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Abstract

Purpose To describe our experience in the use of percutaneous nephrolithotomy (PCNL) as a primary treatment for paediatric
kidney stones and to highlight its benefits.

Methods The design was retrospective and observational. All the children treated for kidney stones from 2011 to 2021
were included. The population was divided into Group A (PCNL) and Group B (retrograde intrarenal surgery, RIRS). The
outcomes were stone-free rate (SFR), the rate of procedures per patient, the rate of failure and the rate of complications.
Results Twenty-eight patients with 33 kidney units were included. Eighteen of them (64%) were males. The median age
was 10 (IQR 6.8-13) years. Forty-seven procedures were performed. Twenty-four of them (51%) were mini-PCNL. Group
A included 17 patients (61%). Group A presented a higher SFR (p=0.007) and a lower number of procedures (p <0.001).
RIRS failed in five cases (45%) because of non-compliant ureter. Two urinary tract infections (UTI) were reported after
PCNL and four UTIs after RIRS (p=0.121). No major complications were reported.

Conclusion Mini-PCNL should be suggested as a primary approach for pediatric kidney stones. This technique presented a

better effectiveness with a reduced number of procedures when compared to RIRS.
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Introduction

The epidemiology of pediatric urolithiasis has been changed
in the last decades [1]. Currently, the prevalence of pediat-
ric stone disease is different among low-income and high-
income countries, where urinary stones involve the upper
urinary tract in 75-80% of the patients [2].

Nowadays, several endoscopic procedures, such as percu-
taneous nephrolithotomy (PCNL) and retrograde intrarenal
surgery (RIRS), are safe and feasible in pediatric popula-
tion thanks to introduction and the improvements of new
endoscopic devices specifically designed for the treatment
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of pediatric kidney stones [3]. Consequently, the need for
surgical interventions decreased to a ratio 1:10 in the last
years [4]. Nevertheless, most of the evidence about this topic
came from the studies in the adult population or from low-
income countries [5].

Despite this significant improvement, the current evi-
dence about the minimally invasive treatment of pediatric
kidney stones requires further investigation. PCNL seemed
to be extremely effective as a primary approach for the man-
agement of kidney stones with a stone-free rate (SFR) rang-
ing from 75 to 84% in preschool age [6].

The aim of this work was to describe ten-year experi-
ence in the management of pediatric kidney stones in a
high-income country. The secondary aim was to report and
compare the outcome of PCNL as a primary approach for
the treatment of pediatric kidney stones.
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Material and methods
Study design and population

The design of the study was retrospective and observa-
tional. Our Institutional Review Board (IRB) was notified
and approved the study (928/2022/0SS*/A0OUMO). All
the patients treated between January 2011 and December
2021 at our University-Hospital were enrolled. The inclu-
sion criteria were age inferior to 18 years and the involve-
ment of the upper urinary tract. The patients affected by
isolated ureteral stones were excluded.

For the purpose of the study, the population was split
into two groups. The Group A included patients first
approached by PCNL, whilst Group B included those first
approached by RIRS.

The initial approach was chosen after a multidisci-
plinary assessment together adult urologists who were
mentoring the endoscopic procedures. The criteria for
the choice included patients’ characteristics, such as age
and body size, together with stone characteristics, such as
dimension, localization, and composition.

The following variables were compared between the
two groups: age, gender, number, size and position of
the stones, the presence of staghorn stones and the Guy’s
Stone Score [7].

The following aspect were considered as outcomes to
compare: the length of patient positioning in the operative
room, the length of surgery, the length of hospital stay, the
number of failed attempts for endoscopic interventions,
the number of endoscopic interventions per patient and
the SFR. The latter was assessed by an ultrasound tomog-
raphy performed four weeks after the procedure. Finally,
complications and adverse events were scored according
to Clavier-Dindo Classification [8]. The rate was compared
between the two groups.

Endoscopic procedures

PCNL was performed in prone position. The access to
renal calyces was guided by ultrasonography. All the
procedures were mini-PCNL. The surgeons could have
chosen between two different sets of devices according
to patient’s age and body weight. The first one included
a 12 Fr nephroscope with a 16.5/17.5 Fr operating sheath
and the second one included a 7.5 Fr nephroscope with a
11/12 Fr operating sheath. At the end of the procedure,
a nephrostomy tube was left in place for the following
5-7 days.

RIRS was performed in Galdakao-modified supine Val-
divia position [9]. A 7 Fr semi-rigid ureteroscope and a
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7.5 Fr flexible fiberscope were used to reach the renal caly-
ces under x-ray and direct vision. A 9 Fr ureteral operating
sheath was available. The procedure ended with the place-
ment of a double-J ureteral stent. The stent was removed
within four weeks.

Holmium laser fibers were available to perform litho-
tripsy for both the approaches.

Statistics

The statistical analysis was performed by using IBM® SPSS
Inc. Version 26.0. Categorical variables were reported as
number (%) and continuous variables were reported as
median value and inter-quartile range (IQR). The variables
and the endpoints of the two groups were compared through
a univariate analysis. Pearson’s chi-squared tests were used
for categorical variables and Mann—Whitney U tests were
used for continuous variables. p value <0.05 was considered
statistically significant.

Results
Population

In the study period 37 patients were treated for urolithiasis
of the upper urinary tract for a total of 56 endoscopic pro-
cedures. However, seven patients (9%) were excluded due
to exclusive ureteral localization of the stone. Two others
(5%) underwent endoscopic combined intrarenal surgery
(ECIRS) and were excluded. The remaining 28 (76%) were
eligible for the study. Of the latters, 18 were males (64%).
The median age was 10 years (IQR 6.8—13 years). Thirty-
three kidney units were involved in the study, and 47 endo-
scopic procedures were performed.

Seventeen patients (61%) were included in the Group
A, since they underwent mini-PCNL as primary approach.
In the remaining 11 patients (39%) a RIRS procedure was
indicated as first approach and they were included in Group
B (Fig. 1).

The demographic and clinical characteristics of the two
groups were similar, except for the size of the stones which
was higher in the Group A (p=0.017) and the bilateral
involvement, higher in the Group B (p=0.047) (Table 1).

Group A presented a median length of patient positioning
of 50 (IQR 45-60) minutes, which was similar to Group B
(p=0.303).

The median length of surgery for Group A was 180 (IQR
145-220) minutes which was significantly higher than Group
B (p=0.002). Moreover, Group A presented a higher median
length of hospital stay of 7 (IQR 6-10) days (p=0.041).
However, the stone-free rate of the Group A was significant
higher (p=0.007) with a lower number of procedures per
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patient (p < 0.001). Finally, it is relevant to report that RIRS
failed in five attempts (p=0.006), and the procedures ended
with ureteral stenting (Table 2).

As to the female gender, five girls (50%) belonged to the
Group B. The ureterovesical junction was not accessible in
three of them. After four weeks from the first attempt, mini-
PCNL was performed with 100% success in terms of stone
free-rate. In the remaining two patients the procedure did
not reach a stone-free status. On the other hand, five female
patients underwent mini-PCNL, and an 80% stone-free rate
was reached.

In our series no events graded more than Clavien-Dindo
IIT were reported. Six episodes of febrile urinary tract infec-
tions out of 47 procedures (13%) occurred. Two infections

Fig. 1 Population included in
the study

(8.3%) affected patients after mini-PCNL, whilst the other
four episodes (17%) occurred after RIRS. Nevertheless,
there was no difference between the two groups (p=0.121).

Discussion

Both approaches presented a similar length for patients’
positioning, even though mini-PCNL was performed in
prone position. Mini-PCNL presented a higher stone-free
rate with a lower number of endoscopic procedures per
patient. On the other hand, in our series this approach pre-
sented a higher length of surgery and longer hospital stay.
Finally, no major adverse events were reported for both

37 patients (27 M, 10 F)
56 procedures

l

28 patients (18 M, 10 F)
Median age 10 (IQR 6.8-13) years
33 kidney units
47 procedures

Group A (PCNL)
17 patients (61%)

l

0 failed procedures (0)

Group B (RIRS)
11 patients (39%)

l

‘ 5 failed procedures (45%) ‘

3 PCNL (60%)

2 re-RIRS (40%)

Table 1 Clinical and
demographic characteristics of

the two groups

Table 2 Outcomes compared
between the two groups

Group A (n=17) Group B (n=11) p value
Age (Median, IQR) 10 (6.0-11) years 9.0 (7.0-13) years 0.984
Gender
Male (n, %) 12 (71%) 6 (55%) 0.387
Multiple stones (n, %) 8 (47%) 8 (73%) 0.180
Bilateral involvement ( n, %) 1(5.9%) 4 (36%) 0.047
Maximum size (Median, IQR) 16 (14-18 mm) 11 (10-16) mm 0.017
Lower calix involvement (n, %) 10 (59%) 7 (64%) 0.799
Staghorn stones (n, %) 6 (35%) 2 (11%) 0.328
Guy’s stone score>1I (n, %) 12 (71%) 9 (82%) 0.503
Group A (n=17) Group B (n=11) p value
Length of patients’ positioning (Median, IQR) 50 (45-60) min 40 (40-55) min 0.303
Length of surgery (Median, IQR) 180 (145-220) min 105 (85-130) min 0.002
Length of hospital stay (Median, IQR) 7 (6-10) days 4 (4-6) days 0.041
Failed attempts ( n, %) 0(0) 5 (45%) 0.006
Number of procedures per patient (Median, IQR) 1 (1-2) 3(3-5) <0.001
Stone-free rate ( n, %) 12 (71%) 2 (18%) 0.007
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approaches and no difference in rate of complications was
found.

The results of our series presented several hot topics
about the current management of pediatric kidney stones.
First, the safety of the endoscopic procedures was confirmed.
It is important to underline the relevance of learning-curve
to achieve this goal, especially for PCNL. A recent paper
identified a cut-off of 60 procedures to reach an appropri-
ate competence [10]. Given the relative rarity of pediatric
kidney stones, pediatric surgeons or pediatric urologists
might benefit from a mentoring program by adult urologists
to improve their skills and to become autonomous. Second,
several tricks were adopted to reduce the risk of compli-
cations. The smallest and miniaturized devices were cho-
sen, especially in younger children. Guidewires and pyelo-
graphic control were always used, as suggested by EAU/
ESPU guidelines [11]. Finally, a ureteral sheath was used
whenever it was feasible.

Our data found better outcomes for PCNL in terms of
success of the procedure. Almost half of the RIRS failed
because of non-compliant ureteral meatus, especially in
younger children. The procedures ended with a ureteral
stenting. Moreover, half of the RIRS failed in female
patients. For this reason, the different urethral anatomy
might have not played a significant role, and the limiting
factor for the progression of the ureteroscope mainly resided
in the compliance of the ureterovesical junction. However,
the sample size was too small to draw conclusions about
differences between genders.

In literature there is no consensus about the need of ure-
teral pre-stenting before endoscopic procedures in children.
This maneuver should be performed in case of failure to
advance the device through the ureter to avoid severe com-
plications [12].

As to the stone-free rate, the topic is controversial.
Recent studies reported that RIRS presented similar efficacy
to PCNL when treating stones smaller than 2 cm in both
endemic and non-endemic countries [13, 14]. However, a
clinical trial aiming to compare the outcomes of the different
approaches has been started and further evidence might be
provided by the results of this study [15].

Even though the efficacy of extracorporeal shockwave
lithotripsy (ESWL) is similar in case of urinary stones larger
less than 2 cm localized in the renal pelvis, the current trends
in pediatric population showed an increased preference for
endoscopic procedures [16]. This might be explained by
several considerations. First, ureteral stenting should be
recommended in most of the case to reduce the risk of com-
plications, especially “steinstrasse” urinary obstruction [11].
Second, sedation or general anesthesia might be required
during the sessions of ESWL. For these reasons, the chil-
dren might be exposed to a higher number of procedures
and anesthesia when compared to endoscopic techniques.
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Finally, a further consideration might be logistic and eco-
nomic. Given the epidemiology of pediatric urinary stones,
the number of ESWL procedures might not justify the costs
and the device might not be available in every hospital.

Our data found a slight increase of the surgery time for
PCNL. This might be due to a learning-curve effect, even
though the procedure was mentored by experienced adult
urologists. Moreover, a bias selection might have influenced
this aspect. Even though no difference was found between
the two groups, more complicated stones in younger children
were approached by mini-PCNL.

The position of the patient did not influence the length of
the surgery since no difference was found between the two
approaches. This was due to the experience of the anesthe-
siologists and nurses that were used to deal with this posi-
tion for other surgical procedures. In most of pediatric cases
prone position was preferred because of the better ultrasono-
graphic visualization of the kidney to reduce the risk of acci-
dental bowel injuries during the puncture of renal calyces,
especially in case of intestinal anomalies [17]. On the other
hand, a recent comparative study found several advantages
for supine position, including a higher stone-free rate and a
higher number of tubeless procedures, net of higher time of
fluoroscopy [18].

However, in our series the prone position was not a con-
traindication for endoscopic combined intrarenal surgery
(ECIRS) and two of these procedures were safely performed.
In these cases, the prone position might have prolonged
the length of the surgery because of the need for patient’s
mobilization.

As to RIRS, a Galdakao-modified supine Valdivia posi-
tion was chosen for its benefits in terms of a better straight-
ening and drainage of the upper urinary tract [9]. This might
ease the advance of the ureteroscope and the retrieval of
stone fragments. Furthermore, in case of intraoperative
complication, a nephrostomy could be placed without the
mobilization of the patient.

In our series, patients after PCNL presented a longer
hospital stay since the patients were discharged after the
removal of the nephrostomy. The need for urinary deriva-
tion after endoscopic lithotomy is another controversial topic
since the outcomes of tubeless procedures were positive
thanks to the miniaturization of the devices [19]. Neverthe-
less, a careful selection of the patients should be suggested
[20].

The main limitation of the study resides in the retrospec-
tive design that impacted on the definition of the criteria for
the choice of the approach. A second limitation concerned
the size of the population which was limited when compared
to series in other countries [6]. Finally, the difference in the
stone size between the group could be considered a selec-
tion bias that might have impacted in the choice of the initial
approach and on the outcomes.
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To conclude, mini-PCNL presented better outcomes with
a lower number of procedures. For this reason, mini-PCNL
should be suggested as a primary approach for the treatment
of pediatric kidney stones. RIRS should be considered as a
complementary procedure, especially in patients with high
risk of recurrency or bilateral involvement. Finally, a men-
toring program by adult urologists should be considered to
optimize the outcomes of these procedures.
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