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Introduction: Surgeons typically prefer 270 μm and
272 μm laser probes in retrograde intrarenal surgery
(RIRS) due to the reduced deflection capacity of flexible
ureterorenoscopes when using larger probe diameters.
This study aims to investigate the effects of 272 and
365 μm holmium laser probes on operative time, clinical
efficacy, and complication rates in RIRS.
Materials and Methods: A total of 285 patients with
proximal ureteral or kidney stones who met the inclusion
criteria were enrolled in the study. Patients were divided
into two groups based on laser probe thickness: 272
μm and 365 μm. Stone-free rates, operative time, and
complication rates were compared between the groups.
Factors affecting stone-free rates were analyzed using
multivariate logistic regression analysis.

Results: Patient and stone characteristics were similar
between the two groups. No significant differences were
found in stone-free or complication rates. However, oper-
ative time was significantly shorter in the 365 μm probe
group. In univariate analysis, risk factors for postopera-
tive residual stones included multi-calyceal stones, lower
pole stones, high Hounsfield unit (HU) values on non-
contrast computed tomography, and larger stone size. In
multivariate analysis, independent prognostic factors for
residual stones were identified as multi-calycal stones,
lower pole stones, and high HU values.
Conclusion: Compared to 272 μm laser probes, opera-
tive time was shorter in surgeries performed with 365 μm
laser probes. The 365 μm holmium laser can be effectively
and safely used in the treatment of proximal ureteral
and renal stones, demonstrating high clinical efficacy
and safety.

Key Words: 272 μm laser, 365 μm laser, effective-
ness, RIRS, safety

Introduction

Retrograde intrarenal surgery (RIRS) is one of the
methods commonly used in the treatment of renal
stones, along with percutaneous nephrolithotomy
(PCNL) and extracorporeal shockwave lithotripsy
(ESWL).1 RIRS is recommended as the first treatment

option, especially for stones between 1–2 cm.2 With
advancements in flexible ureterorenoscopy (FU) and
holmium laser technology, RIRS is now increasingly
used for the management of stones larger than 2 cm.3

As the role of RIRS has expanded in the treatment
of renal stones, some disadvantages of this method
have also emerged. The main disadvantages are the
difficulty in accessing lower pole stones, especially
those with a narrow infundibulopelvic angle, low
stone-free rates (SFR) in lower pole stones, and pro-
longed operative time for large stones.4,5

The deflection capacity of FU is of great impor-
tance in the treatment of lower pole stones with RIRS.
As the diameter of the laser fiber used increases,
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the deflection capacity of FU decreases; therefore,
using a small diameter laser, especially in lower pole
stones, facilitates deflection.6 For this reason, conven-
tionally small-diameter laser fibers such as 200 μm
are preferred at FU.7 However, using small-diameter
laser fibers also has some operational disadvantages.
Although easier deflection may seem like an advan-
tage, excessive deflection increases the risk of laser
fiber breakage, thus increasing the cost of surgery.7

Furthermore, reducing the laser diameter may extend
the duration required to fragment the stone, thereby
prolonging the overall operative time.7,8

In this study, we investigated the efficacy and
safety of 272 and 365 μm diameter holmium lasers
used in the treatment of proximal ureteral and renal
stones at different locations with RIRS.

Patients and Methods

Patients
The patients with proximal ureteral or kidney stones
who underwent RIRS in our hospital’s urology clinic
between December 2022 and December 2023 were
retrospectively analyzed after obtaining local ethics
committee approval. (Karabük University Medical
Ethics Committee, IRB no: 2022/988). This study
was planned following the Declaration of Helsinki.
Informed consent was obtained from all patients
before the operation day. Unilateral stones larger
than 5 mm on non-contrast computed tomogra-
phy (NCCT) and patients aged older than 18 years
were inclusion criteria. Exclusion criteria were the
urinary tract anomalies such as horseshoe kidney,
ureteropelvic junction stenosis, preoperative urinary
tract infection, presence of mid-ureteral and distal
ureteral stones together with kidney and proximal
ureteral stones, and bilateral stones. Upon apply-
ing the established inclusion criteria, a total of 285
patients were included in the study. Patients who
underwent surgery with a 272 μm Holmium: YAG
laser were classified as Group 1, and patients who
underwent surgery with a 365 μm Holmium: YAG
laser were classified as Group 2.

Data extraction
Preoperative age, gender, body mass index (BMI),
Charlson Comorbidity Index (CCI) score, presence of
preoperative JJ stent, previous stone surgeries, and
whether ESWL was performed were recorded for all
patients. All patients were evaluated with NCCT pre-
operatively. The number of stones, Hounsfield unit
of the stone, location (proximal ureter, renal pelvis,
upper/middle/lower calyces, multiple calyces), the

kidney in which the stone was located (right, left),
and the hydronephrosis presence and degree were
recorded. Stone size was recorded by measuring the
maximum length of the stone (for multiple stones,
the sum of the maximum lengths of the stones).
Intraoperative and postoperative data such as oper-
ative time (the time between the start and end of
laser stone fragmentation was measured), number
of pulses, complications, pain visual analog score
(PVAS), duration of hospital stay, postoperative 1st
day, and postoperative 1st month SFR were recorded.

The RIRS procedure
All surgeries were performed under spinal anesthesia
by 2 surgeons with experience of more than 250 cases.
First, diagnostic ureterorenoscopy was performed
by reaching the proximal ureter with a semi-rigid
ureterorenoscope via a 0.035-inch guide wire. Then,
after placing a ureteral access sheath (Flexor 9.5/11.5
Fr, Cook Medical Bloomington, IL, USA) over the
guide wire, access to the proximal ureter and kidney
was achieved with a non-digital flexible ureteroreno-
scope (Flex X2TM, Karl Storz, Tutlingen, Germany).
In cases of lower pole stones, which presented dif-
ficulties in accessing the stone, a 1.9 Fr Zero Tip
nitinol basket catheter (Boston Scientific, Marlbor-
ough, USA) was used to transport the stone to the
appropriate calyx. The irrigation rate was kept below
25 mL/min, and irrigation pressure was increased
when image quality deteriorated. Upon accessing the
stone, fragmentation was performed using either a
365 μm or 272 μm holmium laser fiber, aiming to
ensure that no fragments larger than 2 mm were left.

During the procedures, various stone-breaking
techniques, such as fragmentation, dusting, and pop-
corn, were employed. Since the ultimate goal was
to avoid leaving clinically significant stones larger
than 2 mm, the stone fragmentation techniques, laser
frequency, and power were adjusted and applied
according to the characteristics of the stone.

Laser probe selection was made in order, indepen-
dent of the patient and the characteristics of the stone.
If a 272 μm laser probe was used in a case, a 365 μm
laser probe was used in the next surgery. The power
and frequency of the laser were changed according to
the hardness and size of the stone. At the end of the
operation, a 4.7 Fr JJ stent was placed in all cases, and
the stent was removed after 2–3 weeks.

Postoperative follow-up
The stone-free rate (SFR) of the patients was assessed
on postoperative day 1 and one month following
surgery. Direct urinary system radiography was per-
formed on the first postoperative day, and NCCT
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was performed on the first month. Patients with
no residual stones larger than 2 mm were consid-
ered stone-free.9 Complications were classified using
the Modified Clavien Classification System (MCCS).10

The pain level of the patients was measured with
PVAS (range 1–10) on the first postoperative day.

Statistical analysis
The data analysis was performed using SPSS for
Windows, version 23 (SPSS Inc., Chicago, IL, USA).
The Shapiro-Wilk test, Kolmogorov-Smirnov test,
histogram, and Q-Q plots were used to evaluate
whether the variables showed normal distribution.
Descriptive data were presented as the number and
percentage for categorical data and as the median
and interquartile range (IQR) for continuous vari-
ables. In the comparison of continuous independent
variables between the two groups, the Student’s t-
test and Mann-Whitney U-test were used; and in the
comparison of categorical variables, the Chi-square
test was used for categorical variables, Values deter-
mined as statistically significant in the univariate
analysis were evaluated with multivariate logistic
regression analysis to determine whether they were
independent prognostic risk factors, increasing the
residual stone. A value of p < 0.05 was accepted as
statistically significant.

Results

In this study, the medical records of a total of 317
patients who underwent RIRS were reviewed, and
32 patients who did not meet the inclusion criteria
were excluded. 272 μm laser was used in 138 patients
(Group 1), and 365 μm laser was used in 147 patients
(Group 2). Demographic data and stone character-
istics for both groups are summarized in Table 1.
The demographic data and stone characteristics of
the 2 groups were compared, and no statistically
significant difference was found. When operation
times were compared, it was seen that the operation
time was statistically significantly shorter in Group
2, where a 365 μm laser was used (p < 0.001). In
addition, the total number of laser pulses was found
to be lower in Group 2 than in Group 1 (p = 0.002).
No significant difference was observed between the
groups in terms of PVAS score, total stone-free rates,
stone-free rates in lower pole stones, complications,
and hospitalization times. Data regarding the opera-
tion results and operation safety between the groups
are given in Table 2.

When patients were categorized into two
groups—stone-free and those with residual stones—
it was found that stone-free rates were statistically
significantly lower in patients with multiple stones or
lower pole stones (p < 0.001 for both). Additionally,
in patients with residual stones, preoperative
NCCT revealed significantly higher Hounsfield
unit values and larger stone sizes (p = 0.001 and
p = 0.002, respectively). No significant differences
were observed between the groups regarding
preoperative JJ stent placement rates or the presence
of hydronephrosis. Furthermore, when the number
of cases treated with 272 μm and 365 μm lasers
was compared, no statistically significant difference
was found between the groups. Data for stone-
free patients and those with residual stones are
summarized in Table 3.

Finally, multivariate logistic regression analysis
was performed to find prognostic risk factors affect-
ing stone-free rates at 1 month postoperatively. The
presence of multiple stones, the high HU value of
the stone, and the lower pole stones were found to
be independent predictive risk factors for postop-
erative residual stones. (p < 0.001, p = 0.001 and
p = 0.029, respectively). Stone size was not found to be
an independent risk factor for postoperative residual
stones (p = 0.093). Multivariate analysis results are
summarized in Table 4.

Discussion

With the advancements in FU technology, RIRS is
increasingly utilized in the treatment of renal stones.
As the use of RIRS has become widespread, even
in the treatment of renal stones larger than 2 cm,
research to increase the effectiveness and safety of the
operation has also increased.11 In addition to patient
and stone-related factors, factors related to FU and
laser devices may also affect postoperative stone-
free and complication rates.12 Due to the reduced
deflection capacity of FU, the use of conventional
200–272 μm holmium lasers is preferred during the
RIRS procedure.7 Previous studies have indicated
that the deflection capacity of FU improves as the
laser diameter decreases; however, there has been
limited attention given to the potential disadvan-
tages of reducing the laser diameter.7,13 The subject
of this study is to investigate the effects of chang-
ing the diameter of the laser probe, other than the
deflection capacity of the device. The primary objec-
tive of an ideal RIRS is to achieve high stone-free
rates while minimizing complications. Previous stud-
ies have reported stone-free rates ranging from 60%
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TABLE 1. Patients and stone characteristics

Variables RIRS (272 μm) RIRS (365 μm) p value

Case number 138 147
Age (median) years (IQR, Q1–Q3) 52 (43–61) 51,5 (40–61) 0.837

Male/Female, n (%) 104/34 (75,36/24,64) 99/48 (67,34/32,66) 0.151
BMI (median) kg/m2 (Q1–Q3) 27,69 (25,17–31) 26,20 (25–29) 0.550

CCI score, n (%) 0.977
0 96 (69,56) 101 (68,70)
1 32 (23,18) 35 (23,80)
2 7 (5,07) 7 (4,76)
3 1 (0,72) 4 (2,72)
6 1 (0,72) 0
7 1 (0,72) 0

Right/Left kidney stones, n (%) 68/70 (49,27/50,73) 61/82 (41,49/58,51) 0.800
Nephrolithiasis treatment history, n (%) 0.259

None 39 (28,26) 31(21,08)
URS 73 (52,89) 90 (61,22)
RIRS 9 (6,52) 10 (6,80)

PCNL 13 (9,42) 10 (6,80)
Open surgery 1 (0,72) 2 (1,36)

ESWL 9 (6,52) 15 (10,20)
Stone size (median) mm, (Q1–Q3) 13,77 (10–18,55) 12 (9–17) 0.237

Multiple stones, n (%) 51 (36,95) 48 (32,65) 0.458
Stone location, n (%) 0.348

Upper calyx 6 (4,34) 4 (2,72)
Middle calyx 8 (5,79) 17 (11,56)
Lower calyx 49 (35,50) 48 (32,65)

Pelvis 29 (21,01) 23 (15,64)
Proximal ureter 22 (15,94) 31 (21,08)
Multiple calyx 24 (17,39) 24 (16,32)

Hydronephrosis, n (%) 0.906
None or mild 70 (50,72) 76 (51,70)

Moderate or severe 68 (49,28) 71 (48,30)
Stone CT value HU, median (Q1–Q3) 898,50 (522,75–1188) 940 (672–1150) 0.649

JJ stent placed history, n (%) 20 (14,49) 23 (15,64) 0.193

Note: IQR: Interquartile range, BMI: Body mass index, CCI: Charlson comorbidity index, URS:
Ureterorenoscopy, RIRS: Retrograde intrarenal surgery, PCNL: Percutaneous nephrolithotomy, ESWL:
Extracorporeal shock wave lithotripsy, CT: Computerized tomography, HU: Hounsfield unit. Significant at
p < 0.05.

to 85% following RIRS.14,15 In our study, stone-free
rates using both 272 and 365 μm lasers were found
to be similar to the literature. Total complication
rates according to the MCCS classification have been
reported as 4.8%–20.1% in the literature, and these
rates are similar in both groups in our study.7,16 In this
study, although the use of 272 and 365 μm lasers was
found to have no effect on stone-free and complica-
tion rates, there was a significant difference between
the operation times of the 2 groups.

One of the most common complications of RIRS
is postoperative infection. Previous studies have
shown that prolonged operation time increases
the risk of postoperative urinary tract infection.17,18

Increased intrapelvic pressure resulting from pro-
longed surgery may contribute to the elevated risk of
infection, potentially due to myelogenous backflow.18

In addition to increasing the risk of postoperative
infection, prolonged operation time may also lead
to other complications. Studies are reporting that
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TABLE 2. Comparison of safety and clinical efficacy between 2 groups

Variables RIRS (272 μm) RIRS (365 μm) p value

Operative time,median (Q1–Q3) 26 (18–36,25) 17 (14–24) <0.0011

Number of shots, median (Q1–Q3) 6132,5 (2954,25–9895) 3523 (2136–8502) 0.0021

Postoperative 1 day SFR, n (%) 117 (84,78) 117 (79,59) 0.281
Postoperative 1 month SFR, n (%) 121 (87,68) 127 (86,39) 0.860

Stone free in presence of lower pole stones, n (%) 52 (78,78) 52 (77,61) 0.870
Postoperative 1 day PVAS, median (Q1–Q3) 2 (1–2) 2 (1–2) 0.605

Complications (MCCS), N (%) 0.235
Grade 1–2 9 (6,52) 6 (4,08)
Grade 3–4 3 (2,17) 2 (1,36)

Stay in hospital time (day), median (Q1–3) 1 (1–1) 1 (1–1) 0.429

Note: SFR: Stone free rate, PVAS: Pain visual analog scale, MCCS: Modified Clavien Classification System.1

Significant at p < 0.05.

TABLE 3. Patient, stone and laser characterictics

Variables Stone free Residual stone p value

Laser diamater, n (%)
0.860272 μ 121 (87,68) 17 (12,32)

365 μ 127 (86,39) 20 (13,61)
JJ stent history

0.600No 210 (86,77) 32 (14,05)
Yes 38 (88,37) 5 (11,63)

Multiple stones
<0.0011No 182 4

Yes 66 33
Presence of stones in the lower pole

<0.0011No 144 8
Yes 104 29

Hydronephrosis
0.378No 130 16

Yes 118 21
Stone CT value HU, (median, Q1–Q3) 909,5 (671,25–1120) 1110 (863–1293) 0.0011

Stone size, mm (median, Q1–Q3) 12,03 (9–17) 17 (11,4–20) 0.0021

Note: CT: Computerized tomography, HU: Hounsfield unit.1 Significant at p < 0.05.

prolonged use of ureteral access sheath (UAS) may
impair ureteral blood flow and cause ischemia.19,20

While there is no definitive evidence in the liter-
ature linking the use of UAS to ureteral stricture,
there is also a lack of sufficient research on long-
term outcomes. Özsoy et al. reported in their study
that edema and inflammation resulting from 30 min
of UAS use resolved within one week, whereas this
duration extended to two weeks following 60 min of
UAS use.21

The presence of a laser fiber in the working chan-
nel of the FU reduces the deflection capacity of the
device. The biggest advantage of the small laser fiber
diameter is that it reduces the deflection capacity of
the device less than larger diameter lasers.22 Espe-
cially the easier access to lower pole stones has made
thin laser fibers such as 200–272 μm more attractive to
surgeons for a long time.7 Moreover, the presence of
a thinner laser in the working channel facilitates the
flow of irrigation fluid. In cases where the irrigation
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TABLE 4. Multivariate logistic regression analysis: predictive fac-
tors for postoperative presence of residual stone

p value Odds ratio 95% CI

Presence of multiple stones <0.0011 0.051 0.016–0.161
Presence of lower pole stones 0.0291 0.356 0.141–0.900

Stone CT value HU 0.0011 1.002 1.001–1.004
Stone size 0.093 1.056 0.991–1.125

Note. CT: Computerized tomograpy, HU: Hounsfield unit. CI: Confidence
interval,1 Significant at p < 0.05.

rate is insufficient to maintain image quality with
the 365 μm laser probe, increasing the flow rate by
increasing the height of the irrigation fluid or by
using an inflatable cuff on the irrigation fluid can
resolve this issue.23 A stone basket can also be used to
overcome the limitation of the 365 μm laser fiber in
accessing the lower pole of the kidney. Huang et al.
reported in their study that the relocation of lower
pole stones to an appropriate calyx using a stone
basket improved the stone-free rate.24 In this study,
the effectiveness of 272 and 365 μm lasers in lower
pole stones was found to be similar.

This study also showed that fewer laser pulses
are required in surgeries conducted with the 365 μm
laser compared to those performed with the 272 μm
laser. Fewer pulses and shorter surgery times may
increase the lifespan of the laser probe. In addition,
there are publications in the literature reporting that
as the laser gets thinner, the possibility of the laser
fiber breaking during deflection increases.7 In this
context, the diameter of the laser may also influence
the overall cost of the surgery. There are many studies
in the literature investigating the factors affecting
stone-free rates in RIRS. Resorlu et al. reported in their
study that the stone being larger than 2 cm, being
in the lower pole, and being multi-calyceal increases
the possibility of residual stone.25 In addition to these
factors, some studies have reported that an increase in
stone density correlates with a higher rate of residual
stones.26 In our study, univariate analysis showed that
stone size, lower pole location, density, and multi-
calyceal nature were factors influencing stone-free
rates. As a result of multivariate analysis, it was
observed that stone density, lower pole location, and
multi-calyceal nature are independent prognostic risk
factors for residual stones. Contrary to findings in the
literature, multivariate analysis concluded that stone
size alone is not an independent risk factor for resid-
ual stones. This result is unexpected, as numerous
scoring systems designed to predict stone-free rates

following RIRS have indicated that larger stone size
is associated with a higher rate of residual stones.25,26

However, surgeons increasingly prefer RIRS in the
treatment of renal stones larger than 2 cm.27 Therefore,
although stone size is an important criterion for the
surgeon, it is not the only criterion for treatment
modality selection. For example, while RIRS may be
preferred for a renal pelvis stone of 25 mm in size, it
may be more difficult to make this decision for a lower
pole stone of the same size. Sen et al. reported that
the presence of multi-calyceal stones was an indepen-
dent predictive factor for residual stones in pediatric
patients undergoing RIRS, but they concluded that
there was no statistically significant difference in
stone size.28

Our study also had several limitations. First of
all, this study was conducted retrospectively. Sec-
ondly, the patients’ stone analysis results could not be
obtained. The strength of our study lies in being one
of the few investigations in the literature examining
the effects of holmium laser diameters used in RIRS.

Conclusions

The use of a 365 μm laser in the RIRS procedure
significantly reduces the operation time compared to
the conventional laser. Even in lower pole stones, the
365 μm laser has similar efficacy to the conventional
laser, and the complication rates are also similar. As a
result, 365 μm lasers can be used with high efficiency
and safety instead of conventional lasers in RIRS.
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