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Abstract
The aim of this study is to present our experience on the use of the holmium:yttrium-aluminum-garnet (Ho:YAG) laser in
pediatric patients for pediatric urolithiasis and describe the optimal settings. A total of 116 children who underwent urolithiasis
treatment (percutaneous nephrolithotomy (PNL), ureterorenoscopy (URS), retrograde intrarenal surgery (RIRS)) were included.
The mean age of the patients was 8.4 ± 5.2 years (1–18). The mean follow-up was 26 ± 8.8 months (9–45). There was no
difference between the mean stone sizes of PNL and RIRS patients (p = 0.816). Operations were performed with 200, 272, and
365-μm fibers. In mini-URS, stone fragmentation was achieved with the energy settings set between 0.5 and 1 J and frequency
set to > 8 Hz. In RIRS, fragmentation was achieved with the setting of 0.5–0.8 J at 10–20Hz. Stone fragmentation was performed
with energy settings of 0.8 to 2 J between 5 and 15 Hz for PNL. There was no significant difference between the stone-free rates
of the PNL and RIRS (p = 0.150). Four postoperative complications occurred (Clavien II), which included febrile urinary
infections in two patients who underwent mini-URS, one patient who underwent PNL, and one patient who underwent RIRS.
Our results confirmed that Ho-YAG laser can be effectively used in children for stone treatment by using low-energy high-
frequency settings for URS and RIRS and a high energy setting for PNL.
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Introduction

Recent developments in endourological techniques and instru-
ments popularized minimally invasive surgeries in the pediat-
ric population. Pediatric urolithiasis is endemic in several
countries like Turkey, Pakistan, and in African and South
American countries, but recent epidemiological studies have
shown that there is an increase in incidence of pediatric stone
disease in the western world [1]. Although endoscopic

treatment of urinary calculi has been reported to be effective,
there is limited data about optimal laser settings in pediatric
patients with urinary stone diseases. Ho:YAG laser is widely
used for treatment of urolithiasis, but still there is an effort to
define the optimal power settings for achieving best results
[2]. Low penetration depth (0.4 mm) makes it a safer alterna-
tive compared to other lasers as the amount of energy reaching
surrounding tissue is limited [3]. Increased pulse energy re-
sults in more fragmentation, more retropulsion, and larger
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fragments whereas low pulse energy results in less fragmen-
tation and less retropulsion and generates smaller fragments
[4]. Retropulsion increases the distance between the tip of the
fiber and the stone, decreasing the efficiency of lithotripsy [5].
For this reason, energy settings less than 1 J are preferred to
increase the efficiency of lithotripsy [6].

In this study, we aim to describe the settings of the holmi-
um laser and to review our experience about the endoscopic
treatment of urolithiasis in pediatric patients.

Methods

After obtaining Institutional ReviewBoard approval, 116 chil-
dren who underwent surgery with the diagnosis of urinary
stone disease using holmium laser between 2011 and 2018
were retrospectively analyzed. The indications for treating
urolithiasis in children were chosen according to the EAU
guidelines recommendations [7]. Fourty patients underwent
mini-ureterorenoscopy (mini-URS) performed with a 4.5-F
semi-rigid ureterorenoscope, 45 patients underwent retrograde
intrarenal surgery (RIRS) with a 7.5-F flexible URS, and 31
patients underwent percutaneous nephrolithotomy (PNL) (17
mini-PNL with a 15-F nephroscope, 10 micro-PNL with a
4.85-F nephroscope, 4 standard PNL with a 24-F
nephroscope). Treatment modality was decided according to
the size and location of the stone. The operations were per-
formed by the same surgical team. Patient demographics, peri-
operative data, length of hospitalization, complications, and
laser settings were recorded. Kidney-ureter-bladder X-ray and
urinary ultrasound were performed on the first day and 1month
after surgery to evaluate stone-free rates. Patients who were
endoscopically stone free or had stone dust smaller than
2 mm on follow-up imaging were accepted as stone free [8].

The operative time was defined as the period between the
beginning of cystoscopy and completion of stenting for mini-
URS, the period between the beginning of ureteroscopy and
completion of stenting for RIRS, and the period between be-
ginning of renal puncture and removal of the percutaneous
system for PNL.

Laser settings

Treatment of urinary stone disease mainly performed by 2
different settings: fragmentation and dusting. Dusting pro-
duces small fragments, but it is time consuming whereas frag-
mentation produces larger fragments in a shorter time [3].
High-frequency low-energy settings used for dusting and
high-energy and low-frequency settings are used for fragmen-
tation. For fragmentation, Faure et al. recommended to start
with 0.8–1.2 J at 6–10 Hz [9]. Sea et al. reported that at low
pulse energy (0.2 J) small fragments are produced with less
retropulsion and at high pulse energy (2.0 J) larger fragments

are produced with increased retropulsion and anti-retropulsion
devices increases lithotripsy in energy settings greater than 1 J
[4]. Fahmy et al. compared dusting with 0.5 J energy and
15 Hz frequency to fragmentation with 1–1.2 J energy and
8–10 Hz frequency in ureterorenoscopy and found that
fragmenting stones in to removable pieces has a significantly
shorter fragmentation and operative time than dusting with
similar complication and stone-free rates [10]. We used low-
energy high-frequency settings for URS and RIRS and a high-
energy setting for PNL.

Holmium laser settings are summarized on Table 1. In
mini-URS, stone fragmentation was achieved using a
200-μm or 272-μm Ho:YAG laser fiber (Litho, Quanta
System, Italy) operating with the energy settings set between
0.5 and 1 J and frequency set to > 8 Hz. In RIRS, stone
fragmentation was achieved by using a 200-μm or 272-μm
Ho:YAG laser fiber operating with the setting set to 0.5–0.8 J
at 10–20 Hz. Stone fragmentation was performed by using a
365-μm Ho:YAG laser fiber with energy settings set to 0.8 to
2 J with frequency set between 5 and 15 Hz for all PNL
techniques.

Statistical analysis

Data storage and statistical analyses were performed using the
SPSS 17.0 statistical program (SPSS Inc., Chicago, IL, USA).
Kolmogorov-Smirnov test revealed a non-normal distribution,
non-parametric tests were performed. The differences be-
tween triple groups were examined by Kruskal-Wallis test.
Dunn test was performed in pairwise comparisons for the
significant ones. Mann-Whitney U test was used for continu-
ous variables between the two groups, and chi-square test was
used for categorical variables. p < 0.05 was considered statis-
tically significant.

Results

The pre-operative characteristics of each surgical group are
summarized in Table 2. The mean age of the patients was
8.4 ± 5.2 years (1–18). The mean follow-up was 26 ± 8.8
months (9–45). There was no difference between the mean
stone sizes of PNL and RIRS patients (p = 0.816). We found
no difference between the mean age, side, and gender of the

Table 1 Holmium laser settings for different conditions

Laser fiber size (μm) Frequency (Hz) Energy (J)

PNL 365 5–15 0.8–2

RIRS 200–272 10–20 0.5–0.8

URS 200–272 > 8 0.5–1
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groups (p = 0.550, p = 0.820, p = 0.830, respectively). The
operative and post-operative characteristics of the PNL and
RIRS patients are summarized in Table 3. The mean operative
time was significantly shorter for RIRS compared to PNL (p =
0.001). No perioperative complications were observed in any
group. There was no significant difference between the stone-
free rates of the procedures (p = 0.150). Mean hospital stay
was significantly shorter in the RIRS group compared to PNL
(p < 0.001). The mean operative time was 31 ± 9.1 min (20–
55) for the mini-URS group. Mean hospitalization time was
1.3 ± 0.7 days (1–3) and stone-free rate was 92.5%. Stones
were located in distal ureter in 22 (55%) cases, in middle
ureter in 8 (20%) cases, and in proximal ureter in 10 (25%)
cases. Mean stone size was 10.6 ± 3.5 mm (6–18) for distal
ureter stones, 11.8 ± 2.9 mm (9–16) for middle ureter stones,
and 10.3 ± 2.6 mm (6–15) for proximal ureter stones. Stone
retropulsion was observed in 2 cases, and RIRS was per-
formed in these patients. Four postoperative complications
occurred (Clavien II), which included febrile urinary infec-
tions in two patients who underwent mini-URS, one pa-
tient who underwent PNL, and one patient who underwent
RIRS. All patients were treated without hospitalization.
None of the patients required blood transfusion. Residual
stone was detected in 3 patients who underwent PNL. The
mean size of the residual stones in children who had PNL
was 15 mm. Two patients were treated with re-PNL, and
1 patient was treated with RIRS. All patients reached a
stone-free state. Three patients who underwent mini-URS
had residual stones. The mean size of the residual stones
was 7 mm. They were treated with an additional mini-
URS and became stone free. All of these stones were

detected in the early postoperative period in ultrasonogra-
phy. All patients were symptomatic.

Discussion

Our results confirmed that Ho-YAG lasers can be effectively
and safely used in children for procedures with urinary calculi.
Although urolithiasis is less common in children, it is an im-
portant health problem with an incidence of 1–5% [11].
Minimally invasive treatment modalities becomemore impor-
tant as pediatric urinary stone disease is highly associated with
anatomic abnormalities and metabolic disorders and conse-
quently it has higher recurrence rates [12]. Ho:YAG laser
has been used very effectively since the early 1990s for endo-
scopic lithotripsy of urinary stones [13]. The total power gen-
erated by holmium laser results from the product of pulse
energy and frequency (total power (W) = pulse energy × pulse
frequency) [3]. By manipulating these parameters, energy
needed to fragment the stone can be adjusted. At high energy,
larger fragments are formed at a faster fragmentation rate
whereas smaller fragments are produced at low pulse energy
at a slower rate [4]. Basket may be needed to remove large
fragments and this may increase the operation time. High
pulse energy causes greater retropulsion that leads to de-
creased lithotripsy efficiency, since it could push back the
stone into inaccessible sites of the collecting system. Using
stabilization devices may increase efficiency [4]. The settings
used for the surgical treatment of urinary stone disease in
children are the same as in adults; there is no article in the

Table 2 Patient demographics
Mini URS (n = 40) RIRS (n = 45) PNL (n = 31)

Age (years) (mean + SD) (range) 9 ± 5.1 (1–14) 8.1 ± 5.3 (1–14) 8.09 ± 5.5 (1–15)

Gender (ratio)

Male 20 (50%) 19 (42%) 19 (61%)

Female 20 (50%) 26 (58%) 12 (39%)

Stone Size (mm, mean) 12.6 ± 6.6 (5–40) 16.01 ± 7.4 (4–30) 20.1 ± 10.4 (8–50)

Table 3 Patient operative data
RIRS (n = 45) PNL (n = 31) p

Stone side (%) 0.820

Left 49 (n = 22) 52 (16)

Right 51 (n = 23) 48 (15)

Mean operative time (min) (mean + SD) (range) 47.6 ± 17.6 (21–97) 89.9 ± 54.1 (45–270) 0.001

Mean hospitalization time (day) 1.6 ± 1.5 (1–10) 2.5 ± 1 (1–5) 0.001

Mean fluoroscopy time (s) 115 ± 95 (30–360)

Stone-free rate (%) 71.1 88 0.150
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literature recommending the use of different settings for
children.

The results of percutaneous nephrolithotomy in pediatric
patients have been first published in 1985, and it was reported
that blood transfusion and complication rates were higher in
this group of patients [14]. Increased success rates and de-
creased complication rates were caught with the advancement
of technology and miniaturization of the equipment. It is sug-
gested that the increase in calibration of the instruments is
related to increased transfusion rates and therefore PNL
should be performed with low calibrated instruments in chil-
dren [15]. Mini-PNL holds a significant place in the treatment
of pediatric kidney stones. In our PNL series with the settings
we choose, we had a high stone-free rate of 88%, similar to
other studies in literature. Wang et al. [16] reported a stone-
free rate of 97.2% for mini-PNL by using Ho:YAG laser with
energy settings between 0.6 and 0.8 J and frequency between
15 and 20 Hz with 200-μm fiber. Dağgülli et al performed
micropercutaneous nephrolithotomy in 40 children by using
holmium laser with the settings of 8 Hz and 0.8 J. They re-
ported 80% stone-free rate, no transfusion requirement, and a
mean hospital stay of 3.8 days [17]. In another study 54 pre-
school children who underwent mini-PNL were compared
with 64 preschool children who underwent extracorporeal
shock wave lithotripsy (ESWL) [18]. Ho-YAG laser was used
with the settings of 2.75 J and 11 Hz; stone-free rate was
88.9% in the mini-PNL group which was significantly higher
compared to the ESWL group (43.8%). The stone-free rate in
our RIRS series was 71.1%, and when compared with the
stone-free rate of PNL, there was no significant difference (p
= 0.150). We preferred energy settings between 0.5 and 0.8 J
and frequency 10–20 Hz in RIRS. The duration of hospital
stay was significantly shorter in the RIRS group (p < 0.001).
Berretini et al. performed RIRS in children weighing < 20 kg
by using a 200-μm Ho-YAG laser fiber with the settings ad-
justed to 0.4–0.6 J/35–40 Hz for dusting and 0.6–0.8/10–
15 Hz for fragmentaion [19]. They reported a stone-free rate
of 81.3% after the first procedure. Saad et al. compared PNL
and RIRS in kidney stones > 2 cm [20]. Ho-YAG laser at
energy of 0.4–0.6 J and pulse rate of 10–15 Hz was used for
RIRS. They reported lower complication rates in the RIRS
group but higher stone-free rates in PNL. These findings show
that PNL and RIRS can be performed successfully with
Ho:YAG laser; results similar to the literature can be obtained
with different settings and fibers. Ho-YAG laser is widely
used in the treatment of ureteral stones. In a multicentre study,
Esposito et al. reported the results of 149 children treated with
Ho-YAG laser ureteroscopic lithotripsy [8]. They stated that
dusting technique was prefered for all cases with the settings
of pulse energy at 0.5 J and a frequency of 20 Hz or higher.
Stone-free rate was reported as 97.3%, 5 patients had intraop-
erative bleeding, stone retropulsion occurred in 7 patients, and
no laser induced complication was detected. They had 4 cases

with residual stones treated with a second URS. In this study,
no significant perioperative bleeding was observed. Stone
retropulsion was observed in 2 patients. Residual stone was
detected in 3 cases, and these patients were treated with an
additional mini-URS. These results show that holmium lasers
can be safely used for the treatment of ureteral stones in chil-
dren with low-energy high-frequency settings. Success rates
are high, complication rates are low, and retreatment rates are
acceptable.

In conclusion, there is increasing use of lasers in urology
and the results are quite satisfactory with a wide range of
settings. High success and low complication rates, together
with new developments in technology, will make lasers the
first treatment option in the near future for many urinary dis-
eases in the pediatric population. We highlighted the optimal
settings of laser use in the pediatric urolithiasis. We obtained
satisfactory results by using low-energy high-frequency set-
tings for URS and RIRS and a high-energy setting for PNL.
More studies with greater number of patients and different
setting parameters are needed to determine the optimal set-
tings of Ho-YAG laser for the treatment of pediatric
urolithiasis.
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