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minimal morbidity has contributed to its growing popular-
ity and widespread adoption in clinical practice. Since its 
introduction in the 1990s, the Holmium: Yttrium-Alumi-
num-Garnet (Ho: YAG) laser has emerged as a standard tool 
in urological practice for intracorporeal treatment of urinary 
stone disease, displaying efficacy in fragmenting stones of 
various compositions [2].

With technological advancements, high-power laser sys-
tems have emerged as alternatives to traditional low-power 
laser systems in endourology. High-power Ho: YAG laser 
and Thulium Fiber Laser (TFL) systems are particularly 
noteworthy due to their high-frequency settings, which 
enable effective stone dusting and result in less retropul-
sion, making them ideal alternatives [3, 4]. The main con-
cern regarding using these high-power laser systems is the 
increased risk of thermal tissue damage due to their ability 
to deliver higher energy transfer than traditional low-power 

Introduction

Retrograde intrarenal surgery (RIRS) is a minimally inva-
sive procedure used to treat urinary stones located within 
the kidney and upper urinary tract and has become increas-
ingly popular as a first-line treatment for many patients [1]. 
Its success in achieving high stone clearance rates with 
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Abstract
Ho: YAG laser lithotripsy is widely used for urinary stone treatment, but concerns persist regarding its thermal effects on 
renal tissues. This study aimed to monitor intrarenal temperature changes during kidney stone treatment using retrograde 
intrarenal surgery with Ho: YAG laser. Fifteen patients were enrolled. Various laser power settings (0.8 J/10 Hz, 1.2 J/12 
Hz) and irrigation modes (10 cc/min, 15 cc/min, 20 cc/min, gravity irrigation, and manual pump irrigation) were used. A 
sterile thermal probe was attached to a flexible ureterorenoscope and delivered into the calyceal system via the ureteral 
access sheath. Temperature changes were recorded with a T-type thermal probe with ± 0.1 °C accuracy. Laser power sig-
nificantly influenced mean temperature, with a 4.981 °C difference between 14 W and 8 W laser power (p < 0.001). The 
mean temperature was 2.075 °C higher with gravity irrigation and 2.828 °C lower with manual pump irrigation (p = 0.038 
and p = 0.005, respectively). Body mass index, laser power, irrigation model, and operator duty cycle explained 49.5% 
of mean temperature variability (Adj. R2 = 0.495). Laser power and operator duty cycle positively impacted mean tem-
perature, while body mass index and specific irrigation models affected it negatively. Laser power and irrigation rate are 
critical for intrarenal temperature during Ho: YAG laser lithotripsy. Optimal settings and irrigation strategies are vital for 
minimizing thermal injury risk. This study underscores the need for ongoing research to understand and mitigate thermal 
effects during laser lithotripsy.
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laser settings [5]. TFLs offer advantages over other types of 
lasers due to their wavelength and mode of operation. How-
ever, it’s important to note that thermal tissue damage can 
still occur with TFL procedures if the laser parameters are 
not properly controlled or if excessive energy is delivered to 
the tissue. Careful attention to settings and technique is nec-
essary to ensure optimal outcomes and minimize adverse 
effects.

When laser energy is applied to the stone, it causes rapid 
vaporization of water molecules within the stone, leading to 
the generation of a shock wave that fragments the stone into 
smaller pieces. Additionally, laser energy absorbed by the 
calyceal fluid increases temperature locally.The main con-
cern regarding the use of the Ho: YAG laser is its potential 
thermal effects on the surrounding urothelium and kidney 
tissue [6]. The extent of temperature increase depends on 
factors like laser power settings, laser application duration, 
irrigation rate, stone characteristics, and composition and 
volume of the calyceal fluid.

An increase in the intrarenal temperature (IRT) during 
laser lithotripsy of urinary system stones has been demon-
strated in animal models and 3D modelling studies, with 
discussions on the effective parameters and outcomes of 
temperature increase [7–19]. However, the clinical signifi-
cance of this temperature increase is still a topic of debate. 
While moderate temperature increases are generally well 
tolerated by the surrounding tissues, excessive heat could 
cause thermal injury to the renal parenchyma or surround-
ing structures. Studies have been designed with 43  °C as 
the threshold temperature value, based on research show-
ing protein denaturation at 43 °C in the porcine urinary sys-
tem [20]. Currently, few clinical studies have addressed the 
monitoring of IRT during laser lithotripsy for kidney stones 
[21–23].

The primary aim of this study was to monitor IRT 
changes during Ho: YAG laser treatment of kidney stones, 
while the secondary aim was to investigate the effects of 
different variables on the mean temperature.

Patients and methods

Patients undergoing flexible ureteroscopic Ho: YAG laser 
lithotripsy at our center from March to August 2023 were 
enrolled after ethics approval (Approval no. 2023/13). The 
inclusion criteria were as follows: (1) 18 years or older, (2) 
diagnosed with kidney stones, and (3) whose longest diam-
eter of the stone was less than 2 cm. The exclusion criteria 
were (1) pediatric patients, (2) patients with congenital kid-
ney/ureter anomalies, (3) patients with ureteral stricture or 
concurrent ureteral stone, and (4) patients who were preg-
nant or lactating. Informed consent was obtained from eli-
gible patients before inclusion in the study.

Surgery was performed 7–10 days after inserting a 6/26 
DJ stent (Boston Scientific, USA) to improve ureteral 
access sheath insertion success and reduce ureteral damage 
risk. All patients had a sterile urine culture five days before 
surgery. A single experienced surgeon (Y.B.) performed all 
operations.

We used a thermometer (model 88,598 4ch K SD Log-
ger) capable of recording data at 1-second intervals for the 
temperature measurement system. The measurement range 
of the thermometer was − 200 °C to + 350 °C, with a mea-
surement accuracy of ± 0.1 °C. It employs a T-type thermal 
probe with a diameter of 0.3 mm. To measure the IRT dur-
ing the operation, the thermal probe was attached to a dis-
posable flexible ureterorenoscope (WiScope®, Germany) 
with its tip 10 mm from the distal end (Fig. 1) and inserted 

Fig. 1  Temperature measurement system a T-type wire temperature sensor and thermometer. b The temperature sensor secured to flexible 
ureterorenoscope
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Urolithiasis

into the collecting system with a flexible ureterorenoscope 
through a 13/15 single lumen ureteral access sheath (Navi-
gator™ HD, Boston Scientific, USA).

We utilized a holmium laser system (Sphinx Jr., Promed, 
Germany) equipped with a 272  μm laser fibre (FlexiFib, 
LISA Laser Products, Germany) to carry out lithotripsy. 
Each patient underwent lithotripsy using saline solution 
at room temperature (25.41 ± 2.82  °C). The experimental 
protocol included mechanical pump irrigation, specifically 
using a serum infusion pump, at flow rates of 10 ml/min, 
15 ml/min, and 20 ml/min. The laser employed for this pur-
pose was 8 W (0.8 J/10 Hz). In addition to the mechanical 
pump irrigation models, gravity (60 cm above the operat-
ing table) and manual pump (pumping as needed to enhance 
visualization quality) irrigation models were employed for 
the 14 W (1.2 J/12 Hz) laser setting.

When the flexible ureterorenoscope reached the caly-
ceal system, temperature measurements began. The mea-
surements ended when no clinically significant residual 
fragments (< 3  mm) were confirmed by endoscopic or 
fluoroscopic examination. For each study model, many 

characteristics were recorded, including lasing time (the 
duration of the active laser pedal on time), lithotripsy time 
(the time interval from the beginning of laser activation to 
the conclusion of the final laser activation, considering the 
durations of pedal on and off), operator duty cycle (ODC) 
(lasing time/lithotripsy time), total energy, and IRT.

Statistical analysis

The data were analysed using the Statistics Package for 
Social Sciences version 25 (IBM SPSS®, Armonk, NY). 
The Shapiro‒Wilk test was used to verify normal distribu-
tion compliance. Normally distributed data are presented as 
the mean ± standard deviation, while nonnormally distrib-
uted data are presented as the median (minimum-maximum). 
For normally distributed data, repeated measures analysis of 
variance was used to compare the effects of different irri-
gation modes across different laser working modes, with 
multiple comparisons performed using the Bonferroni cor-
rection. For nonnormally distributed data, the Friedman test 
was used to compare the effects of different irrigation modes 
across different laser working modes, with multiple com-
parisons conducted using the Dunn test. Generalized linear 
mixed models were used to assess the effects of the indepen-
dent variables on the mean temperature, with multiple com-
parisons performed using the Bonferroni correction. Linear 
regression analysis was used to identify predictors of mean 
temperature. p < 0.05 was considered to indicate statistical 
significance.

Results

Overall, 15 patients were included in our study. Table  1 
shows the clinical and perioperative characteristics of the 
patients. The mean age was 51,27 ± 15,50 years, and the 
mean body mass index (BMI) was 26,43 ± 4,47 kg/m2. The 
mean stone size was 139.49 ± 15.07 mm2, and the stone 
location was the renal pelvis in 60% of patients.

For demonstration, the intrarenal temperature‒time graph 
of “patient 2” is shown in Fig. 2. The IRT sharply decreased 
with irrigation before laser lithotripsy began, increased with 
decreasing irrigation rate at 8 W, and decreased with increas-
ing irrigation rate at 14 W. There was a sharp decrease in 
IRT when transitioning from the gravity irrigation model to 
the manual pump irrigation model.

We analyzed temperature records from cases with around 
forty seconds of continuous laser activation, investigating 
different laser powers and irrigation settings. As the laser 
power increased and the irrigation rate decreased, the caly-
ceal fluid heated more rapidly and eventually reached a pla-
teau temperature. It was also noted that the time to reach the 

Table 1  Perioperative and clinical characteristics of the patients
Characteristics Overall (n = 15)
Gender, n (%)
  Male 8 (53)
  Female 7 (47)
Age (years) 51,27 ± 15,50
Body mass index (kg/m2) 26,43 ± 4,47
Stone side, n (%)
  Right 7 (47)
  Left 8 (53)
Stone number, n (%)
  Single 13 (86)
  Multiple 2 (14)
Stone location, n (%)
  Renal pelvis 9 (60)
  Upper calyx 2 (13)
  Middle calyx 2 (13)
  Multiple calyx 2 (13)
Stone size (mm2) 139,49 ± 15,07
Stone CT value (HU) 1240 (520–1520)
Opacity, n (%)
  Opaque 12 (80)
  Non-opaque 3 (20)
Preoperative creatinine (mg/dL) 0,82 ± 0,13
Fluoroscopy time (sec) 18 (12–48)
Lasing time (min) 15,26 ± 7,04
Lithotripsy time (min) 20,44 ± 8,91
Total energy (J) 17188 ± 11430
Postoperative creatinine (mg/dL) 0,80 ± 0,12
Complication rate (%) None
Postoperative stay (days) 1
CT computed tomography, HU hounsfield unit
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effect on the mean temperature (p = 0.616). In contrast, 
total energy had a significant effect (p = 0.012). According 
to the standardized β coefficients, the laser power had the 
most significant effect on the mean IRT, with the mean IRT 
being 4.981 °C greater for the 14 W laser power than for the 
8 W laser power (p < 0.001). Compared to the 20 ml/min 
irrigation model, the mean IRT value was 2.075 °C higher 
in the gravity irrigation model and 2.828  °C lower in the 
manual pump irrigation model (p = 0.038 and p = 0.005, 
respectively).

A multiple linear regression model was constructed to 
predict the mean IRT based on BMI, laser power, the irri-
gation model, and ODC (Table  4). The calculated regres-
sion model was statistically significant (p < 0.001). While 
laser power and ODC had positive effects on the mean IRT, 
increases in BMI and irrigation were expected to decrease 
the mean IRT. The current variables could explain approxi-
mately 49.5% of the mean IRT (Adj. R2 = 0.495).

In the 8 W laser power treatment group, none of the irri-
gation treatments reached the threshold of 43 °C. Addition-
ally, in the 14 W laser power group, one patient reached an 

plateau temperature was prolonged with a similar relation-
ship between the laser power and irrigation model (Fig. 3).

The overall surgical parameters are summarized in 
Table 2. In the 8 W working model, the lowest minimum, 
mean, and maximum IRT were obtained in the 20  ml/
min irrigation model (27.5 ± 2.8  °C, 30.2 ± 2.2  °C, and 
31.7 ± 2.1  °C; p = 0.017, p = 0.002, and p = 0.001, respec-
tively). In the 14 W working model, while the minimum and 
mean IRT values were lowest in the manual pump irriga-
tion model (median 26.76  °C and 31.80  °C, respectively; 
p < 0.001), the lowest maximum IRT was obtained in the 
20  ml/min irrigation model (35.21 ± 2.30  °C; p = 0.005). 
The total energy values ​​in the 8 W and 14 W working mod-
els were comparable.

The effects of demographic and operative variables on 
the mean IRT are shown in Table 3. In the univariate analy-
sis examining the purification effects, age, sex, stone size, 
stone computed tomography (CT) value, laser power, irriga-
tion model, and ODC were the parameters that significantly 
affected the mean IRT. In the multiple analysis evaluating 
the interactions of parameters, unlike the results of the uni-
variate analysis, sex was not found to have a significant 

Fig. 2  The temperature-time graph of “patient 2”
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Table 2  Baseline characteristics and comparison of surgical parameters
8 W
10 ml/min 15 ml/min 20 ml/min Manuel pump Gravity Test 

statistic
p

Total Energy 
(J)

1069,7 ± 628,2 999,4 ± 377,1 883,8 ± 325,4 NA NA 0,833 0,659**

Operator Duty 
Cycle

0,90(0,61 − 0,94)ab 0,86(0,47 − 0,93)a 0,91(0,52 − 1)b NA NA 9,176 0,01*

Temperature 
(°C)
  Minimum
  Mean
  Maximum

NA NA
30,7 ± 2a 29 ± 2,7ab 27,5 ± 2,8b NA NA 8,174 0,017**
33,7 ± 2,3a 31,4 ± 2,3b 30,2 ± 2,2b NA NA 12,516 0,002**
35,1 ± 2,6a 32,8 ± 1,7b 31,7 ± 2,1b NA NA 13,367 0,001**

14 W
10 ml/min 15 ml/min 20 ml/min Manuel pump Gravity Test 

statistic
p

Total Energy 
(J)

2730,67 ± 2590,70 2076,22 ± 1702,33 1737,44 ± 1205,76 3470,33 ± 6801,19 2704,33 ± 4703,37 5,689 0,224**

Operator Duty 
Cycle

0,80 ± 0,14a 0,72 ± 0,21ab 0,69 ± 0,23ab 0,60 ± 0,11b 0,58 ± 0,25ab 10,96 0,027**

Temperature 
(°C)
  Minimum
  Mean
  Maximum

32,65 
(30,98 − 35,73)c

31,38 
(29,21–36,31)bc

29,92 
(27,04–33,93)b

26,76 
(25,28–29,21)a

31,38 
(28,46 − 33,34)bc

22,922 < 0,001*

37,67 
(32,22–39,90)c

36,27 
(30,80 − 40,42)c

34,06 
(28,66 − 36,57)b

31,80 
(28,25–33,24)a

36,51 
(31,67 − 38,93)bc

24,884 < 0,001*

39,53 ± 3,68b 36,89 ± 3,02ab 35,21 ± 2,30a 38,62 ± 3,92ab 40,01 ± 5,83ab 15,039 0,005**
*Friedman test, **Repeated measures analysis, a−cThere is no significant difference between irrigation models with the same letter

Fig. 3  Temperature-time curve at various power and irrigation settings
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could be produced in a unit, the IRT increased for a period 
and then reached a plateau (Fig. 3). In this model, where the 
environment is not constant, the attainment of a plateau can 
be explained by the inflow of unheated irrigation fluid into 
the caliceal system and the outflow of heated irrigation fluid 
from the caliceal system. This phenomenon is consistent 
with previous studies reported in the literature [8, 19, 23, 
24]. The fact that the IRT reaches a plateau at constant irri-
gation rates suggests that the mean IRT is a more important 
parameter than the peak IRT in clinical studies.

The laser settings are personalized. The pulse energy 
can then be gradually increased until an effective dusting 
or fragmentation effect is achieved. In our study, the laser 
power was the most effective parameter for determining the 
mean IRT. In the regression analysis evaluating predictors, 
it is predicted that there will be a 4.74 °C increase in the 
mean IRT with a one-unit increase in laser power (Table 4). 
In an experimental study by Aldoukhi et al., the highest 

IRT of 43  °C in the 10  ml/min irrigation model, and one 
patient reached this IRT in the gravity irrigation model.

Discussion

Our study revealed that in patients who underwent RIRS 
with a Ho: YAG laser, the laser power, irrigation model and 
ODC affect and predict the IRT. To our knowledge, this 
is the first clinical study to investigate the effects of vari-
ables other than laser power and irrigation models in RIRS 
patients treated with the Ho: YAG laser.

According to the essential laws of thermodynamics, in 
a constant environment, the amount of heat energy per unit 
time should remain constant, thus resulting in a constant 
temperature change (Q = mcΔT). Our study revealed that a 
continuous active laser could be used for forty seconds with-
out interruption, i.e., when a constant amount of heat energy 

Table 3  Effects of independent variables on mean temperature
Univariate Multivariate
β1 (%95 CI) S.E.M β2 t p* β1 (%95 CI) S.E.M β2 t p*

(Constant) 24,644 
(20,843 − 28,444)

1,899 0,000 12,975 < 0,001

Age -0,074 (-0,127 
- -0,022)

0,026 -0,275 -2,819 0,006 -0,105 (-0,137 
- -0,072)

0,016 -0,390 -6,475 < 0,001

Gender (Ref: male) -2,087 (-3,345 
- -0,829)

0,631 -0,318 -3,308 0,001 0,201 (-0,597–1) 0,399 0,031 0,504 0,616

BMI -0,113 (-0,255–0,029) 0,071 -0,163 -1,593 0,116 0,064 (-0,018 − 0,145) 0,041 0,093 1,569 0,122
Stone size 0,024 (0,008 − 0,04) 0,008 0,292 2,997 0,004 0,019 (0,009 − 0,029) 0,005 0,231 3,769 < 0,001
Stone CT value 0,003 (0,001 − 0,005) 0,001 0,272 3,095 0,003 0,003 (0,001 − 0,005) 0,001 0,272 3,363 0,001
Laser power (Ref: 
8 W)

3,515 (2,208–4,822) 0,655 0,522 5,364 < 0,001 4,981 (4,072 − 5,89) 0,454 0,740 10,965 < 0,001

Irrigation model (Ref: 
20 ml/min)
  15 ml/min 1,763 (-0,273–3,798) 1,020 0,234 1,728 0,089 1,169 (0,257–2,082) 0,456 0,155 2,565 0,013
  10 ml/min 2,719 (0,952–4,486) 0,885 0,361 3,071 0,003 -1,128 (-2,326–0,07) 0,599 -0,150 -1,885 0,064
  Gravity 5,181 (2,894–7,468) 1,146 0,526 4,522 < 0,001 2,075 (-0,027 − 4,176) 1,050 0,211 1,976 0,038
  Manuel pump 0,177 (-1,64 − 1,993) 0,910 0,018 0,194 0,847 -2,828 (-4,745 

- -0,911)
0,958 -0,287 -2,952 0,005

Total energy 0 (-0,0002 − 0,0003) 0,000 0,030 0,280 0,780 -0,0002 (-0,0004 
- -0,0001)

0,000 -0,232 -2,577 0,012

Operator Duty Cycle 6,568 
(3,045 − 10,092)

1,767 0,390 3,718 < 0,001 3,997 (0,545–7,449) 1,725 0,238 2,317 0,024

BMI body mass index, CT computed tomography, S.E.M standart error of mean, *Generalized linear mixed models

Table 4  Analysis results on predictors of mean temperature
β1 (%95 CI) β2 t p*

(Constant) 29,227 (23,977–34,478) 11,111 < 0,001
BMI -0,126 (-0,245 - -0,007) -0,182 -2,118 0,038
Laser power 4,740 (3,462–6,018) 0,704 7,402 < 0,001
Irrigation model -1,173 (-1,627 - -0,719) -0,474 -5,160 < 0,001
Operator duty cycle 4,231 (1,091 − 7,371) 0,251 2,690 0,009
BMI body mass index, *Linear regression model (Stepwise method)
p < 0,001; R2 = 0,523; Adj.R2 = 0,495; Durbin-Watson = 1,611
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was reached in as little as 9 s with 50% ODC at 40 W laser 
power [7]. An in vitro experiment suggested utilizing ODC 
as a method to restrict the increase in temperature in small 
cavities, such as the ureter or minor calyxes [30]. Pauchard 
et al.‘s review on intrarenal temperature and pressure during 
RIRS suggested halting laser activation to mitigate the risk 
of high temperatures [31]. In our study, consistent with the 
literature, when laser activation was stopped during transi-
tions between each working model, we observed a dramatic 
decrease in the IRT (Fig. 2). Additionally, according to both 
univariate and multivariate analyses, ODC had a positive 
effect on the mean IRT (Table 3).

In our study, the thermal threshold was not reached in 
any irrigation model at 8 W laser power. In contrast, at 14 W 
laser power, an IRT of 43 °C was reached in the 10 ml/min 
and gravity irrigation models. An in vitro study by Maxwell 
et al. modelled the human urinary system using laser pow-
ers ranging from 5 to 40 W and irrigation modes, including 
no irrigation, 15 ml/min, and 40 ml/min. Laser activation 
was performed for 60  s. Consistent with our study, they 
found that the thermal threshold was not reached with a 
laser power of 20 W or less and irrigation rates of 15 ml/min 
above [14]. Similarly, Teng et al. reported that in their clini-
cal study, the IRT remained within a safe thermal range with 
low laser power (< 20 W) and an irrigation rate of at least 
15 ml/min [23]. In a clinical study by Æsøy et al. utilizing 
a Thulium fibre laser, similar findings were reported where 
temperatures of 43 °C were not reached with laser powers 
of 5 W and 10 W and an irrigation rate of 15 ml/min [22]. 
Currently, there is no defined optimal laser setting or irriga-
tion model for RIRS. However, low laser power (< 20 W) 
and moderate irrigation flow (15–30 ml/min) appear to be 
feasible options for managing the IRT [31].

We are aware that laser frequency is an important param-
eter affecting IRT. In an in-vitro study by Aldoukhi et al., 
it was found that at 20  Hz, only 52% of emitted pulses 
reached the stone, while at 50  Hz and 80  Hz, only 23% 
and 4% reached the stone, respectively [32]. Thus, with 
increased frequency, more energy will be absorbed in the 
liquid medium, leading to higher IRT. In their experimental 
ureteroscopic lithotripsy model, Liang et al. reported that 
higher frequencies at the same laser powers resulted in more 
heat production [33]. In an in-vitro study comparing low-
frequency high single-pulse energy with high-frequency, 
low single-pulse energy models, Hein et al. associated 
higher frequency settings with 3.5% and 8.8% higher tem-
peratures at low and high laser powers, respectively [24]. In 
a porcine model study by Gallegos et al., the IRT value was 
measured at the beginning of the study and one minute after 
laser use, and the difference between these two measure-
ments was defined as delta temperature (DT). Energy, fre-
quency, use of ureteral access sheath, and liquid height were 

temperature (70.3 °C) was reached with 40 W laser power 
and no irrigation mode among laser powers ranging from 
5 W to 40 W [8]. In the pig model study of Peteinaris et al., 
which considered 54 °C as the thermal threshold, the thresh-
old value was reached with laser powers above 40 W in the 
gravity irrigation model. In contrast, a safe thermal range 
was maintained with 20 W and 40 W laser powers [25]. In 
the pig model study conducted by Noureldin et al., the IRT 
remained within safe ranges at 20 W laser power when an 
access sheath was used, and in the gravity irrigation model, 
threshold temperature values that could cause thermal dam-
age in the urinary system were reached with higher laser 
powers [17].

The irrigation model has emerged as an influential 
parameter of IRT. According to a survey study conducted 
among urologists interested in endourology in 2019, 46% 
preferred manual pump irrigation, and 27% preferred grav-
ity irrigation as an irrigation method [26]. In this study, the 
highest mean IRT values were obtained in the gravity irriga-
tion model compared to those in the other irrigation mod-
els, while the lowest mean IRT was obtained in the manual 
irrigation model (Table 3). In the study by Peteinaris et al., 
the thermal threshold was reached in the gravity irrigation 
model at 40 W and 60 W laser powers with 30 s of laser acti-
vation, while the safe thermal range was maintained in the 
manual pump irrigation model under similar laser settings 
[27]. In another in vivo porcine model study, hazardous IRT 
values were reached in the gravity irrigation model at laser 
powers exceeding 40 W, regardless of the use of a ureteral 
access sheath. However, the manual pump irrigation model 
only reached the thermal threshold with 100 W laser power 
and without using a ureteral access sheath [25].

In daily practice, suspending irrigation flow can pre-
vent stone retropulsion during lithotripsy. However, careful 
attention must be paid during this manoeuvre. In one patient 
in our study, the IRT increased by 9 °C in a very short period 
of 5 s during lithotripsy when irrigation was inadvertently 
closed, which is not known. An in vitro study by Buttice et 
al. demonstrated that irrigation limits temperature increase 
when any laser setting is used, and rapid increases occur 
when irrigation is closed [10]. Another experimental ure-
teroscopy model by Wolin et al. reached the threshold ther-
mal value in all laser power models ranging from 3.6 W to 
20 W without continuous irrigation [28]. Hein et al. reported 
that laser application without irrigation led to a rapid tem-
perature increase of up to ∆28 K, reaching 68 °C at 100 W 
[24]. Considering all these findings, continuous irrigation 
flow is essential for maintaining a safe thermal range.

Louters et al.‘s in vitro study investigating the effect of 
ODC on temperature showed that as ODC increased, higher 
temperatures were reached in shorter periods [29]. In an in 
vitro study by Aldoukhi et al., the thermal injury threshold 
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readings, the retrograde approach appears less morbid than 
percutaneous access. The retrograde method, contingent 
upon using a ureteral access sheath, is reliable. However, 
there is a need for more clinical studies regarding routine 
IRT monitoring during RIRS. Currently, flexible ureterore-
noscopes capable of intrarenal pressure monitoring are used 
in clinical practice during RIRS [38], yet an instrument that 
facilitates IRT monitoring has yet to be developed. Future 
research in this area will inevitably involve the use of ther-
mal probes.

The present study has several limitations. First, our 
study has a small sample size, which may introduce bias 
when estimating population means. Second, since each 
patient’s calyceal anatomy and volume may vary, different 
IRT results may have been obtained with similar variables. 
Third, since it is not always possible to keep the laser fibre 
at the same distance from the stone and from the thermal 
probe, different IRT results may have been obtained with 
similar variables. Fourth, a multipoint thermal probe could 
not be utilized, and the temperature of each major calyx 
could not be measured; thus, the recorded temperature 
might not have accurately reflected the mean IRT. Fifth, as 
the recording device monitor could not provide real-time 
temperature information, laser activation was continued in 
cases where critical temperatures were reached. Sixth, due 
to the lack of chemical stone analysis, the possible effect on 
the temperature profile could not be investigated.

Conclusion

This preliminary study investigated the impact of Ho: YAG 
laser lithotripsy on intrarenal calyceal fluid temperature, 
focusing on the influence of laser power and irrigation rate. 
The results revealed that the Ho: YAG laser power and irri-
gation rate had opposite effects on the average temperature, 
with the laser power being the most influential parameter for 
temperature elevation. Continuous irrigation at a minimum 
rate of 15  ml/min helps maintain temperatures within the 
safe range, particularly at moderate laser powers. Further-
more, this study revealed ODC as a significant parameter 
affecting IRT, suggesting the importance of the periodic 
cessation of laser activation. These findings underscore the 
necessity for further clinical studies with larger populations 
to elucidate additional factors impacting IRT dynamics dur-
ing laser lithotripsy.
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found to be parameters significantly affecting DT, with a 
predicted increase of 2.1 °C in DT at 15 Hz frequency com-
pared to 5 Hz [34]. Maxwell et al. conducted a study with 
laser powers ranging from 5 to 40 W and different irrigation 
models, finding that peak temperature values were nearly 
the same at the same laser powers regardless of frequency 
and pulse setting [14].

Does IRT truly matter in clinical practice? Aldoukhi et 
al. performed intrarenal laser activation with a Ho: YAG 
laser at 40 W power for 60 s, without irrigation, and with 
low- and high-flow-rate irrigation in four in vivo pig mod-
els and achieved maximum IRTs of 84.8  °C, 63.9  °C and 
43.6  °C, respectively. On histopathological examination, 
gross macroscopic changes were observed in the no-irri-
gation model. At the same time, it was reported that there 
were minimal changes in low-flow irrigation and no signs 
of thermal damage in high-flow irrigation [9]. Molina et al. 
created a ureteral stone model in ex vivo porcine models 
using manual irrigation, a Ho: YAG laser (6.4 W and 21 W), 
and a spTFL (6.4  W and 20  W). Both systems remained 
below the threshold temperature (43 °C). According to his-
topathological examination, there was no thermal damage 
to the ureters after lithotripsy [15]. Peteinaris et al. created a 
kidney stone model in two in vivo porcine models and per-
formed laser lithotripsy using an 8 W Thulium fibre laser for 
60 min. The IRT was between 44 °C and 46 °C in both mod-
els. The kidneys were histopathologically examined on the 
7th and 14th days. On the 7th day, severe histopathological 
findings such as hemorrhagic areas, separated urothelium, 
fibrin accumulation, and inflammation in the lamina pro-
pria were observed, while on the 14th day, histopathology 
was reported as “minimal changes” [35]. Therefore, it is not 
easy to provide a definitive answer when evaluating these 
findings in light of the study findings. However, given the 
lack of sufficient evidence regarding the long-term effects of 
high temperatures, a lower IRT appears safer.

The thermal cytotoxic effect occurring in living tissues 
can be explained by the temperature and duration of expo-
sure. Sapareto and Dewey developed an equation known 
as the cumulative equivalent minutes at 43  °C (CEM43) 
to assess the thermal dose, which is calculated based on an 
exposure time at a reference temperature of 43 °C [36]. Ani-
mal studies have shown that protein denaturation occurs in 
the urinary system at 43  °C [20], and a CEM43 duration 
exceeding 70 min leads to significant kidney damage [37]. 
Since there is no defined safe thermal dose for the human 
urinary system, we adopted 43 °C as the thermal threshold 
for our study based on the current literature.

During RIRS, delivering the probe to the calyceal sys-
tem either retrogradely or percutaneously is necessary to 
enable IRT monitoring. Despite its fine calibration, which 
may influence irrigation flow and misrepresent actual IRT 
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