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ABSTRACT

Introduction: In the recent years, there has been a significant rise in paediatric
stone disease population, hence with the advancement of technology, new
minimally invasive treatment methods have been developed like percutaneous
nephrolithotomy, retrograde intrarenal surgery (RIRS), shock-wave lithotripsy
(SWL) and laparoscopic stone surgeries.

Objective: In this study, we aimed to evaluate the data of paediatric RIRS cases
performed by single surgeon in our clinic and to affirm the effectiveness and
reliability of this method in treatment of kidney stones in children.

Patients and Method: The data of 29 patients (13 boys and 16 girls) under 18
years of age who underwent RIRS due to kidney stones between April 2012 and
September 2019 were analyzed retrospectively. All the operations were
performed by the same surgeon. Urinary system x-ray, ultrasonography (USG)
and non-contrast computed tomography (CT) scans were used to determine the
urinary tract anatomy and stone characteristics.

Results: The median age of 29 children was 8 (1-17) years. The mean stone
diameter was determined as 11.4 +0.875mm, 17(58.6%) patients had solitary
stones and 12(41.4%) patients had multiple stones. In 7(24.1%) patients stones
were situated in the renal pelvis, while 14(48.3%) were in lower calices and
8(%27.6) were in middle/upper calices. Ureteral access sheath was inserted in
11(38%) patients during the procedure, but not in the remaining 18(62%). The
mean fluoroscopy time was 12+0.735sec. Double-J (DJ) stent was placed in all
patients at the end of the procedure. The mean length of hospital stay was 1.2
days. The stone-free rate was 72.4% at the end of single session, 2(6.9%) patients
received a second-look RIRS, and SWL was performed in 1(3.4%) patient
postoperatively. Stone-free status was achieved in both patients after the second
RIRS thus the final overall stone-free rate for RIRS was 79.3%. Postoperative
febrile urinary tract infection developed in 1(3.4%) patient.

Conclusion: RIRS is a minimally invasive treatment method in kidney stones that
can be performed safely with high success rates in the paediatric age group
within the appropriate indication.
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OZET

Amag: Son yillarda pediatrik tag hastaligi populasyonunda énemli bir artis olmasi
nedeniyle teknolojinin de ilerlemesi ile perkitan nefrolitotomi, retrograd
intrarenal cerrahi (RIRS), sok dalga litotripsi (SWL) ve laparoskopik tas
ameliyatlar gibi yeni minimal invaziv tedavi yontemleri gelistirilmistir. Bu
¢alismada, klinigimizde tek cerrah tarafindan uygulanan pediatrik RIRS
vakalarinin verilerini degerlendirmeyi ve bu yontemin ¢ocuklarda bobrek tasi
tedavisinde etkinligini ve guvenilirligini dogrulamayi amagladik.

Yéntem: Nisan 2012-Eyliil 2019 tarihleri arasinda bobrek tasi nedeniyle RIRS
uygulanan 18 yas alti 29 hastanin (13 erkek ve 16 kiz) verileri retrospektif olarak
incelendi. Tiim operasyonlar ayni cerrah tarafindan vyapildi. idrar yolu
anatomisini ve tas Ozelliklerini belirlemek igin direkt Uriner sistem grafisi,
ultrasonografi (USG) ve kontrastsiz bilgisayarli tomografi (BT) taramalar
kullanildi.

Bulgular: 29 ¢cocugun ortanca yasi 8 (1-17) idi. Ortalama tas ¢api 11.4 +0.875 mm
olarak belirlendi, 17(%58.6) hastada tek, 12(%41.4) hastada multipl tas saptandi.
Hastalarin 7'sinde (%24.1) tas renal pelviste, 14'Uinde (%48.3) alt kalikslerde,
8'inde (%27.6) orta/ust kalikslerdeydi. islem sirasinda 11(%38) hastaya reteral
kilif takilirken, kalan 18(%62) hastaya ureteral kilifsiz operasyon uygulandi.
Ortalama floroskopi siiresi 1240.735sn idi. islem sonunda tiim hastalara Double-
J (DJ) stent yerlestirildi. Ortalama hastanede kalig stiresi 1.2 giindi. Tek seans
sonunda tassizlik orani %72.4, 2(%6.9) hastaya ikinci seans RIRS, 1(%3.4) hastaya
ameliyat sonrasi rezidii taslar icin SWL uygulandi. ikinci seans RIRS'den sonra her
iki hastada da tassizlik durumu elde edildi, bu nedenle RIRS igin nihai genel
tagsizhk orani %79.3 oldu. 1 (%3.4) hastada postoperatif atesli idrar yolu
enfeksiyonu gelisti.

Sonug: RIRS, bobrek tasi olan gocuk hastalarda uygun endikasyon dahilinde
yiksek basari oranlari ile glivenle uygulanabilen minimal invaziv bir tedavi
yontemidir.
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INTRODUCTION

The prevalence of urinary stone disease under the age of 18 is nearly 1-2%
(1). However, in recent years, there has been a significant rise in paediatric stone
disease rates. This increase is thought to be due to sedentary lifestyle and
carbohydrate and salt-weighted diet. Hence, new minimally invasive treatment
methods have been developed like percutaneous nephrolithotomy, retrograde
intrarenal surgery (RIRS), shock-wave lithotripsy (SWL) and laparoscopic stone
surgeries (RALS-UL). The most appropriate treatment method is chosen
according to the stone characteristics like location, burden, hardness and
anatomic structure of the urinary tract(2). Ureteroscopy was first performed by
Enrique Perez Castro in 1980, while RIRS was by Huffman in 1983. By the
development of Holmium laser and gentler instruments, these surgeries have
become easier and more effective in children. Accordingly RIRS complications are
becoming rare and mostly as minor complications. However, the golden rule in
endoscopic interventions is to never use force and do nothing without clearly
seeing. The aim of stone surgeries is to achieve maximum stone-free rates with
minimum morbidity. RIRS is also less invasive than percutaneous
nephrolithotomy and open pyelolithotomy operations(3).

PATIENTS and METHODS

The data of 29 consecutive patients (13 boys, 16 girls) under 18 years of age
who underwent RIRS owing to kidney stones between April 2012 and September
2019 at our University institution were analyzed retrospectively. All the
operations were performed by the same surgeon. Complete blood count and
serum biochemistry parameters, coagulation and immunology tests, urinalysis
and urine cultures were carried out in all patients preoperatively. Urinary system
x-ray (DUSG), ultrasonography (USG) and non-contrast computed tomography
(CT) scans were used to determine the urinary tract anatomy and stone
characteristics. Patients went under surgery after proving a negative urine
culture and all the children received antibiotic prophylaxis. In 9(31%) patients a
double-J (DJ) stent was inserted 3 weeks prior to RIRS to gain passive dilation.
The operations were performed in the supine lithotomy position under general
anaesthesia and fluoroscopy control. At the beginning of the operation, the
bladder was drained with the cystoscope.

Preaperative CT scan

Figure 2: A patient's pre and post-operative images

Statistical analysis

Statistical analysis was done using the Statistical Package for Social Sciences
(Version 24.0, SPSS Inc., IL, USA, Licence Gazi University). Descriptive statistics
were expressed as the mean + standard deviation for the continuous variables
or median (min-max) and the number and percentage for the categorical

End of DJ stent placement
session
*marked point: stone

Subsequently, the ureter was entered with a semi-rigid 6F Wolf ureteroscope for
dilation using a guide wire that was left in the ureter. Subsequently the ureteral
sheath and/or the flexible ureteroscope were advanced under fluoroscopic
guidance over the guide wire. In 11(38%) patients, a ureteral access heath (UAS),
9.5F Cook Medical brand, was used while 18 (62%) patients were operated
without. Olympus flexible fiberoptic ureteroscope (URF-P6) 7,95 Fr was used
through the UAS or under fluoroscopic guidance over the guide wire to visualize
, and treat the renal calculi via Holmium: YAG laser lithotripter(Figure-1). The
stones were fragmented as small as possible to allow spontaneous passage. In all
children DJ stents were left indwelling for drainage and removed after 6-8 weeks.
The stone-free rates were determined by DUSG, USG and/or CT scans at
postoperative 3rd months(Figure-2).

Figure 1: Endoscopes and other materials

Three months after single
session RIRS(SF)

variables depending on the distribution of the data. Normality was evaluated
with Shapiro-Wilk test. Since parametric test hypotheses were not provided for
the comparison of two independent mean values, non-parametric Mann-
Whitney U test was used. Statistical significance was accepted as p < 0.05.
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RESULTS

The median age of the study group was 98(1-17) months. The mean stone
diameter was determined as 11.4 +0.875mm, 17(58.6%) patients had solitary
stones and 12(41.4%) patients had multiple stones. In 7(24.1%) patients stones
were situated in the renal pelvis, while 14(48.3%) were in lower calices and
8(%27.6) were in middle/upper calices. Preoperative DJ stent was inserted in 9
(31%) patients. In this series UAS was used in 11 (38%) patients while it was not
appropriate, suitable or possible in 18 (62%) children. Thus, the mean age of UAS
inserted children was 12 % 3.8 years, while the others were markedly small
children with a mean age of 5.6+3.9 years that significantly different (p = 0.001).

Table 1: Clinical characteristics of patients and treatment outcomes

The mean fluoroscopy time was 12 £ 0.735sec. All patients had DJ stent inserted
at the end of the procedure. The mean length of hospital stay was 1.2 days.
Postoperative febrile urinary tract infection (Clavien 2) requiring antibiotic
treatment developed in 1(3.4%) patient. The stone-free rate after first RIRS was
72.4% (in 21 patients) (Table-1). Due to residual stones, 2 (6.9%) patients
underwent a second session RIRS, and 1(3.4%) patient had SWL. Stone-free
status was achieved in both patients after the second RIRS thus the final overall
stone-free rate for RIRS was 79.3%.

Age-median(min-max)

8(1-17) years

Stone diameter-mean
Number of stone

Single 17(58.6%)
Multiple 12(41.4%)
Stone localization

Pelvis 7(24.1%)
Lower calyx 14(48.3%)
Middle/upper calyx 8(27.6%)
Ureteral access sheath

(+) 11(38%)
(-) 18(62%)

Fluoroscopy duration-mean
Stone-free Rate

After 1 session

After 2 sessions

12(SD+ 0.735) sec

21/29(72.4%)
23/29(79.3%)

11.4(SD+ 0.875) mm

DISCUSSION

Kidney stone treatment options in children are similar to adults including SWL,
PCNL, RIRS, and laparoscopic and robotic surgery(4).The application of SWL in
children was first described in 1986(5). SWL is recommended as the first choice
of treatment in kidney stones smaller than 2 cm (4, 6). However, SWL has limited
efficacy with low stone-free rates in treatment of lower pole stones and hard
stones such as cystine and calcium oxalate monohydrate(7-9). Accordingly
determination of stone density on non-contrast CT images in Hounsfield
Units(10) as calcium (HU> 1000) or non-calcium (HU <700) stones could aid in
the choice of appropriate treatment. The disadvantages of SWL are
complications; such as subcapsular hematoma, probable renal parenchyma and
adjacent organ damage, ureteral obstruction due to stone-street formation,
infection; need for anaesthesia and the possibility of multiple sessions requiring
time, compliance and follow up(5, 11)Endoscopic intracorporeal lithotripsy
technologies (pneumatic, ultrasonic, holmium laser, thulium laser) are available
for PCNL, RIRS, and URS surgeries. Pneumatic lithotripsy is an inexpensive,
durable and reusable technology which is effective in large and hard stones (12).
The main disadvantage of this device is the rigidity of the probe that makes it
inappropriate to use with flexible instruments. It could also cause push back of
stones from the proximal ureter to the renal pelvis. Ultrasonic lithotripters are
effective and commonly used in standard PCNL for patients with high stone
burden but could be less effective than pneumatic lithotripters for hard stones
(5). The development of Holmium laser provided great progress in endoscopic
stone surgery. This technology uses various power devices (20W-120W) and
laser fibers (200-1000um) thus lithotripsy can be applied with various energy and
frequency adjustments. Stone fragmentation method can be performed with
high energy-low frequency and dusting method with low energy-high
frequency(13). Recent laser devices have different modes as “moses effect” and
“burst mode”. In the "Moses effect" mode, the device gives diphasic pulses and
reduces the possibility of stone push-back(14). In “Burst mode”, there are 3 laser
pulses with different lengths per explosion. With this method, 60% more stone
fragmentation is possible(15, 16). Thulium laser technology is 2-4 times faster
and has minimal stone push-back effect compared to Holmium laser(17).

Percutaneous nephrolithotomy is the first-line treatment method for kidney
stones larger than 2 cm (18). This surgery can be performed in prone, supine and
lateral positions (5).

Smaller tools have been developed for paediatric patients and as a result, mini
PCNL (14-20F), ultra mini PCNL (11-13F) (19), micro PCNL (4.8F) (20), mini micro
PCNL (8F), super mini PCNL (10-14F) percutaneous nephrolithotomy surgeries
have been described (21). They can be used also in combination with PCNL and
RIRS (22).

RIRS, which is frequently used in kidney stones smaller than 2 cm, is
increasingly being recommended as a safe treatment option in children with high
stone-free rates (23). By the development of thinner and more flexible
instruments and Holmium laser, performing RIRS in the upper ureter and kidney
stones has increased (23). In the literature review, the stone-free rate of children
who underwent RIRS is 58-100% and complication rates are found as 0-8.4% (24).
This wide range of ratios can be related to the heterogeneity in the age of study
groups and surgical experience. The overall stone-free rate (79.3%) and
complication rate (3.4%) in our study were found to be compatible with the
literature. UAS has advantages such as decreasing intrarenal pressure, increasing
the stone-free rate and shortening the operation duration (25). However, use of
UAS in paediatric patients can be difficult due to the narrowness the ureter. In
our study, UAS could not have been placed in children significantly smaller than
others, namely with a mean age of 5.6+3.9 years. Traxer et al. Reported ureteral
injuries during UAS insertion in 167 patients among a study group with 369 adult
patients (26). In our study no ureteral injuries or UAS related complications have
developed. However the series is small. Skipping access sheath insertion in case
of resistance, beware-avoidance in small children, placing the sheath-working
always under fluoroscopy, ureteral dilation and/or prior stenting could be the
recommendations in ureteral endoscopic surgery to minimize the complications.
However, ureteral surgery could have serious complications such as ureteral
avulsion, stricture formation and sepsis, thus surgeon’s experience with the use
of appropriate miniature instruments and advanced technology rather than
available in units and good technique are strictly essential in ureteral endoscopy
and more essential in retrograde intrarenal surgery.

A systematic review has recently been published, including 13 studies
comparing SWL, PCNL and RIRS in paediatric upper urinary tract stone disease
(27). In this systematic review, SWL has lower stone-free rate (SFR) and higher
rate of retreatment than the other two methods; PCNL has been shown to have
a higher rate of stone-free than RIRS, but longer hospitalization and longer
operation and fluoroscopy time than the other two methods. Also the review
concluded that RIRS offers a similar SFR to PCNL but a lower efficiency than PCNL
(27).
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In a study comparing micro-PNL and RIRS in kidney stones between 1-2 cm in
children less than 3 years of age, SFR and complication rates were shown to be
similar. In that study, a difference was found between the two groups in favour
of micro-PCNL only in terms of the number of anaesthesia sessions needed (28).
In another study involving 74 paediatric patients, RIRS was shown to be superior
to PCNL in terms of blood creatinine level change; operation time, fluoroscopy
time, complication rate, and hospital stay (29).

CONCLUSION

RIRS is a minimally invasive treatment method in kidney stones that can be
performed safely with high success rates in the paediatric age group within the
appropriate indication.

Conflict of interest
No conflict of interest was declared by the authors.

REFERENCES

1.Resorlu B, Sancak EB, Resorlu M, Gulpinar MT, Adam G, Akbas A, et al.
Retrograde intrarenal surgery in pediatric patients. World journal of nephrology.
2014;3(4):193.

2.Straub M, Gschwend J, Zorn C. Pediatric urolithiasis: the current surgical
management. Pediatric Nephrology. 2010;25(7):1239-44.

3.Ekici M, Ozgur BC, Senturk AB, Aydin C. Efficacy and Reliability of Retrograde
Intrarenal Surgery in Treatment of Pediatric Kidney Stones. Cureus. 2018;10(12).
4.Radmayr C, Bogaert G, Dogan H, Kocvara R, Nijman J, Stein R, et al., editors.
EAU guidelines on paediatric urology. EAU Guidelines, edition presented at the
annual EAU Congress Barcelona; 2019.

5.Sultan S, Aba SU, Ahmed B, Naqvi SAA, Rizvi SAH. Update on Surgical
Management of Pediatric Urolithiasis. Frontiers in pediatrics. 2019;7.
6.Berrettini A, Boeri L, Montanari E, Mogiatti M, Acquati P, De Lorenzis E, et al.
Retrograde intrarenal surgery using ureteral access sheaths is a safe and effective
treatment for renal stones in children weighing< 20 kg. Journal of pediatric
urology. 2018;14(1):59. el-. e6.

7.Erkurt B, Caskurlu T, Atis G, Gurbuz C, Arikan O, Pelit ES, et al. Treatment of
renal stones with flexible ureteroscopy in preschool age children. Urolithiasis.
2014;42(3):241-5.

8.Dave S, Khoury AE, Braga L, Farhat WA. Single-institutional study on role of
ureteroscopy and retrograde intrarenal surgery in treatment of pediatric renal
calculi. Urology. 2008;72(5):1018-21.

9.EISheemy MS, Daw K, Habib E, Aboulela W, Fathy H, Shouman AM, et al. Lower
calyceal and renal pelvic stones in preschool children: A comparative study of
mini-percutaneous nephrolithotomy versus extracorporeal shockwave
lithotripsy. International Journal of Urology. 2016;23(7):564-70.

10.Hounsfield GN. Computed medical imaging. Medical physics. 1980;7(4):283-
90.

11.Kim T-B, Park H-K, Lee K-Y, Kim K-H, Jung H, Yoon S-J. Life-threatening
complication after extracorporeal shock wave lithotripsy for a renal stone: a
hepatic subcapsular hematoma. Korean journal of urology. 2010;51(3):212-5.
12.Pelit ES, Atis G, Kati B, Akin Y, Cift¢i H, Culpan M, et al. Comparison of mini-
percutaneous nephrolithotomy and retrograde intrarenal surgery in preschool-
aged children. Urology. 2017;101:21-5.

13.Aldoukhi AH, Roberts WW, Hall TL, Ghani KR. Holmium laser lithotripsy in the
new stone age: dust or bust? Frontiers in surgery. 2017;4:57.

14.Mullerad M, Aguinaga JR, Aro T, Kastin A, Goldin O, Kravtsov A, et al. Initial
Clinical experience with a modulated holmium laser pulse—moses technology:
does it enhance laser lithotripsy efficacy? Rambam Maimonides medical journal.
2017;8(4).

15.Kronenberg P, Somani B. Advances in lasers for the treatment of stones—a
systematic review. Current urology reports. 2018;19(6):45.

16.Kronenberg P, Traxer O, editors. Burst laser lithotripsy-a novel lithotripsy
mode. JOURNAL OF UROLOGY; 2016: ELSEVIER SCIENCE INC 360 PARK AVE
SOUTH, NEW YORK, NY 10010-1710 USA.

17.Dymov A, Glybochko P, Alyaev Y, Vinarov A, Altshuler G, Zamyatina V, et al.
V11-11 thulium lithotripsy: from experiment to clinical practice. The Journal of
Urology. 2017.

18.Ljungberg B, Albiges L, Bensalah K, Bex A, Giles R, Hora M. EAU guidelines.
Edn. presented at the EAU annual congress Barcelona 2019. EAU Guidelines
Office, Arnhem.

19.Desai J, Zeng G, Zhao Z, Zhong W, Chen W, Wu W. A novel technique of ultra-
mini-percutaneous nephrolithotomy: introduction and an initial experience for
treatment of upper urinary calculi less than 2 cm. BioMed research international.
2013;2013.

20.Desai MR, Sharma R, Mishra S, Sabnis RB, Stief C, Bader M. Single-step
percutaneous nephrolithotomy (microperc): the initial clinical report. The
Journal of urology. 2011;186(1):140-5.

21.Wright A, Rukin N, Smith D, De la Rosette J, Somani BK. ‘Mini, ultra, micro’—
nomenclature and cost of these new minimally invasive percutaneous
nephrolithotomy (PCNL) techniques. Therapeutic advances in urology.
2016;8(2):142-6.

22.Li J, Wang W, Du Y, Tian Y. Combined use of flexible ureteroscopic lithotripsy
with micro-percutaneous nephrolithotomy in pediatric multiple kidney stones.
Journal of pediatric urology. 2018;14(3):281. el-. e6.

23.XiaoJ, Wang X, LiJ, Wang M, Han T, Zhang C, et al. Treatment of upper urinary
tract stones with flexible ureteroscopy in children. Canadian Urological
Association Journal. 2019;13(3):E78.

24.08uz U, Resorlu B, Unsal A. Metabolic evaluation of patients with urinary
system stone disease: a research of pediatric and adult patients. International
urology and nephrology. 2014;46(2):329-34.

25.James O, Ekeruo WO, Scales Jr CD, Marguet CG, Springhart WP, Maloney ME,
et al. Effect of ureteral access sheath on stone-free rates in patients undergoing
ureteroscopic management of renal calculi. Urology. 2005;66(2):252-5.
26.Traxer O, Thomas A. Prospective evaluation and classification of ureteral wall
injuries resulting from insertion of a ureteral access sheath during retrograde
intrarenal surgery. The Journal of urology. 2013;189(2):580-4.

27.He Q, Xiao K, Chen Y, Liao B, Li H, Wang K. Which is the best treatment of
pediatric upper urinary tract stones among extracorporeal shockwave
lithotripsy, percutaneous nephrolithotomy and retrograde intrarenal surgery: a
systematic review. BMC urology. 2019;19(1):98.

28.Wang W, Ge Y, Wang Z, Wang L, Li J, Tian Y. Comparing micropercutaneous
nephrolithotomy and retrograde intrarenal surgery in treating 1-2 cm solitary
renal stones in pediatric patients younger than 3 years. Journal of pediatric
urology. 2019;15(5):517. el-. e6.

29.Sarikaya S, Ebiloglu T, Selvi I, Faruk OB. Retrograde intrarenal surgery or
percutaneous nephrolithotomy: Which one is more effective for 1-2 cm renal
stones in pediatric patients? Archivos espanoles de urologia. 2019;72(1):54-60.

128



