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Ureteroscopic lithotripsy for ureteral
stones in children using holmium: yag
laser energy: results of a multicentric
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Summary

Background
Holmium:YAG (Ho:YAG) laser lithotripsy has broad-
ened the indications for ureteroscopic stone man-
agements in adults, but few evidence are currently
available in the pediatric population.

Objective
This article aimed to assess the outcome of Ho:YAG
laser lithotripsy during retrograde ureteroscopic
management of ureteral stones in different loca-
tions in children.

Study design
The medical records of 149 patients (71 boys and 78
girls; median age 9.2 years) treated with Ho:YAG
laser ureteroscopic lithotripsy in five international
pediatric urology units over the last 5 years were
retrospectively reviewed. Exclusion criteria
included patients with renal calculi and/or with a
history of ipsilateral stricture, renal failure, active
urinary tract infection, or coagulation disorder.

Results
Stones were treated with dusting technique in all
cases. The median stone size was 10.3 mm (range
5e17). Stones were located in the distal ureter in 77
cases (51.7%), in the middle ureter in 23 cases
(15.4%), and in the proximal ureter in 49 cases
(32.9%). The median operative time was 29.8 min
(range 20e95). Intra-operative complications
included five bleedings (3.3%) and seven stone ret-
ropulsions (4.7%). Overall stone-free rate was 97.3%.
Overall postoperative complications rate was 4.0%
rol.2019.05.004
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and included two cases of stent migration (1.3%)
(Clavien II) and four residual stone fragments (2.7%)
that were successfully treated using the same
technique (Clavien IIIb). On multivariate analysis,
re-operation rate was significantly dependent on the
proximal stone location and presence of residual
fragments >2 mm (P Z 0.001).

Discussion
This study is one of the largest pediatric series
among those published until now. The study series
reported a shorter operative time, a higher success
rate, and a lower postoperative complications rate
compared with previous series. A limitation of this
study is that stone-free rates may be somewhat
inaccurate using ultrasonography and plain X-ray
compared with computed tomography (CT); the
study’s 97.3% success rate may be overestimated
because no CT scan was done postoperatively to
check the stone-free rate. Other limitations of this
article include its retrospective nature, the multi-
institutional participation, and the heterogeneous
patient collective.

Conclusion
The Ho:YAG laser ureteroscopic lithotripsy seems to
be an excellent first-line treatment for children with
ureteral stones, independently from primary loca-
tion and size. However, patients with proximal ure-
teral stones and residual fragments >2 mm reported
a higher risk to require a secondary procedure to
become stone-free. Combination of techniques as
well as appropriate endourologic tools are key points
for the success of the procedure regardless of
stones’ size and location.
Company.
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Introduction

The prevalence of urolithiasis is increasing worldwide and is
causing significant morbidity and cost to the healthcare
systems [1]. While minimally invasive therapies remain the
mainstay of treatment, there has been a notable increase
in the use of ureteroscopy (URS), so that URS is now the
most common surgical therapy for upper urinary tract
stones in North America [2]. One reason for the shift in
practice toward URS has been the widespread availability
of the holmium laser, which permits lithotripsy in all stone
locations, regardless of stone composition [3].

Holmium:YAG (Ho:YAG) laser lithotripsy has broadened
the indications for ureteroscopic stone managements in
adults, but few evidence are currently available in the
pediatric population. Ureteral calculi in children are less
frequent than in adults, representing only about 7% of total
urinary calculi but are usually a challenge to the urologist
[4]. In the absence of indications for intervention, pediatric
ureteral stones <3 mm are likely to be passed spontane-
ously, but stones >4 mm in the distal ureter are likely to
require endourologic treatment [5]. In general, the surgical
strategy for treating upper urinary tract stones with URS
consists of either fragmentation and active basket retrieval
or fragmentation resulting in fine fragments left in situ for
spontaneous passage, also known as dusting technique [6].
The standard preference in ureteroscopic lithotripsy is use
of Ho:YAG laser, which can effectively break stones into
fragments small enough to remove or pass spontaneously.
The mode of fragmentation employed to clear stones during
ureteroscopic laser lithotripsy raises concerns related to
operative time, associated morbidity and costs, and espe-
cially potential endoscope damage. There is no consensus
on how to achieve optimal stone clearance once the pri-
mary stone has been fragmented with lithotripsy. However,
the dusting technique can theoretically decrease operative
times and lower the risk of ureteral trauma by minimizing
the repetitive introduction and removal of the uretero-
scope [7]. There is a growing body of literature that sup-
ports this treatment modality in children with minimal
morbidity [8,9]. However, reports of ureteroscopic laser
lithotripsy are not as common in prepubertal patients. In
addition, little is known about the success of URS for
proximal stones, especially in the era of Ho:YAG laser
lithotripsy [10].

This multicentric study aimed to assess the efficacy and
safety of Ho:YAG laser lithotripsy during retrograde ure-
teroscopic management of ureteral stones in different lo-
cations in children.

Patients and methods

The medical records of 149 patients (71 boys and 78 girls)
treated with Ho:YAG laser ureteroscopic lithotripsy in five
international pediatric urology units over the last 5 years
were retrospectively reviewed.

Exclusion criteria included patients with renal calculi
and/or with a history of ipsilateral stricture, renal failure,
active UTI, or coagulation disorder. The most common
presentation symptoms were colicky pain and vomiting,
occurring in 81.9% of cases, followed by gross hematuria in
10.1% and UTIs in 8%. Pre-operative diagnosis included
clinical evaluation, urine analysis with additional urine
culture if there was suspicion of a UTI, measurement of
serum creatinine, a plain abdominal X-ray and abdominal
ultrasonography (US) in all patients. Non-contrast comput-
erized tomography (NCCT) was performed, when available.
The diagnosis of impacted stones in patients who had not
undergone NCCT pre-operatively was confirmed via pre-
operative retrograde ureterography and/or ureteroscopic
visualization under direct vision.

The operative time was calculated from the time when
the patient was positioned for the surgery to when the
drapes were taken off. All the procedures were performed
by a single expert surgeon in each participating center.
Each expert surgeon had more than 10 years of experience
in endoscopic surgery and performed over 100 endoscopic
urological procedures per year and at least 10e15 ure-
teroscopic procedures per year. The hospital stay length
included only the purely hospital admission time specific to
surgical procedure, whereas the time in hospital for the
patients admitted with symptomatic renal colic and sub-
sequently operated on was excluded. Postoperatively, all
patients were prescribed Mg K citratum to prevent stone
recurrence. Follow-up consisted of renal tract US and plain
abdominal X-ray 1, 3, 6, and 12 months after the procedure
and thereafter once a year to rule out obstruction or clin-
ically significant renal fragments (>2 mm). No computed
tomography (CT) scan was done postoperatively to check
stone-free rate. Assessment of the procedure outcomes
included stone-free and complications rates. The authors
defined as ‘stone-free’ patients with complete clearance of
stones or at least residual fragments <2 mm in urinary
system on the postoperative imaging at least after 1 month
to allow the ureter to recover from any postoperative
edema as a result of ureteroscopic manipulation and frag-
mentation and give enough time for any fragments to clear
spontaneously. Complications were classified according to
the Clavien-Dindo grading system [11].

The authors performed a multivariate logistic regression
analysis to assess risk factors for re-operation. Factors
assessed included patients’ age, patients’ weight, proximal
stone location, distal stone location, stone size, residual
fragments size, operative time, and degree of hydro-
nephrosis. Significance was considered as P-value <0.05.
Statistical analysis was done using the computer software
SPSS 17.0 for Windows XP.

The study received the appropriate institution review
board approval.
Surgical technique

All the procedures were performed under general anes-
thesia. Patients were placed in the lithotomy position on
the operative table. Routine prophylactic antibiotics were
administered. Fluoroscopic monitoring was available. All
patients underwent initial cystoscopy to place a safety or
working guidewire into the proximal ureter or collecting
system. Ureteroscopy was performed using a 4.5 or 7.5 or 9
Fr semi-rigid ureteroscope, according to the patient’s age,
with no need for prestenting in any patients. A safety
guidewire was used in all cases. A flexible ureteroscope was
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adopted only in cases of stone retropulsion to pelvis lower
pole. An active dilatation of the uretero-vesical junction
using ureteral access sheaths was performed in only five
cases of the study series (3.3%). The authors recommend
the use of ureteral access sheaths when the ureter is not
appropriately capacious to allow an easy introduction of
the ureteroscope to facilitate repeated upper tract access,
reduce intrarenal pressures, and decrease operative time.

Stones were treated with the dusting technique in all cases
(Fig. 1). The Ho:YAG laser was set-up at a pulse energy of 0.5 J
and a frequency of 20Hz or higher. Laser fiberswith a diameter
ranging from 272 to 365micronwere adopted in accordance to
the type of ureteroscope used, flexible or semi-rigid, respec-
tively. The stones were fragmented until they were deemed
small enough to pass spontaneously in most of the study cases
(Video 1). Only in few cases, fragments of stones were persis-
tent despite laser application using dusting settings and were
removed by using a stone basket or a grasper to achieve sam-
ples for stone composition analysis. In cases of retropulsed
stones, they were treated using non-contact laser lithotripsy.
In this technique, stone fragments are pulverized in a calyx
with the laser fibers activated in bursts, away from the stone
fragments resulting in a whirlpool-like effect that causes
stones to collide and fragment further to produce fine stone
residue for spontaneous passage. It is also commonly known as
the ‘popcorn’ effect [6]. A ureteral JJ stent was routinely
indwelledand removedatmean3weekspostoperativelyunder
short-duration anesthesia in all patients. A bladder catheter
was placed for at least 12 h postoperatively in all patients.

Supplementary video related to this article can be found
at https://doi.org/10.1016/j.jpurol.2019.05.004

The following is the supplementary data related to this
article:

Results

The median patients’ age was 9.2 years (range 1e18), and
their median weight was 36.8 Kgs (range 13e78). Associ-
ated pathologies included meningomyelocele (n Z 3),
cystinuria (n Z 2), cystic fibrosis (n Z 1), muscular dys-
trophy (n Z 1), horse-shoe kidney (n Z 1), and solitary
kidney (n Z 1). The median stone size was 10.3 mm (range
5e17). Stones were located in the distal ureter in 77 cases
(51.7%), in the middle ureter in 23 (15.4%), and in the
proximal ureter in 49 (32.9%). Pre-operative hydronephrosis
on the affected side (median 14.8 mm) with a dilatation of
Fig. 1 In the dusting technique, the stone fragmen
the ureter above the stone was diagnosed with US in all
patients.

The median operative time was 29.8 min (range 20e95).
Intra-operative complications included five bleedings (3.3%)
and seven stone retropulsions (4.7%). Stone migration
upward into the kidney during laser lithotripsy occurred in
patients with proximal ureteral stones associated with se-
vere hydroureteronephrosis. These cases were treated
using flexible ureteroscope. The median analgesic
requirement (paracetamol, tramadol) was 16.7 h (range
3e72). The median hospital stay was 1.2 days (range 1e3).
The median follow-up length was 26.4 months (range
3e69). Overall stone-free rate was 97.3%. The median
number of procedures needed for obtaining stone-free
ureters was 0.9 � 0.5. Overall postoperative complica-
tions rate was 4.0% and included two cases of stent
migration (1.3%) (Clavien II) and four cases with residual
stone fragments (2.7%) that were successfully treated using
the same technique (Clavien IIIb).

No laser-induced complications were noticed. Stone
analysis was available from 74 patients (49.6%) and
revealed a composition of calcium oxalate in 66.2%,
cysteine in 20.3%, struvite in 9.4%, and uric acid in 4.1%.
Fifty-five out of 74 patients (74.3%) had identifiable meta-
bolic abnormalities; the most common finding was hypoci-
traturia, followed by hypercalciuria. No influence of stone
composition on laser efficacy, operative time, or compli-
cations rates was demonstrated in the study series.

All patients’ demographics and outcome parameters are
reported in Table 1.

On multivariate analysis, proximal stone location and
residual fragments >2 mm were associated with higher
rates of re-operation (P Z 0.001) (Table 2). Regarding pa-
tients’ age, 32 patients (21.4%) were aged less than 5 years,
and the authors reported one intra-operative bleeding and
one postoperative stent migration in this younger patients’
group, with no significant difference in complications rate
compared with the older patients’ group (P Z 0.55).

Discussion

Urinary stone disease is becoming a more important health
problem in the pediatric population because of the
increasing incidence of urolithiasis [1,12]. The use of URS in
children has been limited in Europe because of concerns
regarding the risk of ureteral ischemia, perforation, stric-
ture formation, and development of vesicoureteral reflux
ts are pulverized to allow spontaneous passage.

https://doi.org/10.1016/j.jpurol.2019.05.004


Table 2 Multivariate logistic regression analysis of de-
mographics and operative factors associated with re-
operation in the study series.

Variable OR 95% CI P-value

Patients’ age (years) 0.934 0.557e1.566 0.795
Patients’ weight (Kgs) 0.955 0.598e1.578 0.813
Proximal stone location 1.008 1.001e1.029 0.001
Distal stone location 0.985 0.648e1.498 0.943
Stone size (mm) 0.895 0.547e1.398 0.856
Residual fragments

size (mm)
1.015 1.005e1.036 0.001

Operative time (minutes) 0.944 0.575e1.767 0.782
Degree of hydronephrosis

(mm)
0.755 0.456e1.285 0.873

OR, odds ratio; CI, confidence interval.

Table 1 Patients’ demographics and outcome parameters
in the study series.

Patients’ demographics

Male patients, n (%) 71 (47.6%)
Female patients, n (%) 78 (52.4%)
Median age, years [range] 9.2 [1e18]
Median weight, Kgs [range] 36.8 [13e78]
Associated pathologies, n (%)
Meningomyelocele 3 (2.0%)
Cystinuria 2 (1.3%)
Cystic fibrosis 1 (0.65%)
Muscular dystrophy 1 (0.65%)
Horse-shoe kidney 1 (0.65%)
Solitary kidney 1 (0.65%)
Symptoms, n (%)
Colicky pain 122 (81.9%)
Vomiting 122 (81.9%)
Hematuria 15 (10.1%)
Urinary tract infections 12 (8.0%)
Median stone size, mm [range] 10.3 [5e17]
Stones location, n (%)
Distal ureter 77 (51.7%)
Middle ureter 23 (15.4%)
Proximal ureter 49 (32.9%)
Outcome parameters

Median operative time,
minutes [range]

29.8 [20e95]

Median analgesic requirement,
hours [range]

16.7 [3e72]

Median hospital stay, days [range] 1.2 [1e3]
Intra-operative complications, n (%)
Bleeding 5 (3.3%)
Stone retropulsion 7 (4.7%)
Overall stone-free rate 145 (97.3%)
Median number of procedures

for obtaining stone-free ureters
0.9 � 0.5

Postoperative complications, n (%)
Stent migration 2 (1.3%) e Clavien II
Residual stone fragments 4 (2.7%) e Clavien IIIb
Stone analysis results, n (%) 74 (49.6%)
Calcium oxalate 49 (66.2%)
Cysteine 15 (20.3%)
Struvite 7 (9.4%)
Uric acid 3 (4.1%)
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of small caliber ureteral orifices, whereas it has been the
standard of care in the United States for 10e15 years at
least [13]. Recently, the advent of minimally invasive
techniques has dramatically changed the approach to
several pediatric urological pathologies worldwide [14,15].
With the downsizing of ureteroscopes and miniaturization
of working instruments and intracorporeal lithotripsy de-
vices, URS has become a more attractive therapeutic option
for pediatric ureteral stones [16]. With the introduction of
the Ho:YAG laser, the efficacy of ureteroscopic lithotripsy
has been much improved. The technique is easy and has a
short learning curve. The increased costs of the device and
the fibers and the prolonged time needed for the lithotripsy
process have been cited as the main disadvantages of the
Ho:YAG laser [8]. However, considering its versatility, this
device may in fact become cost-effective. The holmium
laser is widely used in endourology practice because of the
minimal thermal injury related to laser ablation and its
success in fragmenting all stone components [17]. In addi-
tion, holmium lasers can vaporize soft tissues and cause
coagulation, and they have excellent cutting ability.
Moreover, they have a limited tissue penetration of 0.5 mm,
which makes them one of the safest types of lithotripters.
These properties make the holmium laser a very good in-
strument for the treatment of every type of ureteral
stones, regardless of their location and composition.

There is much controversy regarding the best Ho:YAG
laser energy setting to fragment urinary stones. Some au-
thors favor stone fragmentation entirely to dust leaving no
fragments to remove afterward, with the intention that
achieving such a small stone size will allow the stones to pass
spontaneously.Others prefer fragmentation into extractable
pieces, which can result in many trips through the ureter to
retrieve stone fragments [7]. It is known that the mode of
fragmentation has an impact on the fragmentation time,
operative time, stone-free rate, complications rate, and
stone retropulsion [18]. In a recent study by Fahmy et al. [7],
the authors stated that stone dusting was associated with a
significantly longer fragmentation time and operative time
than fragmentation into extractable pieces.

The authors analyzed the current literature focused on
management of ureteral stones with laser ureteroscopic
lithotripsy [7,10,13,19e25], and the authors found that this
study is one of the largest pediatric series among those
published until now. An interesting finding is that the study
series reported a shorter operative time compared with
that of the previous series ranging between 32 and 77 min
(Table 3). Probably, this result is related to the learning
curve and single-surgeon’s experience with the technique.
Each surgeon’s expertise was defined on the basis of both
his volume of activity and his years of experience with the
technique. In fact, each participating surgeon was consid-
ered expert if he had more than 10 years of experience in
endoscopic surgery and performed over 100 endoscopic
urological procedures per year and at least 10e15 ure-
teroscopic procedures per year.

In the current study, the authors also attempted to fill
the gap in the understanding of the factors associated with



Table 3 Outcome analysis of published series on laser ureteroscopic lithotripsy in children.

Reference Number of
patients

Average
operative
time (minutes)

Overall
stone-free
rate

Intra-operative
stone
retropulsion rate

Other
intra-operative
complications rate

Overall
postoperative
complications rate

Fahmy et al 2016[7] 100 32 98% 3% 0 8%
Elsheemy et al 2014[19] 104 45 81.25% 4.7% 14% 18.75%
Galaletal 2013[20] 18 NR 89% 5.5% 5.5% 27.7%
Tiryaki et al 2013[21] 32 NR 92.68% 0 7.3% 2.4%
Yucel et al 2011[22] 48 77 84.3% 0 0 14.8%
Turunc et al 2010[23] 61 NR 84.8% NR NR NR
Ozkan et al 2010[24] 26 NR 84.6% 0 0 46%
Erturhan et al 2007[25] 41 NR 87.8% 4.8% 7% 4.8%
Thomas et al 2005[13] 29 NR 88% 3.4% 3.4% 0
Lam et al 2002[10] 67 41.4 96.5% 0 0 0

NR, not reported.
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the risk of re-operation. To date, no studies focused on this
topic exist in the current pediatric literature. This study is
probably the first to demonstrate a significant association
between proximal stone location and residual fragments
>2 mm and risk of re-operation. These findings suggest the
importance to obtain the complete clearance of stones
during ureteroscopic procedures by adopting preferentially
the dusting technique that allows to pulverize the stones or
alternatively the fragmentation technique with extraction
of all fragments. The authors believe that the choice of the
best setting between dusting and fragmentation or a com-
bination of both remains one of surgeon preference and
should be tailored to an individual basis.

In common practice, the authors prefer to use dusting
technique because it theoretically decreases operative
time and the risk of ureteral trauma related to multiple
passes of the ureteroscope and eliminates the need for a
stone extraction device. However, potential risks have
been reported with the dusting technique, such as stone
recurrence from fragments failing to pass. In the authors
experience, if fragments of stones were persistent despite
laser application using dusting settings, the authors
extracted them using a grasper or a basket with no increase
of operative time or intra-operative complications. In cases
with difficult ureteral access to proximal ureteral stones,
the authors recommend the use of ureteral access sheaths
to facilitate repeated upper tract access, reduce intrarenal
pressures, and decrease operative time. An intra-operative
challenge is also represented by stone retropulsion because
it reduces the laser’s efficiency, prolongs the operative
time, and sometimes makes the stone inaccessible [26].
Several studies have concluded that setting of the Ho:YAG
laser with lower pulse energy and higher pulse rates would
minimize such complications [16,27]. In the study series,
the authors always used the same laser setting with a pulse
energy of 0.5 J and a frequency of 20 Hz or higher, and the
authors reported a 4.7% stone retropulsion rate, that was
consistent with most reports in the literature (Table 3). In
the authors experience, all stone migrations occurred in
cases with proximal ureteral stones associated with severe
hydroureteronephrosis and were solved intra-operatively
using a flexible ureteroscope. The retropulsed stones in
the lower calyx were dusted using the ‘popcorn technique’
[6]. In some cases, stone retropulsion may also result
advantageous to address some mid or proximal stones
within the renal collecting system to avoid ureteral wall
damage [26].

The Ho:YAG laser ureteroscopic lithotripsy reported a
high success rate, with an overall stone free rate of 97.3% in
the study series, that was higher than that reported in most
of the previously published series (Table 3). However, the
97.3% success rate may be overestimated because no CT
scan was done postoperatively to check the stone-free rate
in the study series. A limitation of this study is that stone-
free rates and stone sizes may be somewhat inaccurate
using US and plain X-ray compared with CT. In fact, the
operator-dependent nature of US can miss stone fragments
<2 mm, whereas the plain X-ray cannot detect radiolucent
stones obscured by overlying bowel gas or stool. The au-
thors preferred to not routinely perform CT scans during
follow-up to avoid the higher radiation exposure compared
with US and X-ray and the need for sedation in not collab-
orative patients. The authors decided to apply the
following follow-up protocol: renal tract US and plain
abdominal X-ray 1, 3, 6, and 12 months after the procedure
and thereafter once a year to rule out obstruction or clin-
ically significant stone fragments (>2 mm). The authors
defined as ‘stone-free’ patients with complete clearance of
stones or at least residual fragments <2 mm in urinary
system on the postoperative imaging. In a recent paper by
Iremashvili et al. [28], it was demonstrated that non-obese
patients with residual stone fragments of any size are at
increased risk for repeat intervention compared with those
with a negative abdominal X-ray. Despite the evidence re-
ported in the paper by Iremashvili et al. [28], all patients of
the study series, who underwent repeat surgery, presented
stone fragments >2 mm. Consequently, despite the limited
accuracy to detect small stone fragments, abdominal X-ray
can be endorsed as an acceptable method of postoperative
imaging after URS, considering that in the authors experi-
ence, only patients with residual fragments greater than
2 mm required re-operation.

Other limitations of this paper include the retrospective
nature of the study, that may cause a deficiency in the
recording of complications, the multi-institutional partici-
pation and the heterogeneous patient collective, that made
the data hardly comparable, and the follow-up periods that
were not long enough to confirm the safety of the procedure.
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Overall postoperative complications rate (4%) and re-
operation rate (2.7%) reported in the study series were lower
comparedwithmost previous series (Table 3). A recent paper
reported that several factors including younger age (<2
years), upper ureteric stones, smaller ureters, and larger
stones (>15 mm) were associated with increased complica-
tions and failure rates of laser lithotripsy [19]. Another paper
concluded that the stone localization and stone size are the
factors that significantly affect the success of the procedure
[23]. The authors also analyzed the impact of various factors
including patients’ age, patients’ weight, proximal stone
location, distal stone location, stone size, residual fragments
size, operative time, and degree of hydronephrosis on the
outcome of the procedure. On multivariate analysis, prox-
imal stone location and presence of residual fragments
greater than 2 mm were associated with higher rates of re-
operation in the study series.

It is also known that laser settings for dusting seem to be
most effective for stones under 1100 Hounsfield Unit (HU),
such as calcium oxalate dihydrate, uric acid, or calcium
phosphate. Dusting technique may lose its efficacy with
denser stones (>1100 HU), such as calcium oxalate mono-
hydrate or cysteine, which are typically harder and tend to
fragment into large pieces that may require use of a
retrieval device [6]. No influence of stone composition on
laser efficacy, operative time, or complications rates was
demonstrated in the study series. The reason was probably
related to the more powerful Ho-YAG laser generator, that
the authors currently adopt, which allows higher frequency
settings up to 80 Hz. Such versatility in laser parameters
may allow a similar good outcome with various stone types
and locations, as reported in the study series.

In conclusion, the Ho:YAG laser ureteroscopic litho-
tripsy, performed by skilled and experienced hands, had
high success rates, low retreatment requirements, and
acceptable complications rates, thus making it a safe and
effective first-choice treatment for ureteral stones in
children, in whom conservative therapy fails. Overall stone-
free rate was very high in the study series (97.3%). Patients
with stones located in the proximal ureter and residual
fragments greater than 2 mm reported a higher risk to
require a secondary procedure to become stone-free. The
surgeons should be aware of the current equipment avail-
able to facilitate pediatric endoscopy and master all
available treatment options to personalize care. The au-
thors believe that an optimal approach may be some
combination of the techniques based on numerous stone
factors including size, location, and density as well as each
patient’s anatomic features.

Author statements

Ethical approval

The work has received ethical approval.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial or not-for-profit
sectors.
Competing interest

None.
References

[1] Scales Jr CD, Smith AC, Hanley JM, Saigal CL. Prevalence of
kidney stones in the United States. Eur Urol 2012;62(1):160e5.
https://doi.org/10.1016/j.eururo.2012.03.052.

[2] Oberlin DT, Flum AS, Bachrach L, Matulewicz RS, Flury SC.
Contemporary surgical trends in the management of upper
tract calculi. J Urol 2015;193(3):880e4. https://doi.org/10.
1016/j.juro.2014.09.006.

[3] Patel AP, Knudsen BE. Optimizing use of the holmium:YAG
laser for surgical management of urinary lithiasis. Curr Urol
Rep 2014;15(4):397. https://doi.org/10.1007/s11934-014-
0397-2.

[4] Raza A, Smith G, Moussa S, Tolley D. Ureteroscopy in the
management of pediatric urinary tract calculi. J Endourol
2005;19(2):151e8. https://doi.org/10.1089/end.2005.19.
151.

[5] Van Savage JG, Palanca LG, Andersen RD, Rao GS,
Slaughenhoupt BL. Treatment of distal ureteral stones in
children: similarities to the American urological association
guidelines in adults. J Urol 2000;164:1089e93.

[6] Aldoukhi AH, Roberts WW, Hall TL, Ghani KR. Holmium laser
lithotripsy in the new stone age: dust or bust? Front Surg 2017;
4:57. https://doi.org/10.3389/fsurg.2017.00057.

[7] Fahmy A, Youssif M, Rhashad H, Orabi S, Mokless I. Extractable
fragment versus dusting during ureteroscopic laser lithotripsy
in children: prospective randomized study. J Pediatr Urol
2016;12:254. e1-e4, https://doi.org/10.1016/j.jpurol.2016.
04.037.

[8] Wollin TA, Teichman JM, Rogenes VJ, Razvi HA, Denstedt JD,
Grasso M. Holmium:YAG lithotripsy in children. J Urol 1999;
162:1717e20.

[9] Minevich E, Sheldon CA. The role of ureteroscopy in pediatric
urology. Curr Opin Urol 2006;16:295e8. https://doi.org/10.
1097/01.mou.0000232053.74342.e9.

[10] Lam JS, Greene TD, Gupta M. Treatment of proximal ureteral
calculi: holmium:YAG laser ureterolithotripsy versus extra-
corporeal shock wave lithotripsy. J Urol 2002;167:1972e6.

[11] Dindo D, Demartines N, Clavien PA. Classification of surgical
complications. A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 2004;240:
205e13.

[12] VanDervoort K, Wiesen J, Frank R, Vento S, Crosby V,
Chandra M, et al. Urolithiasis in pediatric patients: a single
center study of incidence, clinical presentation and outcome.
J Urol 2007;177:2300e5. https://doi.org/10.1016/j.juro.
2007.02.002.

[13] Thomas JC, De Marco RT, Donohoe JM, Adams MC,
Brock 3rd JW, Pope 4th JC. Pediatric ureteroscopic stone
management. J Urol 2005;174:1072e4. https://doi.org/10.
1097/01.ju.0000169159.42821.bc.

[14] Esposito C, Lima M, Mattioli G, Mastroianni L, Centonze A,
Monguzzi GL, et al. Complications of pediatric urological
laparoscopy: mistakes and risks. J Urol 2003;169(4):1490e2.
discussion 1492, https://doi.org/10.1097/01.ju.0000055256.
43528.f6.

[15] Esposito C, Valla JS, Yeung CK. Current indications for lapa-
roscopy and retroperitoneoscopy in pediatric urology. Surg
Endosc 2004;18(11):1559e64. https://doi.org/10.1007/
s00464-003-8272-0.

[16] De Dominicis M, Matarazzo E, Capozza N, Collura G, Caione P.
Retrograde ureteroscopy for distal ureteric stone removal in

https://doi.org/10.1016/j.eururo.2012.03.052
https://doi.org/10.1016/j.juro.2014.09.006
https://doi.org/10.1016/j.juro.2014.09.006
https://doi.org/10.1007/s11934-014-0397-2
https://doi.org/10.1007/s11934-014-0397-2
https://doi.org/10.1089/end.2005.19.151
https://doi.org/10.1089/end.2005.19.151
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref5
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref5
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref5
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref5
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref5
https://doi.org/10.3389/fsurg.2017.00057
https://doi.org/10.1016/j.jpurol.2016.04.037
https://doi.org/10.1016/j.jpurol.2016.04.037
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref8
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref8
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref8
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref8
https://doi.org/10.1097/01.mou.0000232053.74342.e9
https://doi.org/10.1097/01.mou.0000232053.74342.e9
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref10
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref10
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref10
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref10
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref11
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref11
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref11
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref11
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref11
https://doi.org/10.1016/j.juro.2007.02.002
https://doi.org/10.1016/j.juro.2007.02.002
https://doi.org/10.1097/01.ju.0000169159.42821.bc
https://doi.org/10.1097/01.ju.0000169159.42821.bc
https://doi.org/10.1097/01.ju.0000055256.43528.f6
https://doi.org/10.1097/01.ju.0000055256.43528.f6
https://doi.org/10.1007/s00464-003-8272-0
https://doi.org/10.1007/s00464-003-8272-0


Laser lithotripsy in children 391.e7
children. BJU Int 2005;95:1049e52. https://doi.org/10.1111/
j.1464-410X.2005.05464.x.

[17] Teichman JM, Vassar GJ, Bishoff JT, Bellmann GC. Holmium:
YAG lithotripsy yields smaller fragments than lithoclast,
pulsed dye laser or electrohydraulic lithotripsy. J Urol 1998;
159:17e23.

[18] Spore SS, Teichman JM, Corbin NS, Champion PC,
Williamson EA, Glickman RD. Holmium:YAG lithotripsy:
optimal power settings. J Endourol 1999;13:559e66. https://
doi.org/10.1089/end.1999.13.559.

[19] Elsheemy MS, Maher A, Mursi K, Shouman AM, Shoukry AI,
Morsi HA, et al. Holmium:YAG laser ureteroscopic lithotripsy
for ureteric calculi in children: predictive factors for compli-
cations and success. World J Urol 2014;32:985e90. https://
doi.org/10.1007/s00345-013-1152-x.

[20] Galal EM, Fath El-Bab TK, Abdelhamid AM. Outcome of ure-
teroscopy for treatment of pediatric ureteral stones. J Pediatr
Urol 2013;9(1):e58e63. https://doi.org/10.1016/j.jpurol.
2012.07.004.

[21] Tiryaki T, Azili MN, Ozmert S. Ureteroscopy for treatment of
ureteral stones in children: factors influencing the outcome.
Urology 2013;81(5):1047e51. https://doi.org/10.1016/j.
urology.2013.01.008.

[22] Yucel S, Akin Y, Kol A, Danisman A, Guntekin E. Experience on
semirigid ureteroscopy and pneumatic lithotripsy in children
at a single center. World J Urol 2011;29(6):719e23. https://
doi.org/10.1007/s00345-010-0599-2.

[23] Turunc T, Kuzgunbay B, Gul U, Kayis AA, Bilgilisoy UT, Aygun C,
et al. Factors affecting the success of ureteroscopy in man-
agement of ureteral stone diseases in children. J Endourol
2010;24(8):1273e7. https://doi.org/10.1089/end.2009.0476.

[24] Ozkan KU, Bakan V, Mil A, Ozturk S. Ureteroscopic stone
management in prepubertal children. Urol Int 2010;85:320e3.
https://doi.org/10.1159/000314925.

[25] Erturhan S, Yagci F, Sarica K. Ureteroscopic management of
ureteral calculi in children. J Endourol 2007;21(4):397e400.
https://doi.org/10.1089/end.2007.0261.

[26] Kang HW, Lee H, Teichman JM, Oh J, Kim J, Welch AJ.
Dependence of calculus retropulsion on pulse duration during
Ho:YAG laser lithotripsy. Lasers Surg Med 2006;38:762e72.
https://doi.org/10.1002/lsm.20376.

[27] Sea J, Jonat LM, Chew BH, Qiu J, Wang B, Hoopman J, et al.
Optimal power settings for Holmium:YAG lithotripsy. J
Endourol 2012;187(3):914e9. https://doi.org/10.1016/j.juro.
2011.10.147.

[28] Iremashvili V, Li S, Penniston KL, Best SL, Hedican SP,
Nakada SY. Role of residual fragments on the risk of repeat
surgery after flexible ureteroscopy and laser lithotripsy: single
center study. J Urol 2019;201(2):358e63. https://doi.org/10.
1016/j.juro.2018.09.053.

https://doi.org/10.1111/j.1464-410X.2005.05464.x
https://doi.org/10.1111/j.1464-410X.2005.05464.x
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref17
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref17
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref17
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref17
http://refhub.elsevier.com/S1477-5131(19)30126-3/sref17
https://doi.org/10.1089/end.1999.13.559
https://doi.org/10.1089/end.1999.13.559
https://doi.org/10.1007/s00345-013-1152-x
https://doi.org/10.1007/s00345-013-1152-x
https://doi.org/10.1016/j.jpurol.2012.07.004
https://doi.org/10.1016/j.jpurol.2012.07.004
https://doi.org/10.1016/j.urology.2013.01.008
https://doi.org/10.1016/j.urology.2013.01.008
https://doi.org/10.1007/s00345-010-0599-2
https://doi.org/10.1007/s00345-010-0599-2
https://doi.org/10.1089/end.2009.0476
https://doi.org/10.1159/000314925
https://doi.org/10.1089/end.2007.0261
https://doi.org/10.1002/lsm.20376
https://doi.org/10.1016/j.juro.2011.10.147
https://doi.org/10.1016/j.juro.2011.10.147
https://doi.org/10.1016/j.juro.2018.09.053
https://doi.org/10.1016/j.juro.2018.09.053

	Ureteroscopic lithotripsy for ureteral stones in children using holmium: yag laser energy: results of a multicentric survey
	Introduction
	Patients and methods
	Surgical technique

	Results
	Discussion
	Author statements
	Ethical approval
	Funding
	Competing interest

	References


