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Abstract Background Kidney stones are a common problem that can be treated by different
surgical methods. The choice of treatment depends on the stone and patient
characteristics and the local resources and skills of the urologists.
Aim The aim of this study was to evaluate the outcomes regarding the safety and
effectiveness of retrograde intrarenal surgery (RIRS) using holmium laser lithotripsy for
kidney stones sizes of less than or equal to 20, and more than 20mm.
Methods The study was conducted on 54 patients with renal calculi at a single center
using RIRS and holmium lithotripsy from April 2022 to April 2023. Stone size was
calculated by summing up the diameters of all renal calculi, and stone-free rate (SFR)
was defined as no stone or stone fragment less than 1mm in the kidney. Results are
described as mean� standard deviation, frequency, and percentages. Chi-squared or
unpaired t-tests are used for comparison between different groups as appropriate.
A p-value less than 0.05 is considered significant.
Results The mean intrarenal stone size was 17.8� 7.6mm, with a significant differ-
ence in stone size less than or equal to 20mm and stone size more than 20mm
(19� 4.7 and 35� 4mm, respectively). The main operation time was 66�36.5
minutes, with significantly longer operation time for patients with kidney stones
more than 20mm (94.9�34.5 vs. 49� 26 for stone size �20mm). There was no
difference in the length of stay after operation between the two different stone sizes.
The overall immediate SFR was 64.4%, where stone size less than or equal to 20mm
showed a significantly higher SFR (83%) than SFR for stone sizemore than 20mm (31%).
This SFR increased to 91.1% 1month later, with 100% clearance for stones size less than
or equal to 20mm compared with only 68% for stones size more than 20mm. The
overall complication rate was 9.2%, most of them were due to urinary tract infections
(5 cases) that required intravenous antibiotics. Stone size had no significant effect on
the complication rate. There was no significant difference in SFR between lower
calyceal stone and other sites of stone.
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Introduction

Kidney stone disease is a condition that affects more and
more people worldwide in recent years.1 The European
prevalence of nephrolithiasis was between 1.2 and 1.4% in
2021.2 Many advances have been made in the field of
urolithiasis, especially in terms of treatment options. The
main methods for removing kidney stones are percutaneous
nephrolithotomy (PCNL), shock wave lithotripsy (SWL), and
retrograde intrarenal surgery (RIRS). The European Associa-
tion of Urology (EAU) guidelines on urolithiasis (2021) were
not conclusive and suggest that (SWL) still represents a viable
therapeutic option for kidney stones especially for stones
that are smaller than 20mm,while PCNL is recommended for
kidney stones larger than 20mm located in the renal pelvis
or the upper or middle calyces.2,3 For kidney stones larger
than 10mm in the lower pole, either PCNL or RIRS are
advised, as SWL has low efficacy for these stones.3 However,
it is not suitable for patients withmorbid obesity, pregnancy,
or bleeding disorders.

Flexible ureterorenoscopy (FURS) has evolved from a
diagnostic to a therapeutic tool since Marshall first reported
seeing a ureteral stone with a nine-French flexible uretero-
scope in 1964. The continuous improvement of the instru-

ments has increased the use of FURS for kidney stone
removal.4 Although FURS is not the standard first-line treat-
ment for renal stones larger than 20mm according to the
EAU guidelines on urolithiasis, some researchers have
reported favorable outcomes and low complications with
the FURS approach and have advocated for its use.5,6

Aim

The aim of this studywas to evaluate the outcomes regarding
the safety and effectiveness of RIRS using Holmium laser
lithotripsy for kidney stones sizes of less than or equal to 20,
and more than 20mm.

Methods

This is a retrospective analysis of 54 patients (40 males and
14 females) who underwent RIRS using FURS 9.5fr from
Innovax and holmium laser lithotripsy 40W from POTENT at
Aljazeera International Hospital (AIH) in Misurata, Libya,
between April 2022 and April 2023. We collected and
reviewed the data of the patients who had intrarenal stones
and evaluated their preoperative, intraoperative, and post-
operative outcomes. We measured the stone size by

Conclusion RIRS combined with holmium laser lithotripsy is a valuable treatment
option for patients with renal stones particularly for patients with stones size of less
than or equal to 20mm with a relatively low rate and severity of complications.
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calculating the cumulative stone diameter of all intrarenal
stones based on computed tomography kidney, ureter, and
bladder (CT KUB) scans. We also assessed the intrarenal
stone location, stone density, operative time, stone-free
rate (SFR), and complications (including urinary tract infec-
tion, ureteric injury, intraoperative bleeding, and postopera-
tive steinstrasse).

Surgical Technique
All patients received general anesthesia by one anesthetist
with a prophylactic intravenous antibiotic. The patient
placed in a lithotomy position and one surgeon performed
all the surgeries using a semirigid ureteroscope of 8 to 9.8 Fr
from Richard Wolf GmbH in Knittlingen, Germany. It was
used to examine the ureter in case it was not Pre-Stented to
check the width of the ureter, to dilate it actively, and to
insert a hydrophilic guide wire from Cook Medical in Bloo-
mington, Indiana, United States into the renal pelvis. A
hydrophilic-coated ureteral access sheath 10 to 12 Fr from
Rocamed, French was inserted along the guide wire under
fluoroscopic guidance to facilitate stone removal and to
reduce intrarenal pressure. A flexible ureteroscope of 9.5
Fr from INNOVAX, China, was also used to access the intra-
renal system. A POTENT laser 40 Watts with 272-µm holmi-
um laser fiber was used to fragment the renal stones. The
laser settings were adjusted according to the stone size and
density, and the usual starting setting was a frequency of
10Hz and 1 J energy.

The patients underwent a KUB radiography 5 to 8 days
after surgery to evaluate their initial stone-free status. If any
stone or fragment more than 1mm remained in the kidney,
the patients were advised to exercise more and drink 23 L of
fluid daily, with α-receptor blockers. They underwent
a second image by CT KUB 30 days after surgery to assess
the final SFR. If the SFR was still poor, additional procedures
or treatments were offered to clear the stones. The double J
stent was also removed to ease stone extraction if fixed after
surgery. We defined stone-free status as no stone or frag-
ment less than 1mm in the kidney.

Statistical Analysis
The data was presented as frequencies (percentages) or as
means� standard deviation of the mean. Chi-squared test
was used to compare the SFR among patients for different
stone sizes (�20mm and>20mm) and places. An unpaired
Student’s t-test is used to compare the difference between
two groups’ means.

Ethical Approval
The ethical approval for the study was received from the
ethical committee of AIH, and verbal consent was taken from
patients.

Results

This study included 54 patients (40men and 14women)with
a mean age of 48.5�24 years (►Table 1). The mean intra-
renal stone size was 17.8�7.6mm, with a significant differ-

ence in stone size less than or equal to 20mm and stone size
more than 20mm (19�4.7 and 35�4mm, respectively).

The main operation time was 66�36.5minutes, with
significantly longer operation time for patients with kidney
stones more than 20mm (94.9�34.5 vs. 49�26 for stone
size �20mm). There was no difference in the length of stay
after operation between the two different stone sizes
(1.3�0.9 days for stone size �20mm vs. 1.0�0.25 for stone
size >20mm; ►Table 1).

The overall immediate SFR was 64.4%, where stone size
less than or equal to 20mmshowed a significantly higher SFR
(83%) than SFR for stone size more than 20mm (31%). This
SFR increased to 90,7% as a total 1 month later, with 100%
clearance for stones size less than or equal to 20mm com-
paredwith only 68% for stones sizemore than 20mm. 26 and
28 patients have right side and left side renal stone, respec-
tively (►Table 1).

The overall complication ratewas 9.2%,most of themwere
due to urinary tract infection (5 cases) that required intra-
venous antibiotics, no recorded case of ureteric injury, one
case of Intra-Renal bleeding managed conservatively, and
one case of post-operative steinstrasse who has a double J
stent managed by semirigid uretrorenoscope and stone
removal. Stone size had no significant effect on the compli-
cation rate (►Table 1).

►Table 2 shows that the location of the stone did not have
a significant effect on immediate SFR, with the highest SFR of
100% found in stones located in themiddle calyceal, followed
by upper calyceal (66.6%), pelvis (62.5%), and lower calyceal
(50%). After 1 month of follow-up, SFR values increased to
100% for upper calyceal stones, 79.2% for pelvis stones, and
100% for lower calyceal stones. However, there was no
significant difference in immediate SFR between lower intra-
renal stones and other locations in the kidney (p-value>0.05
using the chi-squared test).

Discussion

Many procedures are used for the removal of kidney stones;
eachhas its advantagesanddisadvantages. PCNL isanexcellent
minimal-invasive approach for big renal stones.7 However, it
has some disadvantages such as being an aggressive surgery
that approaches the kidney through renal parenchyma. The
prone position that is routinely used for this procedure may
increase the anesthetic risk and decrease the oxygen satura-
tion, especially in obese and elder patients with respiratory
disorders.8 Major complications seen during and after this
operation includemajor vessel injury, hemorrhage, hydrotho-
rax, septicemia, bowel injury, and renal collecting system
perforation. An interest in other treatment modalities in-
creased due to these potential complications.9,10 On the other
hand, extracorporeal shock wave lithotripsy (ESWL) was the
most widely used treatment for urolithiasis,11 and a preferred
treatment option because it can successfully treat renal stones
in74to88%ofcases,withmanyadvantages, suchasnoneed for
anesthesia, and quick recovery.12However, wehave to consid-
er that ESWL also has some disadvantages and risks, mainly
renal damage at a rate of 2.5%.13Moreover, the SFR falls down
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to 70% in cases of multiple renal stones or lower calyceal
stones. Steinstrasse has been reported in 4% to 7% of cases
after ESWL, subcapsular hematoma, and pancreatitis have
been reported as serious complications of ESWL.14

The recent advances in flexible ureteroscopy and holmi-
um laser lithotripsy allow successful access to renal stones
through natural orifices and allow for 1-day surgery with an
accepted and low complication rate compared with other
approaches, making it a choice of great interest for managing
all renal stones. Therefore, we decided to compare the out-
comes regarding the effectiveness and safety of RIRS using
Holmium laser lithotripsy for kidney stone sizes of less than
or equal to 20, and more than 20mm in our clinic.

In terms of operation time, our study found that patients
with kidney stones more than 20mm had a significantly
longer operation time compared with those with stones less
than 20mm. Similar results were reported by Breda et al,10

who found that the operative time for stones 20mmor larger
was approximately 83.3minutes. This is an expected result
since larger stones require more time and effort to break up
and remove. Despite the longer operation time for patients
with larger stones, there was no significant difference in the
length of stay in the hospital after the operation between the
two groups. This suggests that the size of the kidney stone
does not necessarily impact the recovery time or the need for
an extended hospital stay.

Table 1 A comparison between kidney stone sizes of less than or equal to 20, and more than 20mm

Number of patients Total—54 Male—40 Female—14 Test of significancea

Mean age (years� SD) 48.5� 24

Mean stone size� SD
(number)

Mean 17.8�7.6 (54) �20mm 19� 4.7 (35) >20mm 35� 4 (19) <0.001b

Operative
time minutes
(mean� SD)
(numbers)

Mean 66�36.5 (54) �20mm 49� 26 (35) >20mm 94.9� 34.5 (19) <0.001b

Length of stay days
(mean� SD) (number)

Mean 1.2� 0.76 (54) �20mm 1.3�0.9 (35) >20mm 1.0�0.25 (19) NS

Immediate percentage
stone-free rate
(number)

Overall, 64.8% (35) �20mm 83% (29) >20mm 31% (6) <0.01c

One month percent-
age stone-free rate

Overall, 90.7%(48) �20mm 100% (35) >20mm 68% (13) <0.01c

Percentage
complications rate

Overall, 9.2% (5) �20mm 8.5% (3) >20mm 10.5% (2) NSc

Urinary tract infection Overall, 9.2% (5) �20mm 8.5% (3) >20mm 10.5% (2) NSc

Intraoperative
bleeding

Overall, 1.9% (1) �20mm 3% (1) >20mm 0% (0) NSc

Postoperative
steinstrasse

Overall, 1.9% (1) �20mm 0% (0) >20mm 5.3% (1) NSc

Percentage laterality
(number)

Right 48% (26) Left 52% (28) NSc

Abbreviations: NS, non-significant; SD, standard deviation.
aThe significance of differences according to stone size.
bUsing unpaired Student’s t-test.
cUsing the chi-squared test.

Table 2 The effect of stone location on the immediate and 1-month follow-up SFR

Location of the stone, n Immediate SFR, % (n) SFR after 1 month % (n)

Lower calyceal stone (12) 50 (6) 100 (12)

Pelvis (24) 62.5 (15) 79.2 (19)

Upper calyceal stone (12) 66.6 (8) 100 (12)

Middle calyceal stone (6) 100 (6) 100 (6)

Total number of patients (54) 64.8 (35) 90.7 (49)

Abbreviation: SFR, stone-free rate.
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The effectiveness of our procedure was evaluated by
measuring the immediate SFR and the SFR after 1 month
of the operation. The study reported an overall immediate
SFR of 64.4%, with kidney stones less than or equal to 20mm,
had a significantly higher SFR of 83%, compared with a lower
SFR of 31% for patientswith stonesmore than 20mm.Within
1 month, the SFR increased to 90,7% overall. Patients with
stones less than or equal to 20mm achieved a 100% stone
clearance rate, while patients with stones more than 20mm
had a clearance rate of 68%. These findings suggest that the
size of the kidney stone plays a significant role in the
immediate SFR and the overall effectiveness of the proce-
dure, where smaller stones are more likely to be completely
cleared immediately after the operation and have a higher
chance of achieving complete stone clearance within
1 month. Larger stones may require additional interventions
or follow-up procedures to achieve optimal stone clearance.
Similar results to our findingswere reported by several other
research groups.5,10

The safety of the procedure was assessed by monitoring
postoperative complications. Although rare, literature
mentions major complications such as intussusception,
ureteric avulsion, and iatrogenic trauma.15 However, no
major complications were encountered during our study.
All complications were either grade 1 or grade 2 according
to the Clavien Dindo classification, accounting for 9.2% of
cases. The most common complication was urinary tract
infection, which was managed with antibiotics, followed
by hematuria. These findings are consistent with the
literature, which also reports urinary tract infection as a
common complication.10,15,16

FURS faces a challenge when dealing with stones in the
lower calyces. This is the hardest part of the kidney to reach.
A study by Pearle et al,17 showed that fixable ureteroscopy
had low SFRs for lower-pole stones, even when they were
smaller than 10mm. However, our study does not agreewith
this observation, as we found no statistically significant
difference in the SFR between lower calyceal stone location
and other renal sites of stone, regardless of the stone size.
This may be due to the improvement in new flexible ure-
teroscopes, which can reach the lower-pole calyces in 93%
of cases.18

Conclusion

RIRS combined with holmium laser lithotripsy is a valuable
treatment option for patients with renal stones. Our study
demonstrated a satisfactory SFR, particularly for patients
with a total stone size of less than or equal to 20mm.
Additionally, we observed a relatively low rate and severity
of complications. Furthermore, there is growing interest in
utilizing this technique for treating larger stones, further
highlighting the potential benefits and versatility of RIRS
with holmium laser lithotripsy as a treatment modality for
renal stones.

Limitations of the Study

As this was a single-center study with a limited number of
patients, generalizing thefindings to a larger populationmay
be challenging. Therefore, a multicenter study with a larger
sample size is necessary to confirm and validate the results.
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