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Background: Medical expulsive therapy (MET) is the use of medication to facilitate
ureteral stone passage prior to surgical intervention. Practice guidelines for the use of MET
in the pediatric population remain limited, primarily due to a scarcity of randomized
controlled trials and concerns regarding dosing and side effects. To address this, we
conducted a systematic review and meta-analysis to clarify the impact of MET on the
spontaneous passage of pediatric stones located within the distal ureter.

Methods: A narrow scope search using PubMed and Embase with a predefined search
strategy was performed in September 2021 to identify all randomized controlled trials
involving the use of pediatric MET for stones located in the distal ureter. Raw data from 6
eligible articles were extracted for pooled analysis. Our primary outcome was the overall
effect of MET on ureteral calculi passage within 28 days compared to controls.

Results: The mean age of patients in included studies was 7.6 years-old, with a range of
ages 2–18 years old. In the pooled analysis of eligible studies, 235 patients received MET
and 176 received placebo. The mean stone size was 6.40 mm in the treatment arm and
6.42 mm in the control arm. Children receiving MET were more likely than controls to
experience spontaneous stone passage [Relative risk 1.39 (CI 95% 1.21–1.60)].
Considering all included studies, only one child treated with MET withdrew due to
medication side effects.

Conclusion: Our systematic review and meta-analysis of the use of pediatric MET on
spontaneous distal ureteral stone passage demonstrates a statistically significant benefit.
The benefits of MET are diverse and include, possibly, minimizing exposure to anesthesia
and radiation alongside improving surgical outcomes if ureteroscopy must be performed.
Given the increasing incidence of ureteral stones in children and the nuances inherent to
pediatric surgery due to smaller anatomy, MET represents an opportunity for safer and
more effective pediatric stone management.

Keywords: medical expulsive therapy, MET, urolithiasis, pediatric urolithiasis, distal ureter calculi, tamsulosin,
doxazosin, silodosin
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INTRODUCTION

Medical expulsive therapy (MET) defines the use of medication
to facilitate ureteral stone passage prior to surgical intervention.
The two classes of medications generally accepted for use as
medical expulsive therapy are alpha-blockers and calcium
channel blockers. Current practice guidelines for adults include
the use of MET for uncomplicated ureteral calculi (1, 2).
Pediatric exclusivity for tamsulosin was granted by the FDA in
2009 and was studied primarily in patients with bladder neck
dysfunction due to spina bifida or related spinal dysraphism. In
2012, the FDA’s Pediatric Advisory Committee affirmed this
position on tamsulosin and has continued to recommend
standard ongoing monitoring processes for adverse effects (3).
Formal approval for the use of tamsulosin (or any alpha-blocker)
for pediatric stone management has not been granted, and
concerns about proper dosing and adverse effects remain as
current obstacles to widespread use in pediatric urolithiasis.

In 2019, a meta-analysis was performed which demonstrated
the benefit of tamsulosin for adult MET with 2763 patients across
29 randomized control trials (RCTs) (4). In comparison, the
evidence base for the use of MET in the pediatric patient is
established but less robust. In 2014, Tasian et al. reported a
multi-institutional retrospective cohort of 334 eligible children in
which the use of tamsulosin improved spontaneous passage of
ureteral calculi with an odds ratio (OR) of 3.31 [95% confidence
interval (CI) (1.49–7.34)] after controlling for stone size and
location (5). A previous meta-analysis by Velázquez et al. in 2015
reported an improved rate of ureteral stone passage in children
prescribed MET (6). That meta-analysis was limited by a scarcity
of prospective RCTs published at that time (n=3) and
synthesized data from 2 retrospective cohorts. In 2017, Tian
et al. reported similar findings favoring MET for spontaneous
passage in a similar meta-analysis that synthesized 4 RCTs and 1
retrospective cohort (7). Additional RCTs have been published
since these two meta-analyses.

We sought to further clarify the impact of MET on
spontaneous stone passage in children with obstructive
urolithiasis through an updated, selective systematic review
and meta-analysis. Preliminary literature review dictated the
majority of published data pertained to pediatric patients with
distal ureteral calculi. Therefore, we developed a protocol to
quantitatively pool results of only the highest quality, prospective
evidence to elucidate the effects of MET on pediatric patients
with distal ureteral calculi. We hypothesized pooled analysis
would demonstrate MET improves spontaneous stone
passage rate.
METHODS

This study was considered exempt from institutional review as
the data used are derived from previously published research.
The study was conducted in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (8). Supplemental Figure 1 contains the PRISMA
checklist. Given the scarcity of high-quality pediatric trials on
Frontiers in Urology | www.frontiersin.org 2
MET, we did not feel a purely a priori protocol was feasible.
Therefore, preliminary literature searches were used to assess the
volume of highest-quality publications in the pediatric literature
and guide decision-making on endpoint selection.

Eligibility Criteria, Search Strategy,
and Identification of Studies
Preliminary literature searches revealed single-center RCTs to be
the highest quality of study prevalent in the pediatric literature;
therefore, we excluded prospective nonrandomized and
retrospective studies. The majority of the pediatric literature
reported stones in the distal ureter, so studies that did not specify
location of the stone or reported locations other than the distal
ureter were excluded. We did not require a specific imaging
modality to be used for determining the location of a stone as
located within the distal ureter. We also did not require a specific
imaging modality to be used for confirmation of stone passage as
an endpoint. Studies that did not clearly define randomization,
blinding, or placebo groups were excluded. Studies were not
excluded based on stone size, publication date, trial medication,
trial country, or trial size.

In September 2021, we performed a narrow-scope systematic
search using PubMed and Embase with a predefined search
strategy (Figure 1) intended to capture all RCTs on MET in the
pediatric literature. We defined MET as the use of any alpha-
blocker (with or without additional pain management
medication) for the purpose of distal stone passage. We
reviewed the titles of all articles identified via the initial search
for potential eligibility (“first pass”). Articles deemed potentially
eligible based on title alone underwent abstract and full-text
review (“second pass”). References lists for all articles selected for
inclusion after the second pass were reviewed to ensure literature
saturation. Two authors (MB and RL) reviewed the abstracts and
full text manuscripts during the second pass. In instances of
disagreement, the senior author (CB) helped reach a consensus.

Data Collection and Synthesis
For studies meeting eligibility criteria, we extracted raw
numerator and denominator data for treatment and control
groups. We did not collect adjusted outcome statistics because
the methods and variables were inconsistent across studies.
Authors were not contacted for unpublished data. Our primary
outcome was the overall effect of MET on ureteral calculi passage
within 28 days compared to controls.

Data was pooled using both Mantel-Haenszel fixed and
random effect meta-analysis, with random effect performed in
attempt to explain between study heterogeneity, as per
recommendation of the Cochrane Handbook for Systematic
Reviews of Interventions (9). Risk ratios (RR) with 95%
confidence intervals (CI) were calculated. CIs that did not
cross RR 1.0 were considered statistically significant. Statistical
heterogeneity was assessed using the I2 statistic. Assessment of
risk of bias was conducted using the Cochrane risk-of-bias tool
by two authors (RL and CB) for randomized controlled trials
(RoB 2) (10). All quantitative data were maintained in and meta-
analyses performed with Review Manager (RevMan) 5 (11).
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RESULTS

The study selection process is shown in Figure 2. Of the 40
studies reviewed for eligibility, 6 pediatric studies (12–17) met
predefined criteria and were suitable for pooled analysis. One
retrospective study was excluded, and another study was
excluded because the content was reported only as an abstract.

Eligible Studies
Table 1 identifies key details for all pediatric studies meeting
eligibility criteria. Two of the 6 studies used doxazosin at 0.03
mg/kg as the exclusive alpha-blocker in the treatment arm. Both
of these studies also included ibuprofen for analgesia alongside
the doxazosin (12, 14). Two of the six studies used tamsulosin
exclusively at an age-dependent dose (0.4 mg if ≥5 years old or
0.2 mg if ≤4 years old), with one of these studies also including
ibuprofen analgesia within the treatment arm (13, 15). One study
used silodosin at 4 mg as the alpha-blocker in their treatment
arm without accompanying analgesia (16). The remaining study
(Soliman et al) included two treatment arms, silodosin at 4 mg
and tamsulosin at 0.4 mg (without dose adjustment based on
age) (17). Five of the six studies used stone size within the distal
ureter of 9 mm (15), 10 mm (12, 16, 17), and 12 mm (13) as an
exclusion criterion. The remaining study did not use stone size
within the distal ureter as an exclusion criterion (14). Across the
six studies, three studies also included ibuprofen alongside the
alpha-blocker in the treatment arm (12, 14, 15). The total length
of treatment was 28 days in four studies (13, 15–17) and 21 days
in the remaining two studies (12, 14).
Pooled Analysis
In the pooled pediatric analysis of 6 studies, 235 patients received
MET and 176 received placebo or controls. Two studies
compared MET versus placebo while 4 compared MET to a
control, which was ibuprofen in all cases. The mean age of
patients was 7.6 years-old, with a range of ages 2–18 years old.
The mean stone size for the treatment group was 6.40 mm with a
standard deviation of ± 1.5 mm. The mean stone for the control
group was 6.42 with a standard deviation of ± 1.8 mm.
Frontiers in Urology | www.frontiersin.org 3
Children receiving MET were more likely than controls to
experience spontaneous stone passage [RR 1.39 (CI 95% 1.21–
1.60); Figure 3]. Data were pooled using Mantel-Haenszel
random effect as both fixed-effect and random effect generated
small heterogeneity (I2) of 8% (9).

Adverse Effects and Study Bias
In the pooled analysis, 22 patients were excluded or withdrew
from the treatment arms: one due to side effects of somnolence/
nausea/emesis, 20 due to loss to follow up, and one for an
unknown reason. Eight patients in the control arms were
excluded: two due to UTI, two due severe hydronephrosis, and
four due to loss to follow up. Four studies discussed the following
side effects seen within their respective treatment arms: nasal
congestion, headaches, dizziness, orthostatic hypotension, and
nausea. None of the studies identified a statistically significant
difference in these side-effects compared to the control arm. The
full breakdown of each study’s set of excluded patients and side
effect profiles is recorded in Table 1.

Studies were assessed qualitatively for bias using five criteria
specified in RoB 2. All studies included in pooled analysis were
deemed at low or minor concerns for overall risk of
bias (Figure 4).
DISCUSSION

We performed a systematic review and meta-analysis to evaluate
the effect of MET on spontaneous passage of distal ureteral
calculi in pediatric patients. In pooled analysis, children receiving
MET were more likely than controls to experience spontaneous
stone passage [RR 1.39 (CI 95% 1.21–1.60); Figure 3]. Alpha-
blockers were well tolerated in all eligible studies with one child
stopping therapy definitely due to adverse effects. We assessed
the included studies were at low risk for bias using the RoB 2.
These findings are relevant as the incidence in stone disease has
increased in children, with some reports indicating a 5-fold
increase within a decade and accounting for 1 in 685 pediatric
hospitalizations in 2010 in the United States (18). Compared to
meta-analyses previously published on the topic, this meta-
FIGURE 1 | PubMed and Embase systematic search strategy strings.
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analysis is more robust in the number of included studies and
selective in the level of evidence (i.e. retrospective studies were
not included).

The desire to use MET in children stems from the goal of
mitigating risk. Pediatric stone surgery is nuanced with smaller
anatomy. Safe and effective ureteroscopy often requires
Frontiers in Urology | www.frontiersin.org 4
preliminary surgery to place a stent in order to facilitate a
stage procedure 2–4 weeks later. There are the risks associated
with anesthesia and as well as radiation exposure while using
fluoroscopy. Furthermore, many of these patients will have more
stone events throughout their life, confounding the effects of
anesthesia, surgery, and radiation. The finding that MET favors
FIGURE 2 | PRISMA Study selection flow diagram.
FIGURE 3 | Forest plot demonstrating pediatric meta-analysis.
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TABLE 1 | Characteristics of pediatric studies meeting eligibility criteria.

Study
first author
Year published
Location
Funding

Aydogdu
2009

Turkey
Not reported (12)

Mokhless
2012
Egypt

None (13)

Erturhan
2013

Turkey (multi-center)
Not reported (14)

Aldaqadossi
2015
Egypt

None (15)

Elgalaly
2017
Egypt

None (16)

Soliman
2021
Egypt

None (17)

Primary endpoint Calculus expulsion
as reported by
patient

Calculus explosion
by KUB or CT and
time to passage

Calculus expulsion by
KUB. US, or CT

Calculus expulsion
by KUB and US

Calculus expulsion by
KUB and US

Calculus expulsion by KUB or
NCCT

Treatment arm
details

Doxazosin (0.03
mg/kg) +
ibuprofen
N = 19
Mean age 6.2 ±
2.4 y
45% girls

Tamsulosin (0.4
mg if ≥ 5 y, 0.2
mg if ≤ 4 y)
N = 23
Mean age 7.3 ±
4.2 y
65% girls

Doxazosin (0.03 mg/
kg) + ibuprofen
N = 24
Mean age 6.0 ± 3.5 y
41.7% girls

Tamsulosin (0.4
mg if ≥ 5 y, 0.2 mg
if ≤4 y) + ibuprofen
N = 31
Mean age 7.7 y
45% girls

Silodosin (4 mg)
N = 20
Mean age 8.1 ± 2.7 y
40% girls

Silodosin 4 mg
N = 56
OR
Tamsulosin 0.4 mg
N=55
Mean Age 11.3 ± 2.6 y
36% girls

Control arm Ibuprofen
N = 20

Ibuprofen +
placebo
N = 28

Ibuprofen
N = 21

Ibuprofen
N = 32

Ibuprofen
N = 19

Placebo
N = 56

Length of
treatment (days)

21 days 28 days 21 days 28 days 28 days 28 days

Stone Location Distal ureter Distal ureter Distal ureter Distal ureter Distal ureter Distal ureter
Stone size (mm) 2-10 mm (mean

calculus size 7.1 ±
1.3 mm in
treatment arm vs
5.8 ± 0.9 mm in
control arm)

≤ 12 mm (mean
calculus size 8.2 ±
2.3 mm in
treatment arm vs
7.8 ± 3.1 mm in
control arm)

Any radiopaque
calculus (mean calculus
size 4.5 ± 1.5 mm in
treatment arm vs 4.6 ±
1.7 mm in control arm)

≤ 9 mm (mean
calculus size 6.52
± 1.8 mm in
treatment arm vs
6.47 ± 1.79 mm in
control arm)

Unilateral single stone
< 10 mm (mean
calculus size 6.6 ± 1.7
mm in treatment arm
vs 6.7 ± 1.4 mm in
control arm

Unilateral, single stones < 10
mm (Mean calculus size 6.2 ±
1.2 mm in silodosin arm, 6.3 ±
0.9 in tamsulosin arm, and
6.5 ± 1.0 in control arm)

Primary outcome No significant
difference in
expulsion rate (RR
1.20 [0.8-1.7])

Improved
expulsion rate in
treatment arm (RR
2.48 [1.2-5.11])
Improved time to
expulsion in
treatment arm
(8.2 d vs 14.5 d,
p < 0.1)

Improved expulsion
rate in treatment arm
(RR 1.37 [1.01 – 1. 85])

Improved
expulsion rate in
treatment arm (RR
1.39 [1.03 – 1.88])

Improved time to
expulsion in treatment
arm (7.0 d vs 10 d,
p = 0.02)

Silodosin superior stone
expulsion rate compared to
1. tamsulosin (89.3% vs.
74.5%, p = 0.04)
2. placebo (89.3% vs 51.8%,
p < 0.001)
Tamsulosin significantly
improved expulsion rate
compared to placebo (74.5%
vs 51.8%, p = 0.01)

Passage in
placebo arms (%)

70 64 29 63 73.6 51.8

Secondary
outcome(s) and
comments

No significant
difference in time
to expulsion in
treatment arm
No specific side
effect comments
noted in treatment
arm or control arm

25% of patients in
treatment arm
reported mild
degree of
somnolence and
nasal congestion
No specific side
effect comments
noted in treatment
arm or control arm
No significant
difference in blood
pressure readings
between treatment
and control arms

Decrease in reported
pain episodes favoring
treatment arm (p =
0.04)
No specific side effect
comments noted in
treatment arm or
control arm

Improved time to
expulsion favoring
treatment arm (7.7
d vs 18 d, p =
0.025)
Decreased number
of analgesic
episodes favoring
treatment (0.55 vs
1.8, p < 0.001)
Three patients in
treatment arm
reported mild nasal
congestion
No specific side
effect comments
for control arm
No significant
difference in blood
pressure readings
between treatment
and control arms

Decreased number of
pain episodes favoring
treatment arm (2.3 vs
4.7, p <0.001)
Three patients in
treatment arm
reported mild
headaches
No side effect
comments noted for
control arm

Both medications significantly
decreased number of pain
episodes compared to placebo
(1.4 episodes with silodosin vs
2.5 episodes with placebo,
p < 0.001)
(1.6 episodes with tamsulosin
v. 2.5 episodes with placebo,
p < 0.001
Side effects reported in
Silodosin arm includes
orthostatic hypotension (3.6%),
headache (3.6%), dizziness
(7.1%), nasal congestion
(1.8%), nausea (1.8%)
Side effects reported in
Tamsulosin arm includes
orthostatic hypotension (5.5%),
headache (5.5%), dizziness
(10.9%), nasal congestion
(3.6%), nausea (3.6%)
Side effects reported in
Silodosin arm includes
orthostatic hypotension (1.8%),

(Continued)
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spontaneous stone passage in children is particularly exciting
when viewed alongside new data suggesting tamsulosin may
improve ureteroscopic access in children. McGee et al. reported
higher primary or initial ureteroscopic access rates in school-
aged children treated with tamsulosin at one week prior to
ureteroscopic stone surgery (19). This preliminary data would
suggest MET may stand to improve surgical outcomes and
minimize anesthesia and radiation exposure even if not
effective in spontaneous stone passage.

Many of the studies included in this analysis reported a
decrease in pain episodes in children with usage of MET
compared to the control. The questionable objectivity of these
results prevents us from drawing substantial conclusions. The
safety of these medications in children is promoted by the small
number of adverse events reported but is limited due to the
sample size and power of this analysis. Alpha-blockers appear to
be well tolerated in children but should be used with caution and
transparency with future studies to better explore their safety. A
search of ClinicalTrials.gov on February 26, 2022, did not
identify any active trials using alpha-blockers for the purpose
of pediatric stone MET (20).

Review-Level Limitations
This analysis focused on stones located in the distal ureter as this
was the location defined by the majority of studies identified in
our preliminary literature search. Defining a stone as within the
distal ureter can be subjective, may be influenced by the imaging
modality used, and likely introduces some between-
study variability.

Readers should bear in mind studies on the use of MET in
pediatric patients do not have the same level of rigorous evidence
as compared to the adult literature: in our 6 included studies,
only 2 pediatric were placebo controlled (13, 17), 1 was
multicenter (14), 1 was single blinded (17) (and none double
blinded), and sample sizes of all pediatric studies are smaller than
those in adults. All studies included in this pooled analysis were
performed at centers located within Turkey and Egypt, which
may also impact the generalizability of these results (12–17).
Frontiers in Urology | www.frontiersin.org 6
Outcome-Level Limitations
Our pooled analysis cannot account for differences between study
endpoints, treatment medication, and treatment duration. All
studies utilized radiographic endpoints to assess stone passage
except one (Aydogdu et al), which assessed patient self-reported
stone passage (12). Endpoint heterogeneity is a commonobstacle in
research evaluating MET as anything less than a study-end
computed tomography appears to be inadequate. Studies in the
adult literature have challenged the accuracy of patient self-
reporting in assessing stone passage (21, 22). More worrisome,
secondary analysis of a multicenter prospective RCT investigating
MET in adults reported over half of patients with a persistent
ureteral stone showed resolution of hydronephrosis and reported
no pain (23). Four studies treated patients for 28 days (13, 15–17)
and 2 studies evaluated 21 days of treatment, demonstrating further
variability with these endpoints (12, 14).

Three different alpha-blockers (doxazosin, tamsulosin, and
silodosin) were utilized across the 6 included studies. Soliman
et al. is especially noteworthy as this was the only study to
include two treatment arms (silodosin or tamsulosin) alongside a
placebo-controlled arm (17). For the purpose of our analysis, we
combined the two treatment arm groups (17). Recent studies
using silodosin for adult MET have demonstrated an improved.
expulsion rate when compared to tamsulosin, possibly due to
increased alpha-blocker selectivity (24, 25). The individual
findings of the Soliman et al. are suggestive of similar results in
pediatric population (17).

It should be noted one study (Erturhan et al.) demonstrated a
spontaneous stone passage rate of 29% in its placebo arm. This
contrasts with the placebo passage rate in the 5 other studies (range
51.8%–73.6%) (12–17). It is not clear why this variation exists, and
this finding was acknowledged by the authors in the study (14).

Included studies differed in their sample size. Four studies
demonstrated statistically significant risk ratios favoring MET,
with the studies from Aydogdu et al. and Elgalaly et al. being the
only studies that did not (12–17). This difference could be due to
the limited sample sizes present within these studies (n=39 in
both). The sample size is especially noteworthy for the Elgalaly
TABLE 1 | Continued

Study
first author
Year published
Location
Funding

Aydogdu
2009

Turkey
Not reported (12)

Mokhless
2012
Egypt

None (13)

Erturhan
2013

Turkey (multi-center)
Not reported (14)

Aldaqadossi
2015
Egypt

None (15)

Elgalaly
2017
Egypt

None (16)

Soliman
2021
Egypt

None (17)

headache (1.8%), dizziness
(3.6%), nausea (1.8%)

Patients withdrew/
excluded in
treatment arm

No patients
withdrew/
excluded in
treatment arm

No patients
withdrew/
excluded in
treatment arm

One patient in
treatment arm
withdrew due to
somnolence, nausea,
and emesis

Four children
withdrew/excluded
in treatment arm
due to loss to
follow-up

Two patients excluded
in treatment arm (one
due to loss to follow
up, one for unspecified
reason)

Seven patients excluded in
silodosin arm due to loss to
follow up
Eight patients excluded in
tamsulosin arm due to loss to
follow up

Patients withdrew/
excluded in
control arm

No patients
withdrew/
excluded in
control arm

No patients
withdrew/
excluded in
control arm

Four patients in control
arm excluded (2
patients due to
hydronephrosis, 2
patients due to UTI)

No patients
withdrew/excluded
in control arm

One patient withdrew/
excluded in control
arm due to loss to
follow up

Seven patients excluded in
control arm due to loss to
follow up
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et al. study when comparing the size of its tamsulosin treatment
arm (n=19) to the Soliman et al. study tamsulosin treatment arm
(n=56) (16, 17).
Study-Level Limitations
Study arms were inconsistent across all 6 included studies and
may not, in most cases, have constituted a “pure” treatment
versus placebo comparison. Ibuprofen was part of the treatment
arm in 3 of the studies (12, 14, 15). More frequent and optimized
use of ibuprofen may allow some patients to tolerate their
treatment for longer periods when compared to patients in
studies with alpha-blocker only treatment arms. There were no
studies that compared the use of alpha-blocker with ibuprofen
compared to alpha-blocker exclusively. Only 2 studies included a
true placebo in the control arm.
CONCLUSION

This selective systematic review and meta-analysis of MET in
children with distal ureteral stones demonstrated a statistically
significant benefit to spontaneous stone passage. Given the
increasing incidence of ureteral stones in children and the
Frontiers in Urology | www.frontiersin.org 7
safety and efficacy of these medications, MET may prove to
hold a bigger role in pediatric stone management in the future.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS

Study conception and design: CB, RL, and EK. Data acquisition:
CB, RL, and EK. Analysis and data interpretation: CB, MB, RL,
and EK. Drafting of the manuscript: CB, RL, and EK. Critical
revision: CB, MB, CG, and RD. All authors contributed to the
article and approved the submitted version.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fruro.2022.
866162/full#supplementary-material
REFERENCES
1. Assimos D, Krambeck A, Miller NL, Monga M, Murad MH, Nelson CP, et al.

Surgical Management of Stones: American Urological Association/
Endourological Society Guideline, PART I. J Urol (2016) 196:1153–60.
doi: 10.1016/j.juro.2016.05.090
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