse thulium fibre laser; temperature; lithotripsy; safety threshold

INTRODUCTION

rological calculi are the most common disease in

urology, and their incidence has increased world-
wide over the past few decades."” With the development
of endoscopic technology and the emergence of laser
fibres,® ureteroscopic laser lithotripsy has become the
most important treatment method for calculi because of
its obvious advantages; it is minimally invasive, ther-
apeutically effective, and considerable safety. Among
the many lasers utilised, the holmium: yttrium-alumin-
ium-garnet (Ho:YAG) laser has always been the "gold
standard" for laser lithotripsy in the clinics.”” Though
at present, a new laser product, the super pulse thuli-
um fibre laser (SP-TFL), has emerged in the market.
Unlike the Ho:YAG laser, the SP-TFL consists of thu-
lium-doped quartz fibres that are triggered during laser
pumping and emit lasers with a wavelength of 1940 nm.
In laboratory and clinical studies, it has shown an effect
superior to Ho:YAG laser in stone ablation and stone
retropulsion.*® However, as the laser’s mechanism of
action can lead to an increase in ambient temperature
™ and cause thermal damage to surrounding tissue, the
temperature safety limits of the laser has always been a
predicament that urological surgeons pay close atten-
tion to and study extensively during surgery. There is
currently no relevant research on temperature changes
around the laser fibre in domestic SP-TFL lithotripsy
procedures. From November to December 2021, this

study investigated the temperature changes around the
laser fibre during domestic SP-TFL lithotripsy proce-
dures using an in vitro kidney model.

MATERIALS AND METHODS

We used an in vitro kidney model designed by an inde-
pendent research group (Figure 1). The in vitro device
was comprised of two parts: the external section was a
constant temperature water bath system, which used a
combination of a thermoregulated water tank and a wa-
ter pump to provide stable 36-37°C heated water, sim-
ulating human body temperature; the interior is an open
cylinder at one end, with a length of 40 mm, radius of 8
mm, and a volume of 7.5 ml. The cylinder’s open end is
closed by a rubber stopper, with three openings for the
ureteric access sheath (F12/14) and for two temperature
probes to pass through. The stones were placed in the
cylinder. The laser equipment selected was a continu-
ous super-pulsed dual-mode output thulium-doped fibre
laser surgical system with a peak of 500 W (hereinafter
referred to as "SP-TFL") (LAKH Medical Instrument
Co., Ltd., Beijing, China ), attached with a 272 um core
fibre and a pulse width of 7 ms. Using a multichannel
real-time thermometer (Guangzhou Ruiman Instrument
Technology Co., Ltd., Guangzhou, China), four tem-
perature probes (recording temperature once per sec-
ond) were used, with the first and second probes fixed
at a position of 5 mm around the fibre to record the tem-
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Figure 1. In vitro kidney model

A: In vitro kidney model (internal). B: In vitro kidney model (external). C: Lithotripsy laser ablating a stone. D: A senior doctor using soft ureteroscopy with laser for

lithotripsy.

perature changes in the vicinity of the fibre. The third
and fourth probes, recorded and monitored the tempera-
ture of the external water flow. Artificial stones (BEGO
GmbH & Co. KG Germany) were used to simulate ac-
tual kidney stones.

Maintaining a room temperature of 22-26°C, the ar-
tificial stones were placed in an in vitro renal model
(Figure 1). Using a flexible ureteroscope and the SP-
TFL, a senior doctor who was blinded to the purpose
of the study performed the lithotripsy procedure. Var-
ious laser power settings were used: 10 W (10 Hz*1
1), 15 W (10 Hz*1.5 J), 20 W (10 Hz*2 J), 25 W (10

Hz*2.5 J), and 30 W (10 Hz*3 J). Along with these,
different irrigation rates were employed: 0, 15, 25, 35
ml/min (irrigation solution: normal saline, at 24°C).
Before each experiment, the fibre was trimmed with
a large core diameter fibre cutting knife and measured
with a laser power meter to ensure that the laser power
meets the national standard (100 + 20%). Temperature
readings from the two temperature probes, wrapped 5
mm around the fibre strand, were measured once every
second, and the average reading of the two probes was
recorded. The SP-TFL was set on continuous excita-
tion for 180 s. After each experiment, the temperature
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Figure 2. The relationship between time and temperature, in the absence of irrigation with a power setting of 10 W, in a SP-TFL in vitro setup.
The initial temperature in the in vitro renal pelvis is 24°C, and as time goes on, the water temperature incrementally increases. The temperature reaches the safety threshold

of 43°C at 24 s and 89.1°C at the end of the simulation.
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Figure 3. The relationship between time and temperature, at irrigation rate 15 ml/min, under different laser power settings.
At irrigation rate 15 ml/min with laser power < 15 W, the plateau phase temperature is 35.5-39.6°C when the maximum temperature around the fiber is 35.5-39.6°C; the

43°C safety threshold is not exceeded.

With laser power = 20 W, the plateau phase temperature around the fiber is 39.1-44.5°C, exceeding the safety threshold of 43°C.

in the simulated renal pelvis was reduced to 24°C be-
fore the next experimental set up was carried out. Each
experiment was repeated three times under the same
conditions to obtain the final average. A thermometer
recorded the temperature in real time, while recording
the temperature changes around the fibre under differ-
ent power settings and irrigation flow rates.

RESULTS

In the absence of irrigation (Figure 2), the ambient tem-
perature increased by 0.3°C per minute, with the fibre
reaching the safety threshold of 43°C from 24°C in 24 s.
At irrigation rate 15 ml/min (Figure 3) and laser pow-
er < 15 W, the plateau phase temperature was 35.5—
39.6°C at the highest temperature peak around the fibre,

which failed to exceed the temperature safety threshold
(43°C). At laser power = 20 W, the plateau phase tem-
perature around the fibre was 39.1-44.5°C, exceeding
the safety threshold of 43°C. At irrigation rate 25 ml/
min (Figure 4) and laser power < 25 W, the plateau
phase temperature was 37.5-41.3°C when the maxi-
mum temperature around the fibre was 37.5-41.3°C,
which did not exceed the safety threshold at 43°C. At
laser power = 30 W, the plateau phase temperature
around the fibre was 40.3-43.5°C, which exceeded
the safety threshold of 43°C. At irrigation rate 35 ml/
min (Figure 5) and laser power < 30 W, the plateau
phase temperature during the highest peak temperature
around the fibre was 35.7-37.2°C, which also did not
exceed the safety threshold.
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Figure 4. The relationship between time and temperature, at irrigation rate 25 ml/min, under different laser power settings.
At irrigation rate 25 ml/min with laser power < 25 W, the plateau phase temperature is 37.5-41.3°C, and the maximum temperature around the fiber is 37.5-41.3°C; the

43°C safety threshold is not exceeded.

With laser power = 30 W, the plateau phase temperature around the fiber is 40.3-43.5, exceeding the safety threshold of 43°C.
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Figure 5. The relationship between time and temperature, at irrigation rate 35 ml/min, under different laser power settings.
At irrigation rate 35 ml/min with laser power < 30 W, the plateau phase temperature at the peak ambient temperature of the fiber is 35.7-37.2°C, without exceeding the

safety threshold.

DISCUSSION

With the development of medical technology, laser lith-
otripsy has been utilised in more and more applications.
The operational principle of laser lithotripsy is inherent
in both its photothermal effect and photomechanical ef-
fect; its photothermal effect is caused by the accumulat-
ed heat emitted by the optical fibre which consequently
ablates the stone; its photomechanical effect is caused
by bubbles generated in the water through the excitation
of the optical fibre, which leads to stone fragmentation.
" The SP-TFL fibre laser operates using infrared light,
with a wavelength of 1940 nm, and has a high absorp-
tion coefficient in water, leading to stone vaporisation
after energy is absorbed in the stone cracks, thus ablat-
ing and dusting the stone.®” As an effective and rela-
tively safe surgical modality, ureteral laser lithotripsy
has a low incidence of postoperative ureteral stenosis.
19 Although the incidence is low, the complications are
more severe, and laser-induced tissue damage during
lithotripsy is one of the causes. According to previous
studies," "' tissue damage begins at 43°C; accordingly,
43°C is determined as a safe temperature threshold for
laser surgery. At temperatures exceeding 54°C, tissue
essentially becomes completely necrotic."” Therefore,
the damage to the surrounding tissue caused by the in-
crease in ambient temperature during SP-TFL use is
one of the most important indicators used to evaluate
its safety."® Because of the high absorption coefficient
of SP-TFL in water, the change of temperature around
the fibre during the ablation process is more worthy of
investigation.

In order to simulate an in vivo environment as closely
as possible, reduce interference, and render the experi-
ment feasible, the in vitro kidney model independently
designed by a research group included an external ther-
moregulated water bath system, while the interior is a
cylinder comparable to the actual volume of the kidney.
According to Peng,"” this renal model mimics the true
volumetric environment in vivo as much as possible.
One end of the cylinder is sealed by a rubber stopper

equipped with three openings for the ureteric access
sheath and two temperature probes to pass through,
while the optical fibre and the temperature probe are
fixed to the rubber plug, and the relative distance is
fixed. To fragment the stone, it is placed in the cylindri-
cal body; the soft ureteroscope is manipulated for stone
ablation, and the irrigation solution is connected to the
soft ureteroscope through a water pump. Subsequently,
water flows out of the gap between the soft mirror and
the dilated sheath. For 3D-printed kidney models, ex-
perienced soft ureteroscopic operators must operate the
device, and during the operation, due to the displace-
ment of stones or a blurred endoscopic field of view, the
operator most likely stops laser excitation or adjusts the
detection of temperature affected by the rate of irriga-
tion fluid, which may result in increased experimental
errors. The in vitro model we adapted for this study, is
simple to operate; any first-time user can manoeuvre
the endoscopic device in this experiment. Additionally,
the model is made of transparent materials, allowing the
stone to be observed simultaneously via the uteroscope
or from the outside, without the impact of an obscured
field of view. Furthermore, a circular spring placed in
the cylinder body prevents stone displacement, so as
not to affect the process of stone ablation, subsequently
minimising the errors of intraoperative operation.

The results of this study suggest that in laser lithotripsy,
the temperature around the fibre varies under different
combinations of irrigation rate and laser power. Hein,
U2 Taratkin,"® and Peng,""” by constructing an in vitro
kidney model that excites the laser with different irriga-
tion rates and power settings to detect changes in water
temperature, concluded that laser power settings and ir-
rigation rates play a key role in reducing water temper-
ature, more specifically inferring that high and low irri-
gation rates may lead to potential tissue damage. In this
study, the temperature curves caused by all laser power
settings are similar to logarithmic curves, with the tem-
peratures rising rapidly at the beginning, and then at a
certain moment once the irrigation solution is balanced
with heat, the curve exhibits a plateau phase. Once the
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irrigation rate is at 15 ml/min, the temperature increase
caused by the laser power <15 W does not exceed the
safety threshold, while the temperature increase caused
by laser power = 20 W exceeds the safety threshold.
Maximum temperatures reached 52.1°C when the la-
ser power was 30 W, which is similar to the results of
Peng!"” et al., who stated that at uniform irrigation rates,
30 W of laser power will exceed the safety threshold due
to the volume difference (20 ml and 7.5 ml) of the con-
tainer used in the experiment; the larger volume leads
to faster water flow mixing to decrease the temperature.
) In our study, the volume selected was comparable
to the volume of the renal pelvis and the results were
more in line with the effect of a real in vivo experiment.
Nonetheless, both experiments demonstrate that at an
irrigation rate of 15 ml/min, a laser power <15 W is
safe and reliable. In contrast, Taratkin® and Hardy",
whose experimental models used a double-sided unob-
structed tube with a mesh screen at the bottom, where
the irrigation fluid flows from one end to the other, and
the heat was greatly reduced by the liquid, came up with
higher irrigation rates of 25 ml and 35 ml. While our in
vitro model is closed on one side, the turbulence caused
by the laser may affect the water temperature to some
extent, but it can simulate the irrigation in the renal
pelvis or the renal calyx, as the irrigation fluid flows
out from the soft ureteroscope and the ureteral dilation
sheath through the obstruction of the renal pelvis and
the renal calyx, which explains the disparity between
our findings and those of Taratkin®” and Hardy“".
Moreover, we also selected the more commonly used
laser power setting of 10 W, which increased with time
in the absence of irrigation and reached a safety thresh-
old at 24 s. In in vivo laser lithotripsy, due to the effects
of stone retropulsion or intrarenal hypertension, the op-
erator deliberately reduces the intraoperative irrigation
flow, and even suspends flushing to avoid stone dis-
placement. This can cause insufficient local irrigation
to accommodate heat in excess of the safe temperatures
tolerated by the tissue, resulting in thermal damage.
Thus attention should be paid to the suspension of the
flushing time to avoid irreversible thermal damage to
the tissue. In addition, this study observed that the tem-
perature at the plateau phase attained using the same la-
ser power settings decreased with increasing irrigation
rates. However, caution must be practiced in increasing
irrigation rates, as higher irrigation rates may lead to
an increase in intrarenal pressure, which can then lead
to postoperative infection complications and even the
occurrence of urinary sepsis. Tokas®? has shown that
intrarenal pressure in percutaneous nephrolithotomy is
closely related to postoperative infection and postop-
erative rehabilitation. Even if the intraoperative visual
field is clear during soft ureteral lithotripsy, cases of
intrapelvic hypertension still occur. Alsyouf” used an
irrigation pump to maintain the average irrigation flow
and concluded that intraoperative intrarenal pressure
changes are related to irrigation pressure and irrigation
time. Therefore, we did not select a high irrigation rate
and restricted our irrigation fluid use to below 50 ml,
which should meet the clinical requirement to avoid the
occurrence of intrarenal hypertension.

As this study is a preliminary in vitro experiment using
domestic SP-TFL, it has certain limitations. First, the
experimental device does not accurately simulate the
true anatomy of the human renal system nor the flexi-
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bility of the tissues involved; however, it can still prove
the relationship between the laser power settings dur-
ing the lithotripsy process and the temperature changes
around the optical fibre. Further studies using animal
models may help solve this limitation. Second, intra-
operative influencing factors were not considered, such
as the intrapelvic pressure and intraoperative bleeding
during the procedure. The secretions of the renal collec-
tion system and the renal circulatory system also play
important roles in preventing damage to the surround-
ing tissue."? Finally, this study only used a single ener-
gy combination, not multiple combinations, of ablation
parameters. In subsequent studies, we will set up a com-
bination of multiple ablation parameters. Nonetheless,
our preliminary findings provide a valuable reference
for in vivo experiments and clinical applications.

CONCLUSIONS

In summary, our preliminary findings show that in in
vitro flexible ureteroscope SP-TFL lithotripsy, the safe
irrigation rate is correlated with laser power. The irriga-
tion rates should be maintained at >15 ml/min, >25 ml/
min, and > 35 ml/min for laser power <15 W, <25 W,
and < 30 W, respectively.
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