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ORIGINAL ARTICLE

ABSTRACT

Background/Aims: To evaluate in which cases Retrograde Intrarenal Surgery (RIRS) should 
be combined with other techniques in pediatric patients undergoing retrograde intraluminal 
endoscopic surgery, RIRS combined with extracorporeal shock wave lithotripsy, and RIRS combined 
with open/laparoscopic surgery for urolithiasis in our clinic.
Materials and Methods: This study conducted a retrospective analysis of data from 302 pediatric 
patients undergoing RIRS, this technique in conjunction with extracorporeal shock wave lithotripsy 
(ESWL), open stone surgery, and laparoscopic stone surgery for urolithiasis at our clinic from January 
2013 to October 2020. The patient’s demographic data, the position, and size of the stones 
discovered using imaging techniques, surgical interventions for stone extraction, stone-free results, 
and the condition of postoperative hydronephrosis were evaluated.
Results: A total of 302 pediatric patients were included in this study. The mean age was 89.719 
months (SD 51.447, range 6–216). 160 patients (53%) were male, whereas 142 patients (47%) were 
female. The mean size of the treated stones was 7.964 mm (SD 3.516, range 2.2-25 mm). Stone-free 
rate was achieved in 262 (86.75%) of the patients during surgical follow-up. Imaging indicated the 
absence of stones in 235 participants (77.81%). In the follow-up, it was shown that hydronephrosis 
completely resolved in 278 (92.05%) patients. 
Conclusion: Choosing minimally invasive surgical procedures is advisable, particularly for pediatric 
patients. It is essential to acknowledge that open or laparoscopic surgery, particularly laparoscopy, 
is significant in certain instances, depending upon the surgeon’s expertise.

Keywords: Endoscopic shock wave lithotripsy, Laparoscopy, Pediatric urinary tract calculi, 
Retrograde intrarenal surgery

ÖZ

Amaç: Kliniğimizde ürolitiazis nedeniyle retrograd intraluminal endoskopik cerrahi, ekstrakorporeal 
şok dalga litotripsi ile kombine RIRS ve açık/laparoskopik cerrahi ile kombine RIRS uygulanan 
pediatrik hastalarda RIRS’in hangi durumlarda diğer tekniklerle kombine edilmesi gerektiğini 
değerlendirmeyi amaçladık.
Gereç ve Yöntemler: Bu çalışmada kliniğimizde Ocak 2013-Ekim 2020 tarihleri arasında ürolitiyazis 
nedeniyle RIRS ve RIRS ile kombine ESWL, açık taş cerrahisi, laparoskopik taş cerrahisi uygulanan 302 
çocuk hastanın verileri retrospektif olarak analiz edildi. Hastaların demografik verileri, görüntüleme 
yöntemleri ile tespit edilen taşların tarafı ve boyutu, cerrahi taş girişimleri, taşsızlık sonuçları ve 
ameliyat sonrası hidronefroz durumu değerlendirildi.
Bulgular: Çalışmaya 302 çocuk olgu dahil edildi. Ortalama yaş 89.719 ay (SD 51.447, dağılım 6-216) 
idi. Dahil edilen hastaların 160’ı (%53) erkek, 142’si (%47) kızdı. Tedavi edilen taşların ortalama boyutu 
7.964 mm (SD 3.516, dağılım 2.2-25) idi. Ameliyat sonrası takiplerde hastaların 262’sinde (%86,75) 
taşsızlık sağlandı. Bu hastaların 235’inde (%77,81) görüntülemede taşa rastlanmadı. Takiplerde 278 
(%92.05) hastada hidronefrozun tamamen düzeldiği gözlendi. 
Sonuç: Sonuç olarak, özellikle pediatrik olgularda minimal invaziv cerrahi yöntemlerin tercih edilmesi 
uygundur. Açık veya laparoskopik cerrahinin, özellikle laparoskopinin, seçilmiş olgularda, cerrahın 
deneyimine göre yeri olduğu unutulmamalıdır.

Anahtar kelimeler: Endoskopik şok dalga litotripsi, Laparoskopi, Pediatrik üriner sistem taşı, Retrograd 
intrarenal cerrahi

Introduction

The incidence of urinary system stone illness in pediatric 
patients has risen in recent years (1). The incidence 
of urinary tract stones in children in low- and middle-
income countries, including Turkey, ranges from 5% to 
15% (2). 

Advancements in technology have led to 
improvements in stone treatment for pediatric 

patients. Extracorporeal shockwave lithotripsy (ESWL) 
and retrograde intrarenal surgery (RIRS) utilizing rigid or 
flexible ureterorenoscopy (URS) are favored over open 
or laparoscopic surgical techniques due to superior 
outcomes and patient advantages. Nonetheless, 
open or laparoscopic stone therapy is warranted in 
some anatomical situations, during procedures like 
pyeloplasty, or when endourological therapies have 
proven unsuccessful (3).
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This study aims to evaluate in which cases RIRS should be 
combined with other techniques in pediatric patients 
undergoing retrograde intraluminal endoscopic 
surgery, RIRS combined with extracorporeal shock 
wave lithotripsy, and RIRS combined with open/
laparoscopic surgery for urolithiasis in our clinic.

Material and Methods

This study retrospectively examined the data of 302 
pediatric patients who underwent RIRS, RIRS combined 
with ESWL, open stone surgery, and laparoscopic 
stone surgery for urolithiasis at our clinic from January 
2013 to October 2020.

Before the procedure, patients had preoperative 
urinalysis, urine culture, serum biochemistry, coagulation 
assessments, plain abdomen X-ray, and urinary system 
ultrasound (USG) to determine the existence, size, and 
position of the stones. In necessary cases, abdominal 
non-contrast computed tomography (CT) was 
requested due to suspected stones, and the findings of 
patients referred from an external facility with prior CT 
results were also incorporated into the study. The stone 
length was determined using USG measurements or 
the longest stone measurement obtained from plain 
abdominal X-ray or CT scans. Patients with urinary tract 
infections, coagulation issues, and those who failed 
to attend regular follow-up were excluded from the 
study. 

Patients were categorized into four groups: those who 
underwent RIRS with a JJ stent, RIRS without a JJ stent, 
RIRS in combination with ESWL, and open/laparoscopic 
stone surgery combined with RIRS. The decision to use 
a JJ stent in patients who underwent URS was based on 
the stone’s location, size, the dimensions and quantity 
of stone fragments retrieved through lithotripsy, and 
the condition of mucosal edema. The decision was 
made to combine URS and ESWL; if initial treatment 
commenced with ESWL and subsequent follow-up 
revealed stone migration to the ureter resulting in 
obstruction, or if stone-free rates were not attained 
after three sessions of ESWL, URS treatment was 
initiated. However, there were renal stones that were 
inaccessible via URS. Individuals who underwent URS in 
conjunction with open or laparoscopic surgery, those 
from whom stones were excised during pyeloplasty, 
those with substantial staghorn-like stones obstructing 
the URS that was attempted but unsuccessful, or those 
who developed a significant obstructive stone tract in 
various locations within the ureter.

The Extracorporeal shockwave lithotripsy (ESWL) 
Technique

According to the patient’s age, size, and location of 
the stones, a JJ stent was inserted in chosen patients 

scheduled for combination treatment with ESWL during 
URS. During the ESWL session, general anesthesia 
was delivered to the pediatric patients involved in 
the study who underwent URS in conjunction with 
ESWL. The Electromagnetic Shock Wave Lithotripter 
(ELMED Multimed Classic) was employed for lithotripsy. 
Fluoroscopy was employed to ascertain the position 
and breakup of the stone during lithotripsy. The 
supplied shock wave commenced at 13-14 kV 
and was elevated to a maximum power level of 20 
kV. The highest number of shocks administered per 
session ranged from 5000 to 5500 beats. The ESWL 
session concluded when the stone shattered to an 
acceptable size, no visible stone persisted, or sufficient 
shocks were administered. The patients underwent 
follow-up with a plain abdomen X-ray and ultrasound. 
The JJ stent was extracted one-month post-ESWL 
session. Postoperative data included age, gender, 
stone-free rates, and the presence of hydronephrosis. 

The Retrograde Intrarenal Surgery (RIRS) Technique

A semirigid 4.5 Fr ureterorenoscope (URS) (Richard 
Wolf, Germany) was introduced into the pelvicalyceal 
system under general anesthesia while the patient was 
in the lithotomy posture. A 0.038 hydrophilic guidewire 
was first placed. A JJ stent was inserted when access 
to the upper urinary tract via URS was unachievable, 
when a stone in the proximal ureter was inaccessible 
when a stone in the proximal ureter or the reachable 
pelvicalyceal tract was displaced to the lower pole 
during laser lithotripsy, when the procedure duration 
overtook one hour without complete fragmentation of 
the stone, and when edema likely to induce ureteral 
obstruction had been expected. Following three 
weeks, the patients had re-evaluation via ultrasound, 
the JJ stent was removed, and a second session of 
retrograde intrarenal surgery (RIRC) was scheduled. 
In every instance, the pelvicaliceal system was 
accessed using semirigid or flexible ureteroscopes 
under general anesthesia. Lithotripsy was conducted 
utilizing Holmium laser lithotripsy (30 W, Sphinx) with a 
365 nm laser probe (Accu Max, Boston, USA), applying 
suitable power and frequency until the stone was 
entirely fragmented or diminished to a size amenable 
to drainage. A JJ stent was reinserted post-procedure 
due to edema, suspected injury from an enclaved 
stone, and potential obstruction from a fragmented 
stone. The stent was extracted within one month.

The Open Surgery Technique

Pediatric patients scheduled for open surgery owing 
to urinary system stones were selected based on the 
presence of renal structural defects, significant stone 
burden, and prior unsuccessful minimally invasive 
procedures. The case was sterilely stained and draped 
suitably under general anesthesia. A flank incision was 
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performed using blunt dissection to access the right/
left external oblique muscle, internal oblique muscle, 
transverse abdominal muscle, and fascia, according 
to the stone’s position. The retroperitoneal space was 
accessed. The renal pelvis and ureter were identified 
and elevated. Subsequently, pyelolithotomy, 
nephrolithotomy, or ureterolithotomy was executed. 
A JJ stent was inserted following the removal of the 
stone(s). The JJ stent was extracted after one month. The 
patients underwent follow-up with simple abdominal 
X-ray and ultrasound imaging. The postoperative data 
reported were age, gender, stone clearance rate, 
and the occurrence of hydronephrosis.

The Laparoscopic Surgery Technique

Laparoscopic surgery may be favored in expert 
clinics for its minimally invasive nature in a specific 
patient group initially designated for open surgery. 
Pediatric cases were subjected to sterile staining and 
managed under general anesthesia. Laparoscopic 
pyelolithotomy (LPL) was conducted under general 
anesthesia in the right or left lateral decubitus posture, 
contingent upon the side of the kidney stone. A 5-mm 
port was introduced into the umbilicus via the open-
access technique. Subsequently, two 5-mm working 
ports were introduced under direct visualization along 
the midclavicular line, parallel to the umbilicus, and 
5 cm inferior to the umbilicus in the para-rectal area. 
Following the establishment of the pneumoperitoneum, 
the colon was medially mobilized by locating and 
incising the line of Toldt. Upon identification of the 
ureter and renal pelvis, the pelvis and ureteropelvic 
junction were revealed. Following the ureterostomy 
or pyelotomy incision, the calculi were removed 
utilizing a laparoscopic grasper. A double-J stent was 
subsequently inserted antegradely into the bladder. 
The pelvis was sutured closed using running stitches 
with 5/0 or 6/0 polyglactin. A drain was not inserted, 
and the Foley catheter was extracted three days later. 
The Double J stent was extracted four weeks post-
operation. 

Patients in the groups underwent plain abdominal 
radiography and ultrasonography at regular intervals 
for a minimum duration of one year. Children without 
stones or with stones measuring less than 4 mm on 
simple abdominal radiography or ultrasound were 
considered stone-free. Follow-up intervals were 
established based on the imaging conducted during 
the initial month. Patients clear of calculi on simple 
abdominal radiography or ultrasound were monitored 
at six-month or year intervals. Patients with stones 
measuring less than 5 mm were monitored at three-
month intervals. In patients with stones above 5 mm, 
the follow-up or suitable treatment technique was 
determined based on the location and dimensions of 
the stone(s).

Statistical analysis

Continuous data are given as mean ± standard 
deviation. Categorical data is given as a percentage 
(%). Shapiro Wilk’s test was used to investigate the 
suitability of data for normal distribution. In the 
comparison of groups with normal distribution, one-
way variance analysis (one-way ANOVA) was used 
for cases with three or more groups. Pearson Chi-
Square and Pearson exact Chi-Square analyses were 
used in the analysis of the created cross-tables. IBM 
SPSS Statistics 21.0 (IBM Corp. Released 2012. IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY: IBM 
Corp.). A value of p<0.05 was accepted as a criterion 
for statistical significance.

Results

A total of 302 pediatric patients were included in this 
study. This study categorized patients into four groups: 
Group 1, the URS group without JJ stent; Group 2, 
the URS group with JJ stent; Group 3, patients who 
underwent ESWL combined with URS; and Group 4, 
patients who underwent open or laparoscopic surgery 
combined with URS. Demographic characteristics, 
stone size, side, position, stone-free rates, and 
postoperative hydronephrosis status of the patients 
according to the groups are reported in Table 1.

For all the patients in the study, the average age of 
the patients was 89.719 months (Standard deviation: 
51.447, range 6–216). Statistical analysis showed 
a significant correlation between group age and 
outcome variables (p=0.010). This was attributed to 
the inherent challenges associated with the use of 
RIRS and ESWL procedures, particularly in cases of 
obstructive stone formation, and was observed to 
be more pronounced with decreasing patient age. 
Our results demonstrate the efficacy of open surgical 
and laparoscopic techniques, which offer a minimally 
invasive alternative, as adjunctive approaches in the 
management of patients with multiple obstructive 
stones and hard stones such as cystine stones.

Of the patients included in the study, 160 (53%) were 
male and 142 (47%) were female. Although there 
was no difference between the groups in terms of 
gender, it was found that male patients constituted a 
significantly larger proportion of those who underwent 
open or laparoscopic surgery. However, the number 
of patients in the group was small, which limits the 
reliability of this finding. In consideration of the 
anatomical challenges specific to the male gender, it 
may be necessary to supplement the RIRS technique 
with auxiliary techniques. It was hypothesized that 
male patients were more prevalent in laparoscopic 
and open surgical techniques for this reason.

Efficacy of Different Surgical Methods in the Treatment of Pediatric Urolithiasis - Arslan Alıcı et al.
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A standard abdomen X-ray was conducted in 299 
instances involving urinary system calculi. Stones were 
identified as non-opaque in 95 (30.46%) instances and 
opaque in 202 (66.89%) instances (p<0.01). Urinary 
system stones were identified in 25 instances (8.25%) 
with non-contrast abdomen CT (p<0.001). Diagnostic 
ultrasound of the urinary system was conducted in 284 
patients (94.03%) (p<0.001). Given that the patients 
were children, efforts were made to minimize the dose 
of ionizing radiation. However, in selected cases, a 
non-contrast abdominal CT was performed to visualize 
the location, size, and even the presence of the stone. 

The average size of the treated stones was 7.964 mm 
(SD 3.516, range 2.2-25 mm). Patients who underwent 
open or laparoscopic surgery had significantly larger 
stone sizes compared to the other groups (p<0.001). In 
our opinion, these techniques should not be forgotten 
as an additional treatment modality for difficult and 
big stones when age and gender are taken into 

account.

Radiological scans revealed the presence of stones in 
409 renal units. The lateral distribution of stones was 194 
(47.43%) on the right and 215 (52.57%) on the left. There 
was no difference between the groups in terms of the 
side of the stone. We have shown that the techniques 
can be applied regardless of the side. The three sites 
with the highest incidence of stones were the distal 
ureter, ureteropelvic junction, and lower pole of the 
kidney, respectively.

 Stone-free rates were attained in 262 (86.75%) of the 
patients throughout surgical follow-up. Stone-free 
rates based on stone localization in the groups are 
shown in Table 2. The RIRS method, whether used 
alone or in conjunction with ESWL, represents a viable 
option for the treatment of urolithiasis in children. While 
open and laparoscopic surgeries are not the preferred 
approaches in the majority of cases, they may be 
considered in patients who have not responded 

Efficacy of Different Surgical Methods in the Treatment of Pediatric Urolithiasis - Arslan Alıcı et al.

Table 1. Demographic data, stone dimensions, stone characteristics, stone-free rates, and postoperative hydronephrosis sta-
tus of patients categorized by groups (n=Number of patients, n*=Number of stones)Table 1. Demographic data, stone di-
mensions, stone characteristics, stone free rates, and postoperative hydronephrosis status of patients categorized by groups 
(n: number of patients, n*: number of stones)

 
URS

URS&ESWL URS & Open/ Laparos-
copic Surgery p

JJ stentfree n=49 
(16.23 %)

JJ stent n=185 
(61.25%) n=57 (18.87 %) n=11 (3.65 %)  

Age (month) Mean±SD 90.351±52.234 95.898±54.004 92.263±45.045 39.909±37.176 0.010

Gender Female
n (%) 27 (55.10) 83 (44.87) 31 (54.39) 2 (18.18)

0.089
 Male

n (%) 22 (44.90) 102 (55.13) 26 (45.61) 9 (81.82)

Stone size 7.92±3.17 7.50±2.70 11.24±3.27 11.75±3.86 <0.001

Stone side Right
n* (%) 36 (8.80) 116 (28.36) 32 (7.83) 10 (2.45)

0.993
 Left

n* (%) 27 (6.60) 131 (32.03) 46 (11.24) 11 (2.69)

Stone-free rate n (%) 44 (89.80) 167 (90.27) 43 (75.44) 7(63.64) <0.001

Hydronephrosis None
n (%) 46 (15.23) 168 (55.62) 54 (17.88) 9 (2.98)

0.457
 Continued

n (%) 3 (0.99) 17 (5.62) 3 (0.99) 2 (0.66)

Table 2. Stone-free rates based on stone localization in groups (n: number of stones)

 URS URS & ESWL URS & Open/ Laparoscopic Surgery

 JJ stent-free n=63 JJ stent n=247 n=78 n=21

Lower pole 2 19 9

Pelvis renalis 3 26 38 6

Ureteropelvic junction 5 52 6 5

Distal ureter 29 80 6 1

Ureterovesical junction 16 40 1

Stone-free rates n (%) 55 (87.30) 217 (87.85) 60 (76.92) 12 (57.14)
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to these stone-directed techniques, particularly in 
younger patients with large, tissue-inclusive, and 
multiple stones. In instances where the desired stone-
free rates cannot be achieved with these surgical 
techniques, surgical intervention can be continued 
with RIRS.

Imaging revealed no stones in 235 patients (77.81%). 
During the follow-up, it was noted that hydronephrosis 
fully resolved in 278 (92.05%) individuals. The result of no 
difference between the groups in terms of regression 
of hydronephrosis indicates that rapid intervention 
in stone-related obstruction is a crucial factor in 
maintaining renal health.

Discussion

The advantages of minimally invasive techniques for 
the treatment of urolithiasis in children have been 
widely reviewed in the literature, especially with new 
technological developments (8-10). However, while 
age is an important advantage in some techniques, it 
is a disadvantage in others. Notably, several significant 
disadvantages are identified in the studies. Access to 
RIRS is challenging due to the narrow caliber of ureters, 
particularly in young children. In instances where 
access is unavailable, the ureter remains narrow at the 
ureteral orifice, iliac vessels, or ureteropelvic junction. 
The dilatation of a narrow ureteric orifice may result 
in ureteral ischemia, perforation, vesicoureteric reflux, 
and stricture formation. (11-12). A study reported 
that ESWL was more successful in young children. The 
author also found that age was the only independent 
predictor of surgical success when multivariate analysis 
was performed (13). It can be used as a combined 
treatment modality for stones that cannot be reached 
by RIRS. Open surgery has been used for many years to 
treat urinary system stones, but its indications are limited 
even in guidelines. Experience with laparoscopy has 
also increased among surgeons and it has become the 
preferred alternative to open surgery (14). The smaller 
instruments of modern laparoscopy have made this 
procedure a good alternative for the treatment of 
urolithiasis in children. Endoscopic and laparoscopic 
techniques can be combined under guidance to 
ensure successful treatment. Laparoscopy enables 
the surgeon to examine the entire collecting system 
and to fragment and remove all stones in a single 
surgical procedure (15).  By the findings of previous 
studies, our investigation revealed that age may 
be a determining factor in the selection of surgical 
techniques. It is important to note that laparoscopic 
surgery can be employed as an alternative approach 
in cases where RIRS, either as a standalone procedure 
or in conjunction with other techniques, has proven 
ineffective in the management of urolithiasis, 
particularly in younger patients.

The findings revealed that male patients were 
significantly more prevalent in the group that underwent 
open or laparoscopic surgery. However, the limited 
sample size of the patient group limits the reliability of 
this finding. Given the anatomical difficulties specific to 
the male gender, it can be hypothesized that the RIRS 
technique can be supported by auxiliary techniques, 
particularly in younger and more complex cases. 
However, there is insufficient data in the literature to 
support this hypothesis.

The size and location of the stone are crucial factors 
in determining the optimal surgical technique. In 
the literature, RIRS is recommended as a treatment 
option for upper ureter and renal stones measuring ≤2 
cm (16). ESWL is the recommended initial treatment 
for pediatric renal stones with a diameter of 1.0 
cm, irrespective of the Hounsfield unit (HU) value. 
Furthermore, ESWL is also indicated for renal stones 
other than those situated in the lower calyx with a HU 
value of 750 and a diameter between 1.0 and 2.0 cm. 
ESWL may also be the preferred initial treatment for 
renal stones with a diameter of 1.5 cm located in the 
upper ureter (17, 18). The EAU guidelines strongly advise 
that the indications for open surgery should be limited 
to the cases where the child is very young, large stones 
are present, congenital problems require surgical 
correction, and/or the presence of severe orthopedic 
deformities that cannot be positioned for endoscopic 
procedures (19). Furthermore, the EAU guidelines 
published in 2021 indicated that laparoscopic or robot-
assisted surgery may be a potential option for children 
with complex renal anatomy (retrorenal or ectopic 
colon), UPJO or calice diverticulum, megaureter, or 
a history of endoscopic surgical failure. As previously 
documented, laparoscopic pyelolithotomy has been 
demonstrated to achieve a 100% stone-free rate in 
the treatment of a single stone measuring ≥1 cm in 
the extrarenal pelvis or ureteric stones refractory to 
ESWL or RIRS (20). The present study revealed that 
surgical techniques varied according to the size and 
location of the stone, a finding that is consistent with 
the literature. While RIRS and ESWL are two effective 
stone treatment modalities, it is important to note that 
laparoscopy also has a role in complex cases and 
challenging stones.

The literature provides numerous examples of studies 
evaluating the stone-free success of various methods 
applied in the treatment of urinary system stones. In 
a study conducted by Resorlu et al., 84% of children 
who underwent RIRS achieved a stone-free rate (21). 
In a study by Demirkesen et al., a stone-free rate of 
up to 90% was demonstrated in both localisations 
with ESWL in stones located in the renal pelvis 
and upper ureter (22). Gupta et al. evaluated the 
laparoscopic technique and reported a stone-free 

Efficacy of Different Surgical Methods in the Treatment of Pediatric Urolithiasis - Arslan Alıcı et al.
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rate of 79% with the laparoscopic approach alone 
(23). Zargooshi reported that 310 children underwent 
open surgery for the treatment of kidney stones, with 
a total postoperative stone-free rate of 95.4% (24). 
The results of our study align with those of previous 
research, indicating that RIRS and ESWL techniques 
result in a higher stone-free rate compared to open 
and laparoscopic techniques. This demonstrates 
the efficacy of minimally invasive techniques in 
achieving a stone-free rate. Consequently, these 
techniques should be the preferred approach for the 
management of urinary tract stones in children.

The retrospective nature of the study, the 
unavailability of all requested data from the patients, 
and the limited number of patients in the open and 
laparoscopic surgery group represent the limitations 
of this study. The results of open and laparoscopic 
surgery performed within limited indications can be 
obtained with multicentre studies, which provide a 
more comprehensive overview of the subject matter.

Conclusion

In conclusion, the study was conducted to evaluate 
the most appropriate techniques for the management 
of urinary tract stones in children, taking into account 
the specific clinical circumstances. It is important to 
note that open and laparoscopic surgical techniques, 
which have become less prevalent in recent years, 
should not be overlooked as potential adjunctive 
procedures in complex cases and challenging stones 
when indicated. The findings of this study suggest that 
these techniques, particularly when combined with 
RIRS, may offer a viable solution in challenging cases.
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